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WARNINGS, CAUTIONS and NOTES are used throughout th is manual  to em-
phas ize  impor tan t  and  c r i t i ca l  ins t ruc t ions .  For  the  purpose  o f  th is  manua l ,
WARNINGS, CAUTIONS and NOTES are def ined as fol lows:

An operating procedure, practice, etc., which, if not correctly
followed, could result in personal injury, or loss of l ife.

An operating procedure, practice, etc., which, if not strictly ob-
served, could resul t  in damage to,  or destruct ion of ,  equip-
ment.

N O T E An operating procedure, condition, etc., which is essential to
h igh l igh t .
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TM 5-3810-303-24, 13 August 1984, is changed as follows:

1. Remove old pages and insert new pages as indicated below.

2. New or changed material is indicated by a vertical bar in the margin of the page and by a vertical bar adjacent
to the illustration identification number.

Remove pages Insert pages

Warning Pages “3” and “4” Warning Pages “3” and “4”
Warning Pages “7” through  “13” Warning Pages “7” through “14”

Title Page Title Page
Section II, Table of Contents Section II, Table of Contents
Section II, pages 2-5 and 2-6 Section II, pages 2-5 and 2-6

Section II, pages 2-13 and 2-14 Section II, pages 2-13 through 2-14.2
Section V, pages 5C-1 and 5C-2 Section V, pages 5C-1 and 5C-2

Section XII, pages 3 and 4 Section XII, pages 3 and 4
Section VII, pages 45 and 46 Section VII, pages 45 and 46
Section VII, pages 67 and 68 Section VII, pages 67 and 68

3. File this change sheet in front of the publication for reference purposes.
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C A U T I O N

The signal horn wil l  also sound if  the Fairlead l imit switch is activated.
The limit switch is activated when the boom contacts the switch on the top
of the Fairlead.

WARNING

Do not use this switch to override the boom hoist limit switch to allow the
boom to be raised beyond the normal operating limits. This is an extreme-
ly dangerous operating procedure, since the boom could be raised to the
point where the boom will topple over the back of the machine.

WARNING

Under no circumstances should a circuit  breaker be prevented from trip-
p ing by any means. Overloaded electrical circuits can cause extensive
damage to the machine and/or injury to personnel.

C A U T I O N

Do not attempt to propel the machine with the engine speed under 1000
rpm. Propelling at engine speeds below 1000 rpm could damage the propel
pumps due to a lack of oil pressure.

C A U T I O N

Do not place the hydraulic oil  diverting valve switch in the "lower" posi-
t i o n  u n t i l  t h e  h o s e s  a r e  a t t a c h e d  t o  t h e  f i t t i n g s  o n  t h e  h y d r a u l i c
cyl inders .

WARNING

R e m o v a l  o f  t h e  p r o p e l  m o t o r s  a n d  b r a k e s  l e a v e s  t h e  m a c h i n e  i n  a
free-wheel condition with no on-board means for braking. External brak-
ing must be provided.

WARNING

Personnel should use care to keep from spil l ing fuel,  coolant,  or other l i -
quids upon themselves.
contact with metal d u r i n g

Exposed parts of the body should not come into

resul t .
cold weather, as serious and painful injury may

C A U T I O N

Initial factory fill of MPG is of the soap base 12-Hydroxy Lithium Stearate
t y p e . Other soap base greases are not always compatible with init ial  f i l l
lubr icant ,  and Bar ium base grease is  def in i te ly  not  compat ib le .  Var ious
other soap base greases may be used if  experience by the purchaser has
shown these  greases to  be  acceptable  for  the  appl icat ion . The  grease
systems must be thoroughly purged and the affected parts removed and
c l e a n e d  b e f o r e  s w i t c h i n g  f r o m  a  g r e a s e  h a v i n g  o n e  t y p e  o f  b a s e  t o  a
grease having a different soap base.



C A U T I O N

If the machine is equipped with a fairlead, swing it out of the way to fully
lower the boom. See FAIRLEAD and LAGGING Manual.

WARNING

Never allow a loaded boom to compress the
imum clearance is not maintained, tension
collapse the boom over the backstops.

backstop spr ings.  I f  th is  min-
within the boom hoist lines may

C A U T I O N

The maximum amount of rope that can be stored on each main load drum,
when the machine is equipped as a liftcrane, is 710 feet.

WARNING

Keep hands and clothing clear of rotating drum.

WARNING

The live end of the rope must be in a straight line through the socket.

WARNING

Make sure  the  l ive  end of  the  rope is  not  k inked at  the  point  where  i t
leaves the socket.

C A U T I O N

When the machine is operational, the gantry should be lowered for TRAV-
E L I N G  U N D E R  A N  O B S T R U C T I O N  O N L Y .  I f  t h e  b o o m  l e n g t h  i s  o v e r  8 0
feet ,  the  gantry  must  not  be  lowered. When moving the machine with the
gantry  in  the “travel posit ion”, the boom point must not be raised higher
than 12 feet. Do not attempt to lift a load with the gantry in the lowered
position.

C A U T I O N

When posit ioning the counterweight be certain each is resting evenly and
firmly on its shear ledges.

WARNING

Do not stand under the boom or inside the boom structure when removing
pins. The boom could fal l  i f  improperly supported and could cause seri-
ous injury.



WARNING

Consul t  the  load ra t ing char t  regard ing the  boom lengths which requi re
intermediate suspension.

C A U T I O N

The load hoist lines must have adequate slack when lowering the crane at-
tachment  to  prevent  any possib i l i ty  o f  these l ines  becoming taut .  These
l ines  wi l l  tend to  t ighten as  the  a t tachment  is  lowered,  and i f  adequate
slack is not al lowed, the attachment cannot be lowered completely.  Dam-
age to the attachment may also result.

WARNING

The ant i - rotat ion bar  must  be  in  p lace  pr ior  to  l i f ing  the  machine.  See
Figure  4 -10 .
tation.

The anti-rotation bar must remain in place during transpor-

C A U T I O N

Never operate the engine with the oil  level below the low mark or above
the full  mark.

WARNING

The final criterion for correct adjustment and operation is safe load handl-
ing.

C A U T I O N

Lower the boom to the ground before performing any maintenance work on
the pawls.

C A U T I O N

Reapply the foot brake before moving the drum brake switch to the "OFF"
position, and lower the load under the control of the foot brake.

WARNING

The final criterion for correct adjustment is wil l  the brake hold the load?
The brake must hold for safe load handling.

C A U T I O N

Never f i l l  a hot engine with cold coolant. This could damage the radiator
and/or  engine.



WARNING

T h e  o i l  i n  t h e  r e s e r v o i r  i s  H O T . Therefore ,  take  precaut ions  when re -
moving the reservoir drain plug to prevent oil  burns.

C A U T I O N

Always be sure the adjustment collar lock pin is engaged in one of the 24
holes in the hub plate or the clutch will lose adjustment.

C A U T I O N

Do not allow temperature to exceed 225°F (107°C).

C A U T I O N

Do not apply oil ,  grease or any wax base compound to the f lywheel.  The
cast iron will absorb these substances which can “sweat” out during oper-
ation and cause the clutch to slip.

WARNING

Careful planning and supervision offer better protection than any known
device. Insulated boom cages, proximity warning devices, and insulating
links have l imitations and can fai l  without warning. Insulated boom cages
and l inks only protect part of the crane and can break down electrically
when contaminated with dust and water. Operation of proximity warning
devices  can be  a f fected  by  d i f ferent  ar rangements  of  power  l ines ,  the
movement of trucks, materials,  and the crane itself ,  and other influences.
Relaying on any of these devices could be dangerous because operators
may think they are providing protection when in fact they are not.

C A U T I O N

Before engine s t a r t - u p ,  c h e c k  a l l  w i r i n g ,  f u e l ,  w a t e r ,  a n d  m e c h a n i c a l
connections. Be prepared to  shut  down the  engine  i f  there  should  be
some malfunction.

C A U T I O N

Bearing must never be spun when drying with compressed air.

C A U T I O N

A new tap can cut oversize.

C A U T I O N

I n d e x  t a n g s  o n  p u m p  h u b  ( 2 4 )  w i t h  t h e  s l o t s  i n  c h a r g i n g  p u m p  d r i v e
GEAR.
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C A U T I O N

Be sure the oil  pump turns freely after is bolted to the converter hous-
ing.

C A U T I O N

Always be sure the adjustment collar lock pin is engaged in one of the 24
holes in the hub plate or the clutch will come out of adjustment.

C A U T I O N

Slowly lower the shaft so that O-ring (15) and seal (19) are not damaged.

C A U T I O N

Make sure that the swing clutch shoes do not drag. Dragging shoes wil l
cause the upper to swing with the swing control lever in neutral.

C A U T I O N

The fo l lowing procedures  must  be  done very  carefu l ly  to  ar r ive  a t  the
r ight  set t ings.
when operated.

If not correct, serious damage could result to the machine

C A U T I O N

To prevent  overheat ing do not  leave  the  pul l - in  winding energ ized more
than 15 seconds.
ature increases.

The current draw wil l  decrease as the winding temper-

C A U T I O N

Do not strike the diode, as the shock may damage it and the other diodes.
Use only  those d iodes l is ted  in  the  par ts  l is t  for  th is  uni t .  Never  use
substitutes.

C A U T I O N

The ohmmeter  polar i ty  must  be  determined by  connect ing i ts  leads to
voltmeter leads. The voltmeter will read up scale when the negative leads
are  connected together  and the  posi t ive  leads are  connected together .
The polarity of the voltmeter leads can be determined by connecting the
leads to the identified terminals of a battery.

C A U T I O N

Change ohmmeter to X10 or middle scale.



C A U T I O N

Turn ohmmeter back to low or X1 scale.

WARNING

Do not use high voltage such as 110 volt test lamps, to check diodes.

WARNING

Do not use high voltage such as 110 volt test lamps, to check diodes.

C A U T I O N

Do not lift an engine by the webs in the air inlet openings of the cylinder
block.

C A U T I O N

Do not use a methoxy propanol base antifreeze as it  is detrimental to the
water seals.

C A U T I O N

Main bearing cap bolts are especially designed for this purpose and must
not be replace by ordinary bolts.

C A U T I O N

D o  n o t  b a r  t h e  c r a n k s h a f t  i n  a  l e f t  h a n d  d i r e c t i o n  o f  r o t a t i o n  w i t h  a
wrench or  barr ing tool  on the  crankshaf t  bo l t ,  or  the  bol t  may be  loos-
ened.

C A U T I O N

If reconditioned valves are used, install them in the same relative location
from which they were removed.

C A U T I O N

T h e  s h o r t e r  r o c k e r  c o v e r  b o l t ,  w h i c h  t h r e a d s  i n t o  t h e  t h r o t t l e  d e l a y
bracket ,  can crack  the  bracket  i f  over t ightened.  A lso,  the  rocker  cover
bolt is especially designed for this purpose and must not be replaced with
an ordinary bolts.



WARNING

Be sure the engine is securely mounted to the overhaul stand before re-
leasing the lifting sling. Severe injury to personnel and destruction of
engine parts will result if the engine breaks away from the overhaul
stand.

CAUTION

Extreme caution should be used when removing a flywheel by either leav-
ing one or two bolts in the flywheel, or installing two suitable guide pins
to support the flywheel until a lifting tool or some other suitable safe lift-
ing device is attached to the flywheel.

WARNING

Be absolutely sure the engine is securely attached to the stand before re-
leasing the lifting sling. Severe injury to personnel and destruction of
engine parts will result if the engine breaks away from the stand.

CAUTION

Clean the rust preventative from a service replacement connecting rod
and blow compressed air through the drilled oil passage to be sure it is
clear of obstructions. Also make sure the split line (cap to rod) is thor-
oughly cleaned to avoid trapped contaminants from adversely affecting
bearing shell “crush”.

CAUTION

When the intermediate bearings are locked into position with the lock
screw, the bearing must have slight movement in the block bore.

CAUTION

Do not buff excessively. Do not use a steel wire buffing wheel or the
spray tip holes may be distorted.

WARNING

The fuel spray from an injector can penetrate the skin. Fuel oil which
enters the blood stream can cause a serious infection. Therefore, follow
instructions and use the proper equipment to test an injector.

CAUTION

The finished surface of the operating fork must be placed against the out-
er side of the thrust bearing.



C A U T I O N

To avoid breaking the oil seal rings, do not spread them more than neces-
sary to place them over the end of the carrier.

WARNING

When inspecting a blower on an engine with the engine running, keep fin-
gers and clothing away from the moving parts of the blower and run the
engine at low speeds only.

C A U T I O N

To prevent the possibil i ty of bending the turbine wheel shaft,  remove the
compressor wheel nut from the shaft with a double universal socket and
tee handle.

C A U T I O N

Do not force the piston rings into place.

C A U T I O N

When self-locking nuts are used to secure the turbocharger to the mount-
ing  bracket ,  be  sure  there  is  fu l l  thread engagement  (a t  least  one fu l l
thread above the nut) of the self-locking nuts on the bolts.

WARNING

Do not  hold  the  compressor  wheel  for  any  reason,  whi le  the  engine  is
running. This could result in personal injury.

WARNING

Never use a caustic cleaning solution for cleaning as this will damage cer-
ta in  par ts . Use the cleaning solution in an open or well ventilated area.
Avoid breathing the fumes. Keep away from open f lames. Do not use a
wire brush or steel blade scraper to clean parts.

C A U T I O N

Always check the clearance between the crankshaft gear and the oil pump
idler gear with the engine in the upright or running position.

WARNING

This  operat ion should  be  done in  the  open or  in  a  wel l  vent i la ted room
when trichloroethylene or other toxic chemicals are used for cleaning.
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WARNING

When making th is  pressure  test  be  sure  that  personnel  are  adequate ly
protected against any stream of pressurized water from a leak or rupture
of a fitting, hose or the oil cooler core.

WARNING

Use extreme care in the handling of these chemicals to prevent serious in-
jury to the person or damage to f inished surfaces. Wash off spil led f luid
immediately with clean water.

WARNING

Use extreme care when removing the coolant pressure control cap. Remove the cap
slowly after the engine has cooled. The sudden release of pressure from a heated cooling
system can result in loss of coolant and possible personal Injury (scalding) from the hot
liquid.

C A U T I O N

Before start ing an engine after an engine speed control adjustment or af-
ter removal of the engine governor cover,  the serviceman must determine
that  the  in jector  racks  move to  the  no- fue l  posi t ion  when the  governor
stop lever is placed in the stop position. Engine overspeed wil l  result i f
the injector racks cannot be posit ioned at no-fuel with the governor stop
lever.

C A U T I O N

If a wrench is used on the crankshaft bolt  at the front of the engine, so
not  turn  the  crankshaf t  in  a  le f t -hand d i rect ion  of  ro ta t ion  or  the  bol t
may be loosened.

WARNING

Do not  hold  the  compressor  wheel ,  for  any
running.

reason,
This could result in personal injury.

while the engine is

WARNING

Starting fluid used in capsules is highly inflammable, toxic and possesses
anesthetic properties.

C A U T I O N

If the slip joint is removed from the propeller shaft i t  must be assembled
to  the  propel ler  shaf t  in  the  or ig ina l  posi t ion .  The matchmarked arrows
on the shaft and sleeve must be visible before disassembly. I f  the arrow
marks are not visible, mark both members before disassembling them.
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CAUTION

Do not adjust the chain too tight as this will cause excessive wear to the
chain and sprocket.

CAUTION

Hydraulic oil must not come in contact with any brake or clutch lining
during bleeding operations. If this does occur, replacement of the linings
will be necessary.

CAUTION

No force must be used when installing the bushing assemblies into the
body. If the bushing assemblies jam in the bore, remove and examine
them for nicks or scratches. This type of damage can be removed with a
fine grit hand stone.

CAUTION

The pressuring setting of 3000 psi must not be changed. Any attempt to
change the setting will void any and all guarantees, expressed or implied.

CAUTION

The following steps must be performed carefully or damage to the system
components can result. In no case should a pressure adjusting screw be
turned rapidly, always make adjustments slowly.

CAUTION

When precharging the accumulator, use water pumped, oil pumped or dry
nitrogen only.

CAUTION

Before breaking an electrical circuit, be sure the power is OFF. To do
this, disconnect the battery ground cable.

CAUTION

Before breaking any circuit, be sure ail pawl locks are engaged and block
or lower any load whose movement could generate pressure.

CAUTION

Do not stone edges of the sealing lands on the valve spool. Rather, use a
500 grit abrasive paper to remove any burrs found on the spool. Use the
paper very lightly on the outer diameter of the spool only.



C A U T I O N

DO NOT scratch  or  mar  f in ished sur faces  when removing cup (03)  and
O - r i n g  ( 0 4 ) .

Extreme caution
is  necessary  to

must be exercised when removing the slewing ring, as it

precaution must
c o m p l e t e l y  r e m o v e  t h e  u p p e r  f r o m  t h e  c a r b o d y .  E v e r y

while l i f t ing the
be taken to  prevent  the  upper  f rom fa l l ing  or  sh i f t ing

upper and when the upper is off  the carbody.

WARNING

C A U T I O N

Attempt to disassembly or repair the slewing ring wil l  void any warranty,
expressed or implied.

C A U T I O N

Reapply the drum brake pedal before moving the drum brake switch to the
OFF position.

C A U T I O N

T h e  f o l l o w i n g  p r o c e d u r e  m u s t  b e  d o n e  v e r y  c a r e f u l l y  t o  a r r i v e  a t  t h e
r ight  set t ings.
when operated.

If not correct, serious damage could result to the machine

C A U T I O N

T h e  n e x t  s t o p  i n  t h i s  p r o c e d u r e  i n v o l v e s  r e m o v i n g  p i n  ( 5 7 )  f r o m  t h e
pawls. W h e n  r e m o v i n g  p i n  ( 5 7 )  t h e  d r u m  b r a k e  o p e r a t i n g  m e c h a n i s m
should be supported so it will not fall.

C A U T I O N

The rel ief  valves are factory set and should not be tampered with except
to replace the entire cartridge.

C A U T I O N

Charge pressure must not be less than 160 psi for satisfactory operation,

C A U T I O N

If the system should become contaminated, DO NOT use a f lushing sol-
ution to clean the system.
cleaned.

The entire system must be disassembled and



WARNING

Do not  s tar t  the  engine  unless  the  pumps are  in  neutra l  (0  swash p la te
angle) . Take safety precautions to prevent machine movement in case a
pump is actuated during init ial  start-up.

C A U T I O N

The relief valves are factory set and should not be disassembled further.

C A U T I O N

Protect the exposed cavities into the pump from foreign material.

C A U T I O N

Make certain the pressure setting of the motor charge relief valve is below
the pressure  set t ing  of  the  pump charge  re l ie f  va lve  to  assure  that  the
cooling circuit wil l  function properly.

C A U T I O N

It is not necessary to remove the pump to perform repairs on the charge
pump, controller, rel ief valve, or check valves. However,  i t  is extremely
important that the disassembled pump be protected from airborne dust.
Contamination introduced directly into the pump, have the greatest poten-
tial  for causing damage. If  this protection cannot be provided, i t  is sug-
gested that  the  pumps be removed f rom the  machine  and repai red in  a
clean environment.

C A U T I O N

Repai rs  beyond the  k i ts  expla ined be low wi l l  vo id  the  warranty  on the
pumps.

C A U T I O N

Do not lose any of the shim inside the plug.

C A U T I O N

The hydraulic amplifier assembly is a precision built component and must
be handled wi th  care . Avoid  any contact  o f  ob jects  wi th  the  feedback
wire protruding from the base of the assembly. Do not let metal particles
or objects come in contact with the magnets.

C A U T I O N

M o s t  s o l v e n t s  r e a c t  w i t h  O - r i n g  c o m p o u n d s .  R e m o v e  a l l  O - r i n g s  f r o m
parts before cleaning.
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C A U T I O N

F a i l u r e  t o  i n s e r t  t h e  b u s h i n g  l o c a t i n g  p i n  t o  a  s u f f i c i e n t  d e p t h  i n  t h e
valve body wil l  prevent proper install  of the hydraulic amplif ier assembly.
This wil l  result  in external leakage and probable damage to the hydraulic
amplifier assembly.

C A U T I O N

Apply force only around the edge of the inlet orif ice assembly, or the f i l -
ter may become damaged and result in controller malfunction.

C A U T I O N

Bring the pump on stroke with extreme caution since no reliefs other than
pressure override valves are in the system.

C A U T I O N

Be careful not to damage O-rings or back-up rings during piston installa-
tion .

WARNING

The weight of the block and sling must equal 1500 Ibs to prevent back-
ward t ipping with one side frame removed and one side frame installed.
Proceed slowly and exercise caution throughout this procedure.

C A U T I O N

Do not let the hook block EXCEED A RADIUS OF 15 FEET, OR A TIPPING
CONDITION COULD RESULT.

C A U T I O N

Do not let the hook block EXCEED A RADIUS OF 12 FEET, OR A TIPPING
CONDITION COULD RESULT.



WARNING

Travel over flat, level, solid surfaces when moving the crane with the leads (and hammer) in the ralsed
position, never exceed 2 or 3 mph. Before moving the crane, secure the leads to the crane (with catwalk) or
use tag lines to keep the leads from swinglng. In high winds (15 or 20 mph) do not raise the leads or move the
crane.

WARNING

Do not move the crane under overhead obstacles (i.e., trees, power lines, bridges, etc.) with the leads In the
raised position.

WARNING

Raise the outriggers (if equipped) to 2 to 3 in. off the ground when moving the crane with the leads In the
raised position.

WARNING

Always position the hammer, head, and leads on the ground (before assembly) to within 25 feet of where the
pile is to be driven.

WARNING

Front and rear ground guides will be used when moving the crane. One person will hold each tag line to
prevent the leads from swinging.

WARNING

Personnel not directly involved with moving the crane or driving the pile will remaln at least 50 feet from the
equipment.

WARNING

Always use the load chart to determine the boom angle, length and radius of the boom.

WARNING

Raise the outriggers (if equipped) 2 to 3 in. off the ground before driving a pile. Reset the outriggers on the
ground before raising the leads.

WARNING

Set the swing lock brake before attaching the boom to the leads.

WARNING

Tire pressure (if applicable) must be 85 psi on P&H cranes. Tire pressure must be 100 psi (front) and 75 psi
(rear) on Grove cranes.
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SAFE OPERATING PRACTICES FOR
MOBILE CRANE AND EXCAVATOR USERS

INTRODUCTION

NOTE: This material replaces Catalogs 211 and 221.

Harnischfeger cranes and excavators are carefully de-
signed, tested, and manufactured. When used properly by
qualified operators, they will give safe, reliable service.
Harnischfeger has offices world-wide to answer any ques-
tions about its products or their safe use.

Because cranes have the ability to lift heavy loads to great
heights, they also have a potential for accidents if safe op-
erating practices are not followed. This booklet will help you
prevent accidents which could result in injury, death, or
property damage.

General safe practices for working on machinery must be
followed as well as the safe operating practices recom-
mended here.

OPERATOR’S RESPONSIBILITY

Safety must always be the operator’s most important con-
cern. He must refuse to operate when he knows it is unsafe
and consult his supervisor when safety is in doubt.

He must read and understand the Operator’s Manual and
see that the machine is in proper order before operating.

He must understand how to read the rating plate and know
that his machine can safely lift each load before attempting
to lift it.

He must be alert, physically fit, and free from the influ-
ences of alcohol, drugs, or medications that might affect his
eyesight, hearing, or reactions.

He must see that people, equipment, and material are kept
out of the work area. The area around the machine should
be properly barricaded (see Operating Precautions #4 and
5).

When an operator’s vision is blocked or when operating in
hazardous areas such as near power lines or around people,
a signalman must be used. Because the operator is not in
the best position to judge distances and can not see all parts
of the jobsite, a signalman may also be necessary at other
times. Operators must understand standard crane signals
and take signals only from designated signalmen.

SIGNALMAN’S RESPONSIBILITY

The primary duty of a signalman is to assist the operator in
safe and efficient operation. Operators depend on de-
signated signalmen to assist them in making movements
without endangering people or property.

Signalmen must have a clear understanding of the work to
be done so that they can safely coordinate each job with op-
erators and other crew members.

Signalmen must place themselves where they can be
clearly seen and where they can safely observe the entire
operation.

Standard crane signals must be used unless other meth-
ods of signaling such as two way radios or flags have been
agreed upon.

RESPONSIBILITIES OF ALL CREW MEMBERS

Any unsafe condition or practice must be corrected or re-
ported to the job supervisor.

Everyone who works around cranes and excavators, in-
cluding riggers and oilers, must obey all warning signs and
watch out for his own safety and the safety of others. Crew
members setting up machines or handling loads are ex-
pected to know proper machine erection and rigging proce-
dures.

Watch for hazards during operations and alert the operator
and signalmen of dangers such as power lines, the unex-
pected presence of people, other equipment or unstable
ground conditions.

MANAGEMENT RESPONSIBILITY

See that operators are trained, competent, physically fit
and, if required, licensed. Good vision is required, as are
good judgment, coordination and mental ability. Any per-
son who lacks any of these qualities must not be allowed to
operate a crane or excavator.

Signalmen must have good vision and sound judgment,
know standard crane signals and be able to give signals
clearly. They must have enough experience to be able to
recognize hazards and signal the operator to avoid them.
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Riggers must be trained to determine weights and
distances and to select and properly use lifting tackle.
Rigging is a complex subject far beyond the scope of this
booklet. It is management’s responsibility to see that rig-
gers are properly trained.

Crew members must be given specific safety respon-
sibilities and instructed to report any unsafe conditions to
their supervisors.

PLANNING THE JOB

Most accidents can be avoided by careful job planning. The
person in charge must have a clear understanding of the
work to be done, consider all dangers at the jobsite, develop
a plan to do the job safely, and then explain the plan to all
concerned. Factors such as these should be considered:

What crew members are needed and what respon-
sibilities will they be given?

What is the weight of the load to be Iifted, the lift radius,
boom angle, and the rated capacity of the crane?

How will the signalmen communicate with the oper-
ator?

What equipment is required to do the job safely? Is a
crane or excavator the best equipment for the job?

How can the equipment be safely transported to the job-
site?

Are there gas lines, power lines or structures which must
be moved or avoided?

Is the surface strong enough to support the machine and
load?

How will loads be rigged?

What special safety precautions will be taken if a crane
must travel with a suspended load or if more than one
crane is needed to lift a load? (See Operating Precau-
tions #26, 27 and 28).

Are unusual weather conditions such as winds or ex-
treme cold expected?

What steps wiII be taken to keep unnecessary people and
equipment safely away from the work area?

How can cranes be positioned to use the shortest boom
and radius possible?

OPERATOR’S SAFETY CHECK

The operator must make a safety check before starting to
work each day to see that the machine is in proper order.
Some things to check are:

Check the machine log book to see that periodic mainte-
nance and inspections have been performed and all nec-
essary repairs made.

Check the operation of boom hoist kickout, boom angle
indicator, backup alarms, and other safety devices.
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Carefully inspect load bearing parts such as wire rope,
(load lines, boom hoist cable, suspension lines), boom,
outriggers, and hooks.

Be sure no unauthorized field modifications have been
made. Such as added counterweights and booms that
have been improperly repaired.

Check for air and hydraulic oil leaks.

After starting the engine, check all gauges for proper
readings.

Test all controls for proper operation.

Check brakes and clutches. Test load brakes by lifting a
load a few inches off the ground and holding it.

OPERATING PRECAUTIONS

1. Mistakes in calculating lifting capacity can cause ac-
cidents.

Several factors must be considered, including:

A. Load radius (the distance between the center of the
crane rotation to the center of the load). Note that the
radius will increase when the load is lifted.

B. Weight of the load, hook, and rigging.

C. Boom length, jib, parts of line, and operating area (side,
rear).

Use the next lower rated capacity when working at boom
lengths or radii between the figures on the rating chart. It
is dangerous to guess the capacity for boom lengths or
radii between those listed on the rating plate.

Trying to lift a load without knowing whether it is within
the rated capacity while expecting the crane to start to tip
to warn of an overload is very dangerous. Cranes may
suddenly tip over or collapse if the load is too heavy.

Always stay within rated capacity. The operator must re-
duce the load under adverse field conditions until, in his
judgment, the machine can safely handle the lift.

(See Operating Precautions #3, 10, 12, 16, 19, 27 and 28.)
2. Cranes and excavators may tip over or collapse if the op-
erating surface cannot support their weight. Timber mats.
steel plates or concrete rafts may be needed under outrig-
ger pads or crawlers to distribute the load under the crane
so that the bearing strength of the ground is not exceeded.

Determine the load bearing capacity of the ground or
other surface on which machines will be operating. Be
sure cranes and excavators are adequately supported.
Avoid soft or unstable ground, sand, areas with high
water tables, and partially frozen ground. When ma-
chines are working near trenches the trenches should be
shored or sloped to prevent cave-ins or slides.

3. The rated capacity of a crane is determined with the
crane leveled within 1% of grade (1 foot drop or rise in 100
foot distance). Out of level more than 1% will drastically re-
duce the lifting capacity.

Be sure cranes are level. All tires must be off the ground
for “On Outrigger” ratings.



4. People can be crushed by the scissors-like action of the
upper rotating on the lower.

Stay away from rotating cranes and excavators. Erect
barricades to keep people away. Take the time to deter-
mine that these areas are clear before swinging.

5. People can be crushed by the rear (counterweight) of the
machine if there is not enough room for it to swing.

Position machines so that people cannot be trapped be-
tween the counterweight and other obstructions.

6. Many people have been injured when riding crane hooks
or loads or while being lifted in manbaskets. They have no
control over how they are handled and no protection from
impacts or falls. Small mistakes can be fatal.

Do not lift people with cranes. Use ladders, scaffolds,
elevating work platforms or other equipment designed to
lift people, but do not use cranes.

7. Power lines have killed or seriously injured people work-
ing around cranes and excavators. These accidents can be
avoided by following a few simple rules.

Always determine whether there are power lines in the
area before starting any job. OSHA regulations require at
least ten (10) feet of clearance from lines carrying
50,000 volts or less. Greater clearances are required for
lines with higher voltages. Some states require greater
clearances than OSHA. Safety requires that you stay as
far as possible from power lines and never violate mini-
mum clearances.

Always take these precautions if power lines are pre-
sent.

A.

B.

C.

D.

E.

Notify the Power Company before beginning work.

You and the Power Company must take specific precau-
tions. These may include locating cranes and materials
away from power lines, de-energizing and grounding
lines, rerouting lines, removing or barricading lines, and
insulating lines with rubber sleeves.

Use a signalman to maintain a safe distance between
any part of the machine or load and power lines. The
operator is not in the best position to judge distances.

Warn people to stay away from the machine and load at
all times. If the load must be guided into place, ask the
Power Company about special precautions such as in-
sulated poles or hot sticks.

Slow down. Give yourself time to react to problems and
to double check the distance between power lines and
any part of the machine or load.

Careful planning and supervision offer better protec-
tion than any known device. Insulated boom cages,
proximity warning devices, and insulating links have
limitations and can fail without warning. Insulated

boom cages and links only protect part of the crane
and can break down electrically when contaminated
with dust and water. Operation of proximity warning
devices can be affected by different arrangements of
power lines, the movement of trucks, materials, and
the crane itself, and other influences. Relying on any
of these devices could be dangerous because oper-
ators may think they are providing protection when in
fact they are not.

8. The load line can break if the hook block contacts the end
of the boom. This is called "two blocking". Two blocking can
be caused by hoisting the hook into the and of the boom,
lowering the boom or extending telescopic booms without
paying out load line. Two blocking can pull jibs and lattice
crane booms over backwards.

Always keep space between the hook block and boom
point. Lower the hook when extending telescopic booms
to avoid two blocking.

9. People can be injured if the hook, boom, load or outrig-
gers are moved before everyone is clear.

Make sure everyone is in a safe place before moving the
hook, boom, load or outriggers. Do not move loads over
people. Do not allow the load to bump or catch on
anything.

10. Rapid swings or sudden starts and stops can cause the
hook and attached load to swing out of control.

Always start and stop movements smoothly and swing at
speeds that will keep the load under control.

11. Dirty windows, darkness, bright sunlight, fog, rain. and
other conditions can make it difficult for the operator to see.

Keep windows clean. Do not operate if you cannot see
clearly enough to operate safely.

12. Even light winds can blow loads out of control, col-
lapse booms, or tip machines. Winds aloft can be much
stronger than at ground level.

Do not lift loads if winds create a hazard. Lower the boom
if necessary. See the rating plate for possible restric-
tions.

13. Carelessness in getting on and off equipment can re-
sult in serious injuries.

Always wait until the machine has stopped. Do not jump
on or off. Always use both hands and make sure you have
good footing.

14. Slippery floors and steps, tools, trash, or other loose
items can cause falls.

Keep the machine clean and dry.

15. Damaged crane booms may collapse. Lattice type
booms will be weakened by damaged chords, bent or
missing lacings, or cracked welds. Telescopic booms will be
weakened by distorted bottom or side plates. In either case,
the loss of strength is difficult to estimate.

Inspect the crane boom daily for damage. Do not use
damaged booms.

P156

v



NOTE

Due to the high strength steels used in booms, special
repair procedures are required. Repair procedures for
lattice booms are described in Harnischfeger Catalog
238. Consult Harnischfeger for further information.

16. Crane booms can buckle if side loaded (pulled side-
ways). Typical causes of side loading are rapid starts and
stops while swinging, dragging a load sideways, winds, or
lifting when the crane is not level.

Take care to avoid side loading.

17. If the load strikes the boom or the boom hits a building
or other object, the boom may collapse.

Never let the load or any other object strike the boom.

18. Boom suspension lines will stretch when the load is
lifted and contract when the load is released. At high boom
angles this may be enough to pull the boom backward over
the crane.

When releasing loads be sure the boom never tightens
against the backstops. Release loads slowly.

19. The load will swing out of control if it is not directly
beneath the boom point when lifted. This can side load the
boom and may cause the crane to tip or collapse.

Always place the boom point directly above the load
when lifting.

20. Trying to lift a load which is stuck, frozen or attached to
something else may result in tipping. boom collapse or
other damage.

Be sure that loads are free before lifting.

21. If there is not enough wire rope on the drum the rope
can be pulled off.

Keep at least two full wraps of wire rope on drums when
operating.

22. Foot pedal brake locks are furnished on some cranes to
allow the operator to rest his lags when suspending the
load for short periods of time.

Keep your feet on the pedals while foot pedal brake locks
are in use. Brakes may cool allowing the load to fall.

23. Trying to repair or adjust equipment with a suspended
hook or load or with the boom raised could release ma-
chinery and let it move unexpectedly.

Always lower the load to the ground and the boom onto
proper cribbing before doing maintenance or repair work.

24. Pressure in hydraulic systems can be retained for long
periods of time. If not properly released before mainte-
nance people attempt to work on the hydraulic systems this
pressure can let machinery move or cause hot oil and hose
ends to shoot out at high speed.

Release system pressure before attempting to make ad-
justments or repairs.
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25. Pin-connected booms and jibs may fall if not properly
supported when removing pins.

Make sure both ends of each boom and jib section are
supported and the boom suspension lines completely
slacked off before removing pins. Never stand on, inside,
or under booms or jibs during assembly or disassembly.

26. As with all heavy equipment, care must be taken when
cranes or excavators are driven (traveled) whether on or off
the jobsite.

Watch for people, power lines, low or narrow clear-
ances, bridge or road load limits, and steep hills or un-
even terrain. Use a signalman in close quarters. Know the
height, width, and weight of your machine. Retract and
lock outriggers, place the boom in the cradle, and set
swing brake or lock before travelling.

27. Load ratings for cranes are based on the machine being
stationary and level. Traveling a crane with a suspended
load or with the boom erected involves special hazards, in-
cluding the possibility of side loading or tipping over.

Because of the many variables involved in pick and carry
operations, the user must evaluate conditions and take
precautions such as these:

Follow the travel precautions listed in rule 26.

Check the rating plate for limitations.

Position the boom in line with the direction of travel.

Reduce the maximum load while traveling to reflect
operating conditions. The safe load will vary depending
on speed, crane, terrain, and other conditions.

Travel slowly and avoid sudden stops and starts.

Avoid backing away from the load. This could increase
the radius and cause the machine to tip over.

Use tag lines to keep loads under control.

Keep the load close to the ground.

Use the shortest boom possible.

28. Using two or more cranes to lift a load involves many
hazards not normally encountered in single crane lifts.

Multi-crane lifts must be carefully engineered, keeping
the following points in mind.

Since the load is not freely suspended, careful engineer-
ing studies must be made to ensure that the load carried
by each machine is less than its rated capacity.

Make sure slings are arranged to divide the load as
planned.

Review the lifting plan with operators, signalmen and
other crew members before beginning the lift.

Carefully coordinate crane movements through every
stage of the lift.

Avoid boom side loading (see #16).



29. Leaving a machine unattended can be very dangerous.

Before Ieaving his seat, the operator must take the fol-
lowing steps to prevent his machine from moving:

Lower the load or bucket to the ground. Lower the boom
when necessary.

Set the swing brake or lock.

Set all drum pawls.

Set parking brakes.

Set propel brakes or locks on crawler machines.

Disengage the engine clutch or shut off the engine.

30. All wire rope must be inspected daily to determine
whether it should be replaced. See the inspection form in
the Operator’s Manual and contact wire rope manufac-
turers and their distributors for more information.

Wire rope should be replaced when any of the following
conditions exist:

In running ropes, six broken wires in one lay or three
broken wires in one strand in one lay.

Wear of one-third the original diameter of the outside in-
dividual wires.

Evidence of heat damage from any cause.

Reductions from nominal diameter of more than -

1/32 inch for diameters 3/8 to 1/2 inch.
3/64 inch for diameters 9/16 to 3/4 inch.
1/16 inch for diameters 7/8 to 1-1/8 inches.
3/32 inch for diameters 1-1/4 to 1-1/2 inches.

In standing ropes, more than two broken wires in one lay
in sections between end connections or more than one
broken wire at an end connection.

Evidence of kinking, bird caging, crushing, cuts, abra-
sions, sharp bends or any other damage that results in
distortion of the rope structure.

Rust or corrosion.

Do not use your hands to guide wire rope onto drums

31. Improper wire rope connections may fail under load.

Wire rope end connections must be installed properly and
inspected daily.

Wedge sockets should be installed so that the loaded side
of the rope is in a straight line with the edge of the socket
and not bent by the wedge. Prevent the rope end from
slipping out of the wedge socket by attaching a short
piece of rope to the rope end with two U-bolt clamps.

U-bolt clamps (clips) should be installed so that the U-
bolt is on the unloaded side and the saddle is on the
loaded side.
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SECTION I

INTRODUCTION

SCOPE

This manual provides maintenance personnel with infor-
mation and instructions for servicing and repairing this ma-
chine. In order to become familiar with the various parts of
the machine, it is urged that maintenance personnel study
the instructions and illustrations in this manual and use it
as a reference when performing repair or maintenance op-
erations.

An Operator’s Manual is provided with each machine to
provide the essential information regarding day-to-day
maintenance, adjustment, and lubrication of the machine.

NOTE

Sections I, II and III of the Operator’s Manual have
been duplicated as the first three sections of this
manual to provide maintenance personnel with the
tabulated data, controls, and operation, and lubrica-
tion information that may be necessary in the per-
formance of repair or maintenance operations.

GENERAL INFORMATION

The information, specifications and illustrations in this pub-
lication are based on the information for U.S. built ma-
chines in effect at the time this manual was printed. Con-
tinuing improvement and advancement of product design
may cause changes to your machine which may not be in-
cluded in this publication. Each publication is reviewed and
revised, as required, to update and include these changes in
later editions.

Whenever a question arises regarding your machine, or this
publication, please consult your Harnischfeger represen-
tative for the latest available information.

Part numbers are used occasionally in this manual to iden-
tify various parts and assemblies. The part numbers shown
must not be used when ordering repair parts. Always ob-
tain part numbers from the Repair Parts Manual for your
machine serial number.

SAFETY

The Safe Operating Practices in the beginning of this man-
ual are reproduced in a separate publication, Catalog 240,
which is furnished with each machine. It is most important
that operators and maintenance personnel read and be
familiar with the information in Catalog 240 and this man-
ual before operating or servicing this machine, both for per-
sonal protection and for the safety of other workmen and
bystanders.

Additional copies of Catalog 240 are available, in reason-
able quantities, to owners of Harnischfeger excavators and
cranes at no cost. Submit such requests to the Harnisch-
feger Technical Publications Department.

SERIAL NUMBER LOCATION

Figure 1-1 illustrates the machine serial number which is
located on the front right side of the revolving frame. Al-
ways indicate the machine serial number in all corres-
pondence to properly identify the machine, and to ensure
that the correct parts are obtained, when ordered.

Figure 1-1. Machine Serial Number

WARRANTY

The word “acceptance” as used herein means the execu-
tion of the Acceptance Block and signing of a DD Form 250
by the authorized Government representative.

The word “supplies” as used herein means the end item
and all parts and accessories thereof, furnished by the
contractor, and any related services required under this
contract. The word does not include technical data.

Notwithstanding inspection and acceptance by the Govern-
ment of the supplies furnished under the contract or any
provision of this contract concerning the conclusiveness
thereof, the contractor hereby warrants that the supplies
are free from defects in material, and workmanship and will
conform with the specifications and all other requirements
of this contract for a period of 15 months from date of
acceptance, as shown on the Material Inspection and
Receiving Report (DD Form 250), or 1500 hours of opera-
tion, whichever occurs first. Further, if the Government,
prior to placing vehicles in service, elects to place quantities
of such newly delivered vehicles in Government depot stor-
age, the contractor agrees that the time period of the war-
ranty will not begin to run for such stored vehicles until
each vehicle is withdrawn from Government storage or
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until six months from date of acceptance, whichever occurs
first. The Government prior to placing each new vehicle in
storage and again at time of its withdrawal, shall notify the
contractor thereof and identify each vehicle at its time in
and out of storage. Vehicles designated as Production
Samples shall be treated as vehicles placed in storage for
warranty purposes.

If a Safety Recall defect occurs during vehicle warranty
period, the contractor agrees to extend the term of the
warranty by a period of time equal to the time period
required to make necessary safety defect corrections. Addi-
tionally, to the extent the contractor or his supplier(s) pro-
vide to commercial customers a greater warranty for the
supplies furnished herein, the contractor hereby likewise
provides such greater warranty to the Government. To the
extent the terms of such greater warranty are inconsistent
with or conflict with this warranty, the provisions of such
greater warranty shall govern.

With respect to defective supplies, wherever located, the
warranty shall include the furnishing, without cost to the
Government, F.O.B. contractor’s plant, branch or dealer
facility, or F.O.B. original CONUS destination, or F.O.B. US
Port of Embarkation, at the Government’s option, new sup-
plies to replace any that prove to be defective within the
warranty period. On all Government Owned Vehicles and
Foreign Military Sales (FMS) Vehicles destined for ship-
ment outside CONUS, the contractor’s Iiability regarding
warranty is limited to furnishing replacement parts F.O.B.
CONUS port of debarkation for those parts which prove to
be defective in material or workmanship. The contractor
shall designate a resident point of contact/agent in both
West Germany and Korea to coordinate resolution of all
warranty claims reported within those locations. The con-
tractor’s POC/agent will be responsive to claims filed,
assisting in the resolution of all valid warranty claims
reported, for the life of the contract and 15 months
thereafter.

In addition, the Government shall have the option (a) to
return the vehicles or parts thereof to the contractor’s plant,
branch or dealer facility for correction, or (b) to correct the
supplies itself. When the Government elects to return the
vehicles or parts to the contractor’s plant, branch or dealer
facility, the cost of labor involved in the correction of the
defective supplies shall be borne by the contractor. When
the vehicle or parts thereof are returned to the contractor
for correction, the contractor shall bear all transportation
costs to the contractor’s plant and return. With respect to
defective supplies located within the 50 states, when the
Government elects to correct them itself, the cost of labor
involved in the correction of defects shall be borne by the
contractor and shall be computed at the contractor’s then
prevailing hourly rate for such services in that geographical
area, based upon the number of labor hours appearing in
the contractor’s flat rate time schedule manual, or the
Government’s actual cost, whichever is less. With respect
to defective supplies located outside the 50 states, when
the Government elects to correct them itself, the cost of
labor involved shall be borne by the contractor at the then
prevailing hourly rate in the geographical area for such
services based upon the number of labor hours appearing in
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the contractor’s flat rate time schedule manual of the
Government’s actual cost, whichever is less. Additionally.
the contractor shall be responsible for reasonable costs of
disassembly/reassembly of items necessarily removed in
connection with repair or replacement on vehicles wher-
ever located

If the Government elects to have warranty repair or
replacement performed by the contractor, the Government
shall deliver the vehicle to contractor’s local facility or deal-
ershlp for warranty corrective repair or replacement. Receipt
for such vehicle by the contractor’s local facility or dealer-
ship wiII be deemed proper notification by the Government
of any breach of the warranty provided by this provision. If
the Government elects to effect warranty repairs or replace-
ment itself, the contractor shall be notified in writing of any
breach in the warranty within 30 days after discovery of the
defect. Within 10 days after receipt of such notice, the
contractor shall submit to the Contracting Officer a written
recommendation as to the corrective action required to
remedy the breach. In any event, the Contracting Officer
may, upon the expiration of the 10 day period set forth
above, proceed with correction or replacement as set forth
in paragraph d, above, and the contractor shall, notwith-
standing any disagreement regarding the existence of a
breach of warranty, comply with any Contracting Officer
directions related to such correction or replacement. After
the notice of breach, but not later than 30 days after receipt
of the contractor’s recommendation for corrective action,
the Contracting Officer will, in writing, notify the contractor
of the parts used by the Government in repair or replace-
ment and all other costs or expenses required for Govern-
ment correction of warranty defect as set forth in the para-
graph d above The contractor shall respond within 30 days
after receipt of this notice, of his intention to furnish identi-
fied replacement parts and/or cost reimbursements to the
Government. In the event it is later determined that the
contractor did not breach the warranty in paragraph c,
above, the contract price will be equitably adjusted pursu-
ant to the terms of the “Changes” clause of the contract.
Failure to agree to such an equitable adjustment or upon
any determination to be made under this clause shall be a
dispute concerning a question of fact within the meaning of
the “Disputes” clause of this contract.

Any supplies or parts thereof corrected or furnished in
replacement pursuant to this clause shall also be subject to
all provisions of this clause to the same extent as supplies
initially delivered

The Contractor shall prepare and furnish to the Govern-
ment, data and reports applicable to any correction required
under this clause (including revision and updating of all
affected data called for under this contract) at no increase in
the contract price.

The Contractor shall furnish with his proposal a listing of
distributors, dealers, franchise outlets where warranty
claims may be exercised.

The Contractor wiII take all actions necessary to assure that
all current flat rate time schedule manuals concerning vehi-
cles under contract are on file with the TACOM Mainte-
nance Directorate (DRSTA-M), of if not on file, within 60
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days after contract award and furnish same to said Mainte-
nance Directorate.

A synopsis or simplified summary of the warranty coverage
and its implementation will be impaired on a decalcomania
approximately 3” x 4” and shall be mounted in view of the
operator as near as possible to the center of the instrument
panel of each vehicle. On those vehicles requiring con-
cealed markings and registration numbers, said decalco-
mania shall be placed in a readable position on the engine
side of the firewall.

The rights and remedies of the Government provided in this
clause are in addition to and do not limit any rights afforded
to the Government by any other clause in the contract.
DESCRIPTION
The engine serves as the power source for the upper work
functions and the lower propel drive system. Power is
transmitted through the clutch and torque converter into
the worm shaft (see Figure 1-2). The worm shaft drives the
boom hoist shaft which is coupled to the swing shafts and
main drum shafts by a pair of chains. Consequently, the
boom hoist shaft, main shaft and swing shaft turn at all
times when the engine clutch is engaged. However, the

drumshafts do not turn the drums or the swing gear until
the proper clutch is engaged by the operator.

The engine drives a hydraulic control pump which provides
hydraulic power to the control valves in the operator’s cab.
When the operator engages the controls in the operator’s
cab, the control valves direct fluid to their respective clutch,
brake and pawl. Also the control pump supplies hydraulic
oil to the crawler extension/retraction valves mounted on
the carbody. These valves direct oil to the side frame exten-
sion cylinders.

This crane is a friction and hydraulic machine. All upper
work functions are performed by friction clutches and
brakes. Hydraulic cylinders are used to apply the clutches
and planetary brakes. The drum, swing and boom hoist
brakes are released by hydraulic cylinders working against
the brakes’ spring actuators.

A pump drive, mounted at the rear of the upper, is driven di-
rectly by the engine. Two variable displacement pumps are
mounted on and driven by the pump drive.

Figure 1-2. Mechanical Train Schematic
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The two variable displacement pumps provide power to the
crawler motors. Both crawler motors drive their respective
sprocket to propel the machine. Crawler speed and direc-
tion (forward, reverse, left or right) are accomplished
through the propel controller in the operator’s cab.

TERMINOLOGY

Certain terms are frequently used in this manual. For bet-
ter understanding, several are defined below and illus-
trated in Figure 1-3.

LOWER: The portion of the machine on which the upper is
mounted.

CARBODY: The traveling base upon which the upper and
side frames are mounted.

SIDE FRAME: A frame attached to the carbody which sup-
ports the crawler track and crawler motors.

UPPER: The upper is defined as the revolving portion of the
crane. It is sometimes referred to as the superstructure.

REVOLVING FRAME: The revolving frame is the deck of the
upper on which all upper machinery is mounted.

LOWER MACHINE FRONT: This is the end of the lower op-
posite the propel motors.

UPPER MACHINE FRONT: The front of the upper is the end
having the boom.

LOWER MACHINE REAR: This is the end of the lower which
has the propel motors mounted.

UPPER MACHINE REAR: The rear of the upper is the coun-
terweight end.

RIGHT SIDE: The right side of the machine is to the oper-
ator’s right when he is seated at his controls and is facing
forward.

LEFT SIDE: The left side of the machine is to the operator’s
left when he is seated at his controls and is facing forward.

ATTACHMENT: An alternate designation for front end
equipment. In the case of the lift crane, it includes the
gantry, boom, backstops, and jib.

HOIST: The process of lifting the load.

Figure 1-3. Crane Terminology
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SWING: Swing is defined as the function of rotating the
upper of the machine.
BOOM HOIST: The process of raising and lowering the
boom.
PROPEL: The process of moving the machine forward, re-
verse, left or right.

TABULATED DATA

TORQUE VALUES: Unless otherwise specified, torque all
common bolts and screws on this machine to the values
shown in Table 1-1. The torques provided are to be used

Table 1-1. Recommended Torque Values
in Foot-Pounds (Dry Threads)*

Torque values are based on using plated hardware. If lu-
bricants are used. torque wiII vary. P159

with dry threads. The use of thread lubricant or plated
threads will substantially lower the torque values required.

LIQUID CAPACITIES: Table 1-2 provides a listing of the
liquid capacities for machine components. The capacities
are also given in the lubrication charts provided in Section
III.
METRIC CONVERSIONS: Use Table 1-3 to convert the
English units in this manual to metric units.

GENERAL DIMENSIONS: Figure 1-4 gives the dimensions
commonly required for machine shipping and erection.

Table 1-2. Liquid Capacity Chart
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Table 1-1. English to Metric Conversions

1-7



INTRODUCTION SECTION I

STORAGE

Storage of the main machine, engine and torque converter
is covered in a separate section of this Operator’s Manual.
See Section VI.

TOOLS AND TEST EQUIPMENT

Used For Tool Number

2” Socket . . . . . . . . . . . . . . . . . . . . . . . . . . 21Z115D21
Padlock . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21Z1
Grease Gun . . . . . . . . . . . . . . . . . . . . . . . . 21Z101D2
Tubular Wrench Handle . . . . . . . . . . . . . . . . . . . . . . . . 221T8
Grease Fitting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44Z1D5
Grease Fitting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44Z1D6
Grease Fitting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44Z1D10
Grease Fitting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44Z1D14
Grease Gun Hose . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44Z21
Grease Gun Adapter . . . . . . . . . . . . . . . . . . . . . . . . . . 44Z386
Bleeder Hose . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44Z683
1-5/8 - 1” Socket . . . . . . . . . . . . . . . . . . . . . . . . 21Z115D14
Boom Hoist Clutch Spacer (Spare) . . . . . . . . 18T6700D16
Counterweight Sling 9230P2. . . . . . . . . . . . . . . . . . . . . . . . . .

Tool Number

218T1470

Used For

Boom Hoist Assembly Tool - See
Subsection 8C, Page 8C-4 . . . . . . . . . . . . .

List of Items Furnished

921T1Shear Pin Puller . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Chain Tightener . . . . . . . . . . . . . . . . . . . . . . . . . . . 100N1042
Chain Link . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20Z592D2
2-3/4” Socket 21Z115D33. . . . . . . . . . . . . . . . . . . . . . . . . . .

ENGINE SPECIFICATIONS

1800 rpm 2100 rpm 2300 rpm

Lubrication System
Lubricating Oil Pressure (psi):

Normal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Min. for Safe Operation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Lubrlcattng Oil Temperature (degrees F.):
Normal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Air System
Air Box Pressure (inches mercury) - Min. at Full Load:

At Zero Exhaust Back Pressure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
At Max. Full-Load Exhaust Back Pressure (clean ports) . . . . . . . . .

Air Inlet Restriction (inches water) - Max.:
Full-Load Speed:

Dirty Air Cleaner (dry) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Clean Air Cleaner (dry) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

No-Load Speed:
Dirty Air Cleaner (dry) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Clean Air Cleaner (dry) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Crankcase Pressure (inches water) - Max. . . . . . . . . . . . . . . . . . . . . .
Exhaust Back Pressure (inches mercury) - Max.:

Full Load . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Fuel System

43-65 45-65 45-65
28 30 30

200-235 200-235 200-235

21.0 30.0 37.0
19.5 27.7 34.7

14.5 20.0 20.0
8.7 12.0 12.0

8.7 12.0 12.0
5.2 7.2 7.2
0.5 0.9 1.2

2.0 3.0 3.0

Fuel Pressure at Inlet Manifold (psi) - Normal . . . . . . . . . . . . . . . . . .
Fuel Spill (gpm) - Min. at No Load (.080” orifice) . . . . . . . . . . . . . . .
Pump Suction at Inlet (Inches mercury) - Max.:

Clean System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Dirty System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Cooling System

50-70
0.9

50-70
0.9

50-70
0.9

6.0 6.0 6.0
12.0 12.0 12.0

Coolant Temperature (degrees F.) - Normal . . . . . . . . . . . . . . . . . . . . 160-185 160-185 160-185

The lubricating oil temperature range is based on the temperature in the oil pan at the oil pump inlet. When measuring the oil
temperature at the cylinder block oil gallery, it will be approximately 10° lower than the oil pan temperature.

*Indicates area over radius.

1-8



SECTION I INTRODUCTlON

ENGINE SPECIFICATIONS (Cont.)

1800 rpm 2100 rpm 2300 rpm

Compression
Compression Pressure (psi at sea level):

Average - New Engine at 600 rpm . . . . . . . . . . . . . . . . . . . . . 475
Minimum at 600 rpm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 425
Type . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 cycle
Number of Cylinders . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
Bore (inches) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.25
Bore (mm) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 108
Stroke (inches) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
Stroke (mm) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 127
Compression Ratio (nominal) . . . . . . . . . . . . . . . . . . . . . . . . 17 to 1
Total Displacement (cu. in.) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 284
Total Displacement (litres) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.66
Firing Order . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1-3-4-2
Number of Main Bearings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

TABLE 1-2. DRUM PERFORMANCE DATA

DRUM PERFORMANCE DATA W/DDA 4-71T & ALLISON TORQUE CONVERTER

CRANE DRUMS
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TABLE 1-2. DRUM PERFORMANCE DATA (Cont.)

BOOM HOIST DRUMS

SECTION I

CLAMSHELL/DRAGLINE DRUMS

NOTES:

1. Line speeds based on engine at full load governed rpm.

2. Max. permissible working line pull for crane drum 15,000 Ibs. (6,804 kg).

3. Max. permissible working line pull for boom hoist drum - 7,600 Ibs. (3,447 kg).
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CONTROLS AND OPERATION

CONTROL IDENTIFICATION

The instruments and controls in the operator’s module are
shown in Figure 2-1. The numbers in the figure correspond
to the numbers in the following list, which identifies the
controls and describes their function.

Before attempting to operate this machine, the operator
should carefully study all of the information in this section
and in Catalog 240. The operator should become thor-
oughly familiar with the location and purpose of each
control on the machine.

1. ENGINE SPEED CONTROLS. The engine speed controls
are mounted on the swing lever and on the floor. Turn the
handle clockwise (looking from above) or depress the pedal
to increase engine speed. Turn the handle counterclock-
wise or release the pedal to decrease engine speed.

2. SWING CONTROL LEVER. Push this lever forward, away
from the operator, to swing the upper toward the boom. Pull
toward the operator to swing the upper away from the
boom.

3. SWING BRAKE CONTROL SWITCH. Move this switch to
the right (ON) to set the swing brake. Push this switch to the
left (OFF) to release the swing brake.

4. RIGHT DRUM BRAKE PEDAL. Depress this pedal lo
apply the right drum brake. Allow the pedal to return to the
free position to release the right drum brake.

5. LEFT DRUM BRAKE PEDAL. Depress this pedal to apply
the left drum brake. Allow the pedal to return to the free po-
sition to release the left drum brake.

6. LEFT DRUM CONTROL LEVER. Pull this lever back,
toward the operator, to raise the load on the drum. Push this
lever forward to lower the load.

7. LEFT DRUM TURN INDICATOR. The left drum turn indi-
cator is located on the left drum control lever. The operator
can feel the indicator move as he operates the left drum
lever. The faster the left drum rotates the faster the motion
of the indicator, the slower the rotation of the left drum the
slower the motion of the indicator.

8. RIGHT DRUM CONTROL LEVER. Pull this lever back,
toward the operator, to raise the load on the right drum.
Push this lever forward to power lower the load.

9. RIGHT DRUM TURN INDICATOR. The right drum turn in-
dicator is located on the right drum control lever. Its oper-
ation is identical to the left drum turn indicator (item 7).

10. SIGNAL HORN BUTTON. Depress this button to sound
the signal horn.

The signal horn will also sound if the Fairlead
limit switch is activated. The limit switch is
activated when the boom contacts the switch
on the top of the Fairlead.

11. BOOM HOIST CONTROL LEVER. Pull this lever back to
raise the boom. Push the lever forward to lower the boom.
The boom hoist brake will set when the lever is returned to
the neutral position.

12. PROPEL CONTROL LEVER. The propel control lever
provides the means to control the forward and backward
motions as well as the steering functions of the crane. For-
ward or backward movement of the lever controls the speed
in the respective direction. Movement to the right or left and
slightly forward or backward controls the steering func-
tions.

13. PROPEL LOCK SWITCH. Move this switch away from
the operator (ON) to set the propel brakes and lock the propel
system. Move the switch toward the operator (OFF) to re-
lease the propel brakes. These brakes are holding brakes
and not intended to be used in stopping the propel motion.

14. OPERATOR’S SEAT WITH SEAT BELT. The operator’s
seat has several comfort adjustments which include fore
and aft seat tilt, fore and aft seat position, back angle
adjustment, arm rest adjustment and head rest adjustment.
Always use seat belt when operating machine.

15. THIRD DRUM CONTROL LEVER. Pull this lever back,
toward the operator, to raise the load on the third drum.
Push this lever forward to release the third drum brake and
lower the load. Neutral position applies the third drum
brake.

2-1



SECTION II CONTROLS AND OPERATION

Figure 2-1. Operator’s Controls
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LEGEND FOR FIGURE 2-1

01. ENGINE SPEED CONTROL
02. SWING CONTROL LEVER
03. SWING BRAKE CONTROL SWITCH
04. RIGHT DRUM BRAKE PEDAL
05. LEFT DRUM BRAKE PEDAL
06. LEFT DRUM CONTROL LEVER
07. LEFT DRUM TURN INDICATOR
08. RIGHT DRUM CONTROL LEVER
09. RIGHT DRUM TURN INDICATOR
10. SIGNAL HORN BUTTON
11. BOOM HOIST CONTROL LEVER
12. PROPEL CONTROL LEVER
13. PROPEL LOCK SWITCH
14. OPERATOR’S SEAT WITH SEAT BELT
15. THIRD DRUM CONTROL LEVER
16. HOURMETER/TACHOMETER
17. IGNITION AND START SWITCH
18. STARTING AID BUTTON
19. PANEL LIGHT SWITCH
20. CLUTCH ENGAGE LIGHT
21. ENGINE CLUTCH SWITCH
22. BOOM HOIST RELEASE SWITCH
23. LEFT DRUM PAWL SWITCH
24. RIGHT DRUM PAWL SWITCH

25.
26.
27.
28.
29.
30.
31.
32.
33.

34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.

LEFT DRUM BRAKE SWITCH
RIGHT DRUM BRAKE SWITCH
PANEL LIGHT
DOME LIGHT
TOP WIPER SWITCH
WINDSHIELD WIPER SWITCH
HEATER CONTROL
DEFROSTER FAN SWITCH
LOAD WEIGHING SYSTEM
(SEE FIGURE 2-2)
ENGINE FAULT WARNING LIGHT
ENGINE OIL PRESSURE GAUGE
ENGINE WATER TEMPERATURE GAUGE
ENGINE VOLTMETER
FUEL GAUGE
TORQUE CONVERTER TEMPERATURE GAUGE
TORQUE CONVERTER CHARGE PRESSURE GAUGE
HYDRAULIC SYSTEM PRESSURE GAUGE
DIPPER TRIP CONTROL
ELECTRICAL SYSTEM CIRCUIT BREAKERS
LEVEL
SWING LOCK SWITCH
FLOODLIGHT CONTROLS
TROUBLE LIGHT

16. HOURMETER/TACHOMETER. The hourmeter indi-
cates the total number of hours the engine has been run.
The tachometer indicates engine speed (rpm).

17. IGNITION AND START SWITCH. Rotate the key clock-
wise to energize the machine’s electrical system. Turn the
key against the spring resistance to engage the engine
starter. Turn the key counterclockwise to de-energize the
electrical components and shut down the engine. The key
must be returned to the OFF position before attempting a re-
start.
18. STARTING AID BUTTON. The engine starting aid is
used to assist in cold weather starting. Depress this button
to provide a shot of ether for cold weather starting,

19. PANEL LIGHT SWITCH. Rotate this switch clockwise to
illuminate the panel light. Control the brightness of the light
by rotating the switch clockwise or counterclockwise as de-
sired.

20. CLUTCH ENGAGE LIGHT. This green light will be lit
when the engine clutch is engaged.

21. ENGINE CLUTCH SWITCH. Move this switch toward
the operator to engage the engine clutch. Push this switch
away from the operator to disengage the engine clutch.

NOTE

The engine clutch switch must be in the disengaged
position in order to start the engine.

22. BOOM HOIST RELEASE SWITCH. This switch is used
to override the boom hoist limit switch, if the boom is lifted

beyond the normal operating limits. Depress and hold this
switch, to override the boom hoist limit switch. and lower
the boom. While this switch is depressed the signal horn
will sound.

Do not use this switch to override
hoist limit switch to allow the boom to be
raised beyond the normal operating limits. This
is an extremely dangerous operating proce-
dure, since the boom could be raised to the
point where the boom will topple over the back
of the machine.

the boom

23. LEFT DRUM PAWL SWITCH. Move this switch toward
the operator (ON) to engage the safety stop pawl into the
drum teeth of the left drum. Push the left drum control lever
forward momentarily to lock the pawl into the drum teeth.
To release the pawl move the switch to the OFF position
then pull the left drum control lever toward the operator
until the drum turns, which allows the pawl to disengage
from the drum teeth.

24. RIGHT DRUM PAWL SWITCH. Move this switch toward
the operator (ON) to engage the safety stop pawl into the
drum teeth of the right drum. Push the right drum control
lever forward momentarily to lock the pawl into the drum
teeth. To release the pawl, move the switch to the OFF
position then pull the right drum control lever toward the
operator until the drum turns, which allows the pawl to
disengage from the drum teeth.
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25. LEFT DRUM BRAKE SWITCH. Move this switch up (ON)
to lock the spring set left drum brake in the applied position.
Pull the switch down (OFF) to release the brake.

26. RIGHT DRUM BRAKE SWITCH. Move this switch up
(ON) to lock the spring set right drum brake in the applied
position. Pull the switch down (OFF) to release the brake.

27. PANEL LIGHT. This light illuminates the side control
panel. The light is controlled by switch (19).

28. DOME LIGHT. This light is used to illuminate the oper-
ator’s module. A switch located on the light is used to turn
the light on and off.

29. TOP WIPER SWITCH Turn this switch clockwise, to the
detent, to operate the top window wiper at slow speed. Turn
the switch past the detent to operate the wiper at high
speed.

30. WINDSHIELD WIPER SWITCH. Turn this switch clock-
wise, to the detent, to operate the windshield wiper at slow
speed. Turn the switch past the detent to operate the wiper
at high speed

31. HEATER CONTROL. Place this switch in the center
position to operate the fan at low speed. Place the switch in
the extreme right positron to operate the fan at high speed.

There is also a heater shutoff valve located on the engine.
Turn the valve clockwise when heat is not required. Turn
the valve counterclockwise when heat is desired.

32. DEFROSTER FAN SWITCH Turn this switch clockwise
to energize the defroster fan. Control the speed of the fan by
turning the switch clockwise or counterclockwise as de-
sired.

33. LOAD WEIGHING SYSTEM. The load weighing system
continuously monitors load moment and boom angle. The
computer calculates and displays the load moment and the
boom angle. If preset load limits are approached or ex-
ceeded, the computer visually and audibly alerts the opera-
tor. The items below are furnished with the load system.

A.

B.

C.
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CENTRAL UNIT. The central unit monitors the variable
boom and load operating conditions. These signals are
processed by the central unit and transmitted to the
meters. The control unit contains some controls neces-
sary to calibrate and test the computer system.

LOAD MOMENT METER. This meter indicates total load
moment. It also contains program selector switches,
warning lights and horn and test buttons.

ANGLE METER. This meter indicates boom angle.

This unit is an operating aid and cannot be used
as a substitute for the rating plate. To maintain
system accuracy the unit must be properly
tested each day and before each major lift. The
unit should be inspected on a weekly basis for
pinched or cracked cables. Also check that all
connectors are tight.

CONTROLS AND OPERATION

34. ENGINE FAULT WARNING LIGHT AND BUZZER. This
warning device will be activated when the engine water
temperature rises above normal or oil pressure drops below
normal.

NOTE

After start-up the warning device will remain acti-
vated until the engine oil pressure rises to the normal
pressure. If oil pressure does not reach normal within
15 seconds after start-up, shut down the engine
immediately and correct the cause of the low oil pres-
sure.

35. ENGINE OIL PRESSURE GAUGE. This gauge indicates
engine oil pressure. The gauge should read between 45 and
70 psi during normal operation. There should be approxi-
mately 10 psi at low idle.

36. ENGINE WATER TEMPERATURE GAUGE. This gauge
shows the temperature of the engine coolant. The gauge
should read between 185-200°F during normal operation.

37. ENGINE VOLTMETER. The voltmeter measures the
voltage produced by the alternator and indicates the condi-
tion of the battery. See Figure 2-3 for an explanation of the
voltmeter readings.

38. FUEL GAUGE. This gauge shows the amount of fuel re-
maining in the fuel tank.

39. TORQUE CONVERTER OIL TEMPERATURE GAUGE.
During operation of the machine, the torque converter oil
temperature should range between 200-210°F. If the
temperature does not remain within this range, locate and
correct the difficulty. The temperature must never exceed
250°F.

40. TORQUE CONVERTER CHARGE PRESSURE GAUGE.
During operation of the machine, this gauge should indi-
cate a pressure of approximately 30 psi. Wide variations
from this pressure indicate a problem in the torque conver-
ter. The machine should be shut down and the problem
corrected immediately. At idle the chrage pressure should
be approximately 15 psi.

41. HYDRAULIC SYSTEM PRESSURE GAUGE. This gauge
indicates the pressure in the upper hydraulic system. The
normal pressure in this system is 1500 psi with a working
range of 1400-1710 psi.

42. DIPPER TRIP CONTROL. Use this button to control the
dipper door on the shovel. Press the button to open the door.
Release the button to allow the door to close.

43. ELECTRICAL SYSTEM CIRCUIT BREAKERS. The func-
tion of the circuit breakers is to protect the various upper
electrical circuits.

Under no circumstances should a circuit
breaker be prevented from tripping by any
means. Overloaded electrical circuits can
cause extensive damage to the machine
and/or injury to personnel.



CONTROLS AND OPERATION SECTION II

An electrical overload will cause a breaker to trip. Reset the
circuit breaker and continue operation. The circuit breaker
contains a  trip-free feature  which allows its contacts to
open even it the breaker is manually hold in the reset posi-
tion against an overload. If the circuit breaker should trip
shortly after it is reset. check the circuit protected by the cir-
cuit breaker for the cause of the overload.

44. LEVEL. Check the level of the machine with this gauge.

45. SWING LOCK SWITCH. Move switch toward operator
to engage the 360° swing lock. Move switch away from
operator to disengage swing lock.

TA5015640

Figure 2-2. Load Weighing System
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Figure 2-3 Voltmeter Operation
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46. FLOODLIGHT CONTROLS. This panel and switch are
used to control the floodlight on the machine. The toggle
switches are identified as follows:

A.

B.

C.

D.

E.

UPPER LEFT. This switch controls the floodlight on the
left side of the upper.

UPPER RIGHT. This switch controls the floodlight on the
right side of the upper.

LOWER LIGHTS. This switch controls the lower flood-
lights.

MACHINE HOUSE. This switch controls the machine
house floodlights.

CIRCUIT BREAKER.

47. TROUBLE LIGHT. A trouble light is provided in the main
cab. Lamp socket (47A) IS provided to plug in the trouble
lamp and hook (47B) is used to store the coiled up trouble
lamp. A trouble light IS also located in the right rear corner
of the main machinery deck.
48. PLANETARY LOCKOUTS. Use these plates as shown in
Figure 2-4 to prevent the left and right drum controls (Items
06 and 08) from being moved forward. This locks out the

Figure 2-4. Planetary Lowering Lockouts

SECTION II

planetary lowering of the drums and is used when the
machine IS performing duty cycle work such as a dragline.
Set the plates on the drum lever console as shown and
secure with machine screws and washers.

49. DIVERTER SWITCH (NOT SHOWN). This switch is
located under the revolving frame and accessible through a
hinged panel at the front left side of the revolving frame.
See the topic, Extending and Retracting the Crawlers, later
in this section for the operation of this switch.

50. ANTI-ROTATION BAR (See Figure 2-5). This anti-
rotation bar should be used when the machine is trans-
ported from one site to another. The revolving frame can be
locked in either the forward or rearward position.

Figure 2-5. Anti-Rotation Bar (2100J1046)

51. CRAWLER EXTENSION AND RETRACTION CONTROLS
(See Figure 2-6). These controls are mounted on the revolv-
ing frame and are used to extend and retract the crawler
tracks. See the topic, Extending and Retracting the Crawlers,
later in this section for the operation of these controls.

Figure 2-6. Crawler Extension and Retraction Controls
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52. DRUM COVER. A drum cover is provided (see Figure
2-7) to protect the drums and rope. If the drum cover is to be
used with the hoist rope in place, adjust boom angle to align
the hoist ropes with the slots in the cover. Close the
remainder of the slot using the built-in VELCRO® closure.
The cover IS to be used for MACHINE STORAGE ONLY. Roll
up and tie back the cover as shown before operating the
machine or when the machine IS being lifted by the forward
lifting lugs.

MACHINE OPERATION

GENERAL
The following operating suggestions are offered as a re-
minder rather than as an attempt to instruct, since the Har-
nischfeger Corporation is well aware of the fact that a ma-
chine of this size is not entrusted to anyone except a fully
qualified operator.

2-8

1. Always consult the rating plate for the maximum load
which may be lifted with the various combinations of boom
length, boom angle, crawlers extended or retracted, and
other variable factors which may be involved with lifting the
load.

2. When swinging the load, it should be near the machine
and as close to the ground as possible.

3. Always pay out wire rope from the drums when the
boom is being lowered to prevent “two blocking” the hook
block.
4. If the operator must leave the machine he should lower
all loads to the ground. The swing brake should be applied to
prevent the upper from turning. Also disengage the engine
clutch and apply the propel brake. Do not leave the ma-
chinery turning over.

Figure 2-7. Drum Cover
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PREOPERATION INSPECTION

Before actually operating the machine each day, perform
the “A” Maintenance Checks outlined in Section V.

STARTING THE ENGINE
To start the engine, proceed as follows (see Figure 2-1):

1 Move the engine clutch switch (item 21) to the disen-
gaged position.

2. Check to be sure that the left and right drum brake
switches (items 25 and 26) are in the “on” position.

3. Make certain that the boom hoist swing, and left and
right drum levers are in the neutral position. The swing and
propel brakes must be applied.

4. Turn the ignition switch to the “start” position until the
engine starts. If the engine does not start within 30
seconds, turn the key to the “off” position and wait two min-
utes before attempting to start the engine again. The starter
will engage only when the starting sequence begins with
the key in the “off” position.

NOTE
The use of a cold weather starting aid may be re-
quired in extremely cold weather. Press the starting
aid button (item 18), wait two seconds and engage the
starter. Repeat the procedure for temperatures below
0°F.

5. Check all gauges, immediately after the engine starts, to
be sure they are reading properly. If the readings are
improper, stop the engine immediately and determine the
cause of the improper gauge reading before continuing op-
eration.
6. Allow the engine to run at 800 to 1000 rpm for 4 or 5
minutes before working the machine.

PROPELLING THE MACHINE

Propel direction and steering are controlled by the propel
control lever (see Figure 2-8). Propel speed and torque are
affected by the engine rpm and by the proportional move-
ment of the propel control lever. Propel the machine as
follows:

Do not attempt to propel the machine with the
engine speed under 1000 rpm. Propelling at en-
gine speeds below 1000 rpm could damage the
propel pumps due to a lack of oil pressure.

1. Increase the engine speed to the maximum governed
rpm’s.

2. Release the propel brakes by moving the propel lock
switch to the “off” position.

SECTION ll

3. Move the propel controller in the desired direction of
travel. Propel direction as related to control lever movement
iS illustrated in Figure 2-8.

4. When the machine has been moved to its new location
allow the propel control lever to return to neutral and place
the propel brake switch in the “on” position.

EXTENDING AND RETRACTING THE CRAWLERS

A bank of valves, located at the left front side of the upper,
controls the extension and retraction of the crawler tracks.
Flow to this valve bank is controlled by the combination
valve located at the hydraulic reservoir. This valve is con-
trolled by a switch mounted adjacent to the valve bank in the
left front side of the upper as shown in Figure 2-6.

Connected to the valve banks are two hoses that are stored
on the underside of the upper platform. These hoses have
quick disconnect adapters that fasten to the hydraulic cyl-
inders The adapters are reversed so the extension hose can
only be connected to the extension port. The same is true for
the retraction hose.

To extend or retract the crawlers, proceed as follows:

1. Equip the rear of the machine with one counterweight
(see Section IV). Equip the front of the machine in one of the
following ways:

A. The boom base section in the horizontal position.

B. The basic boom (base plus tip) in the horizontal position
and blocked securely.

2. Locate the machine on firm, level ground and swing the
upper so the boom is over the crawler to be extended. Lower
the boom to the horizontal and block it securely.

3. Connect the hydraulic cylinders to the side frame
brackets of the crawler to be extended. Fasten with the pins
provided. Connect the hoses to the hydraulic cylinders.

Do not place the hydraulic oil diverting valve
switch in the “lower” position until the hoses
are attached to the fittings on the hydraulic
cylinders.

4. Position the diverting valve switch to “lower”, thereby
diverting hydraulic fluid to the crawler extend/retract sys-
tem.

5. Remove the keeper plate capscrews with the axle lock-
ing bolts attached from the side to be extended that secure
each axle to the carbody (see Figure 2-9).

2-9
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NOTE

The bolt capscrew holds the axle locking bolt to the
keeper plate. The keeper plate capscrew holds the
keener plate to the carbody. Keep in mind to always
remove the inboard capscrews which are the cap-
screws that hold the keeper plate to the carbody.

Figure 2-9. Axle Locking Bolts and Keepers

6. Extend the hydraulic cylinders to the end of their stroke
by moving thecontrol levers simultaneously. The right hand
lever controls the cylinder by the operator’s side. The left
hand lever controls the cylinder on the opposite side of the
machine. It may be necessary to operate the control levers
separately in case the axles tend to bind.

7. Install the axle locking pins to secure the axles in the ex-
tended position. Fasten the keeper plate in place with the
capscrews provided.

8. Unpin the hydraulic cylinder at the crawler side frame
and retract the cylinder. Swing the cylinder 180 degrees
and pin it to the opposite crawler side frame bracket,

9. Move the diverter valve switch to the “upper” position.
Disconnect the hoses from the hydraulic cylinders and
temporarily store them under the upper platform.

10. Have all personnel stand clear of the machine and
swing the upper 180 degrees. Repeat steps 2 through 8 for
the other crawler.

11. The procedure for retracting the crawlers is the same
as that given for extending; only now, the valves are oper-
ated simultaneously to retract the crawler side frames.

12. After the completion of either procedure, place the di-
verting valve switch in the “upper” position and store the
hoses under the platform on the left side of the machine.

LIFTCRANE OPERATING CYCLE

The liftcrane operating cycle consists of five steps setting
the boom angle (boom hoist operation), lifting the load
(hoisting operation), swinging the load, spotting the load,
and lowering the load (see Figure 2-10).

The functions of the drums during liftcrane operation are
tabulated below. The numbers in the column “controls”
correspond to the items in Figure 2-1.

STOPPING THE ENGINE

To stop the engine, proceed as follows:

1. Make certain that the drum and swing controls are in the
neutral position, and the swing and propel brakes are ap-
plied. Engage the drum pawls and set the drum brakes.

2. If possible, allow the engine to run at half speed or less
for several minutes before stopping the engine. This will
allow the engine to cool down.

3. Place the ignition switch in the OFF position to stop the
engine.

MACHINE TOWING

If, because of power loss, it should become necessary to tow
this machine, the propel motors and brakes must be re-
moved from the propel gear cases. See Section IX of the
Shop Manual.

Removal of the propel motors and brakes
leaves the machine in a free-wheel condition
with no on-board means for braking. External
braking must be provided.

HAND SIGNALS

It is frequently necessary during crane operation for the op-
erator to depend on a signalman for instructions. When
moving the machine into a position where there is very
limited clearance, or when handling loads that are out of
sight of the operator, the use of a signalman is essential.
The hand signals illustrated in Figure 2-11 are those gen-
erally accepted throughout the industry. Both the operator
and the signalman should be thoroughly familiar with the
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ALWAYS STAND IN CLEAR VIEW OF CRANE OPERATOR. BE SURE TO STAY A SAFE DISTANCE FROM HOOK BLOCK OR BOOM.

Figure 2-11. Hand Signals for Crane Operation
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standard hand signals illustrated to ensure coop-
eration and teamwork.

ATTACHING THE LEADS USING A LATTICE
BOOM

NOTE
Tire pressure for P&H crane should only be

85 psi.

Tire pressure for Grove crane should only
be 100 psi (front) and 75 psi (rear).

1. Position the crane at the top of the leads, one
boom length away (see figure 2-11.1). Lower the
boom to approximately 3 ft. from the top of the
leads.

NOTE

Connect the left lead, plate first (the left plate
boom pin is solid).

2. Move the crane into position, connect the leads
to the boom with the lead plates (see figure
2-11.1). Remove the catwalk.

3. Run the main and auxiliary winch cable to the
bottom of the leads. Lay the hook blocks on the
back of the leads (see figure 2-11.1). Attach the
tag lines (rope) approximately 2 ft. from the bot-
tom of the leads (see figure 2-11.1).

Figure 2-11.1. Connect Leads

In high winds (15 or 20 mph) do not move
the crane with the leads raised. Move the
crane at speeds of 2 to 3 mph when the
leads are raised. Use front and rear ground
guides when moving the crane. Move on a
flat, solid surface. Raise the outriggers (if
equipped) before moving the crane.

4. Keeping the boom cables tight at all times,
slowly raise the boom and move the crane toward
the lead section, raising the leads until they are
vertical to the ground (see figure 2-11.2). One per-
son will hold each tag line while raising the leads.

5. Hold the tag lines and raise the leads 2 to 3 in.
Raise the outriggers. Move the crane to the ham-
mer, set the leads on the ground (lower
outriggers), disconnect the tag lines and recon-
nect the tag lines to the hammer. Remove the lead
angle guides from the hammer.

Figure 2-11.2. Raising Leads

TA5015641
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Dragging the hammer may cause damage.

6. Connect the main winch cable to the hammer
lifting eye. Remove the intake and exhaust port
covers from the hammer. Holding the tag lines se-
curely, slowly raise the hammer and position inside
the leads (see figure 2-11.3).

Move crane at 1 to 2 mph.

13. Raising the leads and the outriggers, move the
crane (1 to 2 mph) to the site where the pile is to
be driven. Lower leads and the outriggers, level
the crane. If applicable, attach the transmitter to
the operator’s cab outside the door (4 bolts) and
secure bolts. Attach hoses to the hammer and
transmitter.

14. Attach the auxiliary winch cable to the pile,
raise the hammer just high enough to set the pile
under the hammer.

Dropping the hammer may cause damage.

15. Raise the pile, positioning it directly under the
hammer. Slowly lower the hammer onto the pile.

16. Raise the outriggers 2 to 3 inches off the
ground. Consult the hammer’s TM or manufactur-
er’s manual to start/stop the hammer.

17. Reverse steps 13 to 1 to remove the head and
the hammer. and to lower/remove the leads.

Figure 2-11.3. Raising Hammer

OPERATION UNDER UNUSUAL CONDITIONS

7. Attach the lead angle guides (12 bolts) to the
leads/hammer and secure the bolts.

8. Raise the hammer and leads 2 to 3 in. off the
ground. Raise the outriggers and move the crane
to within 2 ft. of the driving head. Lower the outrig-
gers.

9. Inspect the cushions for damage, replacing
those that are damaged.

10. Raise the hammer just high enough to clear
the head.

11. Raise the leads, then raise the outriggers (2 to
3 in.). Move the crane with the leads around the
hammer and head.

Dropping the hammer may cause damage to
the head.

12. Slowly lower the hammer onto the driving
head. Attach the head to the hammer using the
cables on the head. Secure cable clamps.

GENERAL. Unusual conditions refer to environ-
ment: specifically, extreme cold, extreme heat,
dust or sandy conditions, areas with high humidity
or salt air, and high altitudes. Separate paragraphs
are devoted to each of these conditions.

OPERATION IN EXTREME COLD. Operation in ex-
treme cold presents special problems due to the
increased brittleness of metallic and rubber parts,
the danger of freezing and the increased difficulty
of keeping parts lubricated adequately.

Personnel should use care to keep from
spilling fuel, coolant, or other liquids upon
themselves. Exposed parts of the body
should not come into contact with metal dur-
ing cold weather, as serious and painful
injury may result.

1. Refer to Section III for lubricant recommenda-
tions for cold weather operation. Change the
lubricant if necessary.

TA5015642
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2. Drain and flush the cooling system, to insure
proper circulation of coolant throughout the radia-
to r  co re .  C lean  the  rad ia to r  coo l ing  f ins ,
particularly the air passages through the core.
Check the condition of the radiator hoses, clamps,
thermostat, and radiator core.

When freeze protection is required, an ethylene
glycol base permanent antifreeze should be used.
An inhibitor system is included in this type of anti-
freeze and no additional inhibitors are required in
initial fill, if a minimum antifreeze concentration of
30% by volume is used. Solution of less than 30%
concentration does not provide sufficient corrosion
protection and additional inhibitors may have to be
added. Concentrations over 67% adversely affect
freeze protection as shown in Figure 2-12.

Figure 2-12. Antifreeze Concentration and Temperature

Inhibitor depletion will occur in ethylene glycol base
antifreeze through normal service. The inhibitor
should be replenished at approximately 500 hour
intervals with a non-chromate inhibitor system.

NOTE

A high quality corrosion inhibitor can be added
to the cooling system, if desired. Do not, how-
ever, use a chromate base inhibitor with an
ethylene glycol antifreeze. That combination

2-14.2 Change 1

can produce chromium hydroxide, commonly
known as “green slime”.

3. Keep the battery fully charged at all times, The
electrolyte in a discharged battery will freeze at a
higher temperature than that in a fully charged bat-
tery.

NOTE

If it is necessary to add water to the battery,
do so only immediately before or during op-
eration, or with an external charger connected
to the battery. Charging the battery, by any
means, mixes the water and electrolyte, and
thereby prevents the water from freezing.

Keep the battery terminal connections clean and
free from snow and ice which could short circuit
the terminals. Clean the cable connectors and bat-
tery posts thoroughly, using a soda and water
solution to remove corrosion.

In extremely cold weather, it is advisable to re-
move the battery and store it in a heated area if
the machine is to be idle overnight or for any ex-
tended period.

4. Keep the fuel tank as full as possible at all times
to minimize condensation. If water is detected in
the fuel supply, drain the tank and refill it with clean
fuel.

5. Start the engine in accordance with the engine
manufacturer’s recommendations for cold weather
starting, and run it at approximately 1200 RPM until
the engine has warmed up.

NOTE

Cover part of the radiator, to aid warmup and
to maintain engine running temperature. Dur-
ing warmup only, the entire radiator may be
covered.

The correct grade of oil for the prevailing ambient
temperature should be used in the crankcase to
prevent hard cranking. The diesel fuel should have
a pour point of l0oF less than the lowest expected
temperature. In case of emergency, white kero-
sene may be added to the fuel to bring the pour
point down to the required temperature in order to
prevent clogging of filters and small passages by
wax crystals. The addition of kerosene is NOT rec-
ommended for general use.
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6. Disengage the propel brake and move the propel con-
troller to move hydraulic oil through the pumps, thereby in-
suring proper lubrication of pump and motor components.

7. Before shutting down the machine drive the machine
onto wooden planks or mats to prevent the machine from
being frozen to the ground.

OPERATION IN EXTREME HEAT. Operation inextreme heat
presents special problems due to the difficulty in keeping
the engine and hydraulic oil from overheating.

1. Refer to Section III for lubricant recommendations for
hot weather operation. Change the lubricant if necessary.

2. Make certain that the engine crankcase oil is at the
proper level. An inadequate supply of crankcase oil will pre-
vent proper dissipation of heat from the engine.

3. Drain and flush the cooling system, to insure proper cir-
culation of coolant throughout the radiator core. Clean the

OPERATION IN DUSTY AND SANDY AREAS. Operation in
dusty or sandy areas presents special problems due to the
abrasive action of dust which shortens the life of parts.
Make every effort to keep dust and sand out of the moving
parts of the crane machinery and engine.

1. All lubricants and lubricating equipment must be kept
clean. Service breathers and air cleaners frequently to re-
move accumulated sand and dust. Lubricate more fre-
quently to keep a supply of clean lubricant in the moving
parts. Clean all lubrication fittings thoroughly before at-
taching the grease gun.

2. Keep the hydraulic oil reservoir filler caps tight to pre-
vent sand and dust from entering the hydraulic system. Ser-
vice the hydraulic oil filters frequently to keep the system
free from sand and dust.

3. Inspect the clutch and brake linings frequently. After op-
eration in dust or sand, blow loose grit out of linings. Failure
to keep the linings clean will result in worn bands, scored
drums, and unsatisfactory operation.

radiator cooling fins, particularly the air passages through
the core, of insects, leaves, dirt, and other foreign material
that will restrict air flow.

4. Inspect the cooling system for leaks. Replace worn or
damaged hoses. Tighten the hose clamps.

5. Keep the water pump fan belt adjusted properly.

6. If the engine becomes overheated from lack of coolant,

4. Keep unused cables in boxes. Clean and lubricate oper-
ating cables frequently.

5. Keep the fuel tank filler cap tight to prevent sand or dust
from entering the fuel tank. Service fuel filters frequently to
keep them free from sand and dust.

6. Use wood blocking or mats under the crawlers when op-
erating in sand.

let the engine run at a fast idle and add coolant slowly.

7. If the engine overheats after refilling the cooling sys-
tem, shut down the engine and allow it to cool. Drain the
cooling system by opening the drain cocks on the radiator

OPERATION IN HUMID OR SALT WATER AREAS. Mois-
ture and salt will cause deterioration of paint, cables,
wiring, and all exposed metallic parts. Keep parts dry and
well lubricated in high humiditv or salt water conditions.

and the engine block, and flush out the system. Refill the
cooling system with coolant; do not use salt or mineral 1. Completely remove rust and corrosion at the first ap-

water solutions in the cooling system. pearance on any part of the machine. Wash off salt water
and dry parts thoroughly; paint the exposed surfaces im-

8. Keep as much air as possible circulating around the bat-
tery. Check the electrolyte level frequently; add distilled
water as necessary to keep the electrolyte level 3/8 inch
above the plates.

mediately. Place a film of lubricant or grease on all polished
or machined metal surfaces and other surfaces which can-
not be painted.

2. Keep parts lubricated thoroughly to repel water from
9. Keep the air intake and exhaust openings clear. Keep the polished metal surfaces and to prevent the entry of water
engine clean, and allow air to circulate freely around the en- into bearings. Keep lifting cables lubricated.
gine.

10. Avoid racing the engine; and avoid operation at full OPERATION AT HIGH ALTITUDES. Operation at high alti-
throttle when part throttle will handle the load. tudes presents special problems due to lower atmospheric

11. Avoid lugging the engine; keep the engine speed high
pressure and wide temperature ranges. At altitudes above

enough to maintain fan speed.
5000 feet it may be necessary to change the engine fuel
injectors. Make certain that the air cleaners are clean and

12. Avoid idling the engine unnecessarily; shut the engine free from obstructions. Check the engine frequently for
down during a lull in the operation. overheating.
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LOAD WEIGHING SYSTEM

IDENTIFICATION

CENTRAL UNIT The central unit consists of the standard
elements (main printed circuit board, fuse, sockets, etc. and
the vertical programmed P.C. boards. It also contains the
following items (Figure 2-13):

A. By-Pass Key. Located at the bottom of the box it deacti-
vates the shut-off system. Meters, lights and horn on
the control panels are Indicating even with a deactivated
shut-off system.

It is recommended that the system by-pass key
switch be used with care. Unwarranted use of
it to override the shut-off system can result in
loss of life, destruction of property and irre-
pairable damage to the crane. The key switch
can be used in overriding the system in case of
extreme emergency. The operator using the
key in extreme emergency should use sound
judgement.

B. Fuse. A 2 amp fuse IS located in central unit. It is used to
protect the load weighing system from electrical over-
load.

Figure 2-13. Central Unit

ANGLE METER. This meter indicates boom angle from 0° to
90° (see Figure 2-14):

The system by-pass key switch must be used to over-
ride the shut-off system when positioning the jib

CONTROL PANEL. This unit contains the following items (without load on the block) lower than rated angle for
(see Figure 2-14): rigging.

2-16

Figure 2-14. Angle Meter and Control Panel

A. The Analog Meter. This meter indicates total load
moment. The meter scale is divided into three color
coded segments — GREEN, YELLOW and RED —
representing APPROVED, CAUTION and PROHIBITED,
respectively. When the needle of the load moment
meter is in the red zone of the scale, the boom lowering
and hoisting controls are out of function by means of the
shut-off system.

B. Program Selector Switches. Program selector switch A
is on tab, switch B is on the bottom.

C. Electronic Beeper.

D. Shut-Off Light/Reset Button

E. Load Moment Warning Light/Pre-Warning Light.

F. Test Button/Pilot Light.

G. Key Switch.

H. Horn On/Off Button.

OPERATION

NOTE
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TABLE 1-2. DRUM PERFORMANCE DATA (Continued)

Remove the by-pass key from the switch, Io-
cated on the central unit, right after rigging as
unwarranted use of it to override the shut-off
system can result in loss of life, destruction of
property and irrepairable damage to the crane.
The operator is the only person responsible for
safe operation of the crane.

Set up the load weighing system as follows:

1. Turn the program selector switches to the configuration
for main boom/jib and crawler position. See Table 2-1.

2. Turn ignition ON.

— The green pilot light is ON (F, Figure 2-14).

— The red shut-off light iS ON (D, Figure 2-14).

— The load moment needle moves into the green area of
the seals.

— The load moment and angle meter are illuminated.

NOTE

The shut-off light will come on when the by-pass key
switch is in either position.

3. Press and hold the green test button (F, Figure 2-14).

— The load moment needle will move to the left hand side
of the seal.

— The yellow pre-warning light will come on.

4. Release the test button

— The load moment needle will go back to the original
position.

— The yellow pre-warning light will go off.

— The red shut-off light is on.

TABLE 2-1. PROGRAM SELECTOR SWITCHES

NOTE

Program selector switch “A” is the top dial on the
control panel. Switch “B” is the bottom dial.

Dial A
Position Configuration

1
2
3
4
5

Main boom w/crawlers extended
N/A
Main boom w/crawlers retracted
Jib w/crawlers extended
Jib w/crawlers retracted

Dial B
Position

1
2
3
4
5
8
7
8
9

10
11
12

Boom Configuration

Main Boom 50’
Main Boom 60’
Main Boom 70’
Main Boom 80’
Main Boom 90’
Main Boom 100’
Main Boom 110’
Main Boom 120’
Main Boom 130’
Main Boom 140’
Main Boom 150’
Main Boom 160’

EXAMPLES

With dial “A” in position 4 and dial “B” in position 3 you
monitor:

Jib w/crawlers extended, main boom 70’.

With dial “A” in position 3 and dial “B” in position 4 you
monitor:

Main boom 80’ with crawlers retracted.

5. Press the red on button (D, Figure 2-14) (shut-off light/
reset button). The red shut-off light (on button) will go off
when the button is released.

6. The system is now ready for operation.

Repeat the above procedure at least once a day
to test the circuit AND BEFORE EACH MAJOR
LIFT.

LIGHT FLASH ON THE CONTROL PANEL AND THEIR
CAUSE

1. Shut-off light comes ON (D, Figure 2-14): Maximum
allowable lifting capacity is being reached. Needle of the
load meter is in the red. Lower the load or raise the boom
and reset after corrected.

2. Pre-warning light comes ON (E, Figure 2-14): Approxi-
mately 90% of total load moment is reached. CAUTION.

NOTE

If a light flash occurs without reason or cannot be
corrected, consult the manufacturer.
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SUBSECTION 4A

ENGINES

GENERAL

The in fo rmat ion  con ta ined  in  th is  sec t ion
i s  l i m i t e d  t o  t r o u b l e s h o o t i n g ,  r e m o v a I ,
and  ins ta l la t ion  o f  the  eng ine .

TROUBLESHOOTING

A  t r o u b l e  s h o o t i n g  c h a r t  a n d  p r o c e d u r e s
a t  t h e  e n d  o f  t h i s  s u b s e c t i o n  l i s t s  s o m e
o f  t h e  d i f f i c u l t i e s  w h i c h  m a y  b e  e x p e r i -
e n c e d  w i t h  t h e  e n g i n e  a n d  a s s o c i a t e d
systems.

ENGINE (51U70)

REMOVAL. I f  i t  i s  d e t e r m i n e d  t h a t  t h e
eng ine m u s t  b e r e m o v e d  f r o m  t h e
machine,  proceed as fo l lows:

1 .  Lower  the  boom to  the  g round  and  p in
t h e  u p p e r  s p r e a d e r  t o  t h e  b o o m  b a s e .
Lower  the  h igh  gant ry  to  the  t rave l  pos i -
t i o n  a n d  u n r e e v e  t h e  b o o m  h o i s t  l i n e s .
Remove the  h igh  gant ry .

2 .  D i s c o n n e c t  a n d  r e m o v e  t h e  e x h a u s t
sys tem f rom the  exhaus t  man i fo ld .

3.  Remove al l  sheet metal  over the engine
a n d  t o r q u e  c o n v e r t e r .

4 .  D isconnec t  the  ba t te ry  g round cab le .

5 .  Dra in  the  eng ine  o i l  and  coo lan t .

6 .  D isconnec t  and  remove the  rad ia to r .

7 .  D i s c o n n e c t  a n d  t a g  m e c h a n i c a l  c o n -
trols (engine throttle cable, clutch
cable, etc.), fuel lines and all electrical
w i r i n g  t o  t h e  e n g i n e .  C a p  a l l  f u e l  a n d
h y d r a u l i c  l i n e s  t o  p r e v e n t  e n t r y  o f  c o n -
taminants . D isconnec t  a l l  hydrau l i c  l i nes
f rom the  to rque  conver te r .

8 .  D i s c o n n e c t  t h e  p r o p e l l e r  s h a f t s  f r o m
t h e  t o r q u e  c o n v e r t e r  a n d  t h e  p u m p
d r i v e .

9 .  M a k e  a  t h o r o u g h  v i s u a l  i n s p e c t i o n  o f
the  eng ine  and  eng ine  compar tment  to  be
sure  a l l  necessary  e lec t r i ca l ,  mechan ica l ,
f u e l  a n d  h y d r a u l i c  l i n e s  h a v e  b e e n  d i s -
connected and are out of  the way to al low
removal  of  the engine.

1 0 .  A t t a c h  s u i t a b l e  l i f t i n g  s l i n g s  t o  t h e
eng ine .

1 1 .  R e m o v e  t h e  n u t s ,  w a s h e r s  a n d  c a p -
sc rews f rom the  eng ine  mount ings  a t  the
c o r n e r s o f  t h e  e n g i n e . S l o w l y  l i f t  t h e
e n g i n e  a n d  t o r q u e  c o n v e r t e r  o u t  o f  t h e
machine as a uni t .

1 2 .  I n s p e c t  t h e  m o u n t i n g s  a n d  r e p l a c e
them i f  necessary .

R E P A I R S  A N D  A D J U S T M E N T S . Eng ine
repa i rs a n d  a d j u s t m e n t s  a r e  c o v e r e d  i n
Sect ion Xl  of  th is manual.

I N S T A L L A T I O N . To ins ta l l  an  eng ine  in
this machine, proceed as fo l lows:

1 .  Make a  thorough inspec t ion  o f  the  en-
g ine  compar tment  to  be  su re  tha t  a l l  w i r -
i n g , f u e l , w a t e r , h y d r a u l i c  l i n e s  a n d
mechan ica l  l i nkages  a re  c lea r  o f  the  en -
g ine  mount ings  and  f rame.

2 .  L i f t  t h e  e n g i n e  i n t o  t h e  e n g i n e  c o m -
p a r t m e n t  u s i n g  a  s u i t a b l e  s l i n g  a t t a c h e d
to  the  eng ine .

3 .  T i g h t e n  t h e  e n g i n e  m o u n t i n g  b o l t s ,
lockwashers  and  nu ts .

4 .  C o n n e c t  t h e  p r o p e l l e r  s h a f t s  t o  t h e
to rque  conver te r  and  to  the  pump dr i ve .
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5 .  C o n n e c t  a l l  e l e c t r i c a l  w i r i n g  t h a t  w a s
d i s c o n n e c t e d  w h e n  t h e  e n g i n e  w a s  r e -
moved.

6 .  C o n n e c t  a l l  f u e l ,  a n d  w a t e r  l i n e s  a n d
m e c h a n i c a l  l i n k a g e s t h a t  w e r e  d i s c o n -
nected when the engine was removed.

7 .  R e c o n n e c t  h y d r a u l i c  l i n e s  t o  t h e  t o r -
q u e  c o n v e r t e r .  I n s t a l l  t h e  c l u t c h  c o n t r o l
a n d  a d j u s t  a s  d e s c r i b e d  i n  S u b s e c t i o n
4 B .

8 .  Rep lace  and  connec t  the  rad ia to r .

9.  Replace al l  sheet  metal .

10 .  Ins ta l l  the  exhaust  sys tem on the  ex-
haus t  man i fo ld .

11 .  F i l l  t he  coo l ing  sys tem and  c rankcase
w i t h  c o o l a n t  a n d  o i l  r e s p e c t i v e l y . See
Section I I I.

Before  engine  s tar t -up,  check a l l
w i r i n g ,  f u e l ,  w a t e r ,  a n d  m e c h a n -
i c a l  c o n n e c t i o n s .  B e  p r e p a r e d  t o
s h u t  d o w n  t h e  e n g i n e  i f  t h e r e
should be some malfunction.

1 2 .  S t a r t  a n d  r u n  t h e  e n g i n e .  C h e c k  f o r
o i l ,  w a t e r ,  f u e l  a n d  h y d r a u l i c  l e a k s .

TROUBLESHOOTING PROCEDURES

General

Cer ta in  abnorma l  cond i t ions  wh ich  some-
t imes i n t e r f e r e  w i t h  s a t i s f a c t o r y  e n g i n e
o p e r a t i o n , t o g e t h e r  w i t h  m e t h o d s  o f  d e -
t e r m i n i n g  t h e  c a u s e  o f  s u c h  c o n d i t i o n s ,
a re  covered  in  the  fo l low ing  paragraphs .

S a t i s f a c t o r y  e n g i n e  o p e r a t i o n  d e p e n d s
p r i m a r i l y  o n :

1 .  An  adequate  supp ly  o f  a i r  compressed
t o  a  s u f f i c i e n t l y  h i g h  c o m p r e s s i o n  p r e s -
s u r e .

2 .  T h e  i n j e c t i o n  o f  t h e  p r o p e r  a m o u n t  o f
fue l  a t  the  r igh t  t ime.

L a c k  o f  p o w e r , u n e v e n  r u n n i n g ,  e x c e s -
s i v e  v i b r a t i o n , s ta l l i ng  a t  id le  speed and
h a r d  s t a r t i n g  m a y  b e  c a u s e d  b y  e i t h e r
l o w  c o m p r e s s i o n ,  f a u l t y  i n j e c t i o n  i n  o n e
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o r  m o r e  c y l i n d e r s , o r  l a c k  o f  s u f f i c i e n t
a i r .

S i n c e  p r o p e r  c o m p r e s s i o n ,  f u e l  i n j e c t i o n
a n d  t h e  p r o p e r  a m o u n t  o f  a i r  a r e  i m p o r -
t a n t  t o  g o o d  e n g i n e  p e r f o r m a n c e ,  d e -
t a i l e d  p r o c e d u r e s  f o r  t h e i r  i n v e s t i g a t i o n
are  g iven  as  fo l lows:

Locating a Misfiring Cylinder

1 .  S t a r t  t h e  e n g i n e  a n d  r u n  i t  a t  p a r t
l o a d  u n t i l  i t  r e a c h e s  n o r m a l  o p e r a t i n g
t e m p e r a t u r e .

2 .  S t o p  t h e  e n g i n e  a n d  r e m o v e  t h e  v a l v e
r o c k e r  c o v e r .

3 .  C h e c k  t h e  v a l v e  c l e a r a n c e  ( S e e  S u b -
sec t ion  11I ) .

4 .  S t a r t  t h e  e n g i n e .  T h e n  h o l d  a n  i n j e c -
t o r  f o l l o w e r  d o w n  w i t h  a  s c r e w d r i v e r  t o
p r e v e n t o p e r a t i o n  o f  t h e  i n j e c t o r  ( s e e
F i g u r e  4 A - 1  o n  p a g e  4 A - 3 ) .  I f  t h e  c y l -
i n d e r  h a s  b e e n  m i s f i r i n g ,  t h e r e  w i l l  b e
no  no t i ceab le  d i f fe rence  in  the  sound  and
o p e r a t i o n  o f  t h e  e n g i n e . I f  t h e  c y l i n d e r
h a s  b e e n  f i r i n g  p r o p e r l y ,  t h e r e  w i l l  b e  a
n o t i c e a b l e  d i f f e r e n c e  i n  t h e  s o u n d  a n d
o p e r a t i o n  w h e n  t h e  i n j e c t o r  f o l l o w e r  i s
held d o w n . T h i s is s i m i l a r  t o
s h o r t - c i r c u i t i n g  a  s p a r k  p l u g  i n  a  g a s o -
l ine  eng ine .

5 .  I f  t h e  c y l i n d e r  i s  f i r i n g  p r o p e r l y ,  r e -
p e a t  t h e  p r o c e d u r e  o n  t h e  o t h e r  c y l i n -
d e r s u n t i l  t h e  f a u l t y  o n e  h a s  b e e n
located.

6 .  I f  t h e  c y l i n d e r  i s  m i s f i r i n g ,  c h e c k  t h e
fo l low ing :

A .  C h e c k  t h e  i n j e c t o r  t i m i n g  ( S e e  S u b -
sec t ion  11I ) .

B .  Check  the  compress ion  p ressure .

C.  Ins ta l l  a  new in jec to r .

D .  I f  t h e  c y l i n d e r  s t i l l  m i s f i r e s ,  r e m o v e
the cam fol lower (See Subsect ion 11B)
and check for  a worn cam ro l ler ,  cam-
s h a f t  l o b e , b e n t  p u s h  r o d  o r  w o r n
rocker  a rm bush ings .

Checking Compression Pressure

Compress ion  p ressure  i s  a f fec ted  by  a l t i -
t u d e  a s  s h o w n  i n  T a b l e  4 A - 1  o n  p a g e
4A-3.



F i g u r e  4 A - 1 .  L o c a t i n g  a  M i s f i r i n g
C y l i n d e r

C h e c k  t h e  c o m p r e s s i o n  p r e s s u r e  a s  f o l -
lows:

1 .  S t a r t  t h e  e n g i n e  a n d  r u n  i t  a t  a p p r o x -
i m a t e l y  o n e - h a l f  r a t e  l o a d  u n t i l  n o r m a l
opera t ing  tempera tu re  i s  reached .

2 .  S t o p  t h e  e n g i n e  a n d  r e m o v e  t h e  f u e l
p i p e s  f r o m  t h e  i n j e c t o r  a n d  f u e l  c o n n e c -
to rs  o f  the  No.  1  cy l inder .

3 .  R e m o v e  t h e  i n j e c t o r  a n d  i n s t a l l  a n
a d a p t o r  a n d  p r e s s u r e  g u a g e  f r o m  D i a g -
nos is  K i t  J  9531-01  (see  F igure  4A-2) .

4 .  Use  one  o f  the  fue l  p ipes  as  a  jumper
connec t ion  be tween the  fue l  i n le t  and  re -
t u r n  m a n i f o l d  c o n n e c t o r s .  T h i s  w i l l  p e r -
m i t  f u e l  f r o m  t h e  i n l e t  m a n i f o l d  t o  f l o w
d i r e c t l y  t o  t h e  r e t u r n  m a n i f o l d .

5 .  S t a r t  t h e  e n g i n e  a n d  r u n  i t  a t  a  6 0 0
RPM. O b s e r v e  a n d  r e c o r d  t h e  c o m p r e s -
s i o n  p r e s s u r e  i n d i c a t e d  o n  t h e  g a u g e .
Do not  crank  the  engine  wi th  the  s tar t -

Figure  4A-2 . Checking Compression
Pressure

i n g  m o t o r  t o  o b t a i n  t h e  c o m p r e s s i o n
pressure .

6 .  P e r f o r m  S t e p s  2  t h r o u g h  5  o n  e a c h
c y l i n d e r .  T h e  c o m p r e s s i o n  p r e s s u r e  i n
a n y  o n e  c y l i n d e r  a t  a  g i v e n  a l t i t u d e
s h o u l d  n o t  b e  l e s s  t h a n  t h e  m i n i m u m
s h o w n  i n  T a b l e  4 A - 1 .  I n  a d d i t i o n ,  t h e
v a r i a t i o n  i n  c o m p r e s s i o n  p r e s s u r e  b e -
t w e e n  c y l i n d e r s  m u s t  n o t  e x c e e d  2 5  p s i
(172 kPa) at 600 RPM.

For  example , i f  the  compress ion  p ressure
read ings  were  as  shown in  Tab le  4A-1 ,  i t
w o u l d  b e  e v i d e n t  t h a t  N o .  3  c y l i n d e r
shou ld  be  examined  and  the  cause  o f  the
l o w  c o m p r e s s i o n  p r e s s u r e  b e  d e t e r m i n e d
and  co r rec ted .

T h e  p r e s s u r e s  i n  T a b l e  4 A - 1  a r e  f o r  a n
e n g i n e  o p e r a t i n g  a t  a n  a l t i t u d e  n e a r  s e a
leve l . A l l  o f  t h e  c y l i n d e r  p r e s s u r e s  a r e
a b o v e  t h e  l o w  l i m i t  f o r  s a t i s f a c t o r y  e n -
g i n e  o p e r a t i o n . N e v e r t h e l e s s ,  t h e  N o .  3
c y l i n d e r  c o m p r e s s i o n  p r e s s u r e  i n d i c a t e s
tha t  someth ing  unusua l  has  occur red  and
tha t  a  loca l i zed  p ressure  leak  has  deve l -
oped .

L o w  c o m p r e s s i o n  p r e s s u r e  m a y  r e s u l t
f rom any one of  several  causes:

A .  P i s t o n  r i n g s  m a y  b e  s t u c k  o r  b r o k e n .
T o  d e t e r m i n e  t h e  c o n d i t i o n  o f  t h e
r i n g s , r e m o v e  t h e  a i r  b o x  c o v e r  a n d
inspec t  them by  press ing  on  the  r ings
w i t h  a  b l u n t  t o o l  ( s e e  F i g u r e  4 A - 3  o n
p a g e  4 A - 4 ) .  A  b r o k e n  o r  s t u c k  r i n g
w i l l  n o t  h a v e  a  “ s p r i n g - l i k e ”  a c t i o n .
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B.  Compress ion  p ressure  may  be  leak ing
p a s t  t h e  c y l i n d e r  h e a d  g a s k e t ,  t h e
v a l v e  s e a t s , t h e  i n j e c t o r  t u b e  o r  a
ho le  in  the  p is ton .

Engine Out of Fuel

T h e  p r o b l e m  i n  r e s t a r t i n g  a n  e n g i n e  a f -
t e r  i t  h a s  r u n  o u t  o f  f u e l  s t e m s  f r o m  t h e
f a c t  t h a t  a f t e r  t h e  f u e l  i s  e x h a u s t e d  f r o m
t h e  f u e l  t a n k ,  f u e l  i s  t h e n  p u m p e d  f r o m
t h e  p r i m a r y  f u e l  s t r a i n e r  a n d  s o m e t i m e s
p a r t i a l l y  r e m o v e d  f r o m  t h e  s e c o n d a r y  f u -
e l  f i l t e r  b e f o r e  f u e l  s u p p l y  b e c o m e s  i n -
s u f f i c i e n t  t o  s u s t a i n  e n g i n e  f i r i n g .
C o n s e q u e n t l y , these  componen ts  mus t  be
r e f i l l e d  w i t h  f u e l  a n d  t h e  f u e l  p i p e  r i d  o f
a i r  i n  o r d e r  f o r  t h e  s y s t e m  t o  p r o v i d e
adequa te  fue l  fo r  the  in jec to rs .

W h e n  a n  e n g i n e  h a s  r u n  o u t  o f  f u e l ,
the re  i s  a  de f in i te  p rocedure  to  fo l low fo r
r e s t a r t i n g  i t :

1 .  F i l l  t h e  f u e l  t a n k  w i t h  t h e  r e c o m -
mended  g rade  o f  f ue l  o i l . I f  o n l y  p a r t i a l
f i l l i ng  o f  the  tank  i s  poss ib le ,  add  a  min -
imum of  ten gal lons (38 I i t res)  of  fuel .

2 .  Remove  the  fue l  s t ra ine r  she l l  and  e l -
ement  f rom the  s t ra ine r  cover  and  f i l l  t he
s h e l l  w i t h  f u e l  o i l .  I n s t a l l  t h e  s h e l l  a n d
element.

3 .  R e m o v e  a n d  f i l l  t h e  f u e l  f i l t e r  a n d  e l -
e m e n t  w i t h  f u e l  o i l  a s  d e s c r i b e d  i n  S t e p
2.

4 .  S t a r t  t h e  e n g i n e .  C h e c k  t h e  f i l t e r
and  s t ra iner  fo r  leaks .

NOTE

I n  s o m e  i n s t a n c e s ,  i t  m a y  b e  n e c -
e s s a r y  t o  r e m o v e  t h e  v a l v e  r o c k e r
cover  and  loosen  a  fue l  p ipe  nu t  to
b l e e d  t r a p p e d  a i r  f r o m  t h e  f u e l
s y s t e m .  B e  s u r e  t h e  f u e l  p i p e  i s

4A-4

Table 4A-1.  Compression Pressure Comparison

F i g u r e  4 A - 3 .  I n s p e c t i n g  P i s t o n  R i n g s

re t igh tened  secure ly  be fo re  rep lac -
ing  the  rocker  cover .

P r i m e r  J  5 9 5 6  m a y  b e  u s e d  t o  p r i m e  t h e
e n t i r e  f u e l  s y s t e m .  R e m o v e  t h e  f i l l e r
p l u g  i n  t h e  f u e l  f i l t e r  c o v e r  a n d  i n s t a l l
t h e  p r i m e r .  P r i m e  t h e  s y s t e m .  R e m o v e
the  p r imer  and  ins ta l l  t he  f i l l e r  p lug .

Fuel Flow Test

T h e  p r o p e r  f l o w  o f  f u e l  i s  r e q u i r e d  f o r
s a t i s f a c t o r y  e n g i n e  o p e r a t i o n .  C h e c k  t h e
c o n d i t i o n  o f  t h e  f u e l  p u m p ,  f u e l  s t r a i n e r
a n d  f u e l  f i l t e r  a s  o u t l i n e d  i n  S u b s e c t i o n
11C under  T roub leshoo t ing .

Crankcase Pressure

T h e  c r a n k c a s e  p r e s s u r e  i n d i c a t e s  t h e
a m o u n t  o f  a i r  p a s s i n g  b e t w e e n  t h e  o i l
c o n t r o l  r i n g s  a n d  t h e  c y l i n d e r  l i n e r s  i n t o
t h e  c r a n k c a s e , most of  which is c lean air
f r o m  t h e  a i r  b o x .  A  s l i g h t  p r e s s u r e  i n
the  c rankcase  i s  des i rab le  to  p revent  the
e n t r a n c e  o f  d u s t .  A  l o s s  o f  e n g i n e  I u -



b r i c a t i n g  o i l  t h r o u g h  t h e  b r e a t h e r  t u b e ,
c r a n k c a s e  v e n t i l a t o r  o r  d i p s t i c k  h o l e  i n
t h e  c y l i n d e r  b l o c k  i s  i n d i c a t i v e  o f  e x c e s -
s ive  c rankcase pressure .

T h e  c a u s e s  o f  h i g h  c r a n k c a s e  p r e s s u r e
m a y  b e  t r a c e d  t o  e x c e s s i v e  b l o w - b y  d u e
t o  w o r n  p i s t o n  r i n g s ,  a  h o l e  o r  c r a c k  i n
a  p i s t o n  c r o w n ,  l o o s e  p i s t o n  p i n  r e t a i n -
e r s , w o r n  t u r b o c h a r g e r  o i l  s e a l s ,  d e f e c -
t i v e  b l o w e r , c y l i n d e r  h e a d  o r  e n d  p l a t e
gaskets , o r  e x c e s s i v e b a c k  p r e s s u r e .
A lso , t h e  b r e a t h e r  t u b e  o r  c r a n k c a s e
v e n t i l a t o r  s h o u l d  b e  c h e c k e d  f o r  o b -
s t r u c t i o n s .

Check  the  c rankcase  p ressure  w i th  a  ma-
n o m e t e r  c o n n e c t e d  t o  t h e  o i l  l e v e l  d i p -
s t i c k  o p e n i n g i n  t h e  c y l i n d e r  b l o c k .
C h e c k  t h e  r e a d i n g s  o b t a i n e d  a t  v a r i o u s
eng ine s p e e d s  w i t h  t h e  E n g i n e  O p e r -
a t ions  Cond i t ions  in  Subsect ion  11A.

NOTE

T h e  d i p s t i c k  a d a p t o r  m u s t  n o t  b e
b e l o w  t h e  l e v e l  o f  t h e  o i l  w h e n
check ing  the  c rankcase  p ressure .

Exhaust Back Pressure

A  s l i g h t  p r e s s u r e  i n  t h e  e x h a u s t  s y s t e m
i s  n o r m a l .  H o w e v e r ,  e x c e s s i v e  e x h a u s t
b a c k  p r e s s u r e  s e r i o u s l y  a f f e c t s  e n g i n e
o p e r a t i o n .  I t  m a y  c a u s e  a n  i n c r e a s e  i n
t h e  a i r  b o x  p r e s s u r e  w i t h  a  r e s u l t a n t
l o s s  o f  e f f i c i e n c y  o f  t h e  b l o w e r .  T h i s
m e a n s  l e s s  a i r  f o r  s c a v e n g i n g  w h i c h  r e -
s u l t s  i n  p o o r  c o m b u s t i o n  a n d  h i g h e r
tempera tu res .

C a u s e s  o f  h i g h  e x h a u s t  b a c k  p r e s s u r e
a r e  u s u a l l y  a  r e s u l t  o f  a n  i n a d e q u a t e  o r
i m p r o p e r  t y p e  o f  m u f f l e r ,  a n  e x h a u s t
p ipe  wh ich  i s  too  long  o r  too  smal l  i n  d i -
a m e t e r ,  a n  e x c e s s i v e  n u m b e r  o f  s h a r p
b e n d s  i n  t h e  e x h a u s t  s y s t e m ,  o r  o b -
s t r u c t i o n s  s u c h  a s  e x c e s s i v e  c a r b o n
f o r m a t i o n s  o r  f o r e i g n  m a t t e r  i n  t h e  e x -
haust  sys tem.

C h e c k  t h e  e x h a u s t  b a c k  p r e s s u r e ,  m e a s -
u r e d  i n  i n c h e s  o f  m e r c u r y ,  w i t h  a  m a -
n o m e t e r .  C h e c k  t h e  e x h a u s t  b a c k
p r e s s u r e  i n  t h e  e x h a u s t  p i p i n g  6 ”  t o  1 2 ”
f r o m  t h e  t u r b i n e  o u t l e t .  T h e  t a p p e d  h o l e
m u s t  b e  i n  a  c o m p a r a t i v e l y  s t r a i g h t  p i p e
area for  an accurate measurement.

C h e c k  t h e  r e a d i n g s  o b t a i n e d  a t  v a r i o u s
s p e e d s  ( a t  n o  l o a d )  w i t h  t h e  E n g i n e  O p -
era t ing  Cond i t ions  in  Subsect ion  11A.

Air  Box Pressure

P r o p e r  a i r  b o x  p r e s s u r e  i s  r e q u i r e d  t o
ma in ta in  su f f i c ien t  a i r  fo r  combus t ion  and
s c a v e n g i n g  o f  t h e  b u r n e d  g a s e s . Low
a i r  b o x  p r e s s u r e  i s  c a u s e d  b y  a  h i g h  a i r
i n l e t  r e s t r i c t i o n ,  d a m a g e d  b l o w e r  r o t o r s ,
a n  a i r  l e a k  f r o m  t h e  a i r  b o x  ( s u c h  a s
l e a k i n g  e n d  p l a t e ) , o r  a  c l o g g e d  b l o w e r
a i r  i n l e t  s c r e e n . Lack  o f  power  o r  b lack
o r  g r e y  e x h a u s t  s m o k e  a r e  i n d i c a t i o n s  o f
low a i r  box  pressure .

H i g h  a i r  b o x  p r e s s u r e  c a n  b e  c a u s e d  b y
p a r t i a l l y  p l u g g e d  c y l i n d e r  l i n e r  p o r t s .

C h e c k  t h e  a i r  b o x  p r e s s u r e  w i t h  a  m a -
n o m e t e r  c o n n e c t e d  t o  a n  a i r  b o x  d r a i n
t u b e .

C h e c k  t h e  r e a d i n g s  o b t a i n e d  a t  v a r i o u s
speeds w i th  the  Eng ine  Opera t ing  Cond i -
t ions  in  Subsect ion  11A.

Air  In let  Restr ic t ions

E x c e s s i v e  r e s t r i c t i o n  o f  t h e  a i r  i n l e t  w i l l
a f fec t  the  f low o f  a i r  to  the  cy l inders  and
r e s u l t  i n  p o o r  c o m b u s t i o n  a n d  l a c k  o f
p o w e r .  C o n s e q u e n t l y  t h e  r e s t r i c t i o n
must be kept as low as possible consider-
i n g  t h e  s i z e  a n d  c a p a c i t y  o f  t h e  a i r
c l e a n e r .  A n  o b s t r u c t i o n  i n  t h e  a i r  i n l e t
s y s t e m  o r  d i r t y  o r  d a m a g e d  a i r  c l e a n e r
w i l l  r e s u l t  i n  a  h i g h  b l o w e r  i n l e t  r e -
s t r i c t i o n .

C h e c k  t h e  a i r  i n l e t  r e s t r i c t i o n  w i t h  a  w a -
t e r  m a n o m e t e r  c o n n e c t e d  t o  a  f i t t i n g  i n
t h e  c o m p r e s s o r  i n l e t .  T h e  r e s t r i c t i o n  a t
th is  po in t  shou ld  be  checked a t  a  spec i f i c
e n g i n e  s p e e d .  T h e n  t h e  a i r  c l e a n e r  a n d
d u c t i n g  s h o u l d  b e  r e m o v e d  f r o m  t h e  a i r
in le t  hous ing  and  the  eng ine  aga in  oper -
a t e d  a t  t h e  s a m e  s p e e d  w h i l e  n o t i n g  t h e
manometer reading.

The difference between the two
r e a d i n g s ,  w i t h  a n d  w i t h o u t  t h e  a i r  c l e a n -
e r  a n d  d u c t i n g ,  i s  t h e  a c t u a l  r e s t r i c t i o n
caused by  the  a i r  c leaner  and  duc t ing .

Check  the  norma l  a i r  i n le t  vacuum a t  va r -
ious speeds (at  no load) and compare the
resu l ts  w i th  the  Eng ine  Opera t ing  Cond i -
t ions  in  Subsect ion  11A.
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Figure 4A-4.  Comparis ion of  Column
Height for  Mercury and Water

Manometers

PROPER USE OF MANOMETER

The  U- tube  manomete r  i s  a  p r imary  mea-
s u r i n g  d e v i c e i n d i c a t i n g  p r e s s u r e  o r
v a c u u m  b y  t h e  d i f f e r e n c e  i n  t h e  h e i g h t
o f  two  co lumns  o f  f l u id .

C o n n e c t  t h e  m a n o m e t e r  t o  t h e  s o u r c e  o f
p r e s s u r e , v a c u u m  o r  d i f f e r e n t i a l  p r e s -
s u r e . W h e n  t h e  p r e s s u r e  i s  i m p o s e d ,
a d d  t h e  n u m b e r  o f  i n c h e s  o n e  c o l u m n  o f
f l u i d  t r a v e l s  u p  t o  t h e  a m o u n t  t h e  o t h e r
c o l u m n  t r a v e l s  d o w n  t o  o b t a i n  t h e  p r e s -
s u r e  ( o r  v a c u u m )  r e a d i n g .

The height of a column of mercury is
read differently than that of a column of
w a t e r .  M e r c u r y  d o e s  n o t  w e t  t h e  i n s i d e
sur face ;  the re fo re ,  the  top  o f  the  co lumn
has a  convex  shape.  Water  wets  the  sur -
face  and  there fo re  has  a  concave  shape .
A  m e r c u r y  c o l u m n i s  r e a d  b y  s i g h t i n g
h o r i z o n t a l l y  b e t w e e n  t h e  t o p  o f  t h e  c o n -
v e x  m e r c u r y  s u r f a c e  ( s e e  F i g u r e  4 A - 4 )
a n d  t h e  s c a l e .  A  w a t e r  m a n o m e t e r  i s
r e a d  b y
t h e bot tom

s i g h t i n g  h o r i z o n t a l l y  b e t w e e n
o f  t h e  c o n c a v e  w a t e r  s u r f a c e

and the scale.

Shou ld  one  co lumn o f  f l u id  t rave l  fu r the r
t h a n  t h e  d i a m e t e r  o f  t h e  t u b e  o r  t o  t h e
p r e s s u r e  i m p o s e d , t h e  a c c u r a c y  o f  t h e
read ing  ob ta ined is  no t  impa i red .

To  conver t  manometer  read ings  in to  o th -
e r  u n i t s  o f  m e a s u r e ,  u s e  t h e  f o l l o w  v a l -
ues:

PRESSURE CONVERSION CHART

1" Water =
1" Water =

0.0735" M e r c u r y

1 "  M e r c u r y  =
0.0361 p s i

13.6000" W a t e r
1 "  M e r c u r y  =
1 psi =

0.4910 p s i
27.7000" W a t e r

1 psi =
1 psi =

2.0360" M e r c u r y
6.8950 k P a

1 kPa = 0.1450 p s i
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Troubleshooting Guide
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Troubleshooting Guide (cont’d)
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SUBSECTION 4B

CLUTCHES

GENERAL

The in fo rmat ion  in  th is  subsec t ion  i s  l im-
i t e d  t o  t h e  c l u t c h  a c t u a t o r  a n d  a d j u s t -
m e n t .  T h e  c l u t c h  i t s e l f  i s  c o v e r e d  w i t h
t h e  t o r q u e  c o n v e r t e r  ( 5 3 Z 6 5 9 )  i n  S u b -
sect ion 4C.

CLUTCH CONTROL (2100J1152)

A D J U S T M E N T .  T o  a d j u s t  t h e  c l u t c h ,
p r o c e e d  a s  f o l l o w s  ( s e e  F i g u r e  4 B - 1  o n
page  4B-2) :

1 .  Wi th  the  c lu tch  in  neu t ra l  pos i t ion  and
l e v e r  ( 0 1 )  i n  e n a g e d  p o s i t i o n  a s  s h o w n ,
i n s t a l l  a c t u a t o r  ( 0 5 )  a n d  s e c u r e  w i t h  p i n
( 0 2 ) ,  w a s h e r s  ( 0 4 )  a n d  c o t t e r  p i n  ( 0 3 ) .
A d j u s t  a c t u a t o r  ( 0 5 )  t o  1 0 . 9 4 ”  b e t w e e n
m o u n t i n g  e y e s  b y  t u r n i n g  r o d  e n d  ( 0 6 )
b y  h a n d .

2 .  A p p I y  g r e a s e  t o  t h e  r o d  o f  p l u n g e r
(07).

3 .  C h e c k  t h a t  t h e  p l u n g e r  g r o o v e  o f
p l u n g e r  ( 0 7 )  i s  e n g a g e d  w i t h  r e v e r s e
swi tch  (08)  a t  i t s  deepest  pos i t ion .

4 .  L o c a t e  r o d  e n d  ( 0 9 )  w i t h  i t s  m a t i n g
ho le  in  adap te r  p la te  (10)  by  tu rn ing  the
th readed por t ion  o f  the  rod  eye  as  need-
e d .  S e c u r e  w i t h  l o c k w a s h e r  ( 1 1 )  a n d
n u t  ( 1 2 ) .

CLUTCH ACTUATOR (88U24D1)

D E S C R I P T I O N .  T h e  c l u t c h  i s  c o n t r o l l e d
b y  a n  e l e c t r i c a l l y  o p e r a t e d  a c t u a t o r .
T h i s  a c t u a t o r  i s s i m p l y  a  j a c k  s c r e w
w h i c h  i s  d r i v e n  t h r o u g h  a  g e a r  a n d
c lu tch  a r rangement  by  a  DC moto r .

T R O U B L E S H O O T I N G .  T a b l e  4 B - 1  o n
p a g e  4 B - 3  l i s t s  o n l y  o n e  d i f f i c u l t y  t h a t
may be  exper ienced w i th  the  c lu tch  ac tu -
a t o r .  T h e  c h a r t  l i s t s  t h e  p r o b a b l e  c a u s -
es and possible remedies to the problem.

R E M O V A L .  T o  r e m o v e  t h e  c l u t c h  a c t u a -
to r ,  p roceed  as  fo l lows :

1 .  D i s c o n n e c t  t h e  e l e c t r i c a l  l e a d s  t o  t h e
moto r .

2 .  R e m o v e  t h e  a t t a c h i n g  h a r d w a r e  f r o m
both  ends  o f  the  ac tua to r .

3 .  R e m o v e  t h e  a c t u a t i n g  a s s e m b l y  t o  a
clean work area.

D I S A S S E M B L Y .  T o  d i s a s s e m b l e  t h e
c l u t c h  a c t u a t i n g  a s s e m b l y ,  p r o c e e d  a s
fo l lows  (see  F igure  4B-2  on  page  4B-4) :

1 .  R e m o v e  t h e  f o u r  s c r e w s  f r o m  t h e
s c r e w  h o u s i n g  e n d  a n d  t h e  o t h e r  s c r e w
f rom the  gear  hous ing  end .

2 .  R e m o v e  t h e  g e a r  h o u s i n g  a n d  t h e  r e -
duc t ion  gear .

3 .  L o o s e n  t h e  n u t s  a n d  w a s h e r s ,  t h e n
remove the motor.

4 .  C a r e f u l l y  c h e c k  t h e  l o c a t i o n  o f  t h e
sma l l  g roove  end  o f  the  g rooved  p in  and
d r i v e  t h a t  e n d  o u t  o f  t h e  s c r e w  c l u t c h .
Remove  the  sc rew c lu tch  f rom the  ac tua -
t o r  s c r e w . See the  inser t  in  F igure  4B-2
on page 4B-4.

I N S P E C T I O N  A N D  T E S T I N G .  I n s p e c t
and  tes t  the  ac tua to r  components  as  fo l -
lows:

1. Inspect the reduction gear for
chipped or broken teeth.
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F igure  4B-1 .  C lu tch  Ad jus tment
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2 .  C h e c k  t h e  c o n d i t i o n  o f  t h e  g e a r  t e e t h U n d e r  m a x i m u m  l o a d ,  t h e  m o t o r
o n  t h e  s c r e w  c l u t c h .  C h e c k  t h e  B e l l e -
v i l l e  s p r i n g s  a n d  r a t c h e t  m e c h a n i s m  f o r

s h o u l d  d r a w  7 . 5  a m p s .  I f  c u r r e n t

s igns  o f  wear .
d r a w  i s  m o r e  t h a n  t h i s ,  r e p l a c e  t h e
m o t o r .  T e s t  t h e  m o t o r  f o r  b o t h  d i -

3 .  Tes t  the  moto r  fo r  p roper  opera t ion  as
rec t ions  o f  ro ta t ion .

fo l l ows : 4 .  Rep lace  a l l  de fec t i ve  par ts .

A .  A t t a c h  a  g r o u n d  l e a d  f r o m  a  2 4  V D C
power  source .

A S S E M B L Y  A N D  I N S P E C T I O N .  A s s e m b l y
and ins ta l la t ion  a re  s imp ly  the  reverse  o f
d i s a s s e m b l y  a n d  r e m o v a l .  H o w e v e r ,  b e -
f o r e  i n s t a l l a t i o n ,  c h e c k  t h e  u n i t  f o r
p r o p e r  o p e r a t i o n .

B .  A t t a c h  a  p o w e r  l e a d  f r o m  t h e  s o u r c e
to  e i the r  the  b lack  lead  o r  the  o range
l e a d  o n  t h e  m o t o r  ( d e t e r m i n e s  d i r e c -
t i o n  o f  r o t a t i o n ) ,

C .  I n t r o d u c e  a  l o a d  t o  t h e  g e a r  o f  t h e
m o t o r  a n d  o b s e r v e  c u r r e n t  d r a w .

A f t e r  i n s t a l l a t i o n ,
m e n t ”  o n  p a g e  4 B - 1  f o r  t h e  p r o p e r  s e t -

s e e  t h e  t o p i c  “ A d j u s t -

t i ng  o f  the  c lu tch  ac tua to r .

PROBLEM PROBABLE CAUSE POSSIBLE REMEDY

C l u t c h  a c t u a t o r  i n - 1 .  Motor  burned ou t .
o p e r a t i v e

1. Replace the motor.

2 .  R e d u c t i o n  g e a r t e e t h
ch ipped  o r  b roken .

2. Replace the reduction
gear.

3 .  S c r e w  c l u t c h  i n o p e r a t i v e . 3. R e p l a c e  t h e  s c r e w
c l u t c h

Tab le  4B-1 .  C lu tch  Ac tua to r  T roub leshoo t ing
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Figure 4B-2.  Clutch Actuator (88U24D1)
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SUBSECTION 4C

TRANSMISSIONS

GENERAL

The in fo rmat ion  in  th is  subsec t ion  covers
t h e  r e m o v a l , r e p a i r  a n d  i n s t a l l a t i o n  o f
the  to rque  conver te r  and  pump dr i ve .

p u m p  d r i v e  w e i g h s  a p p r o x i m a t e l y  2 0 0
I b s .  L o w e r  t h e  p u m p  d r i v e  f r o m  u n d e r
t h e  u p p e r .

PUMP DRIVE (53U84)

5 .  P l a c e  t h e  p u m p  d r i v e  o n  a  f l a t  w o r k
s u r f a c e  w i t h  t h e  o u t p u t  s i d e  d o w n .  R e -
m o v e  d i p s t i c k  ( 0 6 )  a n d  s e t  a s i d e  f o r  a s -
sembly .

G E N E R A L .  T h e  p u m p  d r i v e  u s e d  t o
d r i v e  t h e  h y d r a u l i c  p u m p s  o n  t h i s  m a -
ch ine  is  s imp ly  a  th ree  s ta t ion  gear  box .
The  pump d r i ve  i s  mounted  a t  the  rear  o f
t h e  u p p e r  a n d  d r i v e n  b y  a  p r o p e l l e r
s h a f t  d i r e c t l y  f r o m  t h e  f r o n t  o f  t h e  e n -
g i n e .

D I S A S S E M B L Y .  T o  d i s a s s e m b l e  t h e
p u m p  d r i v e ,  p r o c e e d  a s  f o l l o w s  ( s e e
F igure  4C-1  on  page  4C-2) :

1 .  R e m o v e  t h e  c a p s c r e w s  h o l d i n g  c o v e r
(02)  to  case  (08) .  Pu l l  t he  cover  o f f  and
remove  gear  (05 )  and  bear ings  (04) .

T h e  i n p u t  f l a n g e  d r i v e  m e s h e s  w i t h  t h e
t o p  p u m p  d r i v e  g e a r  a n d  d r i v e s  t h e  o t h -
e r  t w o  p u m p  d r i v e s  t h r o u g h  t h e  i n t e r m e -
d i a t e  g e a r .  T h e  t w o  p r o p e l  p u m p s  a r e
m o u n t e d  d i r e c t l y  o n  t h e  p u m p  d r i v e
f l a n g e  a d a p t e r s .  T h e  p u m p  i n p u t  s h a f t s
e n g a g e  w i t h  t h e  s p l i n e d  a d a p t e r s  i n s i d e
the  pump adap te rs .

2 .  T u r n  t h e  c a s e  o v e r  w i t h  t h e  p u m p
d r i v e s  f a c i n g  u p  a n d  r e m o v e  c a p s c r e w s
(18)  and  nu ts  (22) .

3 .  R e m o v e  i n p u t  a d a p t e r  h o u s i n g  ( 2 7 )
and  f lange  d r i ve  (28) .

REMOVAL. T o  r e m o v e  t h e  p u m p  d r i v e ,
p r o c e e d  a s  f o l l o w s  ( s e e  F i g u r e  4 C - 1  o n
page  4C-2) .

4 .  M a r k  t h e  p o s i t i o n  o f  p u m p  a d a p t e r s
(17)  w i th  re la t ion  to  the  case  and  remove
the  pump adap te rs .

5 .  R e m o v e  o u t p u t  g e a r s  ( 1 4 )  w i t h  t h e
bear ings f rom the case.

1 .  Remove  the  d ra in  p lug  f rom the  pump
d r i v e  a n d  d r a i n  t h e  l u b r i c a n t  i n t o  a  c o n -
t a i n e r .  I n s p e c t  t h e  d r a i n  p l u g  f o r  m e t a l
ch ips ,  c lean  and  ins ta l l .

5 .  Remove and  d iscard  p las t i c  co rds  (16)
and O-rings (19) from the pump
a d a p t e r s .

2 .  R e m o v e  t h e  p r o p e l  p u m p s  f r o m  t h e 7 .  P u l l  t h e  b e a r i n g s  f r o m  t h e  g e a r s .
p u m p  d r i v e  a s  d e s c r i b e d  i n  S u b s e c t i o n B e a r i n g s  a r e  p r e s s  f i t t e d  t o  t h e  g e a r
9 B . h u b s .

3 .  D i s c o n n e c t  t h e  u n i v e r s a l  j o i n t  f r o m
t h e  p u m p  i n p u t  f l a n g e  d r i v e  a n d  r e m o v e
b r e a t h e r  ( 1 1 ) ,  r e d u c e r  ( 1 0 ) ,  a n d  e l b o w
a n d  t u b i n g  ( 1 2 ) .

8 .  D isassemble  the  f l ange  d r i ve  f rom the
inpu t  adapter  hous ing  as  fo l lows :

4 .  S u p p o r t  t h e  p u m p  d r i v e  w i t h  a  s u i t -
ab le  l i f t i ng  dev ice  and  remove the  mount -
i n g  c a p s c r e w s  a n d  l o c k w a s h e r s .  T h e

A .  R e m o v e  s n a p  r i n g  ( 2 4 )  t h a t  h o l d s
f l a n g e  d r i v e  ( 2 8 )  i n  a d a p t e r  h o u s i n g
( 2 7 )  a n d  s n a p  r i n g  ( 2 3 )  t h a t  r e t a i n s
b e a r i n g  ( 2 5 ) .
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B .

C .

Figure 4C-1. Pump Drive (53U84)

R e m o v e  f l a n g e  d r i v e  ( 2 8 )  f r o m  t h e l y  w i t h  c o m p r e s s e d  a i r .  S t e a m  c l e a n e d
adapter  hous ing . p a r t s  s h o u l d  b e  o i l e d  i m m e d i a t e l y  a f t e r

d r y i n g .
R e m o v e  t h e  b e a r i n g  a n d  s e a l  ( 2 6 )
f rom the  adap te r  hous ing .

C L E A N I N G , I N S P E C T I O N  A N D  R E P A I R .
Pr io r  to  assembly ,  a l l  pa r ts  shou ld  be  in -
spetted. The inspection procedure
s h o u l d  b e  f o l l o w e d  c a r e f u l l y  t o  i n s u r e
m a x i m u m  w e a r  l i f e  f r o m  t h e  r e b u i l t  u n i t .
A n y  q u e s t i o n a b l e  p a r t s  s h o u l d  b e  r e -
p laced  to  avo id  mak ing  add i t iona l  repa i rs
p r i o r  t o  t h e  n e x t  s c h e d u l e d  o v e r h a u l .
To  inspec t  the  par ts ,  p roceed as  fo l lows :

1.  Clean al l  of  the components wi th a sui-
tab le  c lean ing  so lven t  and  d ry  thorough-

Bearing must never be spun when
drying with compressed air.

2 .  A l l  g a s k e t  m a t e r i a l  m u s t  b e  r e m o v e d
f rom a l l  su r faces  o f  t he  pump d r i ve  com-
ponents .

3 .  C h e c k  a l l  b e a r i n g  b a l l s  a n d  r a c e s  f o r
p i t t e d  o r  s p a l l e d  a r e a s .  C h e c k  b e a r i n g
a x i a l  a n d  r a d i a l  c l e a r a n c e s .  C h e c k  t h e
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f i t  o f  b e a r i n g s  i n  t h e  m a t i n g  b o r e s  a n d
o n  s h a f t s .  R e p l a c e  b e a r i n g s  w h i c h  a r e
damaged.

4 .  Check  a l l  gear  tee th  and  sha f t  sp l ines
f o r  c r a c k s ,  b r o k e n  t e e t h ,  a n d  t w i s t e d
t e e t h . Replace damaged parts.

5 .  R e p l a c e  s n a p  r i n g s  t h a t  a r e  w o r n  o r
b e n t .

6 .  R e p l a c e  a l l  O - r i n g s ,  s e a l s ,  g a s k e t s ,
and  p las t i c  cords  when the  pump dr ive  i s
assembled.

7 .  I n s p e c t  b o r e s  f o r  w e a r ,  s c r a t c h e s ,
g r o o v e s  a n d  d i r t .  R e m o v e  s c r a t c h e s  a n d
b u r r s  w i t h  c r o c u s  c l o t h .

8 .  I n s p e c t  m o u n t i n g  f a c e s  f o r  n i c k s ,
b u r r s ,  s c r a t c h e s ,  a n d  f o r e i g n  m a t t e r .

9 .  I n s p e c t  t h r e a d e d  o p e n i n g s  f o r
d a m a g e .  C h a s e  d a m a g e d  t h r e a d s  w i t h
the  cor rec t  s ize  tap .

1 0 .  R e p l a c e  t h e  c a s e  a n d / o r  a d a p t e r
hous ing  i f  c racked .

11.  Inspect a l l  m a c h i n e d  s u r f a c e s  f o r
d a m a g e  t h a t  c o u l d  c a u s e  o i l  l e a k a g e  o r
o ther  ma l func t ion  o f  the  par t .

A S S E M B L Y .  T o  a s s e m b l e  t h e  p u m p
drive, proceed as follows (see
F igure  4C-1  on  page  4C-2) :

NOTE

L u b r i c a t e  a l l  p a r t s  d u r i n g  a s s e m -
b l y  w i t h  t h e  l u b r i c a n t  s p e c i f i e d  i n
Section I I I.

1 .  P r e s s  b e a r i n g s  ( 0 4 ,  1 3  a n d  1 5 )  o n t o
the  gear  hubs .

2 .  P o s i t i o n  g e a r  ( 0 5 )  i n  t h e  b o r e  o f  t h e
case.

3 .  P lace  a  non-harden ing  sea lan t  on  bo th
s i d e s  o f  g a s k e t  ( 0 3 )  a n d  i n s t a l l  c o v e r
( 0 2 )  t o  c a s e  ( 0 8 ) . A p p l y  L o c t i t e  2 6 2  t o
capscrews  (01)  and  to rque  to  200  f t - l bs .

4 .  T u r n  t h e  c a s e  o v e r  a n d  i n s t a l l  g e a r s
( 1 4 )  i n  t h e i r  p r o p e r  p l a c e s  s o  t h a t  b a i l
b e a r i n g s  ( 1 3 )  s e a t  s q u a r e l y  i n  t h e  c a s e
bore .

5 .  I n s e r t  O - r i n g s  ( 1 9 )  a n d  p l a s t i c  c o r d
(16)  in to  pump dr i ve  adapte rs  (17) .

NOTE

Us ing  o ld  p las t i c  co rd  (16)  as  tem-
p la tes , c u t  n e w  l e n g t h s  o f  p l a s t i c
c o r d  t o  f i t  i n  t h e  g r o o v e s  i n  p u m p
a d a p t e r s  ( 1 7 ) .  K n e a d  t h e  p l a s t i c
cords into the appropriate
g r o o v e s .  I n s t a l l  t h e  p l a s t i c  c o r d s
so  the  cu t  ends  w i l l  be  neares t  the
top  o f  case  (08)  when the  adap te rs
are  ins ta l led .

6 .  A s s e m b l e  s t u d s  ( 2 1 )  i n  t h e  t a p p e d
holes in the case.

7 .  A l i g n  t h e  m a t c h m a r k s  a n d  a s s e m b l e
p u m p  a d a p t e r s  ( 1 7 )  w i t h  c a p s c r e w s  ( 1 8 )
o n t o  b a l l  b e a r i n g s  ( 1 5 ) .  T a k e  c a r e  n o t
t o  c u t  p l a s t i c  c o r d s  ( 1 6 ) .  A p p l y  L o c t i t e
2 6 2  t o  t h e  c a p s c r e w s  a n d  t o r q u e  t o  2 0 0
f t - l b s .

8 .  Assemble  the  f lange  d r i ve  to  the  inpu t
housing adapter as fol lows:

A .  I n s t a l l  s e a l  ( 2 6 )  a n d  p r e s s  b e a r i n g
(25)  in to  adapte r  hous ing  (27) .

B. I n s t a l l  s n a p  r i n g  ( 2 3 )  t h e n  i n s e r t
t h e  f l a n g e  d r i v e  i n t o  t h e  a d a p t e r
hous ing .

d r i v e  g r o o v e .
C. I n s t a l l  s n a p  r i n g  ( 2 4 )  i n t o  t h e  f l a n g e

9 .  I n s e r t  O - r i n g  ( 1 9 )  i n t o  t h e  g r o o v e  i n
the  pump adap te r .

1 0 .  A l i g n  t h e  s p l i n e s  o f  t h e  f l a n g e  d r i v e
w i t h  t h e  s p l i n e s  i n  t h e  o u t p u t  g e a r  a n d
i n s e r t  t h e  a d a p t e r  h o u s i n g  o n t o  s t u d s
(21) .

1 1 .  A p p l y  L o c t i t e  2 7 1  t o  t h e  s t u d s  a n d
to rque  the  nu ts  to  150  f t - lbs .

INSTALLATION.  T o  i n s t a l l  t h e  p u m p
dr ive ,  p roceed as  fo l lows :

1 .  Ra ise  the  pump dr ive  in to  pos i t ion  be-
t w e e n  t h e  m o u n t i n g  s u p p o r t s .  T h e  p u m p
dr ive  we ighs approx imate ly  200 Ibs .

2 .  I n s t a l l  a n d  t i g h t e n  t h e  m o u n t i n g  c a p -
sc rews and  the  lockwashers .

3 .  P l a c e  t h e  a d a p t e r  p l a t e  b e t w e e n  t h e
u n i v e r s a l  j o i n t  a n d  f l a n g e  d r i v e  ( 2 8 ) .
I n s t a l l  a n d  t i g h t e n  t h e  a t t a c h i n g  h a r d -
ware .
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4 .  C h e c k  f o r  i n s t a l l a t i o n  o f  t h e  s l e e v e
adap te rs  and  ins ta l l  t he  p rope l  pumps  as
descr ibed in  Subsec t ion  9B.

5 .  I n s t a l l  t h e  e l b o w s  a n d  t u b i n g  t o  t h e
t o p  o f  t h e  p u m p  d r i v e .  S e t  t h e  t u b i n g  a t
an  ang le  s l igh t l y  above  the  hor izon ta l .

6 .  R e p l a c e  t h e  d i p s t i c k  a n d  f i l l  t h e  c a s e
w i t h  t h e  t y p e  a n d  a m o u n t  o f  l u b r i c a n t  a s
s p e c i f i e d  i n  S e c t i o n  I I I .  C h e c k  t h e  d i p -
s t i c k  f o r  p r o p e r  l e v e l .

7 .  I n s t a l l  t h e  a d a p t e r  a n d  t h e  b r e a t h e r
in  the  e lbow a t  the  end  o f  the  tub ing .

TORQUE CONVERTER (53Z659)

General

D E S C R I P T I O N .  T h e  t o r q u e  c o n v e r t e r
combines a l l  t h e  d e s i r e a b l e  c h a r a c t e r -
i s t i c s  o f  a  h y d r a u l i c  t o r q u e  m u l t i p l i e r
a n d  a  f l u i d  c o u p l i n g  t o  t r a n s m i t  e n g i n e
p o w e r  t o  t h e  c r a n e  m a c h i n e r y .  T h e  t o r -
q u e  c o n v e r t e r  a u t o m a t i c a l l y  a d j u s t s  t h e
o u t p u t  t o r q u e  t o  t h e  l o a d  d e m a n d ,  a n d
permi ts  the  eng ine  to  opera te  a t  i t s  mos t
e f f e c t i v e  o u t p u t .

T h e  t o r q u e  c o n v e r t e r  e m p l o y s  t h e  r o t a t -
i n g  h o u s i n g  p r i n c i p l e .  I t  i s  a  s i n g l e
s t a g e ,  2  p h a s e  t y p e  o f  c o n v e r t e r  w i t h
t h r e e  e l e m e n t s :  p u m p ,  t u r b i n e  a n d
s t a t o r .  F o r  d e t a i l e d  s p e c i f i c a t i o n s  s e e
Table 4C-2 on page 4C-9.

T h e  t o r q u e  c o n v e r t e r  p e r m i t s  t h e  e n g i n e
t o  o p e r a t e  a t  i t s  m o s t  e f f e c t i v e  o u t p u t .
I t  p r o t e c t s  t h e  e n g i n e  f r o m  d a m a g i n g
s h o c k  l o a d s  a n d  h a r m f u l  e n g i n e  l u g g i n g
a n d  s t a l l i n g , t h e r e b y  i n c r e a s i n g  t h e  l i f e
o f  t h e  e n g i n e  a n d  e q u i p m e n t ,  a n d  t h e i r
s e r v i c e ava i l ab i l i t y . B e c a u s e  t o r q u e  i s
mu l t ip led  hydrau l i ca l l y  and  au tomat i ca l l y ,
e n g i n e  p o w e r  i s  f i t t e d  t o  t h e  l o a d  m o r e
e f f i c i e n t l y .  T h i s  e l i m i n a t e s  g e a r  s h i f t
guess  and  reduces  opera to r  fa t igue .

T o r q u e  d r i v e  p r o v i d e s  i n f i n i t e l y  v a r i a b l e
to rque ra t ios  w i th  the  des ign  range.

H Y D R A U L I C  S Y S T E M . A  s e p a r a t e  t a n k
s e r v e s  a s  t h e  o i l  r e s e r v o i r  f o r  t h e  c o n -
v e r t e r . A  b r e a t h e r  i s  p r o v i d e d  f o r  e x -
pans ion  and  con t rac t ion  o f  the  o i l .

The  f low o f  o i l ,  shown in  F igure  4C-2  on
p a g e  4 C - 5 ,  i n  t h e  s y s t e m  i s  f r o m  t h e  o i l
r e s e r v o i r  t h r o u g h  t h e  o i l  p u m p  t o  t h e
c o n v e r t e r  a n d  b a c k  t o  t h e  o i l  r e s e r v o i r .

4C-4

I n c o r p o r a t e d i n  t h i s  c i r c u i t  a r e :  a n  o i l
f i l t e r ,  a n  o i l  c o o l e r ,  p r e s s u r e  r e g u l a t i n g
v a l v e s  a n d  p r e s s u r e  a n d  t e m p e r a t u r e
gauges .

D E S C R I P T I O N .  T h e  t o r q u e  c o n v e r t e r
c o n s i s t s  o f  t h r e e  e l e m e n t s ,  p u m p ,  t u r -
b ine  and s ta to r .

T h e  t o r q u e  c o n v e r t e r  i s  a  r o t a t i n g  h o u s -
i n g  t y p e  o f  c o n v e r t e r .  T h e  e l e m e n t s  a r e
e n c l o s e d  i n  a  h o u s i n g  w h i c h  c o n s i s t s  o f
t h e  c o n v e r t e r  p u m p  a n d  t h e  e n g i n e  f l y -
w h e e l .  G r e a t e r  f l e x i b i l i t y  I S  o b t a i n e d
b e c a u s e  t h e  c o n v e r t e r  c a n  f u n c t i o n  b o t h
a s  a  t o r q u e  m u l t i p l i e r  a n d  a  f l u i d  c o u p l -
i n g .

T h e  c o n v e r t e r  p u m p  i s  t h e  i n p u t  m e m b e r
o f  t h e  t o r q u e  c o n v e r t e r  a s s e m b l y  a n d  i s
c o n n e c t e d  d i r e c t l y  t o  t h e  e n g i n e . T h e
v a n e s  o f  t h e  p u m p  d i r e c t  t h e  o i l  a g a i n s t
the  vanes  o f  the  tu rb ine .

T h e  t u r b i n e  i s  s p l i n e d  t o  t h e  c o n v e r t e r
o u t p u t s h a f t . T h e  o i l  f r o m  t h e  p u m p
d r i v e s  t h e  t u r b i n e ,  t h e r e f o r e  t r a n s m i t -
t i n g  t o r q u e  t o  t h e  o u t p u t  s h a f t . T h e
vanes o f  t h e  t u r b i n e  d i r e c t  o i l  a g a i n s t
the  vanes  o f  the  s ta to r .

T h e  s t a t o r  i s  d e s i g n e d  t o  r o t a t e  i n  o n e
d i rec t ion  and  to  lock  up  when ac ted  upon
( b y  o i l  f r o m  t u r b i n e )  f r o m  t h e  o p p o s i t e
d i r e c t i o n . W h e n  t h e  s t a t o r  l o c k s  u p ,  i t
p r o v i d e s  t h e  n e c e s s a r y  r e a c t i o n  m e m b e r
f o r  t o r q u e  m u l t i p l i c a t i o n ,  o r  i t  c a n  f r e e -
whee l  when  to rque  mu l t i p l i ca t ion  demand
decreases.

To  accompl ish  th is  func t ion ,  the  s ta to r  i s
mounted on a cam and ro l lers on the con-
v e r t e r  g r o u n d  s l e e v e . The cam and ro l l -
e r  a r r a n g e m e n t  p e r m i t s  t h e  s t a t o r  t o
r o t a t e  i n  o n e  d i r e c t i o n  o n l y ,  n a m e l y ,  i n
t h e  d i r e c t i o n  o f  t h e  c o n v e r t e r  p u m p  a n d
t u r b i n e . A  s i m i l a r  a r r a n g e m e n t  i s  t h e
b i c y c l e  c o a s t e r b r a k e  w h i c h  a l l o w s  t h e
peda ls  to  ro ta te  fo rward  on ly .

The  o i l  pump is  mounted  in  the  conver te r
h o u s i n g  a n d  i s  d r i v e n  b y  t h e  h u b  o f  t h e
c o n v e r t e r  p u m p .  T h e  o i l  p u m p  p r o v i d e s
c h a r g i n g  p r e s s u r e  a n d  c o o l i n g  f l o w  f o r
t h e  c o n v e r t e r  t h r o u g h  i n t e r n a l  p a s s a g e s .
W h e n  t h e  e n g i n e  r u n s ,  t h e  p u m p  o p e r -
a tes .

T h e  p r e s s u r e  r e g u l a t i n g  v a l v e s ,  l o c a t e d
i n  t h e  c h a r g i n g  o i l  p u m p  c o v e r ,  c o n t r o l
t h e  o i l  p r e s s u r e  t o  t h e  c o n v e r t e r  c i r c u i t
( see  F igure  4C-2  on  page  4C-5) .



Figure 4C-2. Oi l  System - Schematic

T h e  c l u t c h  p r e s s u r e  v a l v e  r e g u l a t e s  o i l
p r e s s u r e  t o  t h e  t r a n s m i s s i o n  c l u t c h e s ;
w h e n  t h i s  p r e s s u r e  i s  s a t i s f i e d ,  t h e

v a l v e  o p e n s  a n d  d i r e c t s  o i l  t o  t h e  c o n -
v e r t e r  s y s t e m .

Figure 4C-3. Oi l  Flow Passage

Transmissions 4C-5



T h i s  s y s t e m  c h a r g e s  t h e  c o n v e r t e r .
W h e n  t h e  d e s i r e d  p r e s s u r e  i s  r e a c h e d  i n
t h i s  s y s t e m ,  t h e  c o n v e r t e r  p r e s s u r e  r e g -
u l a t o r  v a l v e  o p e n s  a n d  a l l o w s  e x c e s s  o i l
t o  r e t u r n  t o  t h e  i n l e t  s i d e  o f  t h e  p u m p .
I n  c o m i n g  o i l  f r o m  t h e  o i l  p u m p  f l o w s
t h r o u g h  i n t e r n a l  p a s s a g e w a y s  i n  t h e
c o n v e r t e r  h o u s i n g  a n d  t h r o u g h  t h e
g r o u n d  s l e e v e .  I t  e n t e r s  t h e  c o n v e r t e r
e l e m e n t s  b e t w e e n  t h e  c o n v e r t e r  p u m p
a n d  s t a t o r .  T h e  o i l  l e a v e s  t h e  c o n v e r t e r
e l e m e n t s  b e t w e e n  t h e  t u r b i n e  a n d  s t a t o r
and  f lows  ins ide  the  g round s leeve  a long
t h e  o u t p u t  s h a f t  a n d  o u t  t h r o u g h  a  p a s -
s a g e w a y  i n  t h e  c o n v e r t e r  h o u s i n g  t o  t h e
o i l  r e s e r v o i r  b y  w a y  o f  t h e  o i l  f i l t e r  a n d
oi l  cooler .

O P E R A T I O N . .  T h e  t o r q u e  c o n v e r t e r
f u n c t i o n s  i n  t w o  d i s t i n c t  p h a s e s  -  m u l t i -
p l y i n g  t o r q u e  h y d r a u l i c a l l y  a n d  o p e r a t -
ing as a fluid coupling. The load
dete r -mines  the  phases  in  wh ich  the  con-
v e r t e r  o p e r a t e s .

Conver te r  phase means  tha t  the  s ta to r  i s
s t a t i o n a r y  [ l o c k e d  u p ) .  A s  a  r e s u l t ,  t h e
g r e a t e s t  p o s s i b l e  t o r q u e  m u l t i p l i c a t i o n  o f
i n p u t  t o r q u e  t o  o u t p u t  t o r q u e  i s  t a k i n g
place.

S i n c e  t h e  s t a t o r  i s  s t a t i o n a r y  ( l o c k e d
u p ) ,  t h e  o i l  l e a v i n g  t h e  t u r b i n e  i s  d i -
rec ted  back  to  the  pump by  the  vanes  o f
the  s ta to r  in  the  same d i rec t ion  the  pump
i s  t u r n i n g . T h i s  r e d i r e c t s  o i l  f l o w  t h e n
a i d s  t h e  p u m p  a n d  i s  t h e  k e y  t o  t o r q u e
mul t ip l i ca t ion .

T h e  t o r q u e  c o n v e r t e r  g o e s  i n t o  t h e  f l u i d
c o u p l i n g p h a s e  a s t h e  t u r b i n e  s p e e d
nears  the  speed  o f  the  pump. S ince  the
t u r b i n e  i s  c o n n e c t e d  d i r e c t l y  t o  t h e  o u t -
pu t  sha f t ,  as  the  demand  fo r  to rque  mu l -
t i p l i c a t i o n  d e c r e a s e s ,  t h e  f l o w  o f  o i l
w i h t i n  t h e  c o n v e r t e r  c a h a n g e s .  T h i s
change o f  o i l  f l ow ac ts  upon  the  oppos i te
s i d e  o f  t h e  s t a t o r ,  c a u s i n g  i t  t o  f r e e -
w h e e l .  A s  t h e  t u r b i n e  s p e e d  a p p r o a c h e s
p u m p  s p e e d ,  t h e  i n p u t  t o r q u e  t o  o u t p u t
to rque ra t io  i s  approach ing  1  to  1 .

I f  t h e  t u r b i n e  s l o w s  d o w n  a n d  t h e  d e -
m a n d  f o r  o u t p u t  t o r q u e  i n c r e a s e s , t h e
conver te r  au tomat ica l l y  mu l t ip l i es  to rque .
T h e  s t a t o r  l o c k s  u p ,  t h u s  r e v e r t i n g  t o
conver te r  phase  opera t ion .

I n  t h i s  u n i t  t h e  c l u t c h  i s  o v e r  r u n n i n g
( f r e e w h e e l i n g )  a n y t i m e  t h e  c o n v e r t e r
p u m p  i s  d r i v i n g  t h e  t u r b i n e .

4C-6

When the  eng ine  RPM is  reduced and  the
c o n v e r t e r  t u r b i n e  a t t e m p t s  t o  r o t a t e
f a s t e r  t h a n  t h e  p u m p ,  t h e  s p r a g - t y p e
c l u t c h  l o c k s  u p .  T h i s  c o n n e c t s  t h e  c o n -
v e r t e r  o u t p u t  s h a f t  m e c h a n i c a l l y  t o  t h e
e n g i n e ,  u t i l i z i n g  f u l l  e n g i n e  c o m p r e s s i o n
f o r  l o w e r i n g  l i g h t  l o a d s .  T h e  c l u t c h  r e -
l e a s e s  i n s t a n t l y  w h e n  e n g i n e  p o w e r  i s
app l ied  to  the  mach inery .

Preventative Maintenance

C H E C K I N G  C O N V E R T E R - I N  O I L  P R E S -
S U R E .  T h e  c h a r g i n g  o i l  p u m p  p r e s s u r e
( c o n v e r t e r - i n )  s h o u l d  b e  5 0  p s i  ( 3 4 5
k P a )  a n d  8 0  p s i  ( 5 5 2  k P a )  m a x i m u m  a t
f u l l  t h r o t t l e  s t a l l  c o n d i t i o n .  T h e  m a x i -
mum permissible pressure at full
t h r o t t l e ,  n o  l o a d ,  i s  1 2 0  p s i  ( 8 2 7  k P a )
I t  i s  m o s t  i m p o r t a n t  t h a t  t h e  v a l u e s  n o t
e x c e e d  t h e  l i m i t s  g i v e n .  T h i s  p r e s s u r e
can  be  checked  a t  e i the r  o f  the  two  con-
v e r t e r - i n  p r e s s u r e  c h e c k  p o i n t s
( F i g u r e  4 C - 4  o n  p a g e  4 C - 7 )  o n  t h e
c h a r g i n g  o i l  p u m p .  I f  t h e  p r e s s u r e  i s
n o t  n o r m a l ,  r e f e r  t o  T a b l e  4 C - 1  o n  p a g e
4C-8 .

M E T A L  C O N T A M I N A T I O N  O F  O I L .  I f  t h e
o i l  i n  the  hydrau l i c  sys tem becomes con-
t a m i n a t e d  w i t h  m e t a l  p a r t i c l e s ,  a l l  t h e
c o m p o n e n t s  o f  t h e  h y d r a u l i c  s y s t e m  -
t o r q u e  c o n v e r t e r ,  o i l  l i n e s ,  f i l t e r s ,  r e s -
e r v o i r ,  s t r a i n e r ,  c o o l e r ,  v a l v e s  a n d  o i l
pumps. must be thoroughly c leaned
u s u a l l y  m e a n s  o v e r h a u l  o f  t h e  c o m p o n -
e n t s .  M e t a l  p a r t i c l e s  i n  t h e  o i l  ( e x c e p t
fo r  the  m inu te  par t i c les  norma l l y  t rapped
i n  t h e  o i l  f i l t e r )  a r e  e v i d e n c e  o f  f a i l u r e
o f  s o m e  p a r t ,  e i t h e r  i n  t h e  c o n v e r t e r  o r
in  the  t ransmiss ion .

C H E C K I N G  F O R  L O C K E D  S T A T O R .  I f  i t
s h o u l d  b e c o m e  n e c e s s a r y  t o  c h e c k  f o r  a
l o c k e d  s t a t o r  b y  o b s e r v i n g  t e m p e r a t u r e
d r o p  r a t e ,  i n c r e a s e  c o n v e r t e r - o u t  t e m -
pera tu re  to  230°F  (110°C)  by  s ta l l i ng  the
c o n v e r t e r  o u t p u t  s h a f t  a t  f u l l  t h r o t t l e
R e l e a s e  t h e  c o n v e r t e r  o u t p u t  s h a f t  a n d
immediately c h e c k  t h e  r a t e  o f  t e m p e r -
a tu re  d rop  w i th  no  load  on  the  conver te r
a n d  m a x i m u m  i n p u t  R P M .  T e m p e r a t u r e
shou ld  s ta r t  to  d rop  a f te r  15  seconds .

A  s l o w  t e m p e r a t u r e  d r o p  r a t e  i n d i c a t e s
t h a t  t h e  s t a t o r  p r o b a b l y  i s  l o c k e d .  A
r a p i d  t e m p e r a t u r e d r o p  r a t e  i n d i c a t e s
norma l  s ta to r  opera t ion .

CHECKING ENGINE CONVERTER
A L I G N M E N T .  I f  t h e  e n g i n e  h a s  b e e n  o v -
e r h a u l e d ,  o r  i f  t h e  c o n v e r t e r  p i l o t  b e a r -



Figure  4C-4 .  Check ing  Conver te r - in
Pressure

i n g  w a s  d e f e c t i v e  a t  c o n v e r t e r  o v e r h a u l ,
c h e c k  t h e  c o n v e r t e r  i n s t a l l a t i o n  a s  o u t -
l ined below.

C h e c k  t h e  r u n o u t  o f  t h e  e n g i n e  c r a n k -
s h a f t  w i t h  t h e  e n g i n e  b e l l  h o u s i n g  f a c e .
T h i s  s h o u l d  n o t  e x c e e d  0 . 0 1 3  o f  a n  i n c h
( 0 . 3 3  m m ) .  I f  t h e  r u n o u t  d o e s  e x c e e d
0 . 0 1 3  ( 0 . 3 3  m m ) .  S e e  E n g i n e  R e p a i r ,
Sect ion 11.

C h e c k  t h e  r u n o u t  o f  t h e  e n g i n e  f l y w h e e l
h o u s i n g  p i l o t  d i a m e t e r  w i t h  t h e  e n g i n e
c r a n k s h a f t .  T h i s  s h o u l d  n o t  e x c e e d
0 . 0 1 3  o f  a n  i n c h  ( 0 . 3 3  m m ) .  I f  t h e  r u n -
o u t  d o e s  e x c e e d  0 . 0 1 3  ( 0 . 3 3  m m ) .  S e e
Eng ine  Repa i r ,  Sec t ion  11  be fo re  con t inu-
i n g .

C h e c k  t o  s e e  w h e t h e r  s e a l  r i n  ( s e e  i t e m
1 0 ,  F i g u r e  4 C - 3 9  o n  p a g e  4 C - 3 4 1 ,  i s
p r e v e n t i n g  t h e  c o v e r  f r o m  a d e q u a t e l y
s q u e e z i n g  t h e  b e a r i n g  o u t e r  r a c e .  T h e
s e a l  c h a m f e r  m u s t  b e  l a r g e  e n o u g h  t o
p r e v e n t  t h e  s e a l  f r o m  o v e r l a p p i n g  t h e
chamfer  and  ho ld ing  the  cover  away  f rom
t h e  f l y w h e e l .

I f  m i s a l i g n m e n t  b e t w e e n  t h e  e n g i n e  a n d
c o n v e r t e r  i s  f o u n d  t o  b e  e x c e s s i v e ,  d o
n o t  i n s t a l l  t h e  c o n v e r t e r  u n t i l  i t  i s  c o r -
r e c t e d .  M i s a l i g n m e n t  p u t s  a b n o r m a l
loads  on  the  p i lo t  bear ing  and  cou ld  con-
t r ibu te  to  a  p remature  bear ing  fa i lu re .

O I L  S E A L  D R A I N  L I N E .  E x c e s s i v e l y
h i g h  c o n v e r t e r  o p e r a t i n g  t e m p e r a t u r e
w i l l  s o m e t i m e s  r e s u l t  i n  o x i d a t i o n  o f  t h e
o i l ,  c a u s i n g  c a r b o n  d e p o s i t s  t o  o c c u r  i n
t h e  h y d r a u l i c  s y s t e m .  T h e  s e a l  d r a i n

l i n e  w i l l  b e c o m e  r e s t r i c t e d  s u f f i c i e n t l y  t o
c a u s e  a  p r e s s u r e  b u i l d u p  a t  t h e  p u m p
hub  sea l .  Leakage  o r  comp le te  fa i l u re  o f
t h e  p u m p  h u b  s e a l  w i l l  r e s u l t . Remove
t h e  s e a l  d r a i n  l i n e  f r o m  t h e  c o n v e r t e r
h o u s i n g  p e r i o d i c a l l y  a n d  c h e c k  f o r  c a r -
b o n  b u i l d u p . I f  a n y  c a r b o n  i s  e v i d e n t ,
r e m o v e  t h e  d e p o s i t  a n d  r e i n s t a l l  t h e  f i t -
t i n g a n d  s e a l  d r a i n  l i n e . W a t c h  t h e
e n g i n e f l y w h e e l  h o u s i n g  d r a i n  h o l e  f o r
i n d i c a t i o n s  o f  l e a k a g e  a t  t h e  p u m p  h u b
seal . I f  t h e  p r o b l e m  o f  c a r b o n  b u i l d u p
p e r s i s t s , c o r r e c t  t h e  c o n d i t i o n s  c a u s i n g
h igh  opera t ing  tempera tu res .

Troubleshooting

T h e  i n f o r m a t i o n  i n  T a b l e  4 C - 1  o n  p a g e
4 C - 8  w i l l  h e l p  y o u  l o c a t e  t h e  s o u r c e  o f
c o n v e r t e r  t r o u b l e .  T h i s  t a b l e  i s  o r g a n -
i z e d  t o  c o v e r  t r o u b l e s  t h a t  m a y  o c c u r
f i r s t  -  d u e  t o  i m p r o p e r  m a i n t e n a n c e .
R e m e m b e r  t h a t  t h e  c o n v e r t e r  i s  p a r t  o f
t h e  p o w e r  p a c k a g e ,  a n d ,  t h e r e f o r e ,  t h e
w h o l e  p a c k a g e  m u s t  b e  c o n s i d e r e d  w h e n
runn ing  down the  source  o f  t roub le .

RemovaI

I f  t h e  t o r q u e  c o n v e r t e r  i s  t o  b e  r e m o v e d
a t  t h e  t i m e  t h e  e n g i n e  i s  r e m o v e d ,  r e f e r
t o  t h e  t o p i c  E n g i n e s ,  i n  S u b s e c t i o n  4 A .
T h e  t o r q u e  c o n v e r t e r  c a n  b e  r e m o v e d
f r o m  t h e  u p p e r  w i t h o u t  r e m o v i n g  t h e  e n -
g i n e  b y  f o l l o w i n g  t h i s  p r o c e d u r e .

1.  Remove the machine house sheet metal
o v e r  t h e  t o r q u e  c o n v e r t e r ,  a s  n e c e s s a r y .

2 .  D isconnec t  the  c lu tch  opera t ing  mech-
an ism f rom the  to rque  conver te r .

3 .  D i s c o n n e c t  t h e  p r o p e l l e r  s h a f t  f r o m
t h e  t o r q u e  c o n v e r t e r .

4 .  D r a i n  t h e  h y d r a u l i c  r e s e r v o i r .  M a r k
a n d  d i s c o n n e c t  t h e  h y d r a u l i c  l i n e s  t o  t h e
t o r q u e  c o n v e r t e r . P lug  the  l i nes  to  p re -
v e n t  t h e  e n t r y  o f  d i r t .

5 .  D isconnec t  the  leads  f rom the  temper -
a t u r e  a n d  p r e s s u r e  s e n d i n g  u n i t s  a t  t h e
t o p  o f  t h e  t o r q u e  c o n v e r t e r .

6 .  D isconnec t  a l l  necessary  e lec t r i ca l  and
m e c h a n i c a l  i t e m s  f r o m  t h e  t o r q u e  c o n -
v e r t e r .  M a k e  a  v i s u a l  i n s p e c t i o n  t o  m a k e
s u r e  e v e r y t h i n g  h a s  b e e n  d i s c o n n e c t e d
a n d  o u t  o f  t h e  w a y  t o  a l l o w  r e m o v a l  o f
t h e  t o r q u e  c o n v e r t e r .
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7 .  F u l l y  s u p p o r t  t h e  t o r q u e  c o n v e r t e r t o r q u e  c o n v e r t e r  d i s c o n n e c t  c l u t c h  a s -
w i th  a  su i tab le  s l i f t ing  dev ice  and remove sembly  f rom the  c lu tch  d r i ve  gear .
the  capscrews and  lock  washers  secur ing
the  to rque  conver te r  to  the  eng ine . 9 .  R e m o v e  t h e  t o r q u e  c o n v e r t e r  a n d

c l u t c h  a s  a n  a s s e m b l y .  T h i s  a s s e m b l y
8 .  S l i d e  t h e  t o r q u e  c o n v e r t e r  S T R A I G H T weighs approx imate ly  600 Ibs .
B A C K  f r o m  t h e  e n g i n e  t o  d i s e n g a g e  t h e

Tab le  4C-1 .  Conver te r  T roub leshoo t ing  (Par t  1  o f  2 )
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Tab le  4C-1 .  Conver te r  T roub leshoo t ing  (Par t  2  o f  2 )

Table 4C-2. Specifications and Data

two are  no t  necessary .
Tools, Equipment s t a n d .  A l t h o u g h  c o n v e n i e n t ,  t h e  l a t t e r

al tools are

E Q U I P M E N T  N E E D E D .  P r o p e r  e q u i p m e n t
s h o u l d  b e  a v a i l a b l e  b e f o r e  o v e r h a u l  i s SPECIAL TOOLS. Table 4C-3 on page
s t a r t e d - a  s u i t a b l e  h o i s t ,  p r o p e r  h a n d 4 C - 1 4  l i s t s  t h e  s p e c i a l  t o o l s ,  t h e i r  p a r t
too ls ,  recep tac les  fo r  sma l l  pa r t s ,  an  a r - n u m b e r s  a n d  t h e i r  u s e .  S p e c i
b o r  p r e s s ,  a n d  a  c o n v e r t e r  t e a r d o w n
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F igure  4C-5 .  Spec ia l  Too ls  fo r  Torque  Conver te r  Overhau l

a v a i l a b l e  t h r o u g h  t h e  K e n t - M o o r e  T o o l N E W  P A R T S  N E E D E D .  R e p l a c e  a l l
D i v i s i o n ,  1 5 0 1  S .  J a c k s o n  S t . ,  J a c k s o n , g a s k e t , w o r n  s e a l  r i n g s  a n d  c o t t e r  p i n s .
M l  4 9 2 0 3 .  R e f e r  t o  f i g u r e  4 C - 5  o n  p a g e I f  t h e  c o n v e r t e r  h a s  b e e n  s u b j e c t e d  t o
4C-10 for these tools. Refer to e x c e s s i v e  h e a t ,  r e p l a c e  a l l  s p r i n g s  a n d
F i g u r e  4 C - 6  o n  p a g e  4 C - 1 1  t h r o u g h r u b b e r  s e a l s .  H a n d l e  r u b b e r  a n d  m e t a l
F i g u r e  4 C - 9  o n  p a g e  4 C - 1 3  f o r  o t h e r sea l  r ings  w i th  care  to  p reven t  damage.
special  tools that  can be fabr icated local-
l y .

Cleaning and Inspection

Parts Care D I R T ,  A B R A S I V E S  H A R M F U L .  W h e n e v e r
t h e  c o n v e r t e r  c o n t a i n s  d i r t  o r  o t h e r  a b -

H A N D L I N G .  H a n d l e  t h e  c o n v e r t e r  p a r t s r a s i v e  m a t t e r ,  u n n e c e s s a r y  w e a r  w i l l  r e -
w i t h  c a r e .  N i c k s ,  s c r a t c h e s  o r  d e n t s s u l t .  I n s p e c t  a l l  p a r t s  f o r  a b r a s i v e
caused  by  care less  hand l ing  o f  par ts  can mater ia l  any  t ime the  conver te r  i s  d isas-
cause  subsequent  conver te r  fa i lu re . sembled .  Meta l l i c  con tamina t ion  o f  o i l  i s

e v i d e n c e  o f  t h e  f a i l u r e  o f  s o m e  p a r t  i n
t h e  c o n v e r t e r .  W h e n  m e t a l  p a r t i c l e s  a r e

4C-10
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Figure 4C-7.  Spanner Wrench for

f o u n d ,  t h e  c o n v e r t e r  m u s t  b e  t h o r o u g h l y
cleaned. All oil lines and cooler pas-
sages should be c leaned.

C L E A N I N G  P A R T S .  A l l  m e t a l l i c  p a r t s
e x c e p t  b e a r i n g s  s h o u l d  b e  c l e a n e d  t h o r -
o u g h l y  w i t h  d r y  c l e a n i n g  s o l v e n t ,  v o l a -

F igure  4C-8 .  Pu l le r  and  S leeve  fo r
Converter Pump Bearing

4C-12

Inpu t  D isconnec t  C lu tch  Lock  Nut

t i l e  m i n e r a l  s p i r i t s ,  p a i n t  t h i n n e r ,  o r  b y
the steam cleaning method.

P a r t s  s h o u l d  b e  d r i e d  w i t h  c o m p r e s s e d
a i r .  S team c leaned  par ts  shou ld  be  o i led
immedia te ly  a f te r  d ry ing .

C lean  o i l  passages  by  work ing  a  p iece  o f
w i r e  b a c k  a n d  f o r t h  t h r o u g h  t h e  p a s -
s a g e s  a n d  f l u s h i n g  t h e m  w i t h  c l e a n i n g
s o l v e n t  o r  p a i n t  t h i n n e r .  D r y  t h e  p a s -
sages with compressed air .

E x a m i n e  p a r t s ,  e s p e c i a l l y  o i l  p a s s a g e s ,
a f t e r  c l e a n i n g  t o  m a k e  c e r t a i n  t h e y  a r e
e n t i r e l y  c l e a n .  R e c l e a n  t h e m  i f  n e c e s -
s a r y .

C L E A N I N G  B E A R I N G S .  Thoroughly
w a s h  b e a r i n g s  t h a t  h a v e  b e e n  i n  s e r v i c e
i n  d r y  c l e a n i n g  s o l v e n t ,  v o l a t i l e  m i n e r a l
s p i r i t s  o r  p a i n t  t h i n n e r .

I f  t h e  b e a r i n g s  a r e  p a r t i c u l a r l y  d i r t y  o r
f i l l ed  w i th  hardened g rease ,  soak  them in
so lven t  be fo re  t ry ing  to  c lean  them.
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B e f o r e  i n s p e c t i o n , o i l  b e a r i n g s  w i t h  t h e
s a m e  t y p e  o f  o i l  t h a t  w i l l  b e  u s e d  i n  t h e
c o n v e r t e r .

NOTE

N e v e r  d r y  b e a r i n g s  w i t h  c o m -
p r e s s e d  a i r . Do no t  sp in  bear ings
wh i le  they  a re  no t  lubr ica ted .

S ince  d i r t  o r  g r i t  in  ba l l  bear ings  is  usu-
a l l y  r e s p o n s i b l e  f o r  b e a r i n g  f a i l u r e s ,  i t

i s  i m p o r t a n t  t o  k e e p  b e a r i n g s  c l e a n  d u r -
ing  ins ta l la t ion  and  remova l .  Observance
o f  the  fo l l ow ing  ru les  w i l l  do  much  to  in -
sure maximum bear ing l i fe:

 D o  n o t  r e m o v e  t h e  w r a p p e r  f r o m  n e w
bear ings  un t i l  ready  to  ins ta l l  them.

 Do no t  remove the  g rease  in  wh ich  new
bear ings  a re  packed .

 D o  n o t  l a y  b e a r i n g s  o n  a  d i r t y  w o r k -
bench;  p lace them on c lean paper.

NAME NUMBER USE

C h a r g i n g  o i l  p u m p J 4850 To remove needle bear ing f rom pump body;
n e e d l e  b e a r i n g  r e - t o  i n s t a l l need le  bear ing  in  pump dr i ven
p l a c e r g e a r ;  t o  i n s t a l l  s l e e v e  i n t o  p u m p  b o d y

C h a r g i n g  o i l  p u m p J 4523-A T o  i n s t a l l  d r i v e  s h a f t  n e e d l e  b e a r i n g  i n
d r i v e  s h a f t  n e e d l e pump body
bearing replacer

S n a p  r i n g  p l i e r s J 8039 To remove and  ins ta l l  snap  r ings

C h a r g i n g  o i l  p u m p J 4852 T o  r e m o v e  o i l  p u m p  r e a r  b e a r i n g  s l e e v e
r e a r  b e a r i n g  s l e e v e from oi l  charging pump
p u l l e r

C h a r g i n g  o i l  p u m p J 23907-1 Used w i th  adap te r  J  8117  to  remove charg -

mover  ( s l i de  hammer
i d l e r  g e a r  s h a f t  r e - i n g  o i l  p u m p  i d l e r  g e a r  s h a f t  f r o m  c o n -

v e r t e r  h o u s i n g
pu l l e r )

C h a r g i n g  o i l  p u m p J 8117 U s e d  w i t h  p u l l e r  J  2 3 9 0 7 - 1  t o  r e m o v e
i d l e r  e a r  s h a f t  r e -
mover (adapter)

charg ing  o i l  pump id le r  gear  f rom conver t -
e r  hous ing

C o n v e r t e r  p u m p  h u b J 7475 T o  p r e s s  p u m p  h u b  o i l  s e a l  i n t o  c o n v e r t e r
s e a l  r e p l a c e r housing

Spanner wrench J 6534-02 T o  r e m o v e  a n d  i n s t a l l  s t a t o r  r o l l e r  r a c e
r e t a i n e r  n u t

C o n v e r t e r  o v e r h a u l TSD 20183 To suppor t  conver te r  dur ing  overhau l

O v e r c e n t e r  d i s c o n - TSD 20231 T o  r e m o v e  a n d  i n s t a l l  o v e r c e n t e r  d i s c o n -
n e c t  c l u t c h  l o c k  n u t n e c t  c l u t c h  l o c k  n u t
wrench

P u l l e r  a n d  s l e e v e To remove converter pump bearing
f o r  c o n v e r t e r  p u m p
bear ing

Tab le  4C-3 .  Spec ia l  Too ls

 I f  a s s e m b l y  i s  n o t  t o  b e  c o m p l e t e d  a t i n g s  w i t h  c l e a n  p a p e r  o r  c l o t h  t o  k e e p
o n c e ,  w r a p  o r  c o v e r  t h e  e x p o s e d  b e a r - o u t  d u s t .
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I N S P E C T I N G  C A S T  P A R T S ,  M A C H I N E D
S U R F A C E S .  I n s p e c t  b o r e s  f o r  w e a r ,
g r o o v e s ,  d i r t  a n d  s c r a t c h e s .  R e m o v e  a l l
s c r a t c h e s  a n d  b u r r s  w i t h  c r o c u s  c l o t h .
R e m o v e  f o r e i g n  m a t t e r .  R e p l a c e  p a r t s
tha t  a re  deep ly  g rooved  o r  sc ra tched .

Inspec t  a l l  o i l  passages  fo r  obs t ruc t ions .
I f  a n  o b s t r u c t i o n  i s  f o u n d ,  r e m o v e  i t
w i t h  c o m p r e s s e d  a i r  o r  b y  w o r k i n g  w i r e
b a c k  a n d  f o r t h  t h r o u g h  t h e  p a s s a g e  a n d
f l u s h i n g  i t  o u t  w i t h  c l e a n i n g  s o l v e n t .

I n s p e c t  m o u n t i n g  f a c e s  f o r  n i c k s ,  b u r r s ,
s c r a t c h e s  a n d  f o r e i g n  m a t t e r .  R e m o v e
s u c h  d e f e c t s  w i t h  c r o c u s  c l o t h  o r  a  s o f t
s t o n e .  I f  s c r a t c h e s  a r e  d e e p ,  r e p l a c e
t h e  d e f e c t i v e  p a r t .

I n s p e c t  t h r e a d e d  o p e n i n g s  f o r  d a m a g e d
t h r e a d s .  C h a s e  d a m a g e d  t h r e a d s  w i t h
the  cor rec t  s ize  used  tap .

A new tap can cut oversize.

I nspec t  a l l  mach ined  su r faces  fo r  damage
that  could cause oi l  leakage or  other mal-
f u n c t i o n  o f  t h e  p a r t .  R e w o r k  o r  r e p l a c e
the  de fec t ive  par ts .

I N S P E C T I N G  B E A R I N G S .  I n s p e c t  b e a r -
i n g s  f o r  r o u g h n e s s  o f  r o t a t i o n .  R e p l a c e
a  b e a r i n g  i f  i t s  r o t a t i o n  i s  s t i l l  r o u g h  a f -
te r  c lean ing  and  o i l i ng .

I n s p e c t  b e a r i n g s  f o r  s c o r e d ,  p i t t e d ,
s c r a t c h e d ,  c r a c k e d ,  o r  c h i p p e d  r a c e s ,
a n d  f o r  i n d i c a t i o n  o f  e x c e s s i v e  w e a r  o f
r o l l e r s  o r  b a l l s . I f  one  o f  these  de fec ts
i f  found ,  rep lace  the  bear ing .

I n s p e c t  a  d e f e c t i v e  b e a r i n g ’ s  h o u s i n g
a n d  s h a f t  f o r  g r o o v e d ,  b u r r e d  o r  g a l l e d
c o n d i t i o n s  t h a t  w o u l d  i n d i c a t e  t h a t  t h e
b e a r i n g  h a s  b e e n  t u r n i n g  o n  i t s  h o u s i n g
o r  s h a f t .  I f  t h e  d a m a g e  c a n n o t  b e  r e -
p a i r e d  w i t h  c r o c u s  c l o t h ,  r e p l a c e  t h e
d e f e c t i v e  p a r t .

W h e n  i n s t a l l i n g  a  b e a r i n g  o n  a  s h a f t ,
hea t  the  bear ing  to  300°F  (149°C)  on  an
e l e c t r i c  h o t  p l a t e  o r  i n  a n  o i l  b a t h .  C o a t
t h e  m a t i n g  s u r f a c e  w i t h  w h i t e  l e a d  a n d
u s e  t h e  p r o p e r  s i z e  i n s t a l l a t i o n  s l e e v e
and an  a rbor  p ress  to  sea t  the  bear ing .

I f  a  bear ing  mus t  be  removed o r  ins ta l led
without a sleeve, be careful to press on-
ly  on the  race  which is  ad jacent  to  the

m o u n t i n g  s u r f a c e .  I f  a n  a r b o r  p r e s s  i s
n o t  a v a i l a b l e ,  s e a t  t h e  b e a r i n g  w i t h  a
d r i f t  a n d  h a m m e r ,  d r i v i n g  a g a i n s t  t h e
s u p p o r t e d  r a c e .

I N S P E C T I N G  B U S H I N G ,  T H R U S T  W A S H -
E R S .  I n s p e c t  b u s h i n g s  f o r  s c o r e s ,
b u r r s ,  r o u n d n e s s ,  s h a r p  e d g e s  a n d  e v i -
d e n c e  o f  o v e r h e a t i n g .  R e m o v e  s c o r e s
w i t h  c r o c u s  c l o t h .  R e m o v e  b u r r s  a n d
s h a r p  e d g e s  w i t h  a  s c r a p e r  o r  k n i f e
b l a d e .  I f  t h e  b u s h i n g  i s  o u t  o f  r o u n d ,
d e e p l y  s c o r e d  o r  e x c e s s i v e l y  w o r n ,  r e -
p lace  i t  us ing  the  p roper  s i ze  rep lacer .

NOTE

S o m e t i m e s  i t  i s  n e c e s s a r y  t o  c u t
o u t  a  d e f e c t i v e  b u s h i n g .  B e  c a r e -
f u l  n o t  t o  d a m a g e  t h e  b o r e  i n t o
w h i c h  t h e  b u s h i n g  f i t s .

I n s p e c t  t h r u s t  w a s h e r s  f o r  d i s t o r t i o n ,
s c o r e s ,  b u r r s  a n d  w e a r .  R e p l a c e  t h e
t h r u s t  w a s h e r ,  i f  i t  i s  d e f e c t i v e  o r  w o r n .
I t  i s  much less  expens ive  to  rep lace  such
par ts  than  to  rep lace  conver te r  e lements ,
w h i c h  c a n  f a i l  d u e  t o  d e f e c t i v e  b e a r i n g s ,
b u s h i n g s  o r  t h r u s t  w a s h e r s .

I N S P E C T I N G  O I L  S E A L S ,  G A S K E T S .  I n -
s p e c t  s e a l  r i n g s  f o r  c u t s ,  h a r d n e s s  o r
o t h e r  i n d i c a t i o n s  o f  d e t e r i o r a t i o n .  R e -
p l a c e  t h e  s e a l  r i n g s  i f  t h e s e  d e f e c t s  a r e
f o u n d .

W h e n  r e p l a c i n g  l i p  t y p e  s e a l  r i n g s ,  m a k e
sure  the  spr ing  loaded s ide  i s  toward  the
o i l  t o  b e  s e a l e d  i n  ( t o w a r d  t h e  i n s i d e  o f
t h e  u n i t ) .  U s e  a  n o n h a r d e n i n g  s e a l i n g
c o m p o u n d  o n  t h e  o u t s i d e  o f  t h e  s e a l  t o
he lp  p reven t  o i l  l eaks .

Replace al l  composi t ion gaskets.

I n s p e c t  h o o k  t y p e  s e a l  r i n g s  f o r  w e a r ,
b roken hooks  and  d is to r t ion .

I n s t a l l  a  n e w  h o o k  t y p e  s e a l  r i n g  i f  i t  i s
w o r n  s o  m u c h  t h a t  t h e r e  i s  n o  g a p  b e -
t w e e n  t h e  h o o k s  o f  t h e  s e a l  r i n g  w h e n  i t
i s  ins ta l led .

I N S P E C T I N G  G E A R S .  I n s p e c t  g e a r s  f o r
s c u f f e d ,  n i c k e d ,  b u r r e d  o r  b r o k e n
t e e t h .  I f  t h e  d e f e c t  c a n n o t  b e  r e m o v e d
wi th  a  so f t  s tone ,  rep lace  the  gear .

I n s p e c t  g e a r  t e e t h  f o r  w e a r  t h a t  m a y
h a v e  d e s t r o y e d  t h e  o r i g i n a l  t o o t h  s h a p e .
I f  t h i s  c o n d i t i o n  i s  f o u n d ,  r e p l a c e  t h e
g e a r .

Transmiss ions  4C-15



Figure  4C-10 .  Torque  Spec i f i ca t ions
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I n s p e c t  t h e  t h r u s t  f a c e s  o f  g e a r s  f o r
s c o r e s ,  s c r a t c h e s  a n d  b u r r s .  R e m o v e
such defects with a soft stone. If
sc ra tches  and  scores  canno t  be  removed
wi th  a  so f t  s tone ,  rep lace  the  gear .

I N S P E C T I N G  S P L I N E D  P A R T S .  I n s p e c t
s p l i n e d  p a r t s f o r  s t r i p p e d ,  t w i s t e d ,
c h i p p e d ,  o r  b u r r e d  s p l i n e s .  R e m o v e
b u r r s  w i t h  a  s o f t  s t o n e .  R e p l a c e  t h e
p a r t  i f  o t h e r  d e f e c t s  a r e  f o u n d .  S p l i n e
wear  i s  no t  cons idered  de t r imenta l  except
w h e r e  i t  a f f e c t s  t i g h t n e s s  o f  f i t  o f  t h e
s p l i n e d  p a r t s .

I N S P E C T I N G  T H R E A D E D  P A R T S .  I n -
s p e c t  p a r t s  f o r  b u r r e d  o r  d a m a g e d
t h r e a d s .  R e m o v e  b u r r s  w i t h  a  s o f t  s t o n e
or  f i ne  f i l e .  Rep lace  damaged  par ts .

I N S P E C T I N G  S N A P  R I N G S .  I n s p e c t  a l l
s n a p  r i n g s  f o r  n i c k ,  d i s t o r t i o n  a n d  e x -
cess ive  wear . Rep lace  the  par t  i f  one  o f
t h e s e  d e f e c t s  i s  f o u n d . t h e  s n a p  r i n g
M U S T  s n a p  t i g h t  i n  i t s  g r o o v e  f o r  p r o p e r
f u n c t i o n i n g .

I N S P E C T I N G  S P R I N G S .  I n s p e c t  a l l
s p r i n g s  f o r  s i g n s  o f  o v e r h e a t i n g ,  p e r m a -
nen t  se t  o r  wear  due  to  rubb ing  ad jacen t
p a r t s . R e p l a c e  t h e  s p r i n g  i f  a n y  o n e  o f
these  de fec ts  i s  found.

Disassembly

R E M O V A L  O F  C H A R G I N G  O I L  P U M P .  T o
r e m o v e  t h e  c h a r g i n g  o i l  p u m p ,  p r o c e e d
as fol lows:

1 .  P o s i t i o n  t h e  c o n v e r t e r ,  o n  t h e  d i s c o n -
n e c t  c l u t c h  e n d ,  o n  t h e  d i s a s s e m b l y
tab le .

2 .  Remove the  s ix  bo l ts  and  lock  washers
f r o m  t h e  p u m p  a s s e m b l y .  R e m o v e  t h e
assembly  and  gaske t  (see  F igure  4C-11) .

REMOVAL OF OVERCENTER DISCON-
N E C T  C L U T C H  A S S E M B L Y .  T o  r e m o v e
the  c lu tch  assembly ,  p roceed  as  fo l l ows :

1 .  Remove two  bo l t s  (5 ,  F igure  4C-38  on
page  4C-33)  and  lockwashers  (6 )  tha t  re -
t a i n  t h e  c o n v e r t e r  h o u s i n g  a c c e s s  c o v e r
( 4 ) .

2 .  Remove cover  (4 )  and  Gaske t  (3 ) .

3. Remove 36 converter pump--
t o - - c o n v e r t e r  d r i v e  h o u s i n g  b o l t s  ( 1 2 ,
F igure  4C-39  on  page  4C-34) .

Figure 4C-11. Removing (or
I n s t a l l i n g )  C h a r g i n g  O i l  P u m p

4. Remove eleven converter
housing--to--disconnect clutch housing
b o l t s  ( 2 4 ,  F i g u r e  4 C - 3 8  o n  p a g e  4 C - 3 3 )
and  lock  washers  (25) .

5 .  U s i n g  a n  e y e b o l t  i n  t h e  e n d  o f  t h e
o u t p u t  s h a f t  o r  a  s l i n g  a t t a c h e d  t o  t h e
c o n v e r t e r  h o u s i n g ,  l i f t  t h e  c o n v e r t e r  u p ,
leav ing  the  d isconnec t  c lu tch  hous ing  as-
sembly on the table.

R E M O V A L  O F  C O N V E R T E R  E L E M E N T S .
T o  r e m o v e  t h e  c o n v e r t e r  e l e m e n t s ,  p r o -
ceed as fo l lows:

1 .  Remove snap  r ing  (9 ,  F igure  4C-40  on
p a g e  4 C - 3 5 )  f r o m  c o n v e r t e r  o u t p u t  s h a f t
(3 ,  F igu re  4C-27  on  page  4C-22) .

2 .  Remove the  inner  race  o f  bear ing  (10 ,
F igure  4C-40  on  page  4C-35)  and  tu rb ine
a s s e m b l y  w i t h  o v e r - r u n n i n g  c l u t c h  ( 1 4
t h r o u g h  1 8 ) .

Figure 4C-12. Removing (or
I n s t a l l i n g )  F r e e w h e e l  R o l l e r  R a c e

Reta in ing  Nut
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Figure 4C-13. Removing (or
I n s t a l l i n g )  L o c k  S t r i p s

3 .  R e m o v e  s n a p  r i n g  ( 1 9 )  f r o m  c o n v e r t e r
o u t p u t  s h a f t  ( 3 ,  F i g u r e  4 C - 2 7  o n  p a g e
4 C - 2 2 ) .

4 .  Remove s ta to r  assembly  (2  th rough  4 ,
F igure  4C-39  on  page  4C-34) .

5 .  S t r a i g h t e n  t h e  s t a k e d  s e c t i o n  o f  t h e
f reewhee l  ro l l e r  race  re ta in ing  nu t  (13 ) .

6 .  U s i n g  s p a n n e r  w r e n c h  J  6 5 3 4 ,  r e m o v e
t h e  r e t a i n i n g  n u t  ( s e e  F i g u r e  4 C - 1 2  o n
page  4C-17) .

7 .  Remove  f reewhee l  ro l l e r  race  and  spa-
c e r .

8 .  R e m o v e  1 2  b o l t s ,  s i x  l o c k  s t r i p s  a n d
t h e  s p l i t  r e t a i n e r  t h a t  r e t a i n s  t h e  c o n -
v e r t e r  p u m p  ( s e e  F i g u r e  4 C - 1 3  a n d
F i g u r e  4 C - 1 4 ) .

9 .  Remove the  conver te r  pump.

10 .  The  conver te r  pump hub  and  bear ing
m a y  c o m e  o f f  w i t h  t h e  c o n v e r t e r  p u m p .
I f  n o t , remove  the  hub  and  bear ing  (see
F igure  4C-15  on  page  4C-19) .

1 1 .  R e m o v e  s e a l  r i n g s  f r o m  g r o u n d
s l e e v e  ( s e e  F i g u r e  4 C - 1 6  o n  p a g e
4 C - 1 9 ) .

R E M O V A L  O F  O U T P U T  S H A F T .  T o  r e -
m o v e  t h e  o u t p u t  s h a f t ,  p r o c e e d  a s  f o l -
lows:

1 .  Pos i t ion t h e  c o n v e r t e r  h o u s i n g  w i t h
the  ou tpu t  sha f t  up  (see  F igure  4C-17  on
page  4C-19) .

4C-18

Figure 4C-14. Removing (or
I n s t a l l i n g )  S p l i t  R e t a i n e r  P l a t e

2 .  Remove the  e igh t  bo l t s  and  lock  wash-
e rs  f rom the  bear ing  re ta iner .

3 .  R e m o v e  t h e  r e t a i n e r  a n d  t h e  s h i m s
f r o m  t h e  b e a r i n g  h o u s i n g .  I f  n e c e s s a r y ,
use  jackscrews.

4 .  Remove the  s ix  bo l ts  and  lock  washers
f rom the  bear ing  hous ing .

5 .  U s i n g  j a c k s c r e w s ,  r e m o v e  t h e  b e a r i n g
h o u s i n g  a n d  g a s k e t  f r o m  t h e  c o n v e r t e r
h o u s i n g  ( s e e  F i g u r e  4 C - 1 8  o n  p a g e
4 C - 1 9 ) .

6 .  T h e  o u t p u t  s h a f t  m a y  c o m e  o u t  w i t h
t h e  b e a r i n g  h o u s i n g . Remove  the  bear -
i n g  h o u s i n g  f r o m  t h e  s h a f t . I f  t h e  o u t -
p u t  s h a f t  d o e s n o t  c o m e  o u t  w h e n  t h e
b e a r i n g  h o u s i n g  i s  r e m o v e d ,  r e m o v e  t h e
o u t p u t  s h a f t  ( s e e  F i g u r e  4 C - 1 9  o n  p a g e
4 C - 2 0 ) .  A  s l e e v e ,  t w o  s e a l  r i n g s  a n d
two ro l le r  bear ings  w i l l  come o f f  w i th  the
s h a f t .

Rebuild of Subassemblies

T O R Q U E  C O N V E R T E R  H O U S I N G .  T o  r e -
b u i l d  t h e  t o r q u e  c o n v e r t e r ,  p r o c e e d  a s
f o l l o w s  ( s e e  F i g u r e  4 C - 3 8  o n  p a g e
4C-33) :

1 .  R e m o v e  t h e  s q u a r e  h e a d  p l u g ,  s e a l
r i n g  a n d  l o c k  w a s h e r  f r o m  t h e  r e a r  o f
t h e  c o n v e r t e r  h o u s i n g .

2.  Instal l  the s l ide hammer remover J3187
and adapter J4857 in the threaded hole in



Figure 4C-15. Removing Converter
Pump Hub and Bearing

the oil pump idler gear shaft (see
F igure  4C-21  on  page  4C-20)

3 .  R e m o v e  t h e  s h a f t ,  b e i n g  c a r e f u l  t h a t
the  o i l  pump id le r  gear  does  no t  d rop  ou t
o f  the  hous ing .

4 .  Remove  the  o i l  pump id le r  gear  assem-
b ly  (see  F igure  4C-22  on  page  4C-21) .

5 .  O i l  p u m p  d r i v e  g e a r  ( 2 ,  F i g u r e  4 C - 3 8
o n  p a g e  4 C - 3 3 )  a n d  c o n v e r t e r  p u m p  h u b
o i l  s e a l  ( 1 )  g e n e r a l l y  a r e  n o t  r e m o v e d .
I f  e i ther  the  gear  o r  sea l  needs  to  be  re -
p l a c e d ,  c o l l a p s e  t h e  o i l  s e a l  w i t h  a  d r i f t
a n d  h a m m e r  a n d  r e m o v e  t h e  o i l  s e a l .
The  gear  can  then  be  removed .

Figure 4C-16. Removing (or
I n s t a l l i n g )  S e a l  R i n g s  f r o m  G r o u n d

Sleeve

Figure 4C-17. Removing (or
I n s t a l l i n g )  B e a r i n g  R e t a i n e r  a n d

Shims

6 .  O r d i n a r i l y ,  c o n v e r t e r  g r o u n d  s l e e v e
( 1 8 )  i s  n o t  r e m o v e d .  I f  i t  n e e d s  t o  b e
r e p l a c e d ,  p o s i t i o n  t h e  c o n v e r t e r  h o u s i n g
i n  a  p r e s s ,  f r o n t  s i d e  u p ,  a n d  p r e s s  t h e
g r o u n d s l e e v e  o u t  o f  t h e  h o u s i n g  ( s e e
F i g u r e  4 C - 2 3  o n  p a g e  4 C - 2 1 ) .  R e m o v e
t h e  g r o u n d  s l e e v e  k e y  a n d  d o w e l  p i n
f rom the  g round  s leeve .

7 .  C l e a n  a n d  i n s p e c t  p a r t s  a s  e x p l a i n e d
u n d e r  “ C l e a n i n g  a n d  I n s p e c t i o n ”  o n  p a g e
4C-10 .

8 .  I f  t h e  g r o u n d  s l e e v e  w a s  r e m o v e d ,  i n -
s t a l l  d o w e l  p i n  ( 1 6 ,  F i g u r e  4 C - 3 8  o n
p a g e  4 C - 3 3 )  i n  g r o u n d  s l e e v e  k e y  ( 1 7 )
a n d  i n s t a l l  t h e  k e y  o n  t h e  n e w  g r o u n d
s l e e v e  ( 1 8 )  s o  t h a t  t h e  e n d  o f  t h e  k e y  i s

Figure 4C-18. Removing Bearing
Housing
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f l ush  w i th  the  face  o f  the  g round s leeve .
Not ice  tha t  the  dowe l  p in  ho le  in  the  key
i s  o f f  c e n t e r .  P r e s s  t h e  g r o u n d  s l e e v e
and the key into the housing (see
F igure  4C-24  on  page  4C-21) .

9. If oil pump drive gear (2,
F i g u r e  4 C - 3 8  o n  p a g e  4 C - 3 3 )  a n d  c o n -
v e r t e r  p u m p  h u b  o i l  s e a l  ( 1 )  w e r e  r e -
m o v e d ,  i n s t a l l  t h e  g e a r .  I n s t a l l  t h e  o i l
s e a l  w i t h  t h e  s p r i n g  s i d e  t o w a r d  t h e
gear ,  us ing  rep lacer  J  7475 .

1 0 .  P o s i t i o n  t h e  c o n v e r t e r  o n  t h e  t a b l e
w i t h  t h e  r e a r  e n d  u p .

1 1 .  I n s t a l l  t h e  c h a r g i n g  o i l  p u m p  i d l e r
g e a r  a s s e m b l y  b y  p o s i t i o n i n g  t h e  g e a r  i n
t h e  h o u s i n g  b o r e  ( s e e  F i g u r e  4 C - 2 2  o n
page  4C-21)  and  ins ta l l i ng  o i l  pump id le r

4 C - 3 3 )  i n  i t s  b o r e .  U s e  a  s o f t  d r i f t  o r  a
g e a r  s h a f t  ( 1 2  F i g u r e  4 C - 3 8  o n  p a g e

b o l t  o f  t h e  p r o p e r  s i z e  t h r e a d e d  i n t o  t h e
sha f t  and  tap  the  sha f t  in to  p lace .

Figure 4C-19. Removing (or
I n s t a l l i n g )  O u t p u t  S h a f t

12 .  Ins ta l l  the  lock  washer ,  sea l  r ing  and
s q u a r e  h e a d  p l u g  i n t o  t h e  o i l  p u m p  i d l e r
g e a r  s h a f t  b o r e  ( s e e  F i g u r e  4 C - 2 0 ) .
Torque  the  p lug  to  80 -100  f t - l bs .

CONVERTER PUMP AND HUB ASSEM-

and hub, proceed as follows (see
B L Y .  T o  r e b u i l d  t h e  c o n v e r t e r  p u m p

F igure  4C-39  on  page  4C-34) :

1 .  T h e  c o n v e r t e r  p u m p  w a s  r e m o v e d
when the  conver te r  was  d isassembled  in -
t o  s u b a s s e m b l i e s .  N o  f u r t h e r  d i s a s s e m -
b ly  is  necessary .

4C-20

Figure  4C-20 .  Remov ing  (o r
I n s t a l l i n g )  P l u g  f r o m  C o n v e r t e r

Housing

2 .  R e m o v e  s e a l  r i n g  ( 1 6 ,  F i g u r e  4 C - 3 9
on  page  4C-34)  f rom conver te r  pump hub
( 1 7 ) .

3 .  P r e s s  d o u b l e  r o w  b a l l  b e a r i n g  a s s e m -
b l y  ( 8 )  f r o m  c o n v e r t e r  p u m p  h u b  ( 1 7 ) .

4 .  C l e a n  a n d  i n s p e c t  p a r t s  a s  e x p l a i n e d
u n d e r  “ C l e a n i n g  a n d  I n s p e c t i o n ”  o n  p a g e
4C-10 .

5 .  Ins ta l l  doub le  row ba l l  bear ing  assem-
b l y  ( 0 8 ) ,  s e a l  r i n g ,  g r o o v e  s i d e  u p ,  i n t o
bearing pump hub (17). Press the
b e a r i n g  u n t i l  i t  i s  f i r m l y  s e a t e d  i n  t h e
h u b .

Figure 4C-21. Removing Oi l  Pump
I d l e r  G e a r  S h a f t



F i g u r e  4 C - 2 2 .  R e m o v i n g  ( o r
I n s t a l l i n g )  O i l  P u m p  I d l e r  G e a r

6 .  I n s t a l l  s e a l  r i n g  ( 1 6 )  o n t o  p u m p  h u b
( 1 7 ) .

S T A T O R .  T o  r e b u i l d  t h e  s t a t o r ,  p r o -
c e e d  a s  f o l l o w s  ( s e e  F i g u r e  4 C - 3 9  o n
page  4C-34) :

1 .  R e m o v e  r o l l e r s  ( 4 )  a n d  s p r i n g s  ( 3 )
f r o m  s t a t o r  ( 2 ) .

2 .  Do  no t  remove the  r i ve ts  f rom the  s ta -
t o r  a s s e m b l y .  I f  a n y  p a r t  o f  a  s t a t o r  a s -
sembly is worn or damaged, the assembly
must  be replaced.

3 .  C l e a n  a n d  i n s p e c t  p a r t s  a s  e x p l a i n e d
under  “C lean ing  and  Inspec t ion ”  on  page
4C-10 .

Figure 4C-23. Removing Ground
Sleeve

Figure 4C-24. Removing Ground
Sleeve from Housing

4 .  I n s t a l l  t h e  f r e e w h e e l  r o l l e r s  a n d
springs into the stator cam (see
F i g u r e  4 C - 2 5  o n  p a g e  4 C - 2 2 ) .  R o l l e r s
a n d  s p r i n g s m a y  b e  r e t a i n e d  w i t h  a
heavy coat ing of  oi l  soluble grease.

5 .  l n s t a l l  t h e  s p r i n g s  i n  t h e  d e e p  e n d  o f
t h e  s t a t o r  p o c k e t ,  w i t h  t h e  e n d  o f  t h e
s p r i n g  c o n t a c t i n g  t h e  r o l l e r  t o w a r d  t h e
b o r e  o f  t h e  s t a t o r  ( s e e  F i g u r e  4 C - 2 6  o n
page  4C-22) .

C O N V E R T E R  T U R B I N E  A S S E M B L Y .  T o
rebu i ld  the  tu rb ine  assembly ,  p roceed  as
f o l l o w s  ( s e e  F i g u r e  4 C - 4 0  o n  p a g e
4 C - 3 5 ) :

1 .  Remove  snap  r ing  (14)  f rom conver te r
t u r b i n e  ( 1 ,  F i g u r e  4 C - 3 9  o n  p a g e
4 C - 3 4 ) .

2 .  R e m o v e  s p r a g  c l u t c h  r a c e  ( 1 7 )  w i t h
bear ing  assembly  (15)  and  re ta iner  (16) .

3 .  P ress  bear ing  assembly  (15 )  f rom race
(17)  and  remove  re ta ine r  (16 ) .

4 .  R e m o v e  s p r a g  a s s e m b l y  ( 1 8 )  f r o m
c o n v e r t e r  t u r b i n e  ( 1 ,  F i g u r e  4 C - 3 9  o n
page  4C-34) .

5 .  D o  n o t  r e m o v e  t h e  r i v e t s  f r o m  t h e
t u r b i n e .  I f  t h e  t u r b i n e  a s s e m b l y  i s  w o r n
o r  d a m a g e d ,  t h e  a s s e m b l y  m u s t  b e  r e -
p laced .

6 .  C l e a n  a n d  i n s p e c t  p a r t s  a s  e x p l a i n e d
under  “C lean ing  and  Inspec t ion ”  on  page
4C-10 .
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F i g u r e  4 C - 2 5 .  I n s t a l l i n g  S t a t o r F igure  4C-26 .  Spr ing  and  Ro l le rs  in
Spr ings  and  Ro l le rs Stator Cam

7 .  I n s t a l l  r e t a i n e r  ( 1 6 )  i n  s p r a g  r a c e
( 1 7 ) .

11 .  Ins ta l l  snap  r ing  (14) .

8 .  Ins ta l l  bear ing  assembly  (15)  in  sprag
r a c e  ( 1 7 ) .  P r e s s  t h e  b e a r i n g  u n t i l  i t  i s
f i r m l y  s e a t e d  a g a i n s t  t h e  r e t a i n e r  i n  t h e
race.

O U T P U T  S H A F T  A N D  B E A R I N G  R E -
T A I N E R .  T o  r e b u i l d  t h e  o u t p u t  s h a f t ,
proceed as fo l lows (see Figure 4C-27):

1 .  R e m o v e  t w o  h o o k  t y p e  s e a l  r i n g s  ( 2 )
f r o m  o u t p u t  s h a f t  ( 3 ) .

9 .  I n s t a l l  s p r a g  c l u t c h  a s s e m b l y  ( 1 8 ) ,
f l a n g e  s i d e  o u t ,  o n t o  c o n v e r t e r  t u r b i n e
(1 ,  F igure  4C-39  on  page  4C-34) .

1 0 .  I n s t a l l  t h e  b e a r i n g  w i t h  t h e  r a c e  a n d
r e t a i n e r  o n t o  t h e  t u r b i n e  a s s e m b l y .
Press  the  bear ing  un t i l  i t  i s  f i rm ly  seated
a g a i n s t  t h e  s h o u l d e r  o n  t h e  t u r b i n e  a s -

2 .  When i t  i s  necessary  to  rep lace  ro l le r
b e a r i n g  a s s e m b l i e s  ( 1 )  a n d  ( 5 ) ,  s u p p o r t
t h e  s h a f t  a n d  b e a r i n g  a s s e m b l y ,  s m a l l
e n d  u p ,  o n  t w o  s t e e l  p l a t e s  i n  a n  a r b o r
p r e s s .  T h e  p l a t e s  m u s t  b e  p l a c e d  b e -
t w e e n  t h e  t w o  b e a r i n g s ,  m a k i n g  c e r t a i n
t h a t  o n l y  t h e  i n n e r  r a c e  o f  t h e  b e a r i n g

sembly .

Figure 4C-27. Exploded View of Output Shaft  and Flange
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r e s t s  o n  t h e  p l a t e s .  P r e s s  t h e  s h a f t  o u t
o f  t h e  f r o n t  r o l l e r  b e a r i n g .

3 .  I f  t h e  r e a r  b e a r i n g  m u s t  b e  r e m o v e d ,
use a hammer and chisel  to crack s leeves
( 6 )  o v e r  t h e  k e y  w a y  s l o t .  T h i s  w i l l  l o o -
sen the sleeve so that i t  can be removed.
T h e n  p l a c e  t h e  s h a f t ,  r e a r  e n d  u p ,  i n  a
p r e s s .  P l a c e  t h e  b e a r i n g  i n n e r  r a c e  o n
the  p la tes  and  p ress  the  sha f t  ou t  o f  the
s leeve  and  the  rear  ou tpu t  bear ing .

4 .  D o  n o t  r e m o v e  l i p  t y p e  o i l  s e a l  ( 1 1 )
f r o m  b e a r i n g  r e t a i n e r  ( 1 2 )  u n l e s s  r e -
p l a c e m e n t  i s  n e c e s s a r y .  I f  n e c e s s a r y ,
remove the seal .

5 .  C l e a n  a n d  i n s p e c t  t h e  p a r t s  a s  e x -
p l a i n e d  u n d e r  “ C l e a n i n g  a n d  I n s p e c t i o n ”
on page 4C-10.

6.  I f  o i l  seal  (11) was removed from bear-
i n g  r e t a i n e r  ( 1 2 ) ,  i n s t a l l  n e w  r e p l a c e -
ment. Press the new seal from the
c h a m f e r e d  e n d  o f  t h e  r e t a i n e r , s p r i n g
s ide  o f  sea l  toward  the  chamfered  end  o f
t h e  r e t a i n e r ,  f l u s h  t o  1 / 1 6  i n c h  ( 1 . 5 8 7 5
mm) below the bot tom of  the chamfered.

7. If roller bearings (1 and 5) were re-
m o v e d ,  s u p p o r t  s h a f t  ( 3 ) ,  s m a l l  e n d  u p ,
i n  a n  a r b o r  p r e s s .  I n s t a l l  a  r o l l e r  b e a r -
ing  on  the  shaf t  so  tha t  the  th ick  s ide  o f
t h e  i n n e r  r a c e  i s  d o w n .  P r e s s  t h e  b e a r -
i n g  o n t o  t h e  s h a f t  u n t i l  i t  f i r m l y  s e a t s
aga ins t  the  shou lder  o f  the  sha f t .

8 .  T u r n  t h e  s h a f t  e n d  f o r  e n d  a n d  p r e s s
the  o ther  ro l le r  bear ing  on to  the  sha f t  i n
the same manner.

9.  Heat s leeve (6) to approximately 35O°F
a n d  p r e s s  i t  o n t o  t h e  s h a f t  u n t i l  i t  i s
seated  aga ins t  the  bear ing .

1 0 .  I n s t a l l  t w o  h o o k  t y p e  s e a l  r i n g s  ( 2 )
o n  t h e  o u t p u t  s h a f t .

C H A R G I N G  O I L  P U M P .  T o  r e b u i l d  t h e
c h a r g e  p u m p ,  p r o c e e d  a s  f o l l o w s  ( s e e
F igure  4C-41  on  page  4C-36) :

1 .  R e m o v e  t h e  c o n v e r t e r  p r e s s u r e  r e g u -
lator valve plug, gasket, spring and
valve from the pump cover (see
F igure  4C-28  on  page  4C-24) .

2 .  R e m o v e  6  b o l t s  a n d  l o c k  w a s h e r s  r e -
ta in ing  pump cover .

3 .  Remove the  pump cover  and  gaske t .

Figure 4C-28. Removing (or
I n s t a l l i n g )  C o n v e r t e r  P r e s s u r e

Regu la t ing  Va lve

4 .  R e m o v e  t h e  s n a p  r i n g ,  c l u t c h  p r e s -
s u r e  r e g u l a t o r  v a l v e  a n d  s p r i n g  f r o m  t h e
p u m p  c o v e r  ( s e e  F i g u r e  4 C - 2 9  o n  p a g e
4 C - 2 4 ) .

5 .  Do  no t  remove  the  need le  ro l l e r  bear -
ing  f rom the  pump cover  un less  rep lace -
ment is necessary. If necessary,
co l lapse  the  bear ing ,  be ing  ca re fu l  to  no t
d a m a g e  t h e  b e a r i n g  b o r e  i n  t h e  c o v e r
and  remove the  bear ing .

6 .  R e m o v e  t h e  o i l  p u m p  d r i v e n  g e a r  a n d
bearing as an assembly (see
F i g u r e  4 C - 3 0  o n  p a g e  4 C - 2 4 )  D o  n o t  r e -
m o v e  t h e  b e a r i n g  f r o m  t h e  g e a r  u n l e s s
r e p l a c e m e n t  i s  n e c e s s a r y .  I f  n e c e s s a r y ,
remove the  bear ing .

7 .  R e m o v e  c h a r g i n g  p u m p  d r i v i n g  g e a r
sha f t  and  d r i v ing  gear  (see  F igure  4C-31
on  page  4C-25) .

8 .  R e m o v e  t h e  h o o k  t y p e  s e a l  r i n g  f r o m
the  sha f t  gear .

9 .  Do  no t  remove  the  O- r ing  sea l  o r  nee-
d l e  r o l l e r  b e a r i n g f r o m  t h e  o i l  p u m p
hous ing  un less  rep lacement  i s  necessary .
I f  n e c e s s a r y ,  r e m o v e  s e a l  a n d  b e a r i n g ,
u s i n g  r e p l a c e r  J  4 8 5 0 .  P r e s s  o r  d r i v e
the  sea l  and  bear ing  ou t  o f  the i r  bore  in -
t o  t h e  p o c k e t  o f  t h e  p u m p  b o d y  ( s e e
F igure  4C-32  on  page  4C-25) .

10. Do not remove sleeve (25,
Figure 4C-41 on page 4C-36) f rom the oi l
p u m p  b o d y  u n l e s s  r e p l a c e m e n t  i s  n e c e s
s a r y .  I f  n e c e s s a r y ,  d r i v e  t h e  s l e e v e  o u t
o f  t h e  p u m p  b o d y  ( s e e  F i g u r e  4 C - 3 3  o n
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Figure 4C-29. Removing (or
I n s t a l l i n g )  C l u t c h  P r e s s u r e

Regu la t ing  Va lve

page  4C-25) .  Use  pu l le r  J4852  o r  a  s tee l
d isk  1 /4  x  1 .370  inch  (6 .35  x  34 .798 mm)
i n  d i a m e t e r .  R e m o v e  t h e  p i p e  p l u g  f r o m
t h e  r e a r  o f  t h e  p u m p  b o d y .  P l a c e  t h e
d isk  in  the  s lo t  beh ind  the  s leeve,  a l ign-
i n g  t h e  d i s k  w i t h  t h e  s l e e v e .  I n s e r t  a
d r i f t  t h r o u g h  t h e  p i p e  p l u g  h o l e  i n  t h e
r e a r  o f  t h e  p u m p  b o d y  a n d  p l a c e  t h e
d r i f t  a g a i n s t  t h e  d i s k .  P r e s s  o r  d r i v e
the  s leeve ou t  o f  i t s  bore .

11 .  Do  no t  remove  p lugs  (28 ,  29 ,  30  and
3 1  F i g u r e  4 C - 4 1  o n  p a g e  4 C - 3 6 )  f r o m
b o d y
(27) unless replace is necessary or for
c l e a n i n g  p u r p o s e s .  I f  n e c e s s a r y ,  r e m o v e
t h e  p l u g s .

Figure 4C-31. Removing (or
I n s t a l l i n g )  D r i v e  G e a r  a n d  S h a f t

1 2 .  C l e a n  a n d  i n s p e c t  t h e  p a r t s  a s  e x -
p l a i n e d  u n d e r  “ C l e a n i n g  a n d  I n s p e c t i o n
on page 4C-10.

1 3 .  I f  s l e e v e  ( 2 5 )  w a s  r e m o v e d  f r o m  t h e
o i l  p u m p  b o d y ,  i n s t a l l  a  n e w
r e p l a c e m e n t .  P r e s s  t h e  n e w  s l e e v e  w i t h
the chamfer on the inside diameter facing
up, into the body until it is firmly
sea ted .  Use  too l  J  4850  fo r  ins ta l l i ng  the
sleeve.

1 4 .  I f  b e a r i n g  a s s e m b l y  ( 2 3 )  a n d  s e a l
r i n g  ( 2 2  w e r e  r e m o v e d  f r o m  o i l  p u m p
body (27), install new replacements. In-
s t a l l  t h e  b e a r i n g ,  p r e s s i n g  a g a i n s t  t h e
numbered  end  o f  the  bear ing  cage ,  f l ush
t o  0 . 0 9 0  t o  0 . 1 0 0  i n c h  ( 2 . 2 8 6  t o  2 . 5 4 0
mm)  be low the  edge  o f  the  bear ing  bo re .

Figure 4C-30. Removing (or
Ins ta l l i ng )  O i l  Pump Dr iven  Gear

4C-24

Figure 4C-32. Removing Needle
Bearing from Pump Body



Figure 4C-33. Removing Oil Pump
Bearing Sleeve

I n s t a l l  t h e  s e a l  r i n g ,  f l u s h  t o  0 . 0 2 0  t o
0 .030  inch  (0 .508  to  0 .762  mm)  be low the
edge  o f  the  bear ing  bore .

1 5 .  I n s t a l l  t h e  h o o k  t y p e  s e a l  r i n g  o n t o
t h e  p u m p  d r i v e  s h a f t .

1 6 .  i n s t a l l  o i l  p u m p  d r i v i n g  g e a r  a n d
w h i l e  h o l d i n g  i t  i n  p o s i t i o n ,  i n s t a l l  t h e
d r i v i n g  g e a r  s h a f t  ( s e e  F i g u r e  4 C - 3 1 ) .

17 .  I f  need le  ro l l e r  bear ing  was  removed
f r o m  t h e  p u m p  d r i v e n  g e a r ,  i n s t a l l  n e w
r e p l a c e m e n t .  I n s t a l l  b e a r i n g ,  p r e s s i n g
on  the  numbered  end  o f  the  bear ing  cage
a n d  i n t o  t h e  c h a m f e r e d  e n d  o f  t h e  g e a r ,
f l u s h  w i t h  t h e  b o t t o m  o f  t h e  c h a m f e r  i n
the  gear .

18 .  Ins ta l l  t he  assemb led  gear  and  bear -
ing into the oil pump body (see
F igure  4C-30  on  page  4C-24) .

1 9 .  I f  t h e  n e e d l e  r o l l e r  b e a r i n g  w a s  r e -
moved  f rom the  o i l  pump body  cover ,  i n -
s t a l l  n e w  r e p l a c e m e n t .  I n s t a l l  t h e
b e a r i n g ,  p r e s s i n g  o n  t h e  n u m b e r e d  e n d
o f  b e a r i n g  c a g e ,  u n t i l  t h e  b e a r i n g  i s
f i rm ly  sea ted  in  the  pump cover .

2 0 .  I n s t a l l  t h e  c l u t c h  p r e s s u r e  r e g u l a t o r
v a l v e  s p r i n g ,  v a l v e  a n d  s n a p  r i n g  i n  t h e
o i l  p u m p  b o d y  c o v e r  ( s e e  F i g u r e  4 C - 2 9
on page 4C-24).

2 1 .  I n s t a l l  t h e  o i l  p u m p  b o d y  c o v e r  g a s -
k e t  a n d  a s s e m b l e d  c o v e r  o n t o  t h e  o i l
pump body  and secure  w i th  s ix  bo l ts  and
lock  washers .

2 2 .  I n s t a l l  c o n v e r t e r  p r e s s u r e  r e g u l a t o r
v a l v e ,  s p r i n g ,  g a s k e t  a n d  p l u g  i n  p u m p
cover  (see  F igure  4C-28  on  page  4C-24) .

23. I n s t a l l  p l u g s  ( 2 8 ,  2 9 ,  3 0  a n d  3 1 ,
F igure  4C-41  on  page  4C-36) .

I N P U T  D I S C O N N E C T  C L U T C H .  T o  r e -
b u i l d  t h e  d i s c o n n e c t  c l u t c h ,  p r o c e e d  a s
f o l l o w s  ( s e e  F i g u r e  4 C - 3 4  o n  p a g e
4 C - 2 6 ) :

1 .  U s i n g  a  b e a r i n g  p u l l e r ,  r e m o v e  b a l l
b e a r i n g  a s s e m b l y  ( 5 1 )  f r o m  t h e  e n d  o f
t h e  c o n v e r t e r  d r i v e  s h a f t .

2 .  Remove  fou r  bo l t s  (32 )  and  lock  wash-
ers  (33)  secur ing  access  cover  (34) .

3 .  D i s c o n n e c t  t h e  t w o  g r e a s e  f i t t i n g s  ( 2 5
a n d  3 6 )  a n d  n u t s  ( 2 6  a n d  3 7 )  f r o m  t h e
b e a r i n g  l u b e  t u b e s  ( 2 7  a n d  3 8 ) .  R e m o v e
access  cover  (34) .

4 .  U s i n g  w r e n c h  T S D  2 0 2 3 1 ,  r e m o v e
s p a n n e r  l o c k  n u t  ( 1 )  f r o m  t h e  f r o n t  e n d
o f  t h e  c o n v e r t e r  d r i v e  s h a f t .

5 .  Us ing  cau t ion  no t  to  damage the  bear -
i n g  d i a m e t e r ,  d r i v e  o r  p r e s s  c o n v e r t e r
d r i v e  s h a f t  ( 4 ,  F i g u r e  4 C - 4 0  o n  p a g e
4 C - 3 5 )  r e a r w a r d  o u t  o f  c l u t c h  a s s e m b l y
( 4 )  a n d  b a l l  b e a r i n g  ( 3 5 ) .  R e m o v e  c o n -
v e r t e r  d r i v e  h o u s i n g  a s s e m b l y  ( 7 ,
F i g u r e  4 C - 4 0  o n  p a g e  4 C - 3 5 ) ,  b u t  D O
N O T  d i s a s s e m b l e  t h e  d r i v e  s h a f t  f r o m
t h e  d r i v e  h o u s i n g ,  s i n c e  i t  w a s  p a r t i a l l y
machined af ter  assembly.

6 .  R e m o v e  k e y  ( 2 ) ,  c l u t c h  a s s e m b l y  ( 4 )
and  a t tached  bear ing  lube  tube  (27) .

7 .  I f  n e c e s s a r y  f o r  p a r t s  r e p l a c e m e n t ,
remove  e lbow (28)  and  bear ing  lube  tube
(27 )  f rom sh i f t  co l l a r  (18 ) .

8 .  R e m o v e  e i g h t b o l t s  ( 4 0 )  a n d  l o c k
washers  (41)  f rom bear ing  re ta iner  (39) .

9 .  R e m o v e  b e a r i n g  r e t a i n e r  ( 3 9 )  a n d  a t -
tached  bear ing  lube  tube  (38) .

10 .  Remove  ba l l  bea r ing  (35 )  f rom c lu tch
h o u s i n g  ( 3 0 ) .

1 1 .  R e m o v e  b e a r i n g  l u b e  t u b e  ( 3 8 )  f r o m
b e a r i n g  r e t a i n e r  ( 3 9 ) .

12 .  Loosen  two  bo l t s  (47)  and  lock  wash-
e r s  ( 4 8 )  i n  c l u t c h  s h i f t e r  y o k e .
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Figure 4C-34. Exploded View of Input Disconnect Clutch



1 3 .  T a p  s h i f t e r  s h a f t  ( 4 4 )  o u t  o f  s h i f t e r
y o k e  ( 4 6 ) ,  a n d  r e m o v e  t w o  k e y s  ( 4 5 ) .
R e m o v e  t h e  s h i f t e r  s h a f t  a n d  y o k e  f r o m
hous ing  (30) .

14 .  C lean  and inspec t  par ts  as  exp la ined
u n d e r  “ C l e a n i n g  a n d  I n s p e c t i o n ”  o n  p a g e
4C-10 .

15 .  Ho ld  c lu tch  sh i f te r  yoke  (46)  in  pos i -
t i o n  i n s i d e  h o u s i n g  ( 3 0 ) .  S l i d e  s h a f t
( 4 4 )  i n t o  h o u s i n g  ( 3 0 )  a n d  i n s e r t  t w o
W o o d r u f f  k e y s  ( 4 5 )  i n  t h e i r  s l o t s  i n  s h a f t
( 4 4 ) .  S l i d e  t h e  s h a f t  i n t o  t h e  y o k e  a n d
in to  the  hous ing .

1 6 .  P o s i t i o n  y o k e  ( 4 6 )  c e n t r a l l y  o v e r
W o o d r u f f  k e y s  a n d  t i g h t e n  r e t a i n i n g
b o l t s  ( 4 7 )  a n d  l o c k  w a s h e r s  ( 4 8 )  o n  t h e
y o k e .

1 7 .  I n s t a l l  b e a r i n g  l u b e  t u b e  ( 3 8 )  o n
b e a r i n g  r e t a i n e r  ( 3 9 ) .

1 8 .  I n s t a l l  b a l l  b e a r i n g  ( 3 5 )  i n  h o u s i n g
(30) .

19 .  Secure  bear ing  re ta iner  (39)  to  hous-
i n g  ( 3 0 )  w i t h  e i g h t  b o l t s  ( 4 0 )  a n d  l o c k
washers  (41) .

2 0 .  P r e s s  o r  d r i v e  t h e  c o n v e r t e r  d r i v e
s h a f t  i n t o  t h e  r e t a i n e r  s i d e  o f  b a l l  b e a r -
i n g  ( 3 5 )  u n t i l  t h e  s h o u l d e r  o f  t h e  s h a f t
p r o t r u d e s  t h r o u g h  t h e  b e a r i n g  a p p r o x i -
m a t e l y  1 / 8  i n c h  ( 3 . 1 7 5  m m ) .  B e  c a r e f u l
n o t  t o  d a m a g e  t h e  b e a r i n g  d i a m e t e r  o n
the  sha f t .

2 1 .  I f  e l b o w  ( 2 8 )  a n d  b e a r i n g  l u b e  t u b e
were  removed,  ins ta l l  the  e lbow in to  sh i f t
c o l l a r  ( 1 8 ) ,  s o  t h a t  i t  i s  p a r a l l e l  w i t h
c l u t c h  b a c k  p l a t e  ( 9 )  a n d  p o i n t s  t o w a r d
t h e  r i g h t  ( w h e n  v i e w e d  f r o m  t h e  c o n -
v e r t e r  s i d e  o f  t h e  c l u t c h  a s s e m b l y ) .
I n s t a l l  b e a r i n g  l u b e  t u b e  ( 2 7 )  i n t o  t h e
e lbow.

22 .  Ins ta l l  c lu tch  assembly  (4 ) ,  engag ing
t h e  t w o  p i n s  o n  t h e  t h r o w  o u t  b e a r i n g  i n
t h e  y o k e  a s  t h e  c l u t c h  a s s e m b l y  i s  s l i d
i n t o  p l a c e .  B e  s u r e  t o  p l a c e  t u b e  ( 2 7 )
t o w a r d  t h e  c l u t c h  h o u s i n g  a c c e s s  c o v e r
open ing .

2 3 .  I n s t a l l  k e y  ( 2 )  b e t w e e n  t h e  c l u t c h
assembly  and conver te r  d r i ve  sha f t .

24. Install spanner lock nut (1,
F igu re  4C-40  on  page  4C-35)  and  to rque
to 250 to 300 pound feet (340 to 408 Nm),

u s i n g  s p a n n e r  w r e n c h  T S D  2 0 2 3 1 .  B e n d
a  s e c t i o n  o f  t h e  l o c k  n u t  i n t o  t h e  s h a f t
g r o o v e .

25 .  Ins ta l l  g rease  f i t t i ngs  (25  and 36)  in -
t o  t u b e s  ( 2 7  a n d  2 8 ) .  P u s h  t h e  u p p e r
e n d s  o f  t h e  t u b e s  t h r o u g h  h o l e s  i n  t h e
h o u s i n g .  I n s t a l l  n u t s  ( 2 6  a n d  3 7 )  o n t o
t h e  t u b e s .

2 6 .  S e c u r e  a c c e s s  c o v e r  ( 3 4 )  w i t h  f o u r
bo l t s  (32 )  and  lock  washers  (33) .

27 .  Press  s ing le  row ba l l  bear ing  assem-
b l y  ( 5 1 ) ,  w i t h  n u m b e r e d  s i d e  o u t ,  o n t o
t h e  c o n v e r t e r  d r i v e  s h a f t .

O I L  P U M P  I D L E R  G E A R .  T o  r e b u i l d  t h e
o i l  p u m p  i d l e r  g e a r ,  p r o c e e d  a s  f o l l o w s
(see  F igure  4C-38  on  page  4C-33) :

1 .  T o  r e m o v e  b a l l  b e a r i n g  ( 2 0 )  f r o m  h u b
o f  i d l e r  g e a r  ( 2 1 ) ,  g r i n d  t h e  h e a d  f r o m
t h r e e  r i v e t s  ( 2 2 ) .  T h e  h e a d  e n d  o f  t h e
r i v e t s  r e s t s  a g a i n s t  w a s h e r  ( 2 3 ) .  D r i v e
t h e  r i v e t s  f r o m  t h e  g e a r  a n d  r e m o v e  t h e
washers  and  bear ing .

2 .  C l e a n  a n d  i n s p e c t  p a r t s  a s  e x p l a i n e d
u n d e r  “ C l e a n i n g  a n d  I n s p e c t i o n ”  o n  p a g e
4C-10 .

3 .  I n s t a l l  t h e  b e a r i n g  i n t o  t h e  i d l e r  g e a r
h u b .  A s s e m b l e  t h e  w a s h e r  o n t o  t h e
r i v e t ,  a n d  i n s t a l l  t h e m  i n t o  t h e  f l a t  s i d e
o f  t h e  g e a r  h u b .  S u p p o r t  t h e  r i v e t  h e a d
(washer side) on a suitable hard
s u r f a c e ,  a n d  p e e n  t h e  r i v e t  s h a n k
a g a i n s t  t h e  s p o t f a c e .  R e p e a t  t h e  p r o c e -
d u r e  f o r  t h e  r e m a i n i n g  t w o  w a s h e r s  a n d
r i v e t s .  M a k e  s u r e  t h a t  t h e  f o r m e d  h e a d
d o e s  n o t  e x t e n d  b e y o n d  t h e  0 . 0 7  i n c h
( 1 . 7 7 8  m m )  d i m e n s i o n  i n d i c a t e d  i n
Figure 4C-35 on page 4C-28.

Assembly

T O R Q U E  C O N V E R T E R  O U T P U T  S H A F T .
T o  i n s t a l l  t h e  o u t p u t  s h a f t ,  p r o c e e d  a s
fo l lows :

1 .  Pos i t ion  the  conver te r  hous ing  assem-
b ly ,  rear  end  up ,  on  the  assembly  tab le .

2 .  I n s t a l l  t h e  o u t e r  r a c e  o f  t h e  f r o n t  r o l -
l e r  b e a r i n g ,  w i t h  t h e  t h i c k  e n d  d o w n ,  s o
that it rests against the end of the
ground  s leeve  (see  F igure  4C-19  on  page
4 C - 2 0 ) .
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Figure  4C-35 .  Id le r  Gear  and  Bear ing
Assembly

3 .  I n s t a l l  t h e  o u t p u t  s h a f t  s o  t h a t  t h e
f ron t  ro l le r  bear ing  engages  w i th  i t s  ou t -
e r  race .

4 .  I n s t a l l  t h e  b e a r i n g  r e t a i n e r  h o u s i n g
g a s k e t ,  m a k i n g  s u r e  t h a t  a n y  o i l  d r a i n
h o l e s  i n  t h e  b e a r i n g  h o u s i n g  a l i g n  w i t h
the  ho les  in  the  conver te r  hous ing .

5 .  S e c u r e  t h e  b e a r i n g  r e t a i n e r  h o u s i n g
with six 1/2-13 x 1-7/8 inch bolts and
l o c k  w a s h e r s .  T i g h t e n  t h e  b o l t s  t o  6 7  t o
80 pound feet  (91-108 Nm) torque.

6 .  I f  t h e  o u t e r  r a c e  o f  t h e  r e a r  r o l l e r
b e a r i n g  w a s  r e m o v e d ,  i n s t a l l  i t ,  t h i n
edge down,  in  the  bear ing  re ta iner  hous-
i n g .

I N S T A L L  B E A R I N G  R E T A I N E R .  T o  i n -
s ta l l  the  bear ing  re ta iner ,  p roceed  as  fo l -
lows:

1 .  I n s t a l l  t h e  b e a r i n g  r e t a i n e r  o n  t h e
o u t p u t  s h a f t  a n d  s e a t  i t  a g a i n s t  t h e  r e a r
b e a r i n g  b y  t a p p i n g  i t  l i g h t l y  w i t h  a  s o f t
h a m m e r  ( s e e  F i g u r e  4 C - 1 7  o n  p a g e
4 C - 1 9 ) .

2 .  Us ing  a  fee le r  gauge inser ted  be tween
b e a r i n g  r e t a i n e r  a n d  b e a r i n g  r e t a i n e r
h o u s i n g ,  m e a s u r e  t h e  s p a c e  b e t w e e n
those two par ts .

3 .  A d d  0 . 0 0 6  i n c h  ( 0 . 1 5 2 4  m m )  t o  t h e
measurement  ob ta ined  above .  Th is  i s  the
c a l c u l a t e d  s h i m  t h i c k n e s s .  M a k e  u p  a
s h i m  p a c k  a n d  i n s t a l l  i t  b e t w e e n  t h e  r e -
ta iner  and hous ing .

Figure 4C-36. Checking End
Play-Weight Rest ing on Housing

4 .  S e c u r e  t h e  r e t a i n e r  w i t h  e i g h t  3 / 8 - 1 6
x  1 - 1 / 4  i n c h  b o l t s  a n d  l o c k  w a s h e r s .
T igh ten  the  bo l t s  to  26  to  32  pound fee t
(35 to 43 Nm) torque.

CHECKlNG END PLAY OF OUTPUT

fo l lows :
S H A F T .  C h e c k  o u t p u t  s h a f t  e n d  p l a y  a s

1 .  T o  c h e c k  t h e  e n d  p l a y  i n  t h e  o u t p u t
s h a f t ,  p o s i t i o n  t h e  c o n v e r t e r ,  r e a r  e n d
u p ,  o n  t h e  a s s e m b l y  t a b l e .  S u p p o r t  t h e
c o n v e r t e r  b y  t h e  c o n v e r t e r  h o u s i n g
o n l y .  M a k e  s u r e  t h e  s h a f t  d o e s  n o t
touch  the  tab le .

2 .  A t tach  a  d ia l  ind ica to r  to  the  conver t -
e r  h o u s i n g  s o  t h a t  t h e  i n d i c a t o r  t o u c h e s
the rear end of  the oi l  seal  s leeve on the
outpu t  s leeve  (see  F igure  4C-36) .

3 .  I n s t a l l  a n  e y e b o l t  i n  t h e  r e a r  e n d  o f
t h e  o u t p u t  s h a f t .  U s i n g  a  h o i s t ,  r a i s e
t h e  c o n v e r t e r  h i g h  e n o u g h  t o  b e  s u r e
tha t  a l l  the  we igh t  o f  the  conver te r  i s  on
t h e  o u t p u t  s h a f t  ( s e e  F i g u r e  4 C - 3 7  o n
page 4C-29).

4 .  T h e  i n d i c a t o r  r e a d i n g  i s  t h e  e n d  p l a y
o f  t h e  o u t p u t  s h a f t .  T h e  e n d  p l a y  m u s t
b e  a t  l e a s t  0 . 0 0 4  i n c h  ( 0 . 1 0 1 6  m m )  b u t
not over 0.006 inch (0.1524 mm).

5 .  I f  the  end p lay  i s  less  than 0 .004 inch
(0 .1016  mm) ,  remove  the  bear ing  re ta in -
e r  and  add  a  su f f i c ien t  amount  o f  sh ims
t o  t h e  s h i m  p a c k  t o  b r i n g  t h e  e n d  p l a y
w i t h i n  t h e  r e q u i r e d  l i m i t s .  I f  e n d  p l a y
exceeds  0 .006  inch  (0 .1525  mm) ,  remove
suff ic ient  amounts of  shims from the shim
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Figure 4C-37. Checking End
Play-Weight Suspended

p a c k  t o  b r i n g  t h e  e n d  p l a y  w i t h i n  t h e
requ i red  l im i ts .

INSTALLING TORQUE CONVERTER EL-
E M E N T S .  T o  i n s t a l l  t h e  t o r q u e  c o n v e r t -
er  e lements,  proceed as fo l lows:

1 .  Ins ta l l  the  sea l  r ings  on  the  conver te r
g round  s leeve  (see  F igure  4C-16  on  page
4 C - 1 9 ) .

2 .  I n s t a l l  c o n v e r t e r  p u m p  h u b  ( 1 7 ,
F i g u r e  4 C - 3 9  o n  p a g e  4 C - 3 4 ) ,  d o u b l e
r o w  b a l l  b e a r i n g  a s s e m b l y  ( 0 8 )  a n d  s e a l
r i n g  ( 1 0 )  a s  a n  a s s e m b l y  o n t o  t h e  c o n -
v e r t e r  g r o u n d  s l e e v e .

I n d e x  t a n g s  o n  p u m p  h u b  ( 1 7 )
w i t h  t h e  s l o t s  i n  c h a r g i n g  p u m p
d r i v e  g e a r  ( 2 ,  F i g u r e  4 C - 3 8  o n
page  4C-33) .

3 .  I n s t a l l  t h e  c o n v e r t e r  p u m p  a s s e m b l y
(see Figure 4C-14 on page 4C-18).

4 .  I n s t a l l  t h e  s p l i t  r e t a i n e r .

5 .  S e c u r e  t h e  c o n v e r t e r  p u m p  w i t h  s i x
l o c k  s t r i p s  a n d  1 2  3 / 8 - 2 4  x  1 - 3 / 8  i n c h
bo l t s  (see  F igure  4C-13  on  page  4C-18) .
T i g h t e n  b o l t s  t o  3 3  t o  4 0  p o u n d  f e e t  ( 4 5
t o  5 4  N m )  t o r q u e .  B e n d  a  c o r n e r  o f  l o c k
s t r ip  aga ins t  each  o f  the  bo l t  heads .

6 .  I n s t a l l  p l a t e  ( 1 5 ,  F i g u r e  4 C - 3 9  o n
p a g e  4 C - 3 4 )  o n t o  t h e  c o n v e r t e r  o u t p u t
s h a f t .

7 .  P l a c e  s t a t o r  ( 2 )  o n  t h e  a s s e m b l y
tab le ,  th ick  edge vane s ide  up .

8 .  I n s t a l l  t e n  r o l l e r s  ( 4 )  a n d  t e n  s p r i n g s
( 3 )  i n  s t a t o r  ( 2 ) .  R e t a i n  t h e  r o l l e r s  a n d
s p r i n g s  i n  t h e  s t a t o r  w i t h  a  h e a v y  c o a t -
ing of  o i l  soluble grease.

NOTE

Spr ings  shou ld  be  in  the  deep end
o f  the  cam pocke t  and  the  o ther  i n
t h e  s h a l l o w  e n d .  N o t e  t h a t  t h e
o p e n  e n d  o f  t h e  s p r i n g  n e x t  t o  t h e
r o l l e r  i s  t o w a r d  t h e  b o r e  o f  t h e
s t a t o r .

9 .  I n s t a l l  f r e e w h e e l  r o l l e r  r a c e  ( 1 4 ,
F i  u r e  4 C - 3 9  o n  p a g e  4 C - 3 4 )  i n t o  s t a t o r
(2 ) ,  sp l ined  end  o f  the  race  f i r s t .

10 .  Ins ta l l  the  assembled  s ta to r  w i th  ro l l -
e r  r a c e  o n t o  t h e  c o n v e r t e r  o u t p u t  s h a f t ,
sp l ined  end  o f  the  race  f i r s t .

NOTE

S t a t o r  s h o u l d  r o t a t e  f r e e l y  i n  a
c l o c k w i s e  d i r e c t i o n ,  b u t  l o c k  u p
w h e n  a t t e m p t  i s  m a d e  t o  r o t a t e  i t
in  the  oppos i te  d i rec t ion .

11 .  Us ing  spanner  wrench  J  6534 ,  ins ta l l
f r e e w h e e l  r o l l e r  r a c e  r e t a i n e r  n u t .
T igh ten  the  nu t  to  275-325  lb - f t  (374-442
N m )  t o r q u e  a n d  s t a k e  s e c u r e l y  ( s e e
Figure 4C-12 on page 4C-17).

1 2 .  I n s t a l l  s n a p  r i n g  ( 1 9 ,  F i g u r e  4 C - 4 0
o n  p a g e  4 C - 3 5 )  o n t o  c o n v e r t e r  o u t p u t
sha f t  (03 ,  F igure  4C-27  on  page  4C-22) .

1 3 .  I n s t a l l  t h e  a s s e m b l e d  t u r b i n e ,  s p r a g
and bear ing  assembly  on to  the  conver te r
o u t p u t  s h a f t .

1 4 .  I n s t a l l  t h e  i n n e r  r a c e  o f  r o l l e r  b e a r -
i n g  ( 1 0 ,  F i g u r e  4 C - 4 0  o n  p a g e  4 C - 3 5 )
o n t o  t h e  c o n v e r t e r  o u t p u t  s h a f t  a n d  s e -
c u r e  w i t h  s n a p  r i n g  ( 9 ) .

INSTALL DISCONNECT CLUTCH. To in-
s t a l l  t h e  d i s c o n n e c t  c l u t c h ,  p r o c e e d  a s
fo l lows :

1 .  P o s i t i o n  t h e  c o n v e r t e r  h o u s i n g  o n  i t s
o u t p u t  e n d .
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2 .  I n s t a l l  a  h e a d l e s s  g u i d e  b o l t  i n  t h e
converter drive shaft housing (7,
Figure 4C-40 on page 4C-35).

3 .  U s i n g  a  s l i n g ,  i n s t a l l  t h e  c l u t c h  a s -
s e m b l y  o n t o  t h e  c o n v e r t e r ,  u s i n g  t h e
h e a d l e s s  g u i d e  b o l t  t o  a l i g n  t h e  d r i v e
shaf t  hous ing  bo l t  ho les  w i th  the  ho les  in
c o n v e r t e r  p u m p  ( 1 1 ,  F i g u r e  4 C - 3 9  o n
p a g e  4 C - 3 4 ) .  A l s o  a l i g n  t h e  d i s c o n n e c t
h o u s i n g  t o  c o n v e r t e r  h o u s i n g  m o u n t i n g
bol t  holes.

4 .  W o r k i n g  t h r o u g h  t h e  c o n v e r t e r  c o v e r
access opening,  remove the headless
gu ide  bo l t ,  and  ins ta l l  30  conver te r  d r i v -
e n  s h a f t  h o u s i n g  t o  c o n v e r t e r  p u m p
3/8-24 x 1-1/4 inch bolts. T i g h t  b o l t s  t o
41 to 49 pound feet (56 to 66
t o r q u e .

Nm)

5 .  I n s t a l l  1 1  c o n v e r t e r  h o u s i n g  t o  d i s -
connect clutch housing bolts (24,
F i g u r e  4 C - 3 8  o n  p a g e  4 C - 3 3 )  w i t h  l o c k
washers  (25) .

6 .  Ins ta l l  conver te r  hous ing  access  cover
( 4 )  a n d  g a s k e t  ( 3 )  a n d  s e c u r e  w i t h  t w o
3/8-16 x 3/4 inch bolts and lock
w a s h e r s .  T i g h t e n  t h e  b o l t s  t o  2 6  t o  3 2
pound feet  (35 to 43 Nm) torque.

I N S T A L L  C H A R G I N G  O I L  P U M P .  T o  i n -
s t a l l  t h e  c h a r g i n g  o i l  p u m p ,  p r o c e e d  a s
fo l lows :

1 .  I n s t a l l  t h e  o i l  p u m p  b o d y  g a s k e t  a n d
o i l  p u m p  o n  c o n v e r t e r  h o u s i n g  ( s e e
Figure 4C-11 on page 4C-17).

2 .  S e c u r e  t h e  p u m p  t o  t h e  c o n v e r t e r
h o u s i n g  w i t h  s i x  3 / 8 - 1 6  x  1 - 3 / 8  i n c h
b o l t s  a n d  l o c k  w a s h e r .  T i g h t e n  t h e  b o l t s
to 26 to 32 pound feet  (35 to 43 Nm) tor-
que .

Be sure  the  o i l  pump turns f ree ly
after is is bolted to the converter
housing.

3 .  I n s t a l l  t h e  c o n v e r t e r  h o u s i n g  a c c e s s
c o v e r  g a s k e t  ( 3 ,  F i g u r e  4 C - 3 8  o n  p a g e
4 C - 3 3 )  a n d  c o v e r  ( 4 )  o n t o  t h e  c o n v e r t e r
h o u s i n g .  S e c u r e  t h e  c o v e r  t o  t h e  h o u s -
i n g  w i t h  t w o  3 / 8 - 1 6  x  3 / 4  i n c h  b o l t s  a n d
l o c k  w a s h e r s .  T i g h t e n  t h e  b o l t s  t o  2 6  t o
32 pound feet  (35 to 43 Nm) torque.

INSTALLATION

T o  i n s t a l l  t h e  t o r q u e  c o n v e r t e r ,  p r o c e e d
as fo l lows :

1. Us ing  a  su i tab le  l i f t ing  dev ice ,  se t  the
to rque  conver te r  in to  the  mach ine .

2. A l i g n  t h e  t o r q u e  c o n v e r t e r  i n p u t  d i s -
connec t  c lu tch  w i th  the  c lu tch  d r i ve  gear
( i t  m a y  b e  n e c e s s a r y  t o  r e m o v e  t h e  i n -
spec t ion  cover  f rom the  to rque  conver te r
to  l i ne  the  c lu tch  and  gear  up) .

3 .  S l i d e  t h e  t o r q u e  c o n v e r t e r  f o r w a r d .
I n s t a l l  t h e  c a p s c r e w s  a n d  l o c k  w a s h e r s .
T i g h t e n  t h e  h a r d w a r e  t o  s t a n d a r d  t o r q u e
v a l u e s  ( c a p s c r e w s  a r e  7 / 1 6 ” - 1 4  U N C  x
2-1/4” long).

4. Attach the clutch operating
m e c h a n i s m ,  b u t  d o  n o t  a d j u s t  a t  t h i s
t ime.

5 .  A t tach  the  p rope l le r  sha f t .

6 .  Connec t  the  tempera tu re  and  p ressure
leads to the senders.

7 .  Connec t  a l l  hydrau l i c  l i nes .

8 . F i l l  t h e  t o r q u e  c o n v e r t e r  o i l  r e s e r v o i r
t o  t h e  p r o p e r  l e v e l .  S e e  t h e  O p e r a t o r s
Manual.

9 . Remove the  inspec t ion  cover  f rom the
t o p  o f  t h e  t o r q u e  c o n v e r t e r .  A d j u s t  t h e
clutch as fo l lows:

A .

B .

D i s e n g a g e  t h e  c l u t c h .  R o t a t e  t h e
c l u t c h  a s s e m b l y  u n t i l  t h e  a d j u s t m e n t
col lar  lock pin is accessible.

Release the adjustment col lar  lock p in
b y  p u l l i n g  o u t  t h e  p i n ,  R o t a t e  t h e
ad jus tment  co l la r  and  t igh ten  un t i l  t he
engagement  fo rce  i s  1150-1580  in - lbs
(130 -179  Nm) .  The  engagemen t  fo rce
shou ld  be  checked  by  a t tach ing  a  to r -
que  wrench  to  the  c lu tch  c ross  sha f t .

Always be sure the adjustment col-
lar  lock p in  is  engaged in  one of
t h e  2 4  h o l e s  i n  t h e  h u b  p l a t e  o r
the clutch will come out of adjust-
ment.

10.  Ad jus t  the  c lu tch  ac tua to r  (see  Sub-
sec t ion  4B) .
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1 1 .  I n s t a l l  t h e  t o r q u e  c o n v e r t e r  a c c e s s
c o v e r .

1 2 .  L u b r i c a t e  t h e  c l u t c h  b e a r i n g . See
the  Opera to rs  Manua l .

Wear Limits Data

G E N E R A L .  T h e  w e a r  l i m i t s  s h o w n  i n
Tab le  4C-4  on  page  4C-32  l i s ts  the  max i -
m u m  v a r i a t i o n s  f r o m  t h e  o r i g i n a l  d i m e n -
sions a t  w h i c h  t h e  c o n v e r t e r  c a n  b e
e x p e c t e d  t o  f u n c t i o n  s a t i s f a c t o r i l y .  I t  i s
p o s s i b l e  t h a t  i n  i n d i v i d u a l  c a s e s  p a r t s
m a y  g i v e  s a t i s f a c t o r y  s e r v i c e  b e y o n d  t h e
l i m i t s  s p e c i f i e d .  T h e  t a b l e  i s  b a s e d  o n
f i e l d  s e r v i c e  e x p e r i e n c e  a n d  i s  i n t e n d e d
o n l y  a s  a  g u i d e  t o  p a r t s  r e p l a c e m e n t .
Use  th is  tab le  in  con junc t ion  w i th  “C lean-
ing  and  Inspec t ion”  on  page 4C-10 .

B E A R I N G S ,  J O U R N A L S  A N D  B O R E S .
T h e  a p p l i c a t i o n  o f  b e a r i n g s  t o  a n y  p r o d -
u c t  i s  b a s e d  o n  t h e  r e c o m m e n d a t i o n s  o f
the bearing manufacturer and,
there fo re ,  no  d iamet ra l  d imens iona l  dev i -
a t i o n  s h o u l d  b e  p e r m i t t e d  o n  t h e  b e a r -
i n g s  o r  m a t i n g  p i e c e s .  B e a r i n g  s h o u l d
b e  c a r e f u l l y  c h e c k e d  f o r  s i g n s  o f  d i s -
t r e s s  b e f o r e  r e i n s t a l l i n g  i n  t h e .  t o r q u e
c o n v e r t e r .

G E A R S .  G e a r s  s h o u l d  b e  i n s p e c t e d  f o r
l o a d  p a t t e r n s  a n d  s i g n s  o f  d i s t r e s s .  A n y
d i s t r e s s  i n d i c a t e s  a  p o s s i b l e  f u t u r e  f a i l -
u r e  a n d  t h e  r e - u s i n g  o f  s u c h  g e a r s
s h o u l d  b e  t h e  d e c i s i o n  o f  t h e  i n d i v i d u a l
c u s t o m e r  b a s e d  o n  p r e v i o u s  e x p e r i e n c e .
Back lash  cannot  be  used  to  es tab l i sh  c r i -

t i c a l  w e a r  o f  a  g e a r  s i n c e  p r o d u c t i o n
b a c k l a s h  t o l e r a n c e s  a r e  o f  s u c h  n a t u r e
t h a t  a  g e a r  u s u a l l y  p i t s ,  s c u f f s ,  s c o r e s
or  ga l l s  l ong  be fo re  the  gear  wears  su f f i -
ciently that such wear could be
determined by backlash measurements.

S P L I N E S .  U n l e s s  s e v e r e ,  s p l i n e  w e a r  i s
n o t  c o n s i d e r e d  d e t r i m e n t a l  e x c e p t  w h e r e
i t  a f f e c t s  t i g h t n e s s  o f  a n  a s s e m b l y  s u c h
a s  d r i v e  l i n e  f l a n g e s .  H e r e  a g a i n ,  b a c k -
l a s h  c a n n o t  b e  u s e d  t o  e s t a b l i s h  c r i t i c a l
w e a r  o f  s p l i n e s  s i n c e  b o t h  p a r t s  ( m a l e
and  fema le )  mus t  be  cen t ra l l y  l oca ted  in
respect to each other in order to obtain a
co r rec t  measuremen t .

O I L  S E A L S .  S e a l s  s h o u l d  b e  r e p l a c e d  i f
t h e r e  a r e  s i g n s  o f  e x c e s s i v e  h a r d e n i n g ,
s c o r i n g  o r  o t h e r  i n d i c a t i o n s  o f  d e t e r i -
o r a t i o n .

S P R I N G S .  S p r i n g s  s h o u l d  b e  r e p l a c e d  i f
t h e y  s h o w  s i g n s  o f  o v e r h e a t i n g ,  p e r m a -
n e n t  s e t  ( s e e  i n d i v i d u a l  p a r t  w e a r  l i m i t s
f o r  l o a d  v e r s u s  h e i g h t  d i m e n s i o n s )  o r
wear  due  to  rubb ing  ad jacen t  par ts .

P I S T O N  T Y P E  S E A L  R I N G S .  S i d e s  o f
the  sea l  r i ng  shou ld  be  smooth ;  max imum
s i d e  w e a r  0 . 0 0 5  i n c h  ( 0 . 1 2 7  m m ) . T h e
s i d e s  o f  t h e  s h a f t  g r o o v e  i n  w h i c h  t h e
s e a l  r i n g  r u n s  s h o u l d  b e  s m o o t h  ( 5 0  m i -
c r o i n c h ) ,  a n d  s q u a r e  w i t h  t h e  a x i s  o f  r o -
t a t i o n  w i t h i n  0 . 0 0 2  i n c h  ( 0 . 0 5 1  N m ) .  A
new sea l  r ing  shou ld  be  ins ta l led  i f  sha f t
g r o o v e s  a r e  r e w o r k e d ,  o r  s e a l  r i n g  o u t -
s ide  d iameter  wear  causes the  poss ib i l i t y
o f  t h e  g a p  c l o s i n g  b e t w e e n  t h e  s e a l  r i n g
hooks  when the  r ing  i s  ins ta l led .
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DESCRIPTION

CONVERTER HOUSING ASSEMBLY
Oil  Pump Drive Gear
O i l  P u m p  D r i v e  G e a r  T h i c k n e s s

(Gear may be r e v e r s e d  t o  e q u a l i z e
wear)

4.172 (105.969)
0 . 0 0 6  ( 0 . 1 5 2 )

TURBINE AND STATOR ASSEMBLY
Turbine Hub Depth-Min
Turbine Hub Depth-Max
Ro l le r  Thrus t  Washer  Th ick -M in
Rol ler  Thrust  Washer Thick-Max
Sta to r  S ide  Washer  Th ick -Min
Stator Side Washer Thick-Max
Al l  S ta to r  Washers -Min
A l l  S ta to r  Washers -Max
Sta to r  Back  P la te  Th ick -Min
Sta to r  Back  P la te  Th ick -Max

CHARGING OIL PUMP
C l u t c h  p r e s s u r e  r e g u l a t i n g

v a l v e - c l e a r a n c e  w i t h  o i l  p u m p  c o v -
e r

Gear and c learance
C l u t c h  p r e s s u r e  s p r i n g - F r e e

h e i g h t  ( L e n g t h  u n d e r  f o r c e  o f  2 4
t o  2 8  p o u n d s  o r  1 0 6 . 7 8  t o  1 2 4 . 5 5
is  1 .75  inch  o r  79 .9  mm)
C o n v e r t e r  p r e s s u r e  r e g u l a t i n g

v a l v e  c l e a r a n c e  w i t h  o i l pump cov-
e r

C o n v e r t e r  p r e s s u r e spr ing-Free
h e i g h t  ( L e n g t h  u n d e r  f o r c e  o f  9 1 . 2
to 100.8 pounds or 408.35 to
448.38 is 3.420 inch or 86.868 mm)

DIMENSION-INCH(MM) WEAR LIMIT-INCH(MM)

4 .162  (105 .715)
Each Face

0.650
0.652
0.023
0.027
0.340
0.360
4.010
4.014
0.334
0.338

(16.51)
(16.56)
(0.584)
(0.686)
(8.636)
(9.144)

(101.854)
(101.956)
( 8 . 4 8 3 4 )
( 8 . 5 8 5 4 )

2 .397  (60 .884)

4 .72  (119 .888)

Table 4C-4.  Wear Limits Data

0 .641  (16 .281)

0 .022  (0 .559)

0 .032  (8 .128)

4.016 (102.006)

0 .324  (8 .230)

0 .004  (0 .102)

0 .010  (0 .254)

0 .006  (0 .152)
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Figure 4C-38. Exploded View Converter Housing
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Figure 4C-39. Exploded View of Torque Converter
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Figure 4C-40. Exploded View of Converter Drive and Sprag Clutch
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Figure 4C-41. Exploded View of Charging Oi l  Pump
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SUBSECTION 4D

PROPELLER SHAFTS

GENERAL

The information contained in this subsection covers the re-
moval, repair and installation of the propeller shafts. Re-
pair of these propeller shafts is limited to the replacement of
the parts furnished in the service kits for these propeller
shafts. See the Replacement Parts Manual.

PROPELLER SHAFT (102683)

GENERAL. This propeller shaft is used to connect the
torque converter to the worm gear. The propeller shaft is
flange yoke mounted at both ends.

If the slip joint is removed from the propeller
shaft it must be assembled to the propeller
shaft in the original position. The matchmark-
ing arrows on the shaft and sleeve must be
visible before disassembly. If the arrow marks
are not visible, mark both members before dis-
assembling them.

1. Remove the bolts which secure the flange yokes to the
companion flanges at both ends of the propeller shaft

2. Slide the propeller shaft free of the companion flanges
and remove it from the machine.

REMOVAL. To remove the propeller shaft, proceed as fol- DISASSEMBLY. To disassemble the universal joint, pro-
lows (see Figure 4D-1): ceed as follows (see Figure 4D-1):

Figure 4D-1. Propeller Shaft (10Z563)
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SUBSECTION 4D PROPELLER SHAFTS

1. Bend the tabs on the lockstraps and remove the cap-
screws holding the bearing retainers in place.

2. Drive on the end of one bearing cap until the opposite
bearing cap comes out.

3. Turn the joint over and tap the exposedend of the journal
cross with a soft drift until the opposite needle bearing cap
is free.

4. Remove the journal cross by sliding it to the side of the
yoke and tilting it over the top of the yoke lug.

REPAIR. Repair of the universal joint is limited to replacing
the journal cross, bearings, and lock straps contained in the
repair kit. Check yoke cross holes for alignment or raised
metal. Check for alignment by sliding a bar the same diame-
ter as the cross holes. The bar should slide through both
cross holes simultaneously. If not the yoke is distorted and
the U-joint must be replaced. Remove raised metal from the
yoke cross holes using a rat tail or half round file.

ASSEMBLY. To assemble the bearing assemblies, proceed
as follows:

1. Tilt the journal cross and insert it in the yoke.

2. Lubricate the bearings with multi-purpose grease as in-
dicated in Section III.

3. Insert the bearings from outside of the yoke. Press or tap
the bearings into place with a soft drift.

4. Place the bearing retainer in position and secure with
the capscrews. Bend the tabs up on the capscrews to keep
them from working loose.

INSTALLATION. The complete assembly is now ready to be
installed in the machine. To install the propeller shaft, pro-
ceed as follows:

1. Place the propeller shaft in the machine and align the
flange yokes with the companion flanges.

2. Install and tighten the attaching bolts, lockwashers, and
nuts.

PROPELLER SHAFT (10Z553)

GENERAL. This propeller shaft is used to connect the en-
gine to the propel pump drive. The propeller shaft is flange
yoke mounted at both ends.

REMOVAL. To remove the propeller shaft, proceed as fol-
lows (see Figure 4D-2):

If the slip joint is disassembled, it must be as-
sembled in the original position. The match
marking arrows on the sleeve must be visible
before disassembly. If the arrow marks are not
visible, mark both members before disassem-
bling them.

1. Remove the bolts which secure the flange yokes to the
companion flanges at both ends of the propeller shaft.

Figure 4D-2. Propeller Shaft (10Z553)
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2. Slide the propeller shaft free of the companion flanges
and remove it from the machine.

DISASSEMBLY. To disassemble the universal joint, pro-

ASSEMBLY. To assemble the bearing assemblies, proceed
as follows (see Figure 4D-2):

1. Tilt the journal cross and insert it in the Yoke.
ceed as follows (see Figure 4D-2): 2. Lubricate the bearings with multi-purpose grease as in-

dicated in Section III.

3. Insert the bearings from outside of the yoke. Press or tap
the bearings into place with a soft drift.

4. Insert the snap rings and make sure they are secure in
the snap ring groove.

1. Remove the snap rings by pinching the ends together. If
a ring does not readily snap out of the groove in the yoke. tap
the end of the bearing cap lightly to relieve the pressure
against the ring.

2. Drive on the end of one bearing cap until the opposite
bearing cap comes out.

3. Turn the joint over and tap the exposed end of the journal
cross with a soft drift until the opposite needle bearing cap
is free.

INSTALLATION. To install the propeller shaft, proceed as
follows:

4. Remove the journal cross by sliding it to the side of the
yoke and tilting it over the top of the yoke lug.

1. Place the propeller shaft in the machine and align the
flange yokes with the companion flanges.

2. Insert and align the adapter plate (218P756) between
REPAIR. Repair of the universal joint is limited to replacing the flange yoke and the input flange of the propel pump
the journal cross, bearings, and snap rings contained in the drive.
repair kit. 3. Install and tighten the attaching hardware.
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SUBSECTION 4E

CHAINS AND IDLER SHAFTS

GENERAL

This subsection covers the troubleshooting, removal and in-
stallation of the chains. In addition it covers the removal, re-
pair and installation of the idler shaft.

TROUBLESHOOTlNG

A troubleshooting chart at the end of this subsection lists
some of the difficulties which may be experienced with the
chains. Remedies are given which may be used to correct a
specific problem.

CHAIN (20Z1017)

REMOVAL. To remove the chain, remove the chain case
cover and gasket. Turn the drive until the connecting link is
fully engaged with one of the sprockets, so as to relieve the
tension of the connecting link pins. Loosen chain tension,
then remove the connecting link and lift the chain off the
sprockets.

INSPECTION AND REPAIR. A chain, like any other oper-
ating equipment, requires inspection to obtain long life and
satisfactory performance. Inspect the chain as follows:

1. Check for wear on the sides of the sprocket teeth and on
the link plates. Such wear indicates misalignment.

2. Check for wear on the working faces of the sprocket
teeth. As the drive runs in, these faces should develop a
bright, polished appearance. Scratches, galls, grooves, or
visible changes in tooth form are signs of trouble, probably
caused by sluggish roller action due to lubrication prob-
lems.

3. An elongation of as much as three percent indicates that
the chain is riding near its limit of allowable height on the
sprocket teeth. Gradual increases in chain length are the
result of normal wear.

4. Check the chain and the sprocket teeth for accumula-
tions of dirt or foreign materials and for evidence of corro-
sion. Foreign material packed into the chain or sprocket
teeth may cause chain or sprocket breakage.

5. Check the lubricant level in the chain case. See the Op-
erator’s Manual for the method of checking the level.

6. To cut a roller chain, alternately strike the two pins of a
link out of its link plate. Be sure to alternately strike the pins
to avoid distortion of the roller link plates. If the Pins are
“headed”. grind off the’heads before driving them through
the link plates.

INSTALLATION. To install a chain, wrap the chain around
the sprockets, bringing the free ends together on one
sprocket. Insert the pins of the connecting link in the two
end links of the chain; then install the free plate of the con-
necting link, and fasten the plate using the cotter, spring
clip or other fasteners supplied. After the fasteners have
been inserted, it is important that the ends of the chain pins
be tapped back so that the fasteners come up snugly against
the outside of the connecting link plate.

CHAIN TENSION ADJUSTMENT. To check and adjust the
chain, proceed as follows (see Figure 4E-1):

1. Remove the chain case inspection plate. Loosen four
idler capscrews (see Figure 4E-2).

2. Loosen the jam nut “A” and turn adjusting nut “B”
against yoke to adjust.

3. Adjust the chain tension so that there is approximately
1/2 inch total midspan deflection at point “X” as indicated
in Figure 4E-1. To tighten the chain, turn adjusting nut “B”
to the right; to loosen turn nut in opposite direction.

Do not adjust the chain too tight as this will
cause excessive wear to the chain and
sprocket.

4. Tighten jam nut “A” against adjusting nut “B”. Tighten
four idler capscrews (see Figure 4E-2).

5. Repeat the above procedure for the chain on the oppo-
site side of the chain case.

NOTE

Both chains must be adjusted evenly to obtain the
same amount of slack.
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Figure 4E-1. Chain Case and Idler Shaft (2100J1389 and 2100J515F1)

IDLER SHAFT (2100N515F1)

REMOVAL AND DISASSEMBLY. To remove and disassem-
ble the idler shaft, proceed as follows (see Figure 4E-2):

1. Remove the chain case cover, gasket and chain.

2. Separate the chain tightener yoke from lever arm.

3 Remove four capscrews and lever arm.

4. Reach inside the chain case and remove the idler
sprocket and shaft.

5. Remove O-ring from shaft. Discard O-ring.

6. Remove sprocket retaining ring and slide bearing and
sprocket off the shaft.

7. Remove one of the bearing retaining rings from the
sprocket and press or tap the bearing out of the sprocket.

INSPECTION AND REPAIR. Prior to assembly, inspect the
idler parts as follows:

4E-2

1. Inspect the bearing for wear or damage. Replace if
necessary.

2. Check for wear on the sides and on the working face of
the sprocket teeth. Scratches, galls, grooves or visible
changes in tooth form are signs of wear. Replace the
sprocket if necessary.

3. Check the sprocket teeth for accumulations of dirt or
foreign materials and for evidence of corrosion.

4. Check the lever arm for corrosion in area where it enters
the gear case. Clean or replace as necessary.

5. Install the bearing into the sprocket and secure with the
bearing retaining rings.

6. Install the bearing on the shaft and secure with the
sprocket retaining ring.

7. Lubricate the O-ring and install on the shaft.

8. Lubricate the bearing before installation.
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Figure 4E-2. Idler Shaft (2100N515F1)

INSTALLATION. To install the idler shaft, proceed as fol-
lows (see Figure 4E-2):

3. Attach the chain tightener yoke assembly to the lever
arm.

1. From inside the chain case, install the idler sprocket and
shaft. Use care not to cut the O-ring.

2. Install the lever arm and capscrews. Do not tighten the
capscrews at this time.

4. Install the chain and adjust it as described under the
topic Chain Tension Adjustment.

5. Tighten the idler shaft capscrews and install the chain
case cover and gasket.
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SUBSECTION 5A

HYDRAULIC SYSTEM

GENERAL

The hydraulic control system, as defined for this manual, in-
cludes all the hydraulic control components on the upper of
the machine and the crawler extension system, The items
included in this system are the pump, control valves, actuat-
ing cylinders, and related components. The propel hydrau-
lics is covered in Section IX.

A hydraulic schematic of the complete hydraulic control
system, along with a description of system operation, is at
the rear of this subsection.

FLUSHING THE HYDRAULIC SYSTEM

If any evidence of hydraulic system contamination, such as
dirt, sludge, and/or metallic particles is discovered, flush
and clean the system as follows. If the cause of the con-
tamination is due to a faulty component the component
must be repaired or replaced before the hydraulic system is
flushed.

NOTE

The hydraulic oil should be warmed before the reser-
voir is drained.

1. Locate the machine on a flat, level surface.

2. Remove the drain plug and drain the oil into a suitable
container. Allow sufficient time for all the oil to drain from
the walls of the reservoir.

3. Install the dram plug. Fill the reservoir with a 50-50 mix-
ture of kerosene and clean hydraulic oil.

4. Cycle the machine through all crane functions. It is im-
portant that all valves be operated so that the new oil goes
through all lines.

5. Circulate the oil through the system until inspection
shows the equipment to be in satisfactory condition, or until
it is obvious that the system will have to be disassembled
and cleaned manually.

6. Remove the drain plug and drain the flushing oil from the
reservoir. Remove the filter from the top of the reservoir and
clean the inside of the reservoir manually. Reinstall the
drain plug and the reservoir filter. Refill the reservoir with
clean hydraulic oil. Be sure to clean the system return fil-
ters and change the outlet filter element before refilling the
system.

7. Cycle the machine through all crane functions

BLEEDING THE HYDRAULIC SYSTEM

GENERAL. When air is present in the hydraulic system, the
controls will be “spongy” and will not operate efficiently.
Air will enter the system if a control valve is removed or a
line is broken between a control valve and hydraulic cylin-
der. The following statements apply to all bleeding oper-
ations:

1. Check all fittings, hoses and lines for leaks.

2. Hydraulic oil should be visible in the sight gauge of the
hydraulic reservoir. Fill as necessary with the oil specified
in Section III.

3. Normally it is not necessary to bleed the lines or valves
(except those for the right and left drum brakes) on the con-
trol stand, all bleeding is to be done at the respective slave
cylinders.

Hydraulic oil must not come in contact with
any brake or clutch lining during bleeding op-
erations. If this does occur, replacement of the
linings will be necessary.

4. Cylinder bleeding is best accomplished by using a clear
plastic hose attached to the bleeder fitting with its other
end at the bottom of a partially filled jar or can of hydraulic
oil to prevent air from entering the bleeder hose. The
bleeder fittings should only be opened when the cylinders
are under some amount of pressure.

5. After the bleeding operation is completed, recheck the
oil level. Refill the reservoir to bring oil levels to the upper
half of the sight gauge with all hydraulic cylinders fully re-
tracted and the engine off.

6. The procedure as described is for bleeding the entire hy-
draulic control system. If only a portion of this circuit re-
quires bleeding, only the steps which apply must be fol-
lowed to bleed that portion of the circuit.
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BLEEDING BRAKES AND CLUTCHES To bleed brakes and
clutches, proceed as follows,

1. Starr the engine and build up pressure in the control sys-
tem.

2. Shut the engine off and actuate the control valve to re-
lieve most of the pressure. The pressure gauge should show
only a small amount of pressure remaining in the system.

3. Begin wrth the lowest hydraulic cylinder and work to-
ward those cylinders at the highest point. The appropriate
valve will have to be actuated when bleeding the cylinders.

4. Close the bleeder fitting when the air has been removed
frorn that Iine.

5. Remove the bleeder hose and repeat the procedure on
the next highest cylinder.

6. All clutches should be rotated so that the cylinders are at
their highest position.

GENERAL MAINTENANCE

The following points should be kept in mind when working
on the hydraulic system or any hydraulic component.

1. Any structure has limits of strength and durability. To
prevent the failure of structural parts of hydraulic com-
ponents, an unloading valve which limits pressure to safe
operating limits for the accumulator and a relief valve which
Iimits pressure to safe operating limits for crawler exten-
sion are included in the hydraulic circuit. The setting of
these valves must never be changed.
2. Tolerances of working parts in the hydraulic system are
very close. Even small amounts of dirt or foreign material in
the system can cause wear or damage to components, as
well as generally faulty operation of the system. Every
precaution must be taken to assure absolute cleanliness of
the hydraulic oil.
3. Samples of hydraulic oil should be drawn from the res-
ervoir every SiX months. These samples should be about two
quarts, and should be taken while the oil is warmed through
normal operation. If possible, the sample should be
analyzed by a qualified lubrication specialist to determine
whether it is suitable for further use. The interval between
oil changes depends on operating conditions and on the
care used in keeping the oil clean.

4. Whenever there is a hydraulic component malfunction
which gives reason to believe that there are metal particles
or other foreign materials in the system, drain and flush the
entire system and replace the filter cartridges. A complete
change of hydraulic oil must be made under these circum-
stances.

5. Whenever the hydraulic system is drained, check the
magnetic drain plug for metal particles. If metal particles
are present, flush the system and add a new change of oil.
The presence of metal particles also may indicate the
possibility of imminent component malfunction.

6. Do not use synthetic or fire resistant oils in this ma-
chine. The packings in this system are designed for a good
grade mineral oil.
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7. All containers and funnels used in handling hydraulic oil
must be absolutely clean. Use a funnel with a 200 mesh
screen for filling the hydraulic oil reservoir. and fill the res-
ervoir only through the filler opening. The use of cloth to
strain the oil should be avoided to prevent lint from getting
into the system.

8. When removing any hydraulic component, be sure to cap
and tag all hydraulic lines involved. Also plug the ports of
the removed components.

9. All hydraulic components must be disassembled and as-
sembled in spotlessly clean surroundings. During disas-
sembly, pay particular attention to the identification of parts
to assure proper reassembly. Clean all metal parts in a clean
mineral oil solvent. Be sure to thoroughly clean all internal
passages. After the parts have been dried thoroughly lay
them on a clean, lint-free surface for inspection.

10. Replace all O-rings, back-up rings, and seals when
overhauling any component. Lubricate all parts with clean
hydraulic oil before reassembly. Use small amounts of
petroleum jelly to hold O-rings in place during reassembly.

11. Be sure to replace any lost hydraulic oil when com-
pleting the installation of the repaired component, and
bleed any air from the system when required.

12. All hydraulic connections must be kept tight. A loose
connection in a pressure line will permit the oil to leak out or
air to be drawn into the system. Air in the system can cause
damage to the components and noisy or erratic system op-
eration.

TROUBLESHOOTING GUIDE

GENERAL. The troubleshooting charts and maintenance
hints that follow are of a general nature, but should provide
an intuitive feeling for a specific system.

KNOWING THE SYSTEM. Probably the greatest aid to
troubleshooting is knowing the system Every component
has a purpose in the system. The construction and oper-
ating characteristics of each should be understood. Know
how the system works and what the valve settings and
pump output should be.

The crawler extension circuit has a relief valve pressure
gauge port to allow checking of pressure. Always set and
check the pressure with a gauge that IS known to be accu-
rate. The question may arise as to what the correct oper-
ating pressure of this circuit is. If it IS not specified, the cor-
rect operating pressure is the lowest pressure which will
allow adequate performance of the system function and still
remain below the maximum rating of the components.
Once the correct pressures have been determined, note
them for future references.
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DEVELOPING SYSTEMATIC PROCEDURES. Analyze the
system and develop a logical sequence of looking for
trouble. Ask the operator how the machine performed when
it started to malfunction or if there is anything unusual
about it. Operate the machine to see if gauges are reading
properly, that all controls operate smoothly, and check for
unusual noises. Visually inspect the machine looking for oil
leaks. Examine filters and all lines checking for heat, loose
connections, or collapsed hoses. Develop a cause andeffect
troubleshooting guide similar to the charts which follow.
The initial time spent on such a project could save hours of
downtime.

RECOGNIZING TROUBLE INDICATIONS. The ability to
recognize trouble indications in a specific system is usually
acquired with experience. However, a few general indica-
tions can be discussed.

1. Excessive heat means trouble. A misaligned pump
places an excessive load on bearings and can be readily
identified by the heat generated. A warmer than normal
return line indicates that the system is operating at the un-
loading valve (or relief valve) setting. Hydraulic oils which

Chart 5A-1 Excessive Noise

SUBSECTION 5A

have a low viscosity will increase the internal leakage of
components resulting in a heat rise. Cavitation and slippage
in a pump will also generate heat.

2. Excessive noise means wear. misalignment, cavitation
or air in the oil. Contaminated oil can cause an unloading
valve (or relief valve) to stick and chatter. These noises may
be the result of dirty filters, or fluid, high fluid viscosity, ex-
cessive drive speed, low reservoir level, or loose intake
lines

MAINTENANCE. Three simple maintenance procedures
have a great effect on hydraulic system performance, ef-
ficiency, and life. They are:

1. Change (or clean) filters.

2. Maintain a sufficient quantity of clean hydraulic fluid of
the proper type and viscosity in the reservoir.

3. Keep all connections tight, but not to the point of distor-
tion, so that air is excluded from the system.
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Chart 5A-2 Excessive Heat
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Chart 5A-3. Incorrect Flow
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Chart 5A-4. Incorrect Pressure
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Chart 5A-5. Faulty Operation
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SYSTEM DESCRIPTION

GENERAL. The descrrptron below covers the hydraulic con-
trol circuit of the machine it includes the optional third
drum circuit as well as all basic items. The items described
are shown schematically in Figure 5A-1.

PUMPING CIRCUIT. The pumping circuit consists of the res-
ervoir, suction filter, pump, high pressure filter, combina-
tion solenoid valve, and accumulator

The pump is mounted on and driven by the engine. When
the pump is driven, oil is drawn from the reservoir through
the tank suction filter and is forced out into the system. The
oil leaving the pump flows through a high pressure filter,
into the combination solenoid valve and then to the ac-
cumulator. In the combination solenoid valve, the oil pres-
sure IS controlled by the built in relief valve.

If the diverting valve is in the “lower” position, hydraulic oil
is available to the crawler extension circuit. Oil flows to the
crawler control valves, but if they remain in neutral, oil is
returned to the reservoir.

If the diverting valve, which is part of the combination valve,
is in the “upper” position, oil flows to the accumulator. The
oil will continue to fill the accumulator until maximum oper-
ating pressure is reached. When the accumulator reaches
maximum operating pressure, the unloading valve will
open and direct pump output back to the reservoir.

The oil will continue to circulate back to the reservoir as
long as the control valves are in the neutral (or off) position.
When the operator actuates the controls, oil will be drawn
from the accumulator causing accumulator pressure to
drop to the low end of operating pressure. At this point the
unloading valve will close and the pump will again re-
charge the accumulator to maximum operating pressure.
This charging and discharging of accumulator pressure will
show up on the main pressure gauge as a gradual decrease
in pressure, followed by a rapid increase to maximum oper-
ating pressure.

BOOM HOIST CIRCUIT. To raise the boom, the operator
pulls the control lever back. In this position, hydraulic oil
passes from the accumulator, through the control valve,
boom hoist limit valve, shuttle valve and to the boom hoist
clutch and brake cylinders. Oil flow to the boom hoist brake
cylinders causes the cylinder pistons to extend and release
the boom hoist brake. Oil to the boom hoist clutch cylinder
causes the cylinder to extend and engage the clutch to lift
the boom.

The boom hoist limit device is de-energized whenever the
boom reaches maximum boom angle. At this point, oil is re-
turned to tank from the boom hoist brake and clutch cylin-
ders, stopping the boom at the preset maximum angle.

To lower the boom, the operator pushes the control lever
forward. In this position oil is fed through the boom hoist In-
terlock valve to the boom hoist planetary brake cylinder,
boom hoist planetary pawl cylinder, and through a shuttle
valve to the boom hoist brake cylinder. This action engages
the planetary brake, engages the boom hoist planetary
pawl, disengages the boom hoist pawl, and releases the
boom hoist brake to lower the boom.
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The boom hoist Interlock valve IS energized whenever the
ignition switch IS ON and the torque converter clutch is
engaged to allow the boom to be lowered only when power
IS available.

When the master switch IS OFF the interlock valve is de-
energized. In this position the interlock valve will block the
flow of oil to the boom hoist lowering circuit, if the circuit
lever should be moved.

SWING CIRCUIT. Swing operation IS performed by two
pressure regulating valves and the swing brake is released
by hydraulic pressure. To release the swing brake, the op-
erator moves the swing lock switch to the left. In this posi-
tion, hydraulic oil passes from the accumulator through the
swing brake lock valve, to the swing brake cylinder. Oil flow-
ing into the swing brake cylinder will cause the cylinder pis-
ton to extend and release the swing brake.

To apply the swing brake, the swing lock switch is moved to
the right. This allows oil to flow out of the swing brake cylin-
der through the swing lock valve, to the reservoir. Oil flow-
ing out of the swing brake cylinder will cause the cylinder to
retract and allow springs to apply the swing brake.

To swing the upper, either to the left or to the right, move the
control lever forward or backward respectively. When the
swing control lever is moved forward, oil from the accumu-
lator passes through the left hand swing valve to the left
hand swing clutch cylinder. This pressure is regulated by
the swing valve, that is, the further forward the lever is
pushed, the greater the pressure to the clutch cylinders.
The upper will move towards the boom in this mode.

When the swing control lever IS pulled back, the same con-
dition as described above exists in the right hand circuit.
The upper will move away rom the boom in this mode.

HOIST CIRCUIT. The hoist circuit Includes the left and right
drum brakes, planetary brakes, brake locks, drum pawls,
and clutch controls. To lift a load the operator pushes the
brake lock switch to the OFF posrtion. pushes the pawl
switch to the OFF position and pulls the drum lever back. In
these positions, hydraulic oil passes from the accumulator,
through the brake lock valve, to the drum brake lock
cylinder. Oil also flows from the accumulator through the
pawl valve to the pawl cylinder. Oil also flows through the
drum control valve, to the drum clutch cylinder. Oil flowing
into the drum brake lock cylinder will cause the cylinder
piston to extend and release the drum brake. Oil flowing
into the pawl cylinder will cause the cylinder piston to
extend and release the drum pawl. Oil flowing into the drum
clutch cylinder will cause the cylinder piston to extend,
apply the clutch and lift the load.

To stop drum rotation, depress the drum brake pedal and
move the drum control lever to neutral. In these positions,
hydraulic oil passes from the accumulator, through the
drum brake valve, to the drum brake cylinder. Oil will also
flow out of the drum clutch cylinder, through the drum con-
trol valve, to the reservoir. Oil flowing into the drum brake
cylinder will cause the cylinder piston to extend and apply
the drum brake to stop rotation of the drum. Oil flowing out
of the drum clutch cylinder will cause the cylinder piston to
retract and allow springs to release the drum clutch.
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The load may be lowered by gravity or powered down. To
lower a load by gravity, the operator slowly releases the
brake pedal. This allows oil to flow out of the brakecylinder,
through the drum brake valve, to the reservoir. Oil flowing
out of the brake cylinder will cause the cylinder piston to re-
tract, allowing springs to release the drum brake and lower
the load.

To power down a load, the operator moves the drum con-
trol forward and slowly releases the drum brake pedal. In
these positions hydraulic oil passes from the accumulator,
through the planetary brake valve, to the planetary brake
cylinder. Releasing the brake pedal allows oil to flow out of
the brake cylinder, through the brake valve, to the reser-
voir. Oil flowing into the planetary brake cylinder causes the
cylinder piston to extend applying the planetary brake to
power down a load. Oil flowing out of the brake cylinder will
cause the cylinder to retract, allowing springs to release the
drum brake.

THIRD DRUM CIRCUIT. The third drum circuit includes the
third drum brake and clutch control. To lift a load, the opera-
tor pulls the lever back. In this position, hydraulic oil passes
from the accumulator, through the control valve, to the third
drum clutch. Oil also passes through a shuttle valve to the
third drum brake. Oil flowing into the third drum brake
cylinder will cause the cylinder piston to extend and release
the drum brake. Oil flowing into the third drum clutch
cylinder will cause the cylinder piston to extend applying
the clutch and lifting the load.

To stop drum rotation, move the third drum control to neu-
tral. In this position, hydraulic oil will flow out of the third
drum clutch and brake cylinders to the reservoir. Oil flow-
ing out of the clutch cylinder will cause the cylinder piston
to retract and allow springs to release the drum clutch. The
third drum brake will spring set when oil flows out of the
brake cylinder.

To lower a load, the operator pushes the lever forward. In
this position hydraulic oil passes from the accumulator,

through the control, through a shuttle valve, to the third
drum brake cylinder. Oil flowing into the brake cylinder will
cause the cylinder piston to extend, releasing the third drum
brake and allowing gravity to lower the load.

PROPEL BRAKE CIRCUIT. The propel brake circuit consists
of the propel brake switch and valve. To release the propel
brake, the operator moves the switch to the OFF position. In
this position hydraulic oil passes from the accumulator,
through the brake valve, through the swivel, and to the
propel brakes. Oil flowing into the brake chambers forces
the piston against the brake springs, releasing the pres-
sure on the brake disc plates, allowing the brake discs to ro-
tate.

To apply the propel brake the operator moves the switch to
the ON position. In this position hydraulicoilflowsoutof the
brake chambers and returns to the reservoir. Oil flowing out
of the brake chambers allows springs tocompressthebrake
discs between the brake disc plates. The brake disc plates
are prevented from rotating.

CRAWLER EXTENSION AND RETRACTION CIRCUIT. This
circuit includes the two quick connect hoses on the under-
side of the revolving frame and one control on the left front
side of the upper. To extend the crawler tracks the operator
moves the control to the “extend” position. In this position
hydraulic oil from the pump is directed to the blind end of
the extension cylinders causing the piston rods to extend.
Hydraulic fluid from the head end of the cylinders is di-
rected back to the reservoir.

To retract the crawler tracks the operator moves the con-
trol to the “retract” position. In this position hydraulic oil
from the pump is directed to the head end of the extension
cylinder causing the piston rods to retract. Hydraulic fluid
from the blind end of the cylinders is directed back to the
reservoir.
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The load may be lowered by gravity or powered down. To
lower a load by gravity, the operator slowly releases the
brake pedal. This allows oil to flow out of the brake cylinder,
through the drum brake valve, to the reservoir. Oil flowing
out of the brake cylinder will cause th e cylinder piston to re-
tract, allowing springs to release the drum brake and lower
the load.

To power down a load, the operator moves the drum con-
trol forward and slowly releases the drum brake pedal. In
these positions hydraulic oil passes from the accumulator,
through the planetary brake valve, to the planetary brake
cylinder. Releasing the brake pedal allows oil to flow out of
the brake cylinder, through the brake valve, to the reser-
voir. Oil flowing into the planetary brake cylinder causes the
cylinder piston to extend applying the planetary brake to
power down a load. Oil flowing out of the brake cylinder will
cause the cylinder to retract, allowing springs to release the
drum brake.

through the control, through a shuttle valve, to the third
drum brake cylinder. Oil flowing into the brake cylinder will
cause the cylinder piston to extend, releasing the third drum
brake and allowing gravity to lower the load.

PROPEL BRAKE CIRCUIT. The propel brake circuit consists
of the propel brake switch and valve. To release the propel
brake, the operator moves the switch to the OFF position. In
this position hydraulic oil passes from the accumulator,
through the brake valve, through the swivel, and to the
propel brakes. Oil flowing into the brake chambers forces
the piston against the brake springs, releasing the pres-
sure on the brake disc plates, allowing the brake discs to ro-
tate.

To apply the propel brake the operator moves the switch to
the ON position. In this position hydraulic oil flowsoutof the
brake chambers and returns to the reservoir. Oil flowing out
of the brake chambers allows springs tocompress the brake
discs between the brake disc plates. The brake disc plates
are prevented from rotating.THIRD DRUM CIRCUIT. The third drum circuit includes the

third drum brake and clutch control. To lift a load, the opera-
tor pulls the lever back. In this position, hydraulic oil passes
from the accumulator, through the control valve, to the third
drum clutch. Oil also passes through a shuttle valve to the
third drum brake. Oil flowing into the third drum brake
cylinder will cause the cylinder piston to extend and release
the drum brake. Oil flowing into the third drum clutch
cylinder will cause the cylinder piston to extend applying
the clutch and lifting the load.

CRAWLER EXTENSION AND RETRACTION CIRCUIT. This
circuit includes the two quick connect hoses on the under-
side of the revolving frame and one control on the left front
side of the upper. To extend the crawler tracks the operator
moves the control to the “extend” position. In this position
hydraulic oil from the pump is directed to the blind end of
the extension cylinders causing the piston rods to extend.
Hydraulic fluid from the head end of the cylinders is di-
rected back to the reservoir.

To retract the crawler tracks the operator moves the con-
trol to the “retract” position, In this position hydraulic oil
from the pump is directed to the head end of the extension
cylinder causing the piston rods to retract. Hydraulic fluid

To stop drum rotation, move the third drum control to neu-
tral. In this position, hydraulic oil will flow out of the third
drum clutch and brake cylinders to the reservoir. Oil flow-
ing out of the clutch cylinder will cause the cylinder piston
to retract and allow springs to release the drum clutch. The
third drum brake will spring set when oil flows out of the
brake cylinder.

To lower a load, the operator pushes the lever forward. In from the blind end of the cylinders is directed back to the
this position hydraulic oil passes from the accumulator, reservoir.
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PUMPS

GENERAL

This subsection contains the information necessary to re-
move, disassemble, repair, assemble, and install the pumps
used in the hydraulic control system.

TROUBLESHOOTING

Table 5B-1 lists some of the difficulties which may be ex-
perienced with gear type hydraulic pumps. The table lists
the possible causes and possible remedies for the problems
iisted. This guide should be helpful in diagnosing pump
problems.

PUMP (37Z317)
DESCRIPTION
One, fixed displacement, single gear type pump is used to
provide hydraulic pressure for the control system on this
machine. The pump is flanged mounted on the accessory
drive of the engine and driven by the camshaft.

The pump consists of four main components: the end cover,
bushing assembly, gear assembly, and mounting flange.
These parts are held together by four capscrews that thread
into the mounting flange.

The bushing gear assembly is pressure loaded against the
end cover and the bushings are pressure balanced to
prevent tilt. These features ensure that internal leakage is
kept to a minimum, enabling the pump to operate at high
efficiency. The condition of the bushing faces adjacent to
the gears is an important factor in maintaining this ef-
ficiency and, during any disassembly or assembly oper-
ations, the bushings must be handled carefully to prevent
damage. It is essential that the pump is operated only in a
clean system. Any foreign matter in the oil will score the
bushing faces, and this will lead to shortened service life
and eventual failure.

REMOVAL

To remove the control pump mounted on the engine, pro-
ceed as follows:
1. Remove all dirt from the pump and connections with a
cleaning solvent.

2. Remove the hydraulic hose connections from the pump.

3. Plug the ports of the pump and cap the lines to prevent
the entry of dirt into the system.

4. Remove the mounting bolts and pull the pump away
from the engine.

SEAL REPLACEMENT

To replace the pump seal only, proceed as follows (see
Figure 58-1):

1. Remove the four capscrews that attach the mounting
flange to the body.

2. Lightly tap the mounting flange clear of the two hollow
dowels in the pump body and slide it squarely off the shaft.

3. Clamp the mounting flange securely in a soft jawed vise
and drive the seal out with a drift. Take care that the drift
does not damage the shaft bore.

4. Ensure that the seal housing in the mounting flange is
clean and free of burrs.

5. Pack the seal with a high melting point, mineral base
grease.

6. Press the seal into the full depth of the recessed bore,
with the spring facing the inside of the mounting flange.

7. Fit the mounting flange squarely on the shaft, start the
four capscrews, and tighten them in a diagonal pattern to a
final torque of 36 ft-lbs.

8. Install the pump as described under the heading IN-
STALLATION at the end of this subsection.

OVERHAUL

GENERAL. Disassembly should only be attempted on a
bench in as clean an area as possible. The workbench, the
mechanic’s hands, and tools must be clean and the disas-
sembled pump must be protected from airborne dust. Dur-
ing disassembly, pay particular attention to the identifica-
tion of the parts in order that thepumpcan be properly
assembled.

DISASSEMBLY. To disassemble the pump, proceed as fol-
lows (see Figure 58-1):

1. Remove the end cover by removing the four capscrews
that attach it to the mounting flange. Remove O-ring (04)
from the body of the pump.

NOTE

Lightly mark and cover, body and mounting flange
(03, 10 and 13) to ensure assembly in the correct
relationship and take note of the direction of rotation
of the pump (counterclockwise).
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Table 5B-1. Pump Troubleshooting
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Figure 5B-1. Control Pump (37Z317)

2. Carefully lift back-up washers (05 and 06) and lobe seal
(07) from bushing assembly (08 and 09).

3. Lightly tap the mounting flange clear of the two hollow
dowels in the pump body and slide it squarely off the shaft,
Remove O-ring (04) from body (10).

4. Repeat step 2 for the mounting flange end of the pump.

5. Hold the pump body vertically with the mounting flange
end down, support the bushings from underneath to pre-
vent them from falling out.

6. Tap the side of the body with a leather mallet to dislodge
the lower bushings and carefully slide these out of the body,
Keep bushings in a matched pair.

7. Invert the body and lift out the driver and driven gears (11
and 12).

8. Remove the remaining pair of bushing assemblies and
place on the end cover. Make special note of how these
assemblies are installed to ensure proper assembly.

INSPECTION AND REPAIR. After the pump is disassem-
bled, thoroughly clean all the parts and dry. Inspect for the
following defects:

1. Check for eroded parts. This indicates aeration or cav-
itation

2. Check for blackened parts or brittle O-rings and seals.
This type of damage is caused by excessive heat.

3. Check for excessive wear, sandblasting (dull finish), and
scoring. Abrasive wear is caused by fine particles (not
visible to the eye) or metal (coarse) particles in the oil. The
system must be flushed and the filters replaced.
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4. Check for broken or cracked parts. This type of damage
can be caused by large metal objects or defective relief
valves (high pressure).

5. If the bushings are worn, inspect the walls of the body
where the gears rotate. Excessive wear in this area is cause
for the replacement of the pump.

6. Inspect the gears for proper and even wear across each
tooth surface. If wear to the gears is excessive, replace the
pump.

7. Replace the shaft seal as described earlier in this sub-
section.

ASSEMBLY. Assembly is basically the reverse of disas-
sembly. Install new O-rings, back-up washers, and lobe
seals. Coat all parts with clean hydraulic oil to facilitate as-
sembly and provide initial lubrication. Assemble the pump
as follows (see Figures 5B-1 and 5B-2).

1. Layout the bushing assemblies for the mounting flange
and end cover as shown in Figure 5B-2.

2. Fit the back-up washers onto lobe seals (07) of the bush-
ing assemblies as shown in View “A-A” of Figure 5B-1.

No force must be used when installing the
bushing assemblies into the body. If the bush-
ing assemblies jam in the bore, remove and
examine them for nicks or scratches. This type
of damage can be removed with a fine grit hand
stone.

3. Place the body on clean bench with the hollow dowels
facing up and install the flange end bushing assemblies into
the body. Note that the bushing lobes are facing in and the
recessed area is opposite the hollow dowels.

4. Lay the pump on its side and slide drive gear shaft (12)
through the bore so the splined end protrudes from the
hollow dowel end of the body

5. Install seal (14) as previously described under the head-
ing SEAL REPLACEMENT.

6. Install O-ring (04). then slide mounting flange (13)
squarely onto the splined shaft taking care not to damage
seal (14).

7. Carefully install driven gear (11).

8. Repeat steps 2 and 3 for the end cover assembly. Posi-
tioning of the bushing assembly is the same as described in
step 3.

9. Install the other O-ring into the body of the pump

NOTE

When fitted correctly, the back-up washers must be
level and flush with the top surface of the bushing

10. Align the marks made in disassembly and place end
cover (03) against the body. Install the four capscrews with
the lockwashers and torque to 36 ft-lbs.

lobes.

Figure 5B-2. Bushing Assembly Installation

5B-4



PUMPS SUBSECTION 5B

NOTE

Tighten the capscrews in a diagonal pattern to pre-
vent putting a strain on the end cover.

11. Pour a small quantity of hydraulic oil into one of the
ports and check the pump for freedom of rotation.

4. Refill the oil reservoir to the proper level with the rec-
ommended lubricant. Start the engine. Allow the engine to
run at idle speed, with no load applied to the hydraulic sys-
tem, to prime the system.

NOTE

INSTALLATION

To install the control pump on the engine drive, proceed as
follows:

1. Install a new gasket on the mounting ftange of the pump.

2. Insert the two capscrews with the lockwashers and
torque to 25 ft-lbs.

3. Connect the hydraulic lines to the proper ports of the
pump.

When first starting it may be necessary to bleed air
from the pump outlet line to permit priming and re-
duce noise. Bleed any air by loosening an outlet con-
nection fitting. Allow fluid to flow into a container
until a solid stream appears. Retighten the fitting.

5. Run the engine at moderate speed and load for a short
period of time. Check the reservoir oil level and add oil if re-
quired.

6. Check the pump and its connections for leaks
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CONTROL VALVES

GENERAL

This subsection contains the information necessary to re-
pair the directional control valves which direct-hydraulic
fluid to the various actuating cylinders.

GENERAL REMOVAL

Prior to removing any of the components in this section,
shut down the engine and disconnect the battery ground
cable to prevent machine operation while the item is being
serviced. Operate the controls to relieve all pressure in the
system and also clean the area around the item being re-
moved to prevent the entry of contaminants.

CONTROL VALVE (36Q384)

DESCRIPTION. This valve is used to control the rotation of
the drums. A three stack valve is used to control the front,
rear and boom hoist drums. The valves are sandwiched
between an inlet and outlet section. Movement of a control
handle directs any control pressure to the appropriate
clutch, brake or pawl.

REMOVAL. To remove the valve stack, proceed as follows
(see Figure 5C-1):

1. See General Removal at the beginning of this subsec-
tion.

2. Remove the access cover on the top of the control con-
sole. Clean the valve stack and the fittings with a suitable
solvent. Dry the fittings with compressed air. This is done to
prevent dirt from entering open lines when the fittings are
removed.

3. Disconnect and tag the hydraulic lines at the valve stack
and position the lines to avoid interference as the valve
stack is removed. Cap the lines and plug the valve ports to
prevent the entry of contaminants.

4. Remove the capscrews, nuts and lockwasher which se-
cure the valve stack to the control console. Lift the valve
stack out of the machine and place it on a clean work sur-
face.

5. Remove individual valves by removing the hardware se-
curing the valve to the manifold.

REPAIR. To repair an individual valve, proceed as follows
(see Figure 5C-2):

1. Using a suitable tool, press in on gland (15) and remove
retaining ring (11) from body (01).

2. Remove stem (14), gland (15), spring (09) and spool (08).

3. Remove O-ring (10), seal (12) and wiper (13) from gland
(15) and replace with new parts from seal kit.

4. Turn plug (04) out of body (01), remove O-ring (03) and
replace with a new O-ring.

5. Clean and inspect the other parts for damage. Any de-
fect to, parts, other than the ones found in the seal kit, will
require the replacement of the valve.

6. Lubricate the parts with clean hydraulic oil.

7. Install spool (08) into the body with the grooved end
facing orifice plug (04).

8. Place spring guide (07) spring (06), and new washer (05)
into the body of the valve. Then install and tighten orifice
plug (04).

9. Assemble spring guide (02), spring (09), gland (15) on to
stem (14) and place in the body. Carefully press gland (15)
into the body to prevent damage to the wiper. Install retain-
ing ring (11).

NOTE

The purpose of the wiper is to prevent dirt and water
from entering the valve, therefore the lips face out-
ward. The O-ring and seal prevent oil leakage from
the valve.

INSTALLATION. To install the valve, proceed as follows (see
Figure 5C-1):

1. Before actually installing the valve stack in the console,
check the following items (see Figure 5C-3):

A. With valve handles in center (detent) position, adjust.
setscrews (01) down to valve stem to within ±0.001
inch. Then tighten hex nuts (02) to 13 ft-lbs torque.

8. Adjust setscrew (03) to approximately 1/2 inch below
bottom of manifold (04). Secure in place with jam nut
(05).

2. Position the valve in the control console. Install and fully
tighten the capscrews, nuts and lockwashers.

3. Connect the hydraulic lines.
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01. CAPSCREW
02. CONNECTOR
03. TEE
04. ELBOW
05. NUT
06. REDUCER
07. REDUCER
08. NUT
09. ELBOW
10. TEE
11. CONNECTOR
12. PLUG
13. MANIFOLD
14. PIN
15. SPRING
16. BALL
17. SETSCREW
18. NUT
19. LEVER
20. KNOB
21. SWITCH
22. KNOB
23. LEVER
24. LEVER
25. O-RING
26.  VALVE
27. PIN
28. SETSCREW
29.  JAM  NUT

Figure 5C- 1. Control Valve Assembly

4. Connect the battery ground cable. Start the engine and
operate the controls to check the operation of the valve.
Check all hydraulic lines for Ieakage.

5. With the valve stack assembled, installed and adjusted
as given in step 1, and control pressureo at 1680 psi ±40 psi.
detent each valve and adjust with setscrew (03. Figure
5C-3). The force at the control handle should be 10 lbs. -0 +2
lbs to move the handle out of detent. When adjusted prop-
erly, secure in place with jam nut (05, Figure 5C-3). Tighten
the jam nut to 22 ft-Ibs. torque.

CRAWLER EXTEND/RETRACT VALVE (36Z1077)

DESCRIPTION. This valve is a manually operated, three-
position, 4-way directional valve. When operated it con-
trols the flow of fluid to the crawl extensrion cylinders.The
valve iS composed of a pressure passage used to carry fluid
to the cylinder ports when the spools are shifted. There iS a
by-pass passage which permits flow directly to the outlet
when the spools are not being operated and there is a tank
passage which carries fluid to the outlet from the cylinder
ports.

5C-2 Change 1
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01. BODY 07. SPRING GUIDE 13. WIPER
02. SPRING GUIDE 08. SPOOL 14. STEM
03. O-RING 09. SPRING 15. GLAND
04. PLUG 10. O-RING
05. WASHER 11. RETAINING PIN
06. SPRING 12. SEAL

*SEAL KIT ITEMS

Figure 5C-2. Control Valve (36Q384)

Figure 5C-3. Control Adjustments

REMOVAL. To remove this valve, proceed as follows:

1. See General Removal at the beginning of this section.

2. If attached, remove the flexible lines at this valve from
the quick disconnects.

3. Loosen, but do not remove, the hydraulic lines to the
valve to relieve any pressure. Tag and remove the lines. Cap
the lines and plug the valve ports.

4. Remove the three capscrews and lockwashers securing
the valve to the carbody.

DISASSEMBLY. During disassembly, particular attention
should be given to the identification of parts for reassem-
bly. Spools are selectively fitted to the valve bodies and
must be returned to he same bodies from which they were
removed. Valve sections must be reassembled in the same
order. To disassemble this valve, proceed as follows (see
Figure 5C-4):

1. Remove the “E” washers which retain the fulcrum rod
and remove the rod, levers and pivot pins.

2. Remove the four screws and nuts. Separate the valve
sections. Be careful not to destroy or lose spacers.

3. Slide the spool out of its bore and remove the O-rings
from the groove in the spool and from the valve body around
the spool bore. Do not remove the centering spring or re-
tainer unless it is necessary to replace them.

4. Grip the stem of the check valve plug with pliers and pull
it out of the valve body. Remove the O-ring and back-up ring.
Remove the spring and ball from the valve body.

5. Remove the O-rings, back-up rings, seals, and retainers
from the body sections.
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‘SERVICE KIT ITEMS

Figure 5C-4. Control Valve (36Z1077)

INSPECTlON AND REPAIR. Discard all oil seals, O-rings and
back-up rings. Wash the remaining parts in a clean mineral
oil solvent and place them on a clean surface for inspec-
tion.

NOTE

A service kit is available. See the Replacement Parts
Manual.

Carefully remove burrs by light stoning or lapping. Be cer-
tain there is no paint or burring on mating surfaces of valve
bodies. Inspect the valve spools and bores for burrs and

scoring. If scoring is not deep enough to cause objection-
able leakage, the surfaces can be stoned or polished with
crocus cloth. If scoring is excessive the entire valve must be
replaced Check the valve spool for freedom of movement.

ASSEMBLY. To assemble the valve, proceed as follows (see
Figure 5C-4):

1. Coat all parts with clean hydraulic oil to facilitate as-
sembly and to provide initial lubrication. Petroleum jelly can
be used to hold seal rings and O-rings in place on assem-
bly.
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2. Install a new back-up ring and O-ring on the check valve
plug with the O-ring toward the spring and ball. Place the
ball and spring in the body and install the plug. Be sure the
hole in the plug lines up with the stud hole in the body.

3. If the centering spring was removed, install the spring
and retainers on the spool. Place the O-ring in the groove
around the spool bore and install the O-ring on the spool. In-
stall the spool in the bore.

4. Install the seal rings and the seal ring retainer in the
grooves in the body of the inlet and outlet section. Carefully
place the sections together in the same order in which they
were removed. Coat the screw threads with “Locktite” or
similar sealant and install the screws and nuts. Tighten the
nuts to 15 ft-lbs torque.

5. Install the pins in each spool and assemble the levers,
fulcrum rod and “E” washers.

INSTALLATION. To install the valve, proceed as follows:

1. Position the valve on the carbody. Install the lockwash-
ers and capscrews. Fully tighten the capscrews.

2. Reconnect the hydraulic Iines.

3. Connect the flexible lines from the upper hydraulic tank
and move the upper-lower diverting switch to the “lower”
position. Connect the battery ground cable. Start the en-
gine and operate this control to check the operation of the
valve. Check all hydraulic lines for leakage.

SWING CONTROL VALVE (36Z1384)

DESCRIPTION. Mounted below the swing control console
are two pressure reducing valves that control the swing
clutch. As the swing control lever is moved forward or back,
hydraulic pressure is metered from 30 to 600 psi through
these valves to actuate the swing clutch cylinders.

The swing control valves are not repairable. If it is deter-
mined that the valves are defectiveor leak excessively, they
must be replaced.

REMOVAL. To remove the swing control valve(s), proceed
as follows (see Figure 5C-5):

1. Remove the sheet metal cover directly below the swing
console.

2. Perform the GENERAL REMOVAL procedures as found
in the beginning of this subsection.

3. Disconnect and tag the hydraulic lines to the valve.

4. Remove the capscrews holding the valve in place.

5. Remove the valve to a clean, dust free area for disas-
sembly.

INSTALLATION AND ADJUSTMENT. To install and adjust
the linkage to the swing control valves, proceed as follows:

1. Align the elbows and tees, if removed, and attach the
valve(s) to the cabin wall with the capscrews.

2. Connect the hydraulic lines to the fittings.

3. Check and adjust the connecting rod to a length of 24-
1/4 inches.

SUBSECTION 5C

Figure 5C-5. Swing Control Valve (36Z1384)

4. Check and adjust for an air gap between the spherical
capscrews and the valve stems. This distance must be at
least 0.010 inch or slightly more.

5. Connect the battery ground cable and start the engine.

6. Operate the swing control lever to check for proper oper-
ation of the valves. Check the valve stem area and all hy-
draulic lines for leaks.

7. Install the sheet metal cover over the valves.

BRAKE VALVE (36U259)

DESCRIPTION. This valve is used to apply the front and rear
drum brakes. Oil is supplied from the valve to the brake
cylinder in direct proportion to the amount of pedal pressure
applied by the operator. During heavy brake applications
this valve is power assisted by pressure regulating valve
(36U258).

REMOVAL. To remove the valve, proceed as follows (See
Figure 5C-6)

1. See General Removal at the beginning of this section.

2. Remove the top cover from over the brake valve.

3. Disconnect the hydraulic lines at the brake valve. Cap
the lines and plug the ports of the brake valve.

4. Remove cotter pin (28), washer (19) and pin (29) from
support plates (30) and the valve stem.

5. Remove the hardware securing the valve to the bracket.
Remove the valve from the machine.
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01. NUT
02. WASHER
03. SPRING
04. SPACER
05. ROD
06. NUT
07. LOCKWASHER
08. CAPSCREW
09. WASHER
10. PIN
11. COTTER PIN
12. ROD END
13. LOCKWASHER

14. CAPSCREW
16. PIN 26. BRAKE VALVE
16. PEDAL 26. CAPSCREW
17. BEARING 27. BRACKET
18. SUPPORT PLATE 28. COTTER PIN
19. WASHER 29. PIN
20. CAPSCREW 30. SUPPORT PLATE
21. VALVE BLOCK 31. CAPSCREW
22. NUT 32. LOCKWASHER
23. O-RING 33. COTTER PIN
24. REGULATOR VALVE 34. BRACKET

Figure 5C-6. Brake Valve lnstallation (2100J1129)
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DISASSEMBLY. Use the following procedure to disassem-
ble the valve (see Figure 5C-7):

1. Rotate end plug (01) out of the valve body, O-ring (02),
snap ring (03) and washer (04) will come out with the end
plug.

assembly to make sure there is a good ball seat inside.
Check the piston ball, guide and spring for excessive wear.
Replace all seals and O-rings.

NOTE

2. Remove spring (05) and washer (06). Remove the stem
and piston assembly (items 07 through 14) and sleeve (17)
from the body. Press pin (12) out of piston (11A). This will
release ball (11E), guide (11D), and spring (11C).

Valve seal and repair kits are available. See the
Replacement Parts Manual.

1. Generously coat all parts to be assembled with hydraulic
o i l .

3. After removing retaining ring (24) from the stem end of
the valve body, pry out plug (23).

2. Install new O-ring (15) and back-up washer (16) on
sleeve (17). Place the sleeve in the valve body. The sleeve
must enter smoothly with slight hand pressure.

INSPECTION AND REPAIR. Thoroughly clean all parts and 3. Assemble the piston and stem assembly (items 07
dry with compressed air. Inspect the sleeve stem and piston 
for excessive wear, nicks or scratches. Check the piston

through 14) as shown. install the seals and back-up
washers on the piston.

01. END PLUG
02. O-RING
03. SNAP RING
04. WASHER
05. SPRING
06. WASHER
07. SEAL
08. BACK-UP WASHER
09. O-RING

10. BACK-UP WASHER
11 A. PISTON
11B. PLUG
11C. SPRING
11D. GUIDE
11E. BALL

12. PIN
13. STEM
14. SPACER

16. O-RING
18. BACK-UP WASHER
17. SLEEVE
18. O-RING
19. VALVE BODY
20. O-RING
21. BACK-UP WASHER
22. O-RING
23. END PLUG
24. RETAINING RING
26. SEAL
26. BOOT

Figure 5C-7. Brake Valve (36U259)
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4. Insert the stem and piston assembly into sleeve (17) and
push it all the way into place. Place washer (06) over the
piston end and place spring (05) against the washer.

5. Install O-ring (02) on end plug (01), and place the plug
with snap ring (03) and washer (04) installed, into the end of
the valve. Rotate the end plug into the valve body until it is
tight. Do not overtighten the plug.

6. Place O-rings (20 and 22), washer (21) and seal (25) on
end plug (23). Place the end plug over stem (13) and work it
on the stem and into place carefully so that O-ring (20) will
not be cut. Install retaining ring (24). Place rubber boot (26)
on the stem and wire it in place.

7. Just prior to installation of the valve, place an O-ring (18)
in each of the five counterbores in the feet of the valve body.

INSTALLATION. To install the valve, proceed as follows (see
Figure 5C-6).

1. Set the valve on the mounting bracket and secure with
capscrews and lockwashers.

2. Connect the valve stem to support plates (18 and 30)
with pin (29), washers (19) and cotter pin (28).

3. Attach the hydraulic lines to the brake valve.

4. Start the engine and operate the brake pedal. Observe
the valve for leaks, binding or other problems.

ADJUSTMENT. After the valve has been installed, check
linkage adjustment as follows (see Figure 5C-6):

1. Adjust the brake band linkage as explained in Subsec-
tion 7E.

2. Bleed air from the system as described in Subsection 5A.

3. With the pedal in the released position, adjust the spring
length to 4-1/8” by turning adjusting nut (01).

NOTE

The 4-1/8” spring length is the recommended set-
ting, however this length can be Increased (for softer
pedal) or decreased (for harder pedal). Spring length
must never exceed 4-1/4” for load handling.

4. Check brake pedal travel distance. This dimension should
be approximately 7.0 inches If the travel exceeds 8.75
inches, check the brake band for proper adjustment and
then bleed the brake as described in Subsection 5A.

NOTE

If the pedal “pumps up” or changes position, check
that the brake cylinders are retracting fully when the
brake pedal is fully released. Also check that the
spring length adjusted in step 3 is 4-1/2” or less

5. Install the brake valve cover plates.

PRESSURE REGULATING VALVE (36U258)

DESCRIPTION. This valve is used in conjunction with brake
valve (36U259) to apply the front and rear brakes The valve
provides power assistance during hard brake pedal applica-
tions.

5C-8

REMOVAL. To remove the valve, proceed as follows (see
Figure 5C-6):

1. Perform the steps outined in the topic, General Re-
moval, at the beginning of this section.

2. Remove the covers from over the brake valves.

3. Disconnect the hydraulic line at the back of the valve and
the two lines attached to valve block (21).

4. Remove cotter pin (28) and pin (29) securing the brake
valve stem to support plates (18 and 30).

5. Remove adjusting nut (01), washer (02), spacer (04) and
spring (03) from adjusting rod (05).

6. Pull cotter pins (11), washers (09), and pin (10) from the
pedal and support plates. Lift the valve assembly out of the
machine.

7. Remove cotter pin (33) from rod (05) and valve (24).
Separate valve (24) from valve block (21) by removing cap-
screws (31) and washers (32).

REPAIR. To repair the valve, proceed as follows (see Figure
5C-8):
1. Using a suitable tool, press in on gland (15) and remove
retaining ring (11) from body (01).

2. Remove stem (14), gland (15), spring (09), and spool (08).

3. Remove O-ring (10), seal (12) and wiper (13) from gland
(15) and replace with new parts from the seal kit.

4. Turn plug (04) out of body (01), remove O-ring (03) and
replace with a new O-ring.

5. Clean and inspect the other parts for damage. Any defect
to parts, other than the ones found in the seal kit, will
require the replacement of the valve.

6. Lubricate the parts with clean hydraulic oil.

7. Install spool (08) into the body with the grooved end
facing orifice plug (04).

8. Place spring guide (07), spring (D6), and new washer (05)
into the body of the valve. Then install and tighten orifice
plug (04).

9. Assemble spring guide (02), spring (09) and gland (15) on
to stem (14) and place in the body. CarefuIly press gland (15)
into the body to prevent damage to the wiper. Install retain-
ing ring (11).

NOTE

The purpose of the wiper is to prevent dirt and water
from entering the valve, therefore the lips face out-
ward. The O-ring and seal prevent oil leakage from
the valve.

INSTALLATION. To Install the valve, proceed as follows (see
Figure 5C-6).

1. Place two new O-rings on valve (24) and attach the valve
to valve block (21) with capscrews (31) and lockwashers
(32).

2. Attach the valve stem to rod (05) with cotter pin (33).
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Figure 5C-8. Pressure Regulating Valve (36U258)

3. Place the valve assembly into the mounting bracket and
attach support plates (18 and 30) to pedal (16) with pin (10),
washers (09), and cotter pins (11).

4. Assemble washers (02), spacer (04), spring (03) and nut
(01) to rod (05).

5. Connect the support plates to the brake valve stem with
pin (29), washers (19) and cotter pins (28).

6. Attach the hydraulic lines to the valve and valve block.

7. Start the engine and operate the brake pedal. Observe
the valve for leakage, binding or other problems.

8. Adjust the linkage as described in the Adjustment topic
for brake valve (36U259).

THIRD DRUM CONTROL VALVE (36Q372)

DESCRIPTION. Mounted below the third drum control con-
sole are two pressure reducing valves that control the third
drum circuit. As the third drum control lever is moved for-
ward or back, hydraulic pressure is metered through these
valves to actuate the third drum brake or clutch cylinders.

The third drum control valves are not repairable. If it is
determined that the valves are defective or leak excessively,
they must be replaced.

REMOVAL. To remove the third drum control valve(s), pro-
ceed as follows (see Figure 5C-9):

1. Remove the sheet metal cover directly below the console
cover.

2. Perform the GENERAL REMOVAL procedures as found
in the beginning of this subsection.

3. Disconnect and tag the hydraulic lines to the valve.

4. Remove the hardware holding the valve in place.

5. Remove the valve.

INSTALLATION AND ADJUSTMENT. To install and adjust
the linkage to the third drum control valves, proceed as
follows:

1. Attach the valve(s) with the capscrews, lockwashers and
nuts .

2. Connect the hydraulic lines to the fittings.

3. Check and adjust the connecting rod to the 2-1/4” and
14” dimension shown in Figure 5C-9.

4. Check and adjust for an air gap between the spherical
capscrews and the valve stems. This distance should be
±0.001". Secure the bolt with the jam nut.

5. Connect the battery ground cable and start the engine.

6. Operate the third drum control lever to check for proper
operation of the valves. Check the valve stem area and all
hydraulic lines for leaks.

7. Install the sheet metal cover over the valves.
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Figure 5C-9. Third Drum Control Valve (36Q372)
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SUBSECTION 5D

HYDRAULIC COMPONENTS

GENERAL

This subsection contains the information necessary to re-
pair the hydraulic components other than the control
valves.

GENERAL REMOVAL

Prior to removing any of the components in this section shut
down the engine and remove the battery ground cable to
prevent operation of the machine while the item is being
serviced. Operate the controls to relieve all pressure in the
system and also clean the area around the item being re-
moved to prevent the entry of contaminants.

COMBINATION CONTROL VALVE (36Q327)

DESCRIPTION. The combination control valve serves two
functions (three if the machine is equipped with side frame
extension). The primary function is to relieve system pres-
sure and maintain it at a preset maximum. Hydraulic pump
flow is diverted back to tank when the pressure setting is
reached.

Secondly, it serves as an unloading valve to keep system
pressure within preset limits. Pump pressure is used to
charge up the accumulator, which acts as a pressure stor-
age reservoir. When a preset upper pressure is reached the
unloading valve directs the pump flow back to the reservoir
at atmospheric pressure. Each time a hydraulic valve is op-
erated, oil from the accumulator is used and system pres-
sure begins to fall until a preset low limit is reached. At this
point, the unloading valve will direct the flow of oil from the
pump to the accumulator to recharge the system.

The third function of this valve is to act as a directional con-
trol device (diverter) to direct pump pressure to the side
frame extension circuit. This is done through an electri-
cally operated solenoid.

REMOVAL. Ordinarily there is no reason to remove this
valve as all maintenance may be done by removing and re-
placing the individual components. If it becomes necessary
to remove the valve, proceed as follows (see Figure 50-1):

1. See General Removal at the beginning of the section.

2. Disconnect the hydraulic lines and electrical connec-
tion at the valve and position the lines to avoid interference
as the valve is removed. Cap the lines to prevent the entry of
contaminants.

3. Remove the two capscrews and lockwashers attaching
the valve to the hydraulic units panel.

4. The valve can now be removed.

REPAIR AND ADJUSTMENT. The valve may be repaired by
replacing the individual components. All the subassembly
valves are nonadjustable and non-repairable except the
pressure unloading valve.

The relief valve has been adjusted at the factory and should
retain its setting over extended periods of time, under nor-
mal conditions. The relief valve spring will eventually
weaken with machine use, however, so periodic checking
of the relief valve setting is recommended.

To check the setting on the relief valve, proceed as follows:

The pressure setting of 3000 psi must not be
changed. Any attempt to change the setting
will void any and all guarantees, expressed or
implied.

1. Operate the machine until the hydraulic oil temperature
is a minimum of 70°F. Shut the engine down and reduce hy-
draulic pressure to zero.

2. Obtain an accurate 0 to 5000 psi pressure gauge.

3. Connect the flexible hoses to the crawler extension and
retraction controls.

4. Place the upper-lower diverter switch in the “lower” po-
sition.

5. Install a pressure gauge in the pressure gauge port of the
tee fitting installed as shown in the insert of Figure 5D-1.

6. Increase engine speed to approximately 1400 rpm at no
load.

7. Fully retract one crawler side frame and observe the
pressure gauge to determine the point at which the relief
valve opens. The relief should open at approximately 3000
psi. The pressure gauge will instantly show a drop of pres-
sure at the point when the relief valve opens.

8. If the relief valve does not function as described in step 7,
remove and replace the valve with a new one. Repeat steps
6 and 7 to test the new relief valve for proper operation.

The unloading valve section of the combination control
valve is actually made up of two valves: The pressure un-
loading valve and the priority flow regulator valve. Only the
former can be adjusted.
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Figure 5D-1. Hydraulic Accumulator and
Combination Valve Installation

To adjust the pressure unloading valve, proceed as follows:

1. Repeat steps 1 and 2 from the previous procedure for
checking the relief valve.

2. Connect the pressure gauge to the port at line 2A. Plug
the line to prevent loss of hydraulic oil.

3. Start the engine and allow the hydraulic pressure to
build up to 1400 to 1710 psi.

4. Operate the controls until the pressure drops to 1400
psi. The unloading valve should close at this point and again
recharge the system.

5. If the valve does not maintain the pressure as stated in
step 4, remove the hex cover and adjust as follows (see Fig-
ure 5D-1 insert):

5D-2

The following steps must be performed care-
fully or damage to the system components can
result. In no case should a pressure adjusting
screw be turned rapidly, always make adjust-
ments slowly.

A. Loosen the locknut and turn the adjusting screw to ob-
tain a maximum pressure to 1710 psi.

B. Repeat step 4 above.

C. If difficulty is encountered arriving at these settings, re-
place the priority flow regulator and repeat steps A and
B.

D. Tighten the locknut and replace the hex cover.
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INSTALLATION. In the event the valve was removed for
bench testing or if a new valve is being installed, proceed as
follows:

1. Line up the valve with the two holes on the mounting
panel. Install and tighten the two capscrews.

2. Remove all protective caps and connect the hydraulic
lines to the proper ports.

3. Connect the electrical adapters to the solenoid valve.

4. Start the engine, check for leaks, and test the valve for
proper operation.

ACCUMULATOR (45U47D1)

DESCRIPTION. This is a one gallon, nitrogen charged,
bladder type accumulator, which acts as a pressure stor-
age reservoir (see Figure 5D-2). It helps eliminate rapid
cycling of the unloading valve to prevent overheating of the
oil and it smooths out pressure surges in the system.

Hydraulic oil from the pump is supplied to the accumulator
until operating pressure is reached. This hydraulic oil in the
accumulator is supplied to the control valves the instant a
control valve is operated. When the accumulator is prop-
erly charged, the pressure gauge will show a gradual de-
crease in pressure when the control valves are actuated.
When minimum pressure is reached, the pump will again
charge the accumulator to operating pressure. The pres-
sure gauge will also show a gradual decrease in pressure
when the engine is turned off.

The most important function of the accumulator occurs in
the event of malfunction of the pump or the unloading valve
portion of the combination valve. If the pump or unloading
valve malfunctions, the stored oil in the accumulator will
enable the operator to make several clutch or brake en-
gagements, thus allowing him to lower the load to the
ground.

MAINTENANCE. This accumulator is considered non-re-
pairable. If the accumulator is faulty, it may be due to loss of
precharge pressure or it may be due to a defective bladder or
housing. If the housing or bladder is faulty, the complete
accumulator must be removed and replaced with a new ac-
cumulator.

REMOVAL. To remove the accumulator, proceed as fol-
lows (see Figure 5D-1):

1. See General Removal at the beginning of this section.

2. Disconnect the hydraulic line at the accumulator and po-
sition the line to avoid interference as the accumulator is re-
moved. Cap the line to prevent the entry of contaminants.

3. Remove the two capscrews and lockwashers attaching
the accumulator and clamp to the hydraulic units panel.

4. The accumulator can now be removed.

Figure 5D-2. Accumulator (45U47D1)

INSTALLATION. To install the accumulator, proceed as fol-
lows (see Figure 5D-1):

1. Line up the clamp and accumulator with the two holes in
the hydraulic units panel. Install and fully tighten the two
lockwashers and capscrews.

2. Remove the protective cap and connect the hydraulic
line to the accumulator.

3. Connect the battery ground cable. Start the engine and
observe the accumulator for leaks. Also, see that the
accumulator charges to full operating pressure.

PRECHARGING PROCEDURE. There are two conditions
under which the accumulator precharge pressure should
be checked. The first is when a new accumulator is in-
stalled and the second is when it is found thet the reason for
a faulty accumulator is the toss of precharge pressure. The
accumulator is precharged with oil pumped nitrogen, pre-
ferably, to 700 +25 psi at room temperature, 70°F. A pre-
charging kit (45Z232) is available from Harnischfeger for
performing this operation.

When precharging the accumulator, use water
pumped, oil pumped or dry nitrogen only.
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Precharge the accumulator with the precharging kit as fol-
lows (see Figure 5D-3):

Figure 5D-3. Gauging Head lnstallation

1. Remove the valve guard and valve cap from the accu-
mulator.

NOTE

To read or adjust the precharge pressure, hydraulic
fluid must be completely drained from the fluid side of
the accumulator.

2. To mount the gauging head, retract the shaft in the air
chuck by turning the bar handle counterclockwise until it
stops. Mount the swivel of the air chuck on the accumula-
tor’s gas valve stem, compressing the gasket in the swivel to
prevent gas leakage. Turn the bar handle clockwise until the
shaft depresses the valve core in the gas valve of the
accumulator.

3. Mount the gland nut of the hose assembly on the nitro-
gen bottle.

4. Remove the cap from the filler valve and attach the
swivel connector of the hose assembly. Hand tighten suf-
ficiently to compress the gasket in the swivel connector in
order to prevent gas leakage.

5. Proceed to inflate the accumulator to 700 + 25 psi by
opening the valve on the nitrogen bottle slowly, closing it
occasionally to allow the needle of the pressure gauge to
settle in position, thus giving an accurate reading of the pre-
charge pressure. When the correct precharge has been
reached, close the valve in the nitrogen cylinder securely.

5D-4

NOTE

Allow the accumulator to rest for about 30 minutes
and then check the precharge pressure again. Due to
the nitrogen expansion, additional precharging may
be necessary to bring the precharge to the desired
pressure.

6. The bleeder valve can be used to let out any gas pres-
sure in excess of desired precharge.

7. Retract the shaft of the air chuck by turning the bar
handle counterclockwise to the full stop position before dis-
connecting the swivel, thereby preventing excess leakage
of gas from the accumulator. Remove the chuck from the
accumulator gas valve stem.

8. The charging and gauging assembly may either be coiled
around the nitrogen cylinder or the assembly may be re-
moved from the cylinder and stored.

9. Check the accumulator gas valve assembly for leaks with
a soapy water solution or oil. If the valve core is leaking, de-
press quickly once or twice to reseat the core. It may be nec-
essary to replace the valve core if leakage continues.

10. Replace the accumulator gas valve cap and tighten
one-half turn beyond hand tightness.

11. Replace the accumulator valve guard.

12. Check for precharge loss within one week after instal-
lation.
SOLENOID VALVE (36Z1349, 36Z1528 & 36Z1423)

DESCRIPTION. Each unit is a 4-way, 2 position, spring off-
set, solenoid operated valve. These valves are located on a
panel directly behind the operator’s module and below the
upper deck panel. The valves are accessible from under-
neath.

In the energized position, oil flow is from the pressure port,
through the valve and to the cylinder port to allow oper-
ation of the brake, clutch or the controls system.

In the de-energized position (spring offset), the pressure
port is blocked. Oil flow is from the cylinder port to the ex-
haust port and then to the reservoir.
A manual plunger is provided at the end of the solenoid coil
so the valve can be shifted manually in the event of an elec-
trical malfunction.
One valve mounted on a separate subplate functions the
360° swing lock. This valve controls the 360° swing lock
cylinder.

One valve mounted on a separate subplate functions the
dapper trip valve. This valve controls the dipper trip drum.

The two valves, mounted on separate subplates, function as
the boom hoist interlock and the boom hoist limit Valve.
These valves control the boom hoist brakes, clutch and
pawls.

There are four valves mounted on one manifold which func-
tion as the swing brake lock valve, propel brake valve, left
drum brake valve, and right drum brake valve. These valves
control the swing brake, the left and right drum brake and
clutch, and the propel brakes.
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There are also two valves mounted on one manifold which
function as left and right drum pawl valves. These valves
control the left and right drum pawls.
TROUBLESHOOTING. The table and maintenance hints
that follow are of a general nature, but should provide help-
ful information when combined with the schematic in Sub-
section 5A.

Table 5D-1 lists the common difficulties experienced with
directional valves and systems. It also indicates the
probable causes and remedies for each of the troubles
listed.

It should always be remembered that many apparent valve
failures are actually the failure of other parts of the system.
The cause of improper operation is best diagnosed with
adequate testing equipment and a thorough understand-
ing of the complete hydraulic system.

SOLENOID REPLACEMENT. It is not necessary to remove
the valve to replace the solenoid coil. After determining the
solenoid coil is defective, proceed as follows (see Figure 5D-
4):

Before breaking an electrical circuit, be sure
the power is OFF. To do this, disconnect the
battery ground cable.

1. Remove plate (01), gasket (02) and disconnect the wires
from the coil to the terminal strip. Make tags to identify the
wires for proper assembly.

2. Remove snap ring (29) and pull coil (30) from solenoid
(27). Remove the manual plunger and install in the new coil.

NOTE
Attach a piece of wire or cord to the wire ends of coil
(30). This will make assembly easier.

3. Attach the wires to the new coil to the cord (wire) and
pull the wires into body (05). Push the coil  into the solenoid.

4. Install the snap ring and connect the coil wires to the
terminal strip.

5. If removed on disassembly, connect wire on gasket (02)
to ground and install plate (01).

REMOVAL. The removal of any of these valves does not re-
quire the disconnection of hydraulic lines. Each valve is
held to a subplate or a manifold by four socket head screws.
To remove a valve, proceed as follows (see Figure 5D-4):

Before breaking any circuit, be sure all pawl
locks are engaged and block or lower any load
whose movement could generate pressure.

1. Complete the General Removal instructions at the
beginning of this subsection.

2. Remove plate (01), move gasket (02) aside and discon-
nect the solenoid wiring. Mark or tag the wires to ensure
proper assembly. Set aside terminal block (32) and plate and
gaskets (33) until installation.

3. Remove the four socket head screws from the wiring
cavity inside the valve body. The valve can now be removed
from the machine. Be ready to catch the oil that is retained
in the lines and the valve.

4. Cap all the system openings to prevent the entrance of
contaminants.

DISASSEMBLY. To disassemble the valve, proceed as fol-
lows (see Figure 5D-4):

1. Loosen screws (28) and remove solenoid (27) from the
valve.

2. Loosen screws (06) and remove cover (07) from the other
end of the valve body.

3. Remove snap ring (09) then remove guide (11), O-rings
(10 and 12), limiters (13 and 15) and spring (14). Apply force
to push pin (16) as this will aid in removing guide (11) from
the valve body.

4. Remove snap ring (25), now remove guide (24), O-rings
(22 and 23) and washer (21).

NOTE

Discard and replace all O-rings and gaskets removed
in disassembly except gasket (02) unless it is dam-
aged. Refer to the Parts Manual for the applicable seal
kit number.

Table 5D-1. Troubleshooting Chart

TROUBLE

Valve spool fails
to move.

Valve produces
undesirable response
in work unit.

PROBABLE CAUSE

Dirt in system.

Solenoids inoperative.

Improper assembly after
overhaul.

Improper installation connec-
t ion.

Improper assembly of valve or
improper installation con-
nec t ions .

REMEDY

Disassemble, clean and flush.

Check electrical source and
solenoids.

See Figure 5D-4 to check proper
assembly of unit.

Check installation.

Check Figure 5D-4 for assembly
and the schematic diagram in
Subsection 5A for installation.
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*PARTS CONTAINED IN SEAL KIT

01. PLATE * 12. O-RING
02. GASKET 13. LIMITER
03. SCREWS 14. SPRING

* 04. O-RINGS 15. LIMITER
05. BODY 16. PUSH PIN
06. SCREW 17. SPOOL
07. COVER 18. PUSH PIN

* 08. GASKET 19. SPACER
09. SNAP RING 20. SPRING

* 10. O-RING 21. WASHER
11. GUIDE * 22. O-RING

* 23. O-RING
24. GUIDE
25. SNAP RING

* 26. GASKET
27. SOLENOID
28. SCREW
29. SNAP RING
30. COIL
31. SCREWS
32. TERMINAL BLOCK
33. PLATE AND GASKETS
34. SUB PLATE AND/OR

MANIFOLD (NOT SHOWN)

Figure 5D-4. Solenoid Valves (3621349, 36Z1528 and 36Z1423)
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5. Remove spring (20) and spacer (19).

6. Slide spool (17) from the valve body with push pins (16
and 18). Remove the push pins from the spool, then mark
the spool as noted below.

NOTE

Certain spool types are not symmetrical. To provide
correct assembly, it is recommended that the spool
and body be marked with a metal scribe. The spool
should be marked on the minor diameter, not across
the sealing lands.

CLEANING. The importance of cleaning the valve and all its
parts can not be overemphasized. All parts must be thor-
oughly cleaned and kept clean during inspection and as-
sembly. The close tolerance of the valve body and spool
makes this requirement more stringent than usual. Clean
all removed parts, using commercial solvent that is com-
patible with the system fluid. Compressed air may be used
in cleaning the valve, but it must be filtered to remove water
and contamination. Clean compressed air is particularly
useful in cleaning the spool orifices and body passages.

INSPECTION AND REPAIR. Inspect, repair, and replace the
valve and all its parts as follows:

1. Visually inspect the internal bore of valve body (05) for
scratches or erosion across the spool land sealing areas. If
scratches or erosion are found, replace the complete valve.

Do not stone the edges of the sealing lands on
the valve spool. Rather, use a 500 grit abrasive
paper to remove any burrs found on the spool.
Use the paper very lightly on the outer
diameter of the spool only.

2. Inspect the spool for burrs or small scratches. If any are
found, remove them with 500 grit abrasive paper. Then in-
sert the spool into the bore, rotate it while moving it back
and forth to check for binding. If any binding or side move-
ment exists, the spool must be replaced.

3. If a new spool (17) is required, use a very fine grit stone to
break the feathered edges of the balancing grooves. Use
500 grit paper to lightly polish the outside diameter of the
spool.

4. Inspect all the other parts for wear or damage and re-
place as necessary.

5. Check the grooves where any seals are placed; grooves
and detents should be free of any rough edges to prevent
damage to the new seals on assembly.

6. Perform a continuity check on the solenoid coil. The coil
should have a resistance value of 24 ohms.

ASSEMBLY. To assemble the valve, proceed as follows:

1. Lubricate all the parts and O-rings with clean hydraulic
oil to aid in assembly and provide initial lubrication.

2. The assembly of the valve is basically the reverse of the
disassembly procedure. The following items require special
attention:

A. Check the special marks on the spool and valve bore to
ensure correct assembly.

B. Insert the heads of push pins (16 and 18) into the spool
before installing the spool into the valve body.

C. Check for secure installation of snap rings (09 and 25).

D. Complete the wiring connection of the solenoid at in-
stallation.

INSTALLATION. To install the solenoid valve, proceed as
follows:

1. Place O-rings (04) in the ports at the bottom of the valve
body if not already done. Now set the valve on the subplate
or manifold in its correct position and secure with the four
socket head screws.

2. Install the terminal block and gaskets (33) in position and
complete the wiring of the solenoid. Then attach the ground
wire of gasket (02) and install plate (01) and fasten with the
screws (31).
3. Bleed the system of air as described in Subsection 5A.

4. Connect the battery cable, start the engine, and check for
leaks. If none, test the valve for proper operation.

SHUTTLE VALVE (36Z1171)
DESCRIPTION. Shuttle valves are used in several places in
the system to direct the flow of hydraulic fluid into a
common line from either of two other lines. When pres-
surized oil is available at either of the side ports, the float-
ing piston (shuttle) moves to the opposite side of the valve to
close the opposite side port. Oil is allowed to flow out the top
port to a common line.

REPAIRS. The shuttle valve is considered non-repairable. If
the valve is faulty, the complete valve should be removed
and replaced with a new valve.

REMOVAL. To remove the valve, proceed as follows.

1. See General Removal at the beginning of this section.

2. Disconnect the hydraulic lines at the valve and position
the lines to avoid interference as the valve is removed. Cap
the lanes to prevent the entry of contaminants.

3. Remove the two capscrews which secure the valve. The
valve can now be removed.

INSTALLATION. To Install the valve, proceed as follows.

1. Position the valve and install the two capscrews. Fully
tighten the capscrews to secure the valve.

2. Remove the protective caps and connect the hydraulic
lines to the valve.

3. Connect the battery cable. Start the engine and operate
the controls. Observe the valve for leaks, binding or other
defects.

SWIVELS (44Z2058)

DESCRIPTION. Swivels are provided at the input end of the
hydraulic lines to clutches and brakes wherever required. A
swivel is also provided on the rotary joint for the propel
brake. The swivel allows hydraulic fluid to flow into a
rotating member to apply a clutch or brake.
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REPAIRS. The swivel is considered non-repairable. If the
swivel is faulty the complete swivel should be removed and
replaced.

REMOVAL. To remove the swivel, proceed as follows:

1. See General Removal at the beginning of this section.

2. Disconnect the hydraulic line at the swivel and position
the line to avoid interference as the swivel is removed. Cap
the line to prevent the entry of contaminants.

3. Remove the swivel by backing it out of the shaft.

INSTALLATION. To install the swivel, proceed as follows:

1. Install the O-ring on the swivel. Thread and tighten the
swivel into the shaft.

2 Remove the protective cap and connect the hydraulic
line to the swivel.

3. Connect the battery cable. Start the engine and operate
the controls. Observe the swivel for leaks or other defects.

BRAKE, CLUTCH, AND PAWL CYLINDERS
(38U34, 38U39, 38U45, 38U104 & 38U112)

REMOVAL. To remove the actuating cylinder, proceed as
follows:

1. See General Removal at the beginning of this section.

2. Disconnect the hydraulic line to the cylinder. Cap the line
and install a dust cap in the cylinder to prevent the entry of
contaminants.

3. Relieve any tension on the brake, clutch or pawl oper-
ating mechanism springs. Remove the linkage from the
yoke or eyebolt end of the cylinder.

NOTE

See the particular brake, clutch or pawl instructions
on how to relieve spring tension in the operating
mechanism and how to remove the linkage from the
yoke or eyebolt.

4. Remove the capscrew and lockwasher securing the cyl-
inder to the operating mechanism.

DISASSEMBLY. Use the following procedure to disassem-
ble the cylinder (see Figure 5D-5):

1. Remove the piston and spring from the cylinder body.

2. Remove the seals, back-up rings, and the O-ring from
the cylinder body. Note the position of the seals when
removing them.

INSPECTION AND REPAIRS. Inspect the piston and cylin-
der bore for excessive wear, nicks or scratches. If either of
these parts are damaged, the entire cylinder must be re-
paired.

NOTE

A service kit is available. See the Replacement Parts
Manual.

ASSEMBLY. To assemble the cylinder, proceed as follows
(see Figure 5D-5):
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1. Generously coat all parts to be assembled with hydrau-
lic oil.

2. Install the inner seal, larger diameter back-up ring, O-
ring, small diameter back-up ring, and outer seal.

NOTE

Cylinders (38U34 & 38U104) have a metal and rub-
ber outer seal. Cylinders (38U39, 38U45 and
38U112) have a rubber outer seal.

3. Install the spring and piston in the cylinder body.

INSTALLATION. To install the actuating cylinder, proceed
as follows:

1. Secure the cylinder to the operating mechanism with the
lockwasher and capscrew.

2. Attach the linkage to the yoke or eyebolt end of the cyl-
inder.

3. Remove the dust cap from the cylinder and remove the
cap from the hydraulic line. Connect the hydraulic line to
the cylinder.

4. Bleed the hydraulic cylinder to remove any air trapped in
the hydraulic line. See Bleeding Procedure in this section to
bleed the cylinder.

5. Connect the battery cable. Start the engine and operate
the controls. Observe the cylinder for leaks, binding or other
defects.

CRAWLER EXTENSION/RETRACTION
CYLINDER (38U113)

DESCRIPTION. This cylinder is a double acting hydraulic de-
vice for extending and retracting the crawler side frame. It
has a 4 inch bore, 27 inch stroke and extends to a total
length of 67 inches. Although this cylinder gets moderate
use, it may in time develope leaks or function erratically
calling for special maintenance to be done. A special seal kit
is available and must be installed if the cylinder is over-
hauled.

REMOVAL. To remove the crawler extension cylinder, pro-
ceed as follows:

1. Perform the GENERAL REMOVAL procedures, as they
apply to this function, found in the beginning of this sub-
section.

2. Remove hydraulic lines at quick disconnect and pull the
pins at either end of the cylinder. Connect the quick discon-
nects to keep them clean.

3. Move the cylinder to a clean, dust free work area for dis-
assembly.

DISASSEMBLY. To disassemble the cylinder, proceed as
follows (see Figure 5D-6):

1. Remove the two capscrews holding head gland (06)
against lock wire (03).

2. Push the head gland into the body approximately 1 inch
and remove the lock wire from the groove.
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*SERVICE KIT ITEMS
Figure 5D-5. Actuating Cylinders
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*PARTS CONTAINED IN SEAL KIT.

01.
02.
03.
*04.
*05.
06.
*07.
*08.
*09.
10.
*11.
*12.
13.
14.
15.

CAPSCREW
BODY CAP
LOCK WIRE
ROD WIPER
ROD SEAL
HEAD GLAND
BACK-UP RING
O-RING
PISTON SEAL
PISTON
PISTON SEAL
O-RING
LOCKNUT
ROD
BODY

Figure 5D-6. Crawler Extension Cylinder (38U113)

3. Pull the complete rod, head gland and piston from the
body of the cylinde.

4. Remove locknut (13) from rod (14) and slide off piston
(10) and head gland (06).

5. Remove aII the seaIs from piston (10) and head gland (06)
and discard.

INSPECTION AND REPAIR Clean all the parts with a suit-
able solvent and inspect the rod, piston, head gland and cyl-
inder bore for excessive wear, nicks, or scratches. If any of
these parts are damaged, the part(s) may be replaced as in-
dicated in the Parts Manual.

ASSEMBLY. To assemble the cylinder, proceed as follows
(see Figure 5D-6):

1. Coat all parts with clean hydraulic oil.

2. Install O-ring (08) and back-up ring (07) in the groove of
head gland (06). The back-up ring is located nearest lock
ring (03).

3. Place rod seal (05) into the inside head gland groove with
the lips of the seal facing O-ring (08) groove.

4. Seal (04) is placed in the outside groove of the grooves of
piston (10) with the lips facing the rod end of the cylinder.

5. Assemble piston seals (09 and 11) into the grooves of
piston (10) with the lips of both seals facing the outside of
the piston.

6. Slide body cap (02), lock wire (03) and head gland (06)
onto rod (14).
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7. Install O-ring (12) in the groove of rod (14) and insert
piston (10) to the shoulder of the rod. Then, tighten locknut
(13) securely.

8. Carefully insert the assembled unit into the bore of the
cylinder. Compress the seals as necessary to prevent them
from being damaged.

9. Push the head gland into the bore and install the lock
wire.

10. Pull out on the rod to move the head gland into posi-
tion, then install the capscrews and tighten securely.

INSTALLATION. To Install the crawler extension cylinder,
proceed as follows:

1. Place the head end of the cylinder in the bracket on the
carbody and insert the pin. Mount the rod end on a support
to provide free movement in and out.

2. Connect the hydraulic line for extending the cylinder
first.

NOTE

The extend port is the one nearest the head end of the
cylinder.

3. Connect the battery ground and start the engine.
Gradually operate the control valve to fill the head end of the
cylinder with hydraulic oil.

4. With the rod fully extended, connect the other hydraulic
line and operate the control valve to fully retract the rod.
Cycle the cylinder several times to remove any air trapped.
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5. Swing the cylinder to either of the side frame brackets
and install the pin.

6. Repeat steps 1 through 5 for the other cylinder.

7. Check the hydraulic reservoir level and add oil to bring it
to the proper level in the glass.

SWIVEL (45Z453)

DESCRIPTION. Thus swivel is the means by which hydrau-
lic oil is delivered from the upper of the machine to the
lower. With the swivel it is possible to rotate the upper a full
360 degrees without interfering with pipe or hose connec-
tions.

The swivel consists of a swivel body which engages with
the pivot bracket on the bottom of the revolving frame and a
spool which is fixed to the carbody. All of the hydraulic lines
from the upper, required for the propel circuits, are con-
nected to the swivel body. The ports of the swivel body are
connected to the corresponding parts of the spool. Hydrau-
lic lines connected to the bottom of the spool direct oil to the
propel motors and brakes.

REMOVAL. If leakage between the swivel body and the
spool is detected, the swivel must be removed from the ma-
chine for repair. To remove the swivel for seal replacement
or other maintenance, proceed as follows (see Figure 5D-7):

Figure 5D-7. Swivel Removal

1. Swing the upper so that the attachment is over the front
of the lower, lower the boom, set the swing brake, and stop
the engine. Disconnect the battery ground cable.

2. Tag and disconnect all the hydraulic lanes attached to the
spool. The spool is numbered to correspond with numbers
stamped on the swivel body. Cap the lines to prevent the
entry of contaminants.

NOTE

Access to the spool and swivel body can be gained
from below the carbody.

3. Tag and disconnect all the hydraulic lanes attached to the
swivel body.

4. Using a suitable lacking arrangement support the swivel
spool from below. Remove the two attaching capscrews,
lockwashers, and nuts securing the swivel support to the
carbody.

5. Swing the pivot bracket 90 degrees and slowly lower the
swivel out of the carbody. Set the swivel aside for disas-
sembly.

DISASSEMBLY. Disassemble the swivel as follows (See
Figure 5D-8):

1. Remove the capscrews securing the retainer to the
spool. Remove the retainer and O-ring.

2. Slide the spool out of the swivel body. Remove the bear-
ings, slipper seals, and O-rings from the spool. Discard the
seals and O-rings.

INSPECTION AND REPAIR. After the swivel has been dis-
assembled, proceed as follows:

1. Thoroughly wash the swivel body and spool with a
suitable cleaning solvent or diesel fuel.

2. Inspect all parts for wear or damage. Carefully inspect
the swivel body and spool for excessive scoring or deep
scratches. Replace worn or damaged parts.

NOTE

Excessive scoring or deep scratches are usually
caused by foreign material in the hydraulic system. If
these defects are found, the hydraulic system should
be checked for foreign material.

ASSEMBLY. To assemble the swivel, proceed as follows
(see Figure 5D-8):

1. Generously lubricate the swivel body, spool, and all O-
rings and seals with clean hydraulic oil.

2. Install the lower O-ring and bearing.

3. Starting at one end of the spool carefully install the O-
ring in the first groove in the swivel stem. Carefully install
the slipper seal over the O-ring. Knead the slipper seal by
hand to squeeze it into the O-ring groove.

4. Repeat step 3-above until a new O-ring and slipper seal
have been installed in each O-ring groove of the spool.

5. Place the swivel body in a vertical position with the
bottom of the body facing up. Insert the top of the spool into
the bore of the swivel body, and while the spool is being
lowered into the body compress the slaiper seals by hand as
they enter the body.

6. When the spool is installed, install the upper bearing. In-
stall the upper O-ring on the retainer and set the retainer on
the spool. Fasten the retainer with the capscrews.
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Figure 5D-8. Swivel (45Z453)

INSTALLATION. To install a new or repaired swivel, pro-
ceed as follows (see Figure 5D-7):

1. Position the swivel support such that it will fit through
the opening of the carbody and slowly lift or jack the swivel
up until the pivot bracket can be turned and rested on the
carbody support.

2. When the swivel is in position, install the capscrews,
lockwashers, and nuts. Tighten securely.

NOTE

Position the swivel so that the numbers stamped on
the body and spool face the respective hoses tagged
earlier.

3. Reconnect the hydraulic lines from the upper to the
appropriate ports in the swivel body.

4. Reconnect the hydraulic lines from the lower to the
appropriate ports on the spool.

5. Connect the battery ground cable. Start the engine and
check for leaks while operating the propel functions. Add
clean hydraulic oil, as necessary, to the hydraulic propel
and/or controls reservoirs.
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DRUM PAWL CYLINDER (38Q123)

DESCRIPTION. The drum pawl cylinder releases the drum
pawl from the left or right drums. When hydraulic pressure
is applied to the cylinder the pawl is released from drum.

REPAIRS. The drum pawl cylinder is a non-repairable item.
If the cylinder leaks or has not been operating properly,
replace it.

REPLACEMENT. To replace cylinder, see Subsection 7E.

SWING LOCK CYLINDER (36Z434)

DESCRIPTION. The swing lock cylinder engages and disen-
gages the 360° swing lock. Hydraulic pressure engages and
disengages the stop block into the slewing ring bull gear.

REPAIRS. The swing lock cylinder is a non-repairable item.
If the cylinder leaks or has not been operating properly,
replace it.

REPLACEMENT. To replace the swing lock cylinder, pro-
ceed as follows (see Figure 5D-9):

1. Shutdown the engine and make sure all hydraulic pres-
sure is released from the system.
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Figure 5D-9. Swing Lock Cylinder (36Z434)

2. Tag the hydraulic lines at the cylinder. Remove the lines
and plug them to prevent the entry of dirt.

3. At each end of the cylinder, remove the cotter pin and pin
from the clevis and mounting bracket.

4 . Remove the cylinder. If the cylinder is to be replaced by a
new one, note the positioning of the clevis threaded on the
cylinder rod. Loosen jam nut and remove clevis and jam nut.
Transfer clevis and jam nut to new cylinder. Install clevis as
noted on old cylinder. Tighten jam nut.

5. Set cylinder up to link and mounting bracket. Install pins
and cotter pins.

6. Install and tighten hydraulic lines.

7. Operate cylinder to make sure it is operating correctly.

8. With the stop block fully engaged in the slewing ring
gear, pins “A”, “B” and “C” are to be inline. Adjust using
jam nut and adjusting capscrew. Tighten jam nut after
adjusting.
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SUBSECTION 6A

SWING SYSTEM

GENERAL

This section describes the components required to trans-
mit swing torque from the horizontal swing shafts to the
swing gear.

The swing system consists of the horizontal swing shafts,
swing clutches, intermediate swing shaft, vertical swing
shaft and slewing ring as shown in Figure 6A-1.

DESCRIPTION

The swing system is powered by the upper engine through
the chain driven horizontal swing shafts. The horizontal
swing shaft sprocket hubs and clutch housings turn con-
tinuously while the engine is running and the torque con-

verter is engaged. However, the operator must engage
either the left or right swing clutch to swing the upper.

When a swing clutch is engaged a horizontal swing shaft
bevel gear transmits torque to the vertical swing shaft. The
pinion on the vertical swing shaft meshes with the swing
gear, which rotates the upper.
The swing brake is a hydraulically released-spring set de-
vice. When the control switch is in the OFF position, hy-
draulic pressure causes the cylinder to release the brake.
The upper is now free to swing. When the control switch is
in the ON position, hydraulic pressure is diverted back to
tank and the springs set the brake.
A 360° swing lock is provided to secure the upper in any
position in relation to the lower. The stop block engages the
slewing ring bull gear and is hydraulically actuated.

Figure 6A-1. Swing System
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HORIZONTAL SWING SHAFTS

GENERAL

This subsection contains the information necessary to re-
move, disassemble, assemble and install the horizontal
swing shafts.

HORIZONTAL SWING SHAFT (2910J30-6)
GENERAL. The left and right horizontal swing shafts are
mounted in the side wall of the chain case. The bevel on the
horizontal swing shafts are in constant contact with the
bevel gear of the intermediate swing shaft.

REMOVAL. To remove either horizontal swing shaft, pro-
ceed as follows (see Figure 6B-3):

1. Remove the swing clutch assembly from the swing
shaft. See the topic, Removal, in Subsection 6F.

2. Remove the chain case cover, loosen the drive chains,
and lift the chain off the sprocket of the shaft assembly to be
removed (see Subsection 4E).

3. Support hub (20) and remove nuts (18) and lockwashers
(19). Remove the horizontal shaft assembly from the ma-
chine and place it on a clean bench. This assembly weighs
approximately 420 Ibs.

DISASSEMBLY. To disassemble either horizontal swing
shaft assembly, proceed as follows (see Figure 6B-1):

1. Remove washer (03) and pinion (04) from shaft (05).

2. With sprocket (22) on blocking, press shaft (05) out of the
assembly from the clutch end. Bearing (23) will come out
with the shaft.

3. Remove spacer (30), O-ring (29) and oil seal (28).

4. Pull bearing (27) from drum (24) Ring (26) may now be
removed.

5. Remove drum (24), seal (17) and shims (14, 15 and 16).

6. Block housing (20) and press sprocket (22) out of the
housing, pressing on the end of the sprocket hub which is
tapped for capscrews (25). The cone of bearing (21) will
come out with the sprocket.

7. Remove all remaining items from the housing and
sprocket hub.

INSPECTION AND REPAIR. Prior to assembly, all swing
clutch parts should be inspected as follows:

1. Replace all oil seals and O-rings. Any bearing which
shows signs of wear or damage should be replaced.

2. Inspect pinion (04) and sprocket (22) for excessive wear
or damage. If they are scored, pitted, ridged or worn they
should be replaced.

3. Grease all seals and O-rings prior to installation.

ASSEMBLY. To assemble the horizontal swing shaft, pro-
ceed as follows (see Figure 6B-3):

1. Press seal (10) into housing (20).

NOTE

All seals in this assembly should be installed with the
sealing lip and spring facing inward, toward the chain
case.

2. Heat the cone of bearing (21) and install it on the hub of
sprocket (22). Install the outer cup of the bearing in housing
(20).
3. Install the outer cup of bearing (13) into housing (20).

4. Place sprocket (22) on end, with the sprocket end down.
Carefully place housing (20) over the sprocket hub. Pack the
area between seal (10) and bearing (13) with multipurpose
grease.

5. Install the inner cone of bearing (13) over the hub of
sprocket (22).

6. Assemble drum (24) on the hub of sprocket (22) with
three capscrews (25). Do not install shims (14, 15 and 16) at
this time. Tighten the capscrews to 20 to 25 ft-lbs.

7. Hold housing (20) stationary and check the end play at
the sprocket with a dial indicator. After noting the end play,
remove the drum and install sufficient shams (14, 15 and
16) to provide from 0.003 to 0.005 inch end play.

8. Press seal (17) into the bore of the clutch housing.

9. Reinstall the clutch drum with the measured amount of
shims (14, 15 and 16) in place. Tighten capscrews (25) to
120 ft-lbs (dry).

10. Install ring (26) with the hole in the ring aligned with
grease fitting (12). If the ring is incorrectly installed, bear-
ing (27) may not receive adequate lubrication.

11. Press bearing (27) firmly against ring (26).

12. If bearing (23) was removed from shaft (05), heat and
replace it at this time.
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13. Slide shaft (05) and bearing (23) into sprocket and hub
(22). Be sure bearing (23) fits firmly against the shoulder in
the sprocket.

14. Install pinion (04), washer (03), capscrews (02) and
lockwire (01) on shaft (05).

15. Press seal (28) into drum (24). Be sure the seal seating
surface on spacer (30) is clean and free from nicks and
burrs, since minor shaft imperfections can wear seal lips
rapidly.

16. Install O-ring (29) in spacer (30) and slide the spacer
into position on shaft (05), being careful to avoid damage to
seal (28).

Figure 6B-1. Checking Backlash

HORIZONTAL SWING SHAFTS

INSTALLATION. To install the horizontal swing shaft, pro-
ceed as follows:

1. Replace O-ring in the clutch housing. Place shims (08
and 09) on the studs extending from the chain case. Apply a
coat of number two Permatex to the threads of the studs.

2. Attach the swing shaft assembly to the chain case In-
stall and tighten washers (19) and nuts (18).

3. Install the clutch assembly on shaft (05) and secure in
position with washers (06 and 31) and locknut (07).

4. Install and adjust the drive chain, chain case cover and
gasket (see Subsection 4E).

5. Connect the hydraulic line to the clutch and open the
petcock at the hydraulic reservoir. Bleed the line from the
reservoir to the clutch (see Subsection 5A).

6. Check the backlash between pinion (04) and the vertical
swing bevel gear as shown in Figure 6B-1 Adjustment is
made by means of the shims located beneath the vertical
swing shaft bearing retainers (see Subsection 6D).
7. Check the bevel pinion gear contact, using a thin coat-
ing of Prussian blue or white lead on one gear. Rotate the
gears together under no load to determine contact on the
gear teeth as shown in Figure 6B-2. Correct any poor con-
tact condition as shown.
8. Lubricate the assembly with multipurpose grease
through fitting (12).

NOTE

Fitting (11) is a relief fitting. When grease backs up
through the relief fitting, stop adding lubricant. Be
careful not to overlubricate fittings (12) since dam-
age to seals could result.

Figure 6B-2. Checking Tooth Contact
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SUBSECTION 6C

INTERMEDIATE SWING SHAFTS

GENERAL

This subsection covers the removal, disassembly, inspec-
tion, repair, assembly and installation of the intermediate
swing shaft. It is important to note that during assembly and
installation shims are used to adjust the bevel gear back-
lash with the swing clutch shaft bevel pinions.

INTERMEDIATE SWING SHAFT (9210JS0-3)

GENERAL. The intermediate swing shaft is mounted in the
revolving frame with the bevel gear in contact with the
swing clutch shaft pinions. The bevel gear, on the inter-
mediate swing shaft and the pinions on the swing clutch
shaft, are immersed in oil and continually lubricated.

REMOVAL AND DISASSEMBLY. Disassembly is accom-
plished during removal. To remove the intermediate swing
shaft, proceed as follows (see Figure 6C-1):

1. Drain the chain case and remove the chain case covers
on the front of the revolving frame.

2. Remove the horizontal swing shafts (see Subsection 6B).

3. Remove the end plate, then pull the bevel gear and
pinion from the shaft.

4. Attach an eyebolt to the shaft and lift the shaft and bear-
ings from the chain case bore.

NOTE

It is not necessary to remove the bottom spacer or
spacer retainer at this time.

5. Remove the cover plate by cutting the tie wire and re-
moving the capscrews.

6. Remove the bearing spacer and press the bearings off
the shaft.

INSPECTION AND REPAIR. Prior to assembly, all inter-
mediate swing shaft parts should be inspected as follows:

1. If the bevel gear or either of the swing pinions on the
swing clutch shaft are defective, replace all three gears. The
three gears tend to wear uniformly and the use of a com-
bination of old and new gears, particularly bevel gears, will
make backlash adjustments all but impossible.

2. Any bearing which shows any sign of wear or damage
should be replaced.

3 Replace all capscrews which have rounded corners and
all other damaged or worn parts. Figure 6C-1. lntermediate Swing Shaft (9210J60-3)
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SUBSECTION 6C INTERMEDIATE SWING SHAFTS

4. If inspection reveals nicks, mars or burrs on machined or
ground surfaces, use a fine mill file or stone for removal. Be
sure all threaded items are clean and that threads are not
damaged.

ASSEMBLY AND INSTALLATION. To assemble and install
the intermediate swing shaft, proceed as follows (see Fig-
ure 6C-1):

1. Press the cone of the top bearing on the shaft until it is
snug against the shoulder. Pack the bearing with grease
and install the outer race. Install the top spacer against the
top bearing.

2. Install the outer race of the bottom bearing against the
top spacer. Pack the cone of the bottom bearing with grease
and press the bearing on the shaft until it is seated with the
outer race. Turn the outer races to be sure the bearings
have seated properly and turn freely.

3. Install the cover plate to the end of the shaft with the cap-
screws. Bench set the bearing end play by rotating the shaft
while adjusting the bearings. Tighten the cover plate cap-
screws with the shaft rotating freely and no appreciable end
play. Secure the cover plate capscrews with the tie wire.

4. Install the shaft assembly into the chain case bore.

5. Install the bearing spacer, the pinion, and the bevel gear.

6. Attach the end plate with the capscrews and secure with
the tie wire.

7. Install the swing shafts as described in Subsection 6B
and check the bevel gear contact as described and illus-
trated. Each swing shaft bevel gear and intermediate bevel
gear has a backlash dimension stamped on its face. Back-
lash measurements must be taken at the pitch diameter of a

bevel gear tooth, preferably with a 0.001 inch dial indica-
tor, while the mating bevel gear is held in a locked position.

If backlash adjustment is required, proceed as follows:

Remove the hardware holding the swivel to the bracket
on one side only. Move the swivel to one side and block it
in place.

Drain the intermediate swing shaft bore by removing the
pipe plug in the spacer retainer. Remove the tie wire, the
capscrews and the spacer retainer. Be ready to catch
any additional gear oil trapped in the chain case bore.

Add or remove shims between the bottom spacer and
spacer retainer to bring the bevel gears into proper con-
tact with the required backlash.

NOTE

The measured backlash, at each bevel gear set,
should equal the sum of the backlash values stamped
on the bevel gear and the mating bevel pinion. Back-
lash can be corrected by adding or removing the back-
lash shims. Adding shims will drop the intermediate
swing shaft down, thereby increasing backlash. Re-
moving shims will move the shaft up and decrease
backlash. When checking bevel gear contact, use only
three capscrews to hold the spacer retainer in place.

D. When proper backlash has been set, install the other
capscrews and secure them with the tie wire.

E. Center the swivel and secure it in placewith the mount-
ing hardware.

9. Install the chain case covers and any other sheet metal
removed during disassembly.

10.Fill the chain case with the gear oil specified in Section
Ill.

8.

A.

8.

C.
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SUBSECTION 6D

VERTICAL SWING SHAFTS

GENERAL

T h i s  s u b s e c t i o n  c o v e r s  t h e  r e m o v a l ,  d i s -
a s s e m b l y ,  i n s p e c t i o n  a n d  r e p a i r  a n d  t h e
a s s e m b l y  a n d  i n s t a l l a t i o n  o f  t h e  v e r t i c a l
s w i n g  s h a f t .

VERTICAL SWING SHAFT (2100J1334-1)

GENERAL. T h e  v e r t i c a l  s w i n g  s h a f t  i s
d r i v e n  f r o m  t h e  i n t e r m e d i a t e  s w i n g  s h a f t
p i n i o n .  I t  t r a n s m i t s  s w i n g  t o r q u e  t o  t h e
s w i n g  p i n i o n ,  w h i c h  m a t e s  w i t h  t h e  t e e t h
o f  the  r ing  gear .

DISASSEMBLY. T o  d i s a s s e m b l y  t h e  r e -
m a i n i n g  p a r t s  o f  t h e  v e r t i c a l  s w i n g
shaft, proceed follows (see
F igure  6D-1  on  page  6D-2) :

1. R e m o v e  u p p e r  b e a r i n g  ( 0 9 )  f r o m  t h e
s h a f t  i f  i t  w a s  n o t  r e m o v e d  d u r i n g  r e -
mova l  o f  the  sha f t .

REMOVAL. To remove the  ver t i ca l  sw ing 2. R e m o v e  s p a c e r  ( 1 0 )  a n d  t h e n  r e m o v e
shaft, proceed as follows (see
F igure  6D-1  on  page  6D-2) :

lower  bear ing  (11) .

3. R e m o v e  c a p s c r e w s  ( 1 7 ) ,  r e t a i n e r
( 1 6 ) ,  g a s k e t  ( 1 3 )  a n d  O - r i n g  ( 1 5 ) .

4. Remove inner retainer (14) and seal
( 1 9 ) .

8 .  L o o s e n  b e a r i n g  r e t a i n e r  ( 1 6 )  b y  r e -
m o v i n g  t i e  w i r e  ( 1 8 )  a n d  l o o s e n i n g  c a p -
s c r e w s  ( 1 7 ) .

9 .  R a i s e  t h e  s h a f t  a n d  t h e  b e a r i n g s  o u t
o f  the  bore .

I N S P E C T I O N  A N D  R E P A I R .  P r i o r  t o  a s -
s e m b l y ,  a l l  v e r t i c a l  s w i n g  s h a f t  p a r t s
should be inspected as fol lows:

1. R e p l a c e  n e w  o i l  s e a l  ( 1 9 )  i n  b e a r i n g
r e t a i n e r  ( 1 4 ) .  I n s t a l l  n e w  O - r i n g  ( 1 5 )  i n
r e t a i n e r  ( 1 6 ) .

2. B e a r i n g s  t h a t  s h o w  a n y  s i g n s  o f  w e a r
or  damage should be replaced.

3. R e p l a c e  a l l  c a p s c r e w s  w h i c h  h a v e
r o u n d e d  c o r n e r s  a n d  a l l  o t h e r  d a m a g e d
o r  w o r n  p a r t s .

4. I f  i n s p e c t i o n  r e v e a l s  n i c k s ,  m a r s  o r
b u r r s  o n  m a c h i n e d  o r  g r o u n d  s u r f a c e s ,
use  a  f i ne  m i l l  f i l e  o r  s tone  fo r  remova l .
Be  su re  a l l  t h readed  i tems  a re  c lean  and
tha t  th reads  a re  no t  damaged.

1 .  Swing  the  mach ine  to  a  pos i t ion  where
t h e  s h a f t  c a n  b e  r e a c h e d  t h r o u g h  a n
o p e n i n g  i n  t h e  c a r b o d y .  S e t  t h e  s w i n g
b r a k e .

2 .  D r a i n  t h e  c h a i n  c a s e  a n d  r e m o v e  t h e
chain case covers.

3 .  R e m o v e  t h e  i n t e r m e d i a t e  s w i n g  s h a f t
as  descr ibed in  Subsec t ion  6C.

4 .  B l o c k  t h e  s w i n g  s h a f t  t o  p r e v e n t  i t
f r o m  d r o p p i n g  w h e n  t h e  a t t a c h i n g  m a t e -
r ial  is removed.

5 .  Remove  locknu t  (01 ) ,  l ockwasher  (02 )
a n d  s p a c e r  ( 0 3 )  f r o m  t h e  s h a f t .  R e m o v e
gear  (04 )  f rom the  sha f t .

6 .  L o o s e n  b e a r i n g  r e t a i n e r  ( 0 7 )  b y  r e -
mov ing  t ie  w i re  (06)  and  capscrews (05) .
Remove re ta iner  (04)  and  sh ims  (08) .

7 .  I n s t a l l  a n  e y e b o l t  i n  t h e  e n d  o f  t h e
s h a f t  a n d  a t t a c h  a  s u i t a b l e  l i f t i n g  d e v i c e
t o  i t  ( t h e  s w i n g  s h a f t  w e i g h s  a p p r o x i -
mately 175 Ibs).
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01. LOCKNUT
02. LOCKWASHER
03. SPACER
04. GEAR
05. CAPSCREW
06. TIE WIRE
07. BEARING RETAINER
08. SHIMS
09. BEARING
10. SPACER
11. BEARING
12. SHAFT
13. GASKET
14. INNER RETAINER
15. O-RING
16. OUTER RETAINER
17. CAPSCREW
18. TIE WIRE
19. SEAL

F i g u r e  6 D - 1 .  V e r t i c a l  S w i n g  S h a f t  ( 2 1 0 0 J 1 3 3 4 - 1 )

5 .  C h e c k  t h e  v e r t i c a l  s w i n g  g e a r ,  t h e 1 .  S e t  r e t a i n e r  ( 1 4 )  w i t h  n e w  s e a l  ( 1 9 )

p i n i o n s ,  a n d  t h e  b e v e l  g e a r  o n  t h e  i n - on shaft (12).

te rmed ia te s w i n g  s h a f t  f o r  w e a r ,  c r a c k s ,
or damage. If any of these are
de fec t i ve ,  rep lace  them.

2 .  P r e s s  t h e  i n n e r  r a c e  o f  l o w e r  b e a r i n g
(11) on shaft (12) until it iS snug
a g a i n s t  t h e  s h o u l d e r .  P a c k  t h e  b e a r i n g

A S S E M B L Y  A N D  I N S T A L L A T I O N .  T o  a s - w i th  g rease  and  ins ta l l  the  ou te r  race .

s e m b l e  a n d  i n s t a l l  t h e  v e r t i c a l  s w i n g
shaft, proceed as follows (see 3 .  S l ide  space  (10)  on  sha f t  (12) .

F i g u r e  6 D - 1 ) :
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4 .  P l a c e  t h e  o u t e r  r a c e  o f  u p p e r  b e a r i n g
( 0 9 )  a g a i n s t  s p a c e r  ( 1 0 ) .  P a c k  t h e  i n n e r
r a c e  w i t h  g r e a s e  a n d  p r e s s  o n t o  s h a f t
( 1 2 )  u n t i l  i t  i s  s e a t e d  w i t h  t h e  o u t e r
r a c e .  T u r n  t h e  o u t e r  r a c e  o f  b e a r i n g s
( 0 9  a n d  1 1 )  t o  m a k e  s u r e  t h e  b e a r i n g s
h a v e  s e a t e d  p r o p e r l y  a n d  t u r n  f r e e l y .

5 .  I n s t a l l  r e t a i n e r  ( 1 6 )  w i t h  n e w  O - r i n g
(15)  and  gaske t  (13)  on  the  mach ine  w i th
c a p s c r e w s  ( 1 7 ) .  D o  n o t  t i g h t e n  t h e  c a p -
screws a t  th is  t ime.

6 .  I n s t a l l  t h e  e y e b o l t  i n  t h e  v e r t i c a l
s w i n g  s h a f t  i f  i t  w a s  r e m o v e d  d u r i n g  i n -
s p e c t i o n .  A t t a c h  a  s u i t a b l e  l i f t i n g  d e v i c e
t o  t h e  e y e b o l t  ( t h e  s h a f t  a n d  b e a r i n g s
weigh approx imate ly  175 Ibs) .

7 .  I n s t a l l  t h e  s h a f t  i n t o  t h e  m a c h i n e  b y
C A R E F U L L Y  l o w e r i n g  t h e  s h a f t  u n t i l  i n -
n e r  b e a r i n g  ( 1 4 )  s e a t s  i n  b e a r i n g  r e t a i n -
e r  ( 1 6 ) .

Slowly lower t h e  s h a f t  s o  t h a t
O-ring (15) and seal (19) are not
damaged.

8 .  T i g h t e n  c a p s c r e w s  ( 1 7 )  a n d  i n s t a l l  t i e
w i r e  ( 1 8 ) .

9 .  P l a c e  b e a r i n g  r e t a i n e r  ( 0 7 )  o n  t h e  t o p
b e a r i n g ,  i n s t a l l  a n d  s n u g  d o w n  c a p -
s c r e w s  ( 0 5 ) .  M e a s u r e  t h e  c l e a r a n c e  b e -
tween the  bear ing  re ta iner  and  the  top  o f
the  cha in  case  bore .

10 .  Remove  capsc rews  (05)  f rom bear ing
re ta ine r  (07 )  and  add  an  amount  o f  sh ims
g r e a t e r  t h a n  t h e  c l e a r a n c e  m e a s u r e d  i n
Step 9. Reinstall the capscrews,
t i g h t e n ,  a n d  s e c u r e  w i t h  t i e  w i r e  ( 0 6 ) .

1 1 .  P l a c e  g e a r  ( 0 4 )  o n  t h e  s h a f t  s p l i n e s
a n d  i n s t a l l  s p a c e r  ( 0 3 ) ,  l o c k w a s h e r  ( 0 2 )
a n d  n u t  ( 0 1 ) .

1 2 .  R o t a t e  t h e  s h a f t  w h i l e  t i g h t e n i n g  n u t
( 0 1 ) .  B e a r i n g s  m u s t  b e  f r e e  t o  r o t a t e
w i t h  n o  a p p r e c i a b l e  e n d  p l a y .  S e c u r e
t h e  n u t  w i t h  t h e  l o c k i n g  t a b  o n  l o c k -
w a s h e r  ( 0 2 ) .

13 .  Rep lace  the  in te rmed ia te  sha f t  as  de-
scr ibed in  Subsec t ion  6C.

14 .  Rep lace  the  cha in  and  ad jus t  accord -
ing  to  the  p rocedure  in  Subsec t ion  4E.

15 .  F i l l  the  cha in  case  to  the  p roper  leve l
w i t h  t h e  l u b r i c a n t  s p e c i f i e d  i n  S e c t i o n
I I I .

16. Replace the chain case covers.

Vertical Swing Shafts 6D-3



SUBSECTION 6E

SWING BRAKES AND LOCKS

GENERAL

This subsection contains the information necessary to re-
move, repair, install and adjust the swing brake.

SWING BRAKE (2100J992-4)

GENERAL. The swing brake is located at the left side of the
upper. The pinion of the swing brake shaft is engaged in the
ring gear. The brake is of the spring set-hydraulically
released type. The purpose of the swing brake is to lock the
upper in position in relation to the carrier, while traveling,
working, or moving to a new location. It is not intended or
designed to stop the upper from swinging at the end of each
swing cycle or as a control regularly used in operating the
machine. It is more accurately described as a “locking”
brake.

When the operator moves the swing brake control switch to
release the swing brake, hydraulic pressure is applied to the
cylinder which extends a piston to release the brake. When
the operator moves the swing brake control switch to en-
gage the swing brake, hydraulic pressure is released from
the cylinder, retracting the piston which allows a spring to
set the brake.

The length of the operating springs with the brakes applied
(hydraulic pressure released to the cylinder) should be 4-
1/4 inches when in proper adjustment (see Figure 6E-1).

The swing brake shoes should be replaced if the shoes be-
come cracked, warped, scored or otherwise unserviceable.
Proper swing brake use results in very little shoe wear, thus
shoes seldom “wear” out.

REMOVAL AND DISASSEMBLY. To remove and disassem-
ble the swing brake, proceed as follows (see Figure 6E-2):

1. Swing the upper so that shaft (34) is over the access
opening provided in the carrier deck. Place blocking at the
bottom of the shaft.

2. Remove shield (07), spacers (08) and retainer (09).

3. Remove the blocking and lower the shaft from the ma-
chine.

4. Disconnect lines (32) and remove pins (14). Remove the
brake mechanism from the machine and pull bearing (39)
from the shaft bore.

5. Remove bearing (37) from shaft (34).

Figure 6E-1. Swing Brake Adjustment

INSPECTION AND REPAIR. Prior to assembly, all swing
brake parts should be inspected as follows (see Figure 6E-
2):

1. Replace springs (04) and shoe linings (22).

2. If either bearing shows signs of wear or damage it should
be replaced.

3. Inspect shaft (34) for defects. Replace the shaft if it is
worn, cracked or otherwise damaged.

4. Inspect sheave (10) for excessive wear and replace if
necessary.

5. If cylinder (44) leaks or has been performing erratically,
overhaul it (see Subsection 5D).

INSTALLATION. To install the swing brake, proceed as fol-
lows (see Figure 6E-2):
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SUBSECTION 6E SWING BRAKES AND LOCKS

1. Heat bearing (37) and install the bearing firmly against
the shoulder of shaft (34). Slide spacer (38) over shaft (34).

2. Press bearing (39) into the shaft bore of the revolving
frame, pressing on the outer cup only.

3. Pack the cavity below bearrng (39) with multipurpose
grease.

4. Install shaft (34) from beneath the upper until spacer (38)
is pressed firmly against bearing (39).

5. Place the brake shoe assembly over shaft (34). Install
and fasten pins (14) in place.

6. Connect lines (32) and lubricate the bearings thor-
oughly through the grease fittings.

7. Install retainer (09). spacer (08) and shield (07) and
fasten securely with capscrews (05).

ADJUSTMENT. To adjust the swing brake, proceed as fol-
lows (see Figure 6E-1):

1. With the brake applied (hydraulic pressure released)
loosen jam nuts (01) and turn adjusting nuts (02) so that the
length of springs (03) is 4-1/4 inches.

2. Loosen jam nut (04) and adjust nut (05) so that the pis-
ton of cylinder (06) has one inch of stroke travel when the
brake is released (hydraulic pressure applied).

360° SWING LOCK (2100J1405)

GENERAL. The 360° swing lock is used to lock the machine
upper in any position in relation to the lower. Moving the
switch to the disengaged position moves the stop block out
of slewing ring bull gear. Moving the switch to the engaged
position moves the stop block into the slewing ring bull
gear. See Figure 6E-3.

REPAIRS. The only repair item is the hydraulic cylinder. See
Subsection 5D for replacement of the hydraulic cylinder.

ADJUSTMENT. The swing lock must be adjusted so that
pins “A”, “B” and “C” are in line when the stop block is fully
engaged in the slewing ring bull gear (see Figure 6E-3).
Adjust as needed using adjusting capscrew and jam nut.
Tighten jam nut after adjusting.
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SUBSECTION 6F

SWING CLUTCHES

GENERAL

T h i s  s u b s e c t i o n  c o n t a i n s  t h e  i n f o r m a t i o n
n e c e s s a r y  t o  r e m o v e ,  r e p a i r ,  i n s t a l l  a n d
ad jus t  the  sw ing  c lu tch  assembly .

SWING CLUTCH (2100J1346-1)

R E M O V A L  A N D  D I S A S S E M B L Y .  T h e
c l u t c h  a s s e m b l y  s h o w n  i n  F i g u r e  6 F - 1  i s
t h e  l e f t  s w i n g  c l u t c h .  T h e  r i g h t  s w i n g

c l u t c h  i s  t h e  s a m e  a s  t h e  l e f t ,  e x c e p t
t h a t  i t  i s  r o t a t e d  1 8 0 ° .  T o  r e m o v e  a n d
d isassemble  the  sw ing  c lu tch ,  p roceed as
fo l lows  (see  F igure  6F-1 ) :

1 .  P l a c e  t h e  s w i n g  l e v e r  i n  t h e  n e u t r a l
p o s i t i o n .

2 .  D i s c o n n e c t  a n d  c a p  t h e  h y d r a u l i c  l i n e
t o  t h e  c l u t c h  s w i v e l .  U n s c r e w  t h e  s w i v e l
f rom the  sw ing  sha f t .

01. CAPSCREW 08. SPRING ANCHOR 15. PIN
02. LOCKWASHER 09. NUT 16. COTTER PIN
03. SHIELD 10. DRAW SPRING 17. SPIDER
04. CYLINDER 11. ADJUSTING SCREW 18. CLUTCH LINING
05. PUSH ROD 12. JAM NUT 19. BUSHING
06. PIN 13. SHOE 20. BUSHING
07. COTTER PIN 14. LINK 21. BUSHING

Figure 6F-1.  Swing Clutch (2100J1346-1)
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3.  D isconnec t  the  hydrau l i c  l i ne  a t tached
t o  t h e  s w i n g  s h a f t .  R e m o v e  t h e  n u t ,
l ockwasher  and  f l a t  washer  f rom the  end
of  the  swing  shaf t .

4 .  Care fu l l y  s l i de  the  c lu tch  assemb ly  o f f
of  the swing shaft  and place i t  on a c lean
bench .

5 .  L o o s e n  j a m  n u t s  ( 1 2 ) .  B a c k  o f f  a d -
j u s t i n g  s c r e w s  ( 1 1 )  a n d  r e m o v e  r e t u r n
s p r i n g  ( 1 0 ) .

6 .  D isconnec t  shoes  (13)  f rom push  rods
(06)  and  l i nks  (14) .

I N S P E C T I O N  A N D  R E P A I R .  P r i o r  t o  r e -
i n s t a l l i n g  t h e  c l u t c h  a s s e m b l y  o n  t h e
s h a f t ,  i n s p e c t  t h e  f o l l o w i n g  i t e m s  ( s e e
F igure  6F-1  on  page  6F-1) :

1 .  Rep lace  re tu rn  sp r ing  (10) .

2 .  Remove  bush ing  (21)  f rom sp ider  (24 )
and  rep lace . A lso  remove bush ings  (19)
and (20) and replace them.

3 .  I f  c y l i n d e r  ( 0 4 )  l e a k s  o r  h a s  b e e n
p e r f o r m i n g  e r r a t i c a l l y ,  r e m o v e  i t  f r o m
t h e  s p i d e r  a n d  o v e r h a u l  o r  r e p l a c e  i t .
See Subsect ion 5D.

4 .  C h e c k  c l u t c h  l i n i n g  ( 1 8 )  f o r  e x c e s s i v e
w e a r .  T h e  l i n i n g s s h o u l d  b e  r e p l a c e d
w h e n  w e a r  h a s  r e d u c e d  t h e  t h i c k n e s s  o f
t h e  l i n i n g  t o  w i t h i n  1 / 1 6  i n c h  o f  t h e  r i v -
e t s .  C h e c k  t h e  c l u t c h  s h o e s  f o r  c r a c k s
o r  d i s t o r t i o n .

NOTE

A  l i n i n g  k i t  i s  a v a i l a b l e .  S e e  t h e
Replacement Parts Manual .

5 .  C h e c k  l i n k s  ( 1 4 )  a n d  p u s h  r o d s  ( 0 5 )
f o r  w e a r .  R e p l a c e  i f  n e c e s s a r y .

6 .  I n s p e c t  t h e  c l u t c h  d r u m  f o r  c r a c k s ,
scores or  other damage.

A S S E M B L Y  A N D  I N S T A L L A T I O N .  T o  a s -
sembly  and  ins ta l l  the  sw ing  c lu tch ,  p ro -
ceed as fo l lows (see Figure 6F-1 on page
6 F - 1 ) :

1 .  A s s e m b l e  t h e  c l u t c h  i n  t h e  r e v e r s e
order  o f  d isassembly .

2 .  A t t a c h  t h e  c l u t c h  a s s e m b l y  t o  t h e
s w i n g  s h a f t .

3 .  C o n n e c t  t h e  h y d r a u l i c  l i n e  f r o m  t h e
c y l i n d e r  t o  t h e  s h a f t .

4 .  A t t a c h  t h e  s w i v e l  t o  t h e  s h a f t  a n d
connec t  the  hydrau l i c  l ine  to  the  sw ive l .

5 .  B l e e d  t h e  h y d r a u l i c  c y l i n d e r  t o  r e -
m o v e  a n y  a i r  t r a p p e d  i n  t h e  h y d r a u l i c
l ines  (see  Subsec t ion  5A) .

A D J U S T M E N T .  T o  a d j u s t  t h e  s w i n g
clutch when the clutch has been
r e m o v e d ,  p r o c e e d  a s  f o l l o w s  ( s e e
F igure  6F-2  on  page  6F-3) :

M a k e  s u r e  t h a t  t h e  s w i n g  c l u t c h
shoes do not drag. Dragging
shoes will cause the upper to
swing with the swing control lever
in neutral.

1 .  E n g a g e  t h e  c l u t c h ,  u s i n g  t h e  s w i n g
c lu tch  lever ,  then  re lease .

2 .  L o o s e n  t h e  j a m  n u t s  a n d  t u r n  t h e  a d -
jus t ing  sc rews un t i l  there  i s  0 .093 (3 /32)
i n c h  b e t w e e n  t h e  d r u m  a n d  t h e  c l u t c h
s h o e .  T i g h t e n  t h e  j a m  n u t s  a n d  r e c h e c k
the  gap .

3.  Repeat Step 3 for the other shoe.

4 .  C h e c k  t h e  s w i n g  c l u t c h  o p e r a t i o n  b y
making several  appl icat ions and releases.
Read jus t  the  c lu tch  i f  necessary .
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Figure  6F-2 .  Swing  C lu tch  Ad jus tment
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SUBSECTION 6G

SLEWING RINGS

GENERAL

The slewing ring is basically large bearing upon which the
upper is mounted. The outer race of the slewing ring is
bolted to the upper, and the inner race is bolted to the car-
body. An internal ring gear, machined into the inner race,
mates with the swing pinion which projects downward
from the vertical swing shaft. This arrangement allows the
upper to rotate in a full circle, when the upper is driven by
the mechanic drive from the swing clutch to the vertical
swing shaft.

SLEWING RING (901J22)

REMOVAL. To remove the stewing ring,
(see Figure 6G-1):

proceed as follows

Extreme caution must be exercised when re-
moving the slewing ring, as it is necessary to
completely remove the upper from the car-
body. Every precaution must be taken to pre-
vent the upper from falling or shifting while
lifting the upper and when the upper is off the
carbody.

1. Move the machine onto firm, level ground, and block the
crawlers so that it will not move while the upper is being re-
moved. Shutdown the engine and relieve all pressure in the
propel hydraulic system. Turn the propel brake “on”.

2. Tag and disconnect the hydraulic tubing, at the points
where the tubing is connected to the top of the swivel joint.
Cap the tubing to prevent dirt from entering the system.

3. Block or support the upper using a suitable lifting de-
vice. Be sure the upper is blocked or supported adequately,
because the next step of these instructions is to remove the
bolts which secure the upper to the slewing ring.

4. Loosen the 36 bolts which secure the upper to the slew-
ing ring from below the outer race and allow them to drop
onto the carbody.

5. Lift the upper until the revolving frame is above the top of
the hydraulic swivel. Place the upper on suitable blocking
away from the carbody.

6. Remove the 40 bolts which secure the inner race of the
slewing ring to the carbody.

7. Install a suitable eyebolt in two holes, in the slewing
ring, which are 180 degrees apart. Attach a suitable lifting
sling to these eyebolts, and lift the slewing ring from the
carbody. The slewing rim weighs approximately 1800 Ibs.

REPAIRS. The slewing ring is not a repairable item. If the
slewing ring is no longer serviceable, it must be replaced
with a new unit.

Any attempt to disassemble or repair the slew-
ing ring will void any warranty, expressed or
implied.

INSTALLATION. To install a new slewing ring, proceed as
follows (see Figure 6G-1):

1. Inspect and clean the tapped holes in both the carbody
ring and the revolving frame with a suitable cleaning sol-
vent, and blow the surface and holes dry with compressed
air. Clean the mating surfaces of the slewing ring, carbody,
and revolving frame with an oily rag.

2. Install eyebolts in the new slewing ring in the same man-
ner as they were installed in the old slewing ring for re-
moval, and lift the new slewing ring onto the carbody. The
slewing ring weighs approximately 1800 Ibs.

3. Position the slewing ring so that the word FRONT,
stamped on the inner race, faces the front of the carbody
when the slewing ring is bolted to the carbody.

4. Position the slewing ring on the carbody ring so that the
mounting holes line up.

5. Lubricate all 40 lower bolts with light oil (SAE 30) and
apply a never-seize type lubricant to the threads and un-
dersides of bolt heads.

6. Check for possible gaps between the ring and the car-
body. No gaps should exceed 0.005 inch.

7. Tighten two bolts, which are 180 degrees apart on the
center line of the carrier, to 150 ft-lbs. Tighten two other
bolts which are 180 degrees apart and 90 degrees from the
first two bolts, to 150 ft-lbs. Continue this cross-bolting pro-
cedure until all of the bolts have been torqued to 150 ft-lbs.

8. Repeat the cross tightening procedure but increase the
torque to 1130 ft-lbs.
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9. Press the two dowels 2 inches deep into the upper if they
were removed. The dowel holes in the ring are indicated in
Figure 6G-1 and Section A-A.

10. Double deck the machine making sure that the bolt
holes and dowel pins are in alignment.

11. Lubricate and install the bolts in the upper. Hand
tighten all bolts.

SLEWING RINGS

12. Use the same tightening procedure on the upper as on
the lower and the same final torque as in step 8.

13. Connect all hydraulic lines that were disconnected dur-
ing removal.

14. Check the torque of the bolts after first 200 hours of
operation.

Figure 6G-1. Slewing Ring (2100J950)
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SUBSECTION 7A

HOIST SYSTEM

GENERAL

This section describes the components required to trans-
mit hoist torque from the drumshaft to the hoist drums.
The hoist system consists of the drumshaft, drum brakes,
drum cltuches and drum pawls as shown in Figure 7A-1.

DESCRIPTION

The hoist system is powered by the upper engine through
the chain driven drumshaft. The drumshaft and drum
clutches turn continuously while the engine is running and
torque converter is engaged. However, the operator must
engage one of the hoist clutches to rotate a hoist drum.
Hydraulically operated pawls engage the ratchets of the
drums to prevent the rotation of the drums when the opera-
tor so desires. The pawls should be adjusted as described in
Subsection 7E.

Left and right drum planetary systems are included on
these drums. The planetary assemblies are identical on the
left and right drumswith a planetary brake band around the
planetary drum. To raise a load, the drum clutch is engaged
and shaft rotation is transmitted through the clutch to the
drum spool and lagging. The lagging rotates in the same
direction as the drumshaft to take up on the hoist line and
raise the load.

When lowering a load with power lowering, power is
transmitted through the planetary system which reverses
the direction of the shaft rotation.

The third drum is installed on the left end of the boom hoist
shaft. The third drum rotates only when the third drum
clutch is engaged.

Figure 7A-1. Hoist System
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DRUMSHAFTS

GENERAL

This subsection contains the information necessary to
remove, disassemble, repair, assemble, and install the
main drumshaft and third drumshaft.

DRUMSHAFT (2100J974)

REMOVAL. To remove the main drumshaft, proceed as fol-
lows (see Figure 7B-1):

1. Disconnect and cap all hydraulic lines to the drumshaft
assembly. Plug all connections where hydraulic lines were
removed. Also remove any other hydraulic lines which
might interfere with the drumshaft removal.

2. Remove the chain case cover, loosen the drive chains.
and lift the chain off the sprocket of the shaft assembly to be
removed (see Subsection 4E).

3. Disconnect and remove all brake bands on the drum-
shaft assembly. See Subsection 7C.

4. Remove hydraulic swivels (01 and 53) from the ends of
the shaft.

5. Remove locknut (52), lockwasher (51) and washer (50)
from shaft (22).

6. Remove the clutch assembly and place it in a clean area.

7. Support the drum assembly with a hoist and slide it off
the shaft. Keep clutch drum (39) facing up.

8. Place blocking under shaft (22).

9. Remove nuts (30). washers (29) and retainers (27). Also,
remove shims (28).

10. Remove bearings (23) from shaft (22). Remove spacers
(21).

11. Repeat steps 5 through 10, as applicable, and remove
the left main drum.

12. Remove the blocking and push the shaft out of the
chain case. Support sprockets (20) and remove through the
chain case cover.

DISASSEMBLY. To disassemble the hoist drum, proceedas
follows (see Figure 7B-1):

1. Place the hoist drum assembly on a work bench with
clutch drum (39) facing up.

2. Remove capscrews and washers (42), then retainer (41).

3. Pull clutch drum (39) from brake drum (37), taking care
not to damage seal (38).

4. Remove pins (35) and pinions (36) from drum (39).

5. Separate sun gear (34) from drum (39).

6. Remove seal (46), bearings (47 and 49) and spacer (48)
from drum (39). Do not remove seal (38) unless condition
indicates replacement is required.

INSPECTION AND REPAIR. Prior to assembly, all drum-
shaft parts should be inspected as follows:

1. Replace all oil seals and O-rings. Any bearing which
shows signs of wear or damage should be replaced.

NOTE

Replacement of seal (38) is necessary only if the seal
has been damaged.

2. Inspect the bushings (54) for wear or damage. Replace if
necessary.

3. Clean out all lube lines and grease passages to insure
free flow of lubricant.

4. Inspect all the pinions and gears for wear or damage. If
they are scored, pitted, ridged or worn, they should be re-
placed.

5. Repair or replace any damaged or broken parts, Be sure
all threaded items are clean and that threads are not dam-
aged. Studs must be tight before reinstalling parts that are
mounted to them.

6. Inspect all clutch and brake linings at this time. Replace
the innings, if necessary, before reinstalling them on the
drumshaft.

7. Inspect the drum cooling fins for cracks or broken fins.
Repair or replace if necessary.

8. Inspect the brake and clutch rims for cracks, scratches,
or discoloration. Repair or replace if necessary.
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SUBSECTION 7B

ASSEMBLY. To assemble the hoist drumshaft, proceed as
follows (see Figure 7B-1):

1. Lubricate all the O-rings and seals prior to assembly.

2. Place the drum with ratchet end down and pack the cav-
ity between bearings (26 and 31) with multipurpose grease.

NOTE

All ball bearings, new or used, should be packed with
multipurpose grease before assembly.

3. Tap bearings (26 and 31) into the bore of the drum until it
is firmly seated against the drum shoulders.

4. Install grease seal (38) on the upturned face of the drum,
if the seal was removed. Pack the seal with multipurpose
grease and be sure the sealing lips face inward.

5. Place pinions (36) on drum (39). Install pins (35) in
pinions (36) with the pins turned so flats on the outer end
allow retainer (41) to be installed. Secure with capscrews
and lockwasher (42).

6. Install bearing (47) and spacer (48) on the elongated hub
of gear (34). Install the other bearing (49) and grease seal
(46) on the opposite end of the drum.

7. Install the gear, with bearing, spacer, and seal assem-
bled, into the bore of the drum. Check bearing (49) for proper
seating against the flange of drum (39).

8. Generously apply a multipurpose grease to all fittings
(40 and 45). Wipe off any excess grease from seal (46).

9. If the machine is equipped with planetary lowering, re-
peat steps 1 through 8.

10. If the machine does not have planetary lowering, then
proceed to steps 11 through 13.

11. Pack cavity between bearings (10 and 12) with grease,
then press bearing (12) into the drum. Be sure shielded side
of the bearing is towards the ratchet side of the drum.

12. Slide bearing (10) onto spacer (11), then press the bear-
ing and spacer onto the drum.

13. Carefully press seal (07) into the drum.

INSTALLATION. To install the hoist drumshaft, proceed as
follows (see Figure 7B-1):

1. Place either end of drumshaft (22) into the chain case
bore. Let the shaft extend only part way through the chain
case, while sprockets (20) are placed on the shaft.Be sure
the larger inner diameters of the sprockets, which fit over
split spacers (21), face each other.

2. Install spacers (21) and slide the sprockets tightly over
the ends of the spacers.

NOTE

Sprockets (21) are match marked during manufac-
ture, and must be installed in matched pairs. Be sure
that both sprockets have the same number stamped
at the outer edge. The marked spline on each sprocket
will line up with the match marks on the shaft when
the sprockets are installed properly.

7B-2

DRUMSHAFTS

3. Center the shaft in the chain case bore, and block the
shaft to prevent movement in any direction until bearings
(19 and 23) and bearing retainers (16 and 27) have been
installed.

4. Pack seals (18 and 24) with grease and install the seals
into retainers (16 and 27). The spring side of each seal face
the center of the chain case.

5. Install bearings (19 and 23) on the shaft, tight against
sprockets (21).

6. Install the shims located beneath retainer (16), and in-
stall both retainers. Apply a coat of No. 2 Permatex to the
stud threads before installing nuts (14 and 30) and lock-
washers (15 and 29).

NOTE

Before proceeding with installation of the drums,
check the shaft end play. End play should be between
0.003 to 0.005 inches. If end play is not within these
limits, add or remove shims beneath retainer (27) as
necessary.

7. Using a suitable hoist, install the assembled drum(s) on
the end of shaft (22).

8. Insert O-rings in the clutch assemblies. Then install
spacer (06) against bearing (10).

9. Secure drum and clutch assemblies to the shaft wit
washers (04 and 50). lockwashers (03 and 51) and lock-
nuts (02 and 52).

10. Connect hydraulic swivels (01 and 53) to the ends of
the shaft. Remove the caps and plugs from all hydraulic
lines.

11. Install and adjust all brake bands on the drumshaft as-
sembly (see Subsection 7C). Also adjust the clutch as de-
scribed in Subsection 7D.

12. Install or connect any other items removed during dis-
assembly.

13. Bleed the hydraulic cylinders to remove any air trap-
ped in the hydraulic lines (see Subection 5A).

THIRD DRUMSHAFT (2100J1132-9)

REMOVAL. To remove the third drumshaft, proceed as fol-
lows (see Figure 7B-2):

1. Disconnect and cap all hydraulic lines to the drumshaft
assembly. Plug all connections where hydraulic lines were
removed.

2. Disconnect and remove the third drum brake (15). See
Subsection 7C.

3. Remove hydraulic swivel (01).

4. Remove nut (02), lockwasher (03) and spacer (04).

5. Support the drumshaft and remove bearing retainer,
bearing support (16), bearing (05) and sleeve (06).
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6. Remove clutch assembly (07) and place in a clean area.

7. Remove spacer (08) with O-ring (09).

8. Support the drum assembly with a hoist and slide drum
(10) off of shaft.

9. Remove seal (11) and bearing (12) from the drum.

10. Remove bearing (13) and oil seal (14) from the drum-
shaft.

1. Pack bearings (12 and 13) and drum (10) cavity with 472
grease.

2. Install seal (14), then bearing (13) on drumshaft.

3. Using a hoist, install drum (10) on drumshaft and over
bearing (13).

4. Keep drum (10) supported and install bearing (12).
Remove hoist.

5. Install seal (11) in drum (10).
INSPECTION AND REPAIR. Prior to assembly, all drumshaft
parts should be inspected as follows: 6. Install spacer (08) and O-ring (09).

1. Replace all oil seals and O-rings. Any bearing which
shows signs of wear or damage should be replaced.

2. Inspect the clutch and brake linings at this time. Replace
the linings, if necessary, before reinstalling them on the
drumshaft.

7. Install clutch assembly (07).

8. Install bearing retainer, bearing support (16), bearing
(05) and sleeve (06). Tighten bearing retainer using cap-
screws (17), lockwashers (18) and nuts (19).

9. Install spacer (04), lockwasher (03) and nut (02). Tighten

3. Repair or replace any damaged or broken parts. Be sure
all threaded items are clean and that threads are not dam-
aged. Studs must be tight before installing perts that are
mounted to them.

4. Clean out all lube lines and grease passages to insure
free flow of lubricant.

5. Inspect the drum cooling fins for cracks or broken fins.
Repair or replace if necessary.

6. Inspect the brake and clutch rims forcracks, scratches or
discoloration. Repair or replace if necessary.

nut (02) until drum (10) does not rotate by hand. Loosen up
on nut (02) until drum (10) just rotates freely by hand. Stake
nut (02) with lockwasher (03).

10. Install swivel (01). Remove the caps and plugs from all
hydraulic lines.

11. Install and adjust the third drum brake (15) (see Sub-
section 7C).

12. Install all hydraulic lines. Adjust the third drum clutch.
See Subsection 7D.

13. Install or connect any other items removed during
removal.

INSTALLATION. To install the third drum, proceed as fol- 14. Bleed the hydraulic lines to remove any air trapped in
lows (see Figure 78-2): the hydraulic lines (see Subsection 5A).
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SUBSECTION 7C

DRUM BRAKES

GENERAL

This subsection contains the information necessary to re-
move, repair, install and adjust the main brakes and plane-
tary brakes.

Several terms are often misunderstood when used in ref-
erence to brake bands on this machine. The following de-
finitions, as used in this manual, are as follows:

1. Brake Set. This means the brake band is tightened
around a rotating member to stop or prevent the rotation of
that member.

2. Live End. This is the end of a brake band to which force is
applied.

3. Dead End. This is the anchor end of a brake band.
Typically, most lining wear will occur at this end of the band.

MAIN BRAKE (9215J107)

DESCRIPTION. Both the left and right main brake bands are
connected to two hydraulic cylinders with opposing springs
(see Figure 7C-1). When there is no pressure in the lock cyl-
inder, each brake is set by the lock spring which opposes the
lock cylinder. When the operator moves a brake lock switch
to the OFF position, hydraulic pressure is applied to the lock
cylinder, extending the piston and compressing the lock
spring. This releases the brake so that it may be operated by
the foot brake.

When the operator depresses the foot brake pedal, hydrau-
lic pressure is applied to the brake cylinder, extending the
piston and setting the brake. When the operator releases
the brake pedal, hydraulic pressure is released from the
brake cylinder, retracting the piston and releasing the
brake. A return spring is used to assist in releasing the
brake and retracting the piston.

When the brake linings are new and the brakes are in
proper adjustment, two dimensions should be noted. With
the brake set and hydraulic pressure released from the cyl-
inders, the length of the lock spring should be 7-3/4 inches
and the piston extension of the brake cylinder should be 1/8
inch.

When the brake linings start to wear, two things happen.
With the brake set and hydraulic pressure released from the
cylinders the length of the lock spring and the piston exten-
sion of the brake cylinder should increase.

As the lining wears, increasing the length of the lockspring
and the piston extension of the brake cylinder, the brakes
will need adjusting. See the Operator’s Manual for the
method of adjusting the brakes for normal lining wear.

The main brakes should be relined when brake lining thick-
ness reaches 3/16 inch as measured at the dead end of the
band.

REMOVAL. To remove the main brake bands, proceed as
follows {see Figure 7C-2):

1. Shut down the engine and operate a control lever until
all hydraulic pressure is exhausted from the system.

2. If any rope remains on the drum to be worked on, set the
drum pawl to prevent the rotation of the drum.

3. Remove the sheet metal from around the brake band to
be worked on.

4. Release the tension on the hanger springs by loosening
the turnbuckles. Remove the hanger springs from the band.

5. Remove the brake band adjusting bolt and spring by re-
moving the nut and spacer.

6. Remove the dead end link pin to free the dead end of the
band from the dead end links. Remove the live end pin to
free the live end of the band from the actuating levers.

7. Remove the brake band halves from the machine and re-
line them.

NOTE

A lining kit is available. See the Replacement Parts
Manual.

8. After replacing the lining on the brake bands, file the lin-
ings with a half round file, or sandpaper, to take out the high
spots. This will assure total contact with the drum.

9. Bevel the edges between each segment of the lining.
This will reduce drag on the drum. Be sure to remove all fil-
ing dust from the rivet holes prior to installation.

INSPECTION AND REPAIR. Before reinstalling the band
halves on the drum, inspect the following items:

1. Check all the springs for sufficient compression. Re-
place any weak springs.

2. Inspect all pins, bushings and linkages for wear. Re-
place any worn parts. Also, check that links, levers, and pins
are not bent.
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Figure 7C-1. Left and Right Drum Brakes (9215J107)
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Figure 7C-2.

DRUM BRAKES SUBSECTION 7C

3. If the cylinders leak or have been performing erratically,
remove and overhaul if necessary. See Subsection 5D.

4. Check the brake bands for distortion.

5. Inspect the brake drum surfaces for cracks, scoring or
other damage.

6. Check the condition of needle bearings in lever "G". If
worn or binds on link pins, replace the bearings.

INSTALLATION. After relining the brake bands, install the
band halves as follows (see Figure 7C-2):

1. Set the brake band halves on the drum. Install the live
end pin through the actuating levers and the live end of the
band. Install the dead end pin through the dead end links
and the dead end of the band. Install all cotter pins.

2. Install the spring, adjusting bolt and spacer on the band
halves. Hold these items in place with the adjusting nut.

3. Install the hanger springs on the brake band. Initially ad-
just the hanger springs with the turnbuckles so that the
brake band clears the drum.

4. Bleed the hydraulic cylinders to remove any air trapped
in the hydraulic lines (see the Bleeding Procedure in Sub-
section 5A). See Subsection 5A for packing the spring re-
cess of the cylinder.

ADJUSTMENT. The adjustment procedure listed below
should be performed with the brake set spring applied and
with no hydraulic pressure in either the brake set cylinder
or the brake release cylinder. To adjust the main brakes
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when the bands have been removed or the brake operating
mechanism has been disturbed, proceed as follows (see
Figure 7C-1):

1. If either brake actuating cylinder has been repaired or
removed, the cylinder must be bled to remove any air from
thecylinder and Iines. See Subsection 5A of this manual for
the cylinder bleeding procedure.

2. The set-up dimension for the brake release cylinder is
4-3/4 inches. Measure this dimension from the center of
the cylinder eyebolt to the edge of the cylinder. To alter this
dimension, rotate the cylinder on the eyebolt.

3. Adjust the brake band adjusting bolt to obtain a dimen-
sion of 1/2 inch of piston extension at the brake release
cylinder.

4. The set-up dimension for the brake set spring is 7-3/4
inches of spring height. To  obtain this dimension,loosen or
tighten adjusting nuts “B”.

5. Rotate adjusting nuts “C” to obtain a clearance of 1/4
inch between pin “D” and the bottom of the slot in lever
“G”. This should positron pin “D” near the top of slot “F” in
link “K”.

ADJUSTMENT CHECK. Perform the following checks to be
sure that the load drum brakes are properly adjusted (see
Figure 7C-1):

1. Depress the drum brake pedal in the upper cab. This will
extend the brake set cylinder and thereby apply the load
drum brake At this point, pin “C” should not contact the top
of slot “L” (slot “L” is located in lever “G”).

2. Move the drum brake switch (located in the upper cab) to
the ON position. At this point, pin “D” should not touch the
top of slot “K” (slot “K” is located in lever “G”). Also, the
piston of the brake release cylinder should be projecting
about 1/2 inch from the cylinder body.

3. Pins “C” and “D” should never come into contact with
the ends of the slots in links “K” and “J”.

OPERATION CHECK. To be sure that the load drum brakes
are operating properly, perform the following steps:

1. Lift a capacity load an inch or two off of the ground and
depress the drum brake pedal to hold the load. Move the
drum brake switch to the ON position. Slowly release the
drum brake pedal to see if the load will drift downward.

Reapply the drum brake pedal before moving
the drum brake switch to the OFF position.

2. Move the drum brake switch to the OFF position, and
lower the load to the ground using the drum brake pedal.

3. If there was any downward drift of the load during the
test performance in step 1, the nut on the brake band
adjusting bolt must be tightened (see Figure 7C-1).

4. Tighten the nut as much as is necessary to prevent the
load from drifting downward during the test described in
step 1.

5. The brake band must be tightened until the test de-
scribed in step 1 can be properly performed. Do not over-
tighten the band to the point where the weight of the
unloaded hook block is not heavy enough to lower the drum
rope when the drum control lever is in the neutral position.

6. Adjust the band support turnbuckles so that the clear-
ance between the brake drum and the brake lining is equal
at all points around the drum.

7. See Subsection 5C of this manual for instructions on the
adjustment of the brake drum pedal.

Figure 7C-3. Pedal Linkage Adjustment (2100J978)
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PLANETARY BRAKES (9215J107-14)

DESCRIPTION. The left and right drum planetary brakes are
provided with power lowering on these drums and are
mounted over the planetary spiders. These brakes are
hydraulically set, spring released type brakes. When there
is no pressure in the planetary brake cylinder, its piston is
retracted and the planetary brake is held in the released
position by springs.

When the operator engages a planetary brake by means of
the control lever, hydraulic fluid is directed to the planetary
brake cylinder. With hydraulic pressure applied to the cyl-
inder, its piston extends and applies force to the linkage
which contracts the brake bands and sets the brake (see
Figure 7C-4):

When the linings are new and the brakes are in proper ad-
justment, the length of the cylinder piston extension with
the brake set (hydraulic pressure applied) should be 5/8
inch. When the brake lining starts to wear, this dimension
will increase (with the brake set). See the Operator’s Man-
ual for the method of adjusting the brakes for normal lining
wear.

The planetary brakes should be relined when brake lining
thickness reaches 3/16 inch as measued at the dead end of
the band.

REMOVAL. To remove the planetary brake bands, proceed
as follows (see Figure 7C-5):

1. Shut down the engine and operate a control lever until
all hydraulic pressure is exhausted from the system.

2. If any rope remains on the drum to be worked on, set the
drum pawl to prevent rotation of the drum.

3. Remove the sheet metal from around the brake band to
be worked on.

4. Release the tension on the hanger springs by loosening
the turnbuckles. Remove the hanger springs from the band.

5. Remove the brake band adjusting bolt and spring by re-
moving the nut and spacer.

6. Remove the dead end link pin to free the dead end of the
band from the dead end links. Remove the live end pin to
free the live end of the band from the actuating levers.

7. Remove the brake band halves from the machine and re-
line them.

NOTE

A lining kit is available. See the Replacement Parts
Manual.

8. After replacing the lining on the brake bands, file the lin-
ings with a half round file, or sandpaper, to take out the high
spots. This will assure total contact with the drum.

9. Bevel the edges between each segment of the lining.
This will reduce drag on the drum. Be sure to remove all
filing dust from the rivet holes prior to installation.

INSPECTION AND REPAIR. Before reinstalling the band
halves on the drum, inspect the following items (see Figure
7C-5):

1. Check the springs for sufficient tension. Replace any
weak springs.

2. Inspect all pins, bushings and linkages for wear. Re-
place any worn parts. Also checkthat links, guides, and pins
are not bent.

3. If the operating cylinders leak or have been performing
erratically, remove and overhaul if necessary. See Subsec-
tion 5D.

4. Check the brake bands for distortion.

5. Inspect the brake drum surfaces for cracks, scoring or
other damage.

INSTALLATION. After relining the brake bands, install the
band halves as follows (see Figure 7C-5):

1. Install the band halves on the drum. Install the live end
pin through the actuating levers and the live end of the
band. Install the dead end pin through the dead end links
and the dead end of the band. Install all cotter pins.

2. Install the spring, adjusting bolt and spacer on the band
halves. Hold these items in place with the adjusting nut.

3. Install the hanger springs on the brake band. Initially ad-
just the hanger springs with the turnbuckles so that the
brake band clears the drum.

4. Bleed the hydraulic cylinders to remove any air trapped
in the hydraulic lines. See the Bleeding Procedure in Sub-
section 5A.

ADJUSTMENT. To adjust the planetary brakes when the
bands have been removed, proceed as follows (see Figure
7C-4):

1. With the planetary brake released, check the piston ex-
tension of the cylinder. The piston should extend a mini-
mum of 1/8 inch; if not, adjust by means of adjusting nut
"C".

2. With the brake set (hydraulic pressure to the cylinder)
the length of the piston extension should be 5/8 inch. Ad-
just the brake band adjusting bolt until this dimension is
reached.

NOTE

Loosening the brake band adjusting bolt will in-
crease the piston extension. Tightening the adjust-
ing bolt will decrease the piston extension.

3. After the machine has been operated long enough to
warm the drums and the brakes have been properly ad-
justed, check the adjustment of the hanger springs. The
hanger springs should be adjusted so that the brake band
clears the drum uniformly around its circumference, with
the brake in the released position (hydraulic pressure re-
leased).

4. Recheck dimensions given in steps 1 and 2 with the
brakes warmed and adjust as necessary. Be sure that pin
“D” does not come in contact with slot “F”of link “K”. If this
occurs, step 1 and 2 must be repeated to eliminate the pin to
slot contact.

5. Replace any sheet metal removed.
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Figure 7C-4. Planetary Brake (9215J107-14)
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Figure 7C-5. Planetary Brakes (9215J107-14)

THIRD DRUM BRAKE (2100N464-1)

DESCRIPTION. The third drum brake is spring set-hydrauli-
cally released brake and is supplied with the third drum.
When there is no pressure in the third drum brake cylinder,
the piston is retraced and springs apply the third drum
brake.

When the operator moves the third drum control lever,
hydraulic fluid is directed to the third drum brake cylinder.
With hydraulic pressure applied to the cylinder, the piston
extends and applies force to the linkage, overcoming the
spring and releasing the brake.

When the linings are new and the brake is in proper
adjustment, the brake spring length with the brake applied
(hydraulic pressure released), should be 6-3/16”. When
the brake lining starts to wear, thisdimension will increase.

See the Operator’s Manual for the method of adjusting
brakes for normal lining wear.

The third drum brake should be relined when brake lining
thickness reaches 3/16 inch (0.48 cm) as measured at the
dead end of the band.

REMOVAL. To remove the third drum brake band, proceed
as follows (see Figure 7C-6):

1. Shut down the engine and operate a control lever until
all hydraulic pressure is exhausted from the system.

2. Unspool any rope left on the third drum.

3. Remove the brake band adjusting bolt and spring by
removing the nut and spacer.

4. Remove the dead end pin to free the dead end of the band
from the dead end bracket. Remove the live end pin to free
the live end of the band from the actuating rod.
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5. Remove the brake band halves from the machine and
reline them.

NOTE

A lining kit is available. See the Replacement Parts
Manual.

INSPECTION AND REPAIR. Before installing the band
halves on the drum, inspect the following items (see Figure
7C-6):

1. Replace any weak or distorted spring.

2. Inspect the pins and actuating rod for wear. Replace any
worn parts.

3. If the cylinder leaks or has been performing erratically,
remove and overhaul if necessary. See Subsection 5D.

4. Check the brake bands for distortion. Replace if neces-
sary.

5. Inspect the brake drum surface for cracks, scoring or
other damage. See Subsection 7B.

INSTALLATION. After relining the brake band, install the
band halves as follows (see Figure 7C-6):

1. Set the brake band halves on the drum. Install the live
end pin through the actuating rod and the live end of the
band. Install the dead end pin through the dead end bracket
and the dead end of the band. Install all washers and cotter
pins.

2. Install the spring, adjusting bolts and spacer on the band
halves. Hold these items in place with the adjusting nut.

3. Bleed the hydraulic system See Subsection 5A.

4. Turn the brake band adjusting bolt to get a spring dimen-
sion of 6-3/16” as shown.

Figure 7C-6. Third Drum Brake (2100N464)
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SUBSECTION 7D

CLUTCHES

GENERAL

This subsection contains the information necessary to re-
move, repair, install and adjust the left and rightdrum
clutches.

MAIN DRUM CLUTCHES (2915J64)

DESCRIPTION. The left and right drum clutches are located
on the ends of the hoist drumshaft. These clutches are hy-
draulically applied, spring released. When there is no pres-
sure in the clutch cylinder, the return spring applies force to
the actuating levers to contract the band and release the
clutch. When the operator moves a clutch control lever to
apply a clutch, hydraulic fluid is forced into the cylinder.
This causes the piston to extend and apply force on the
actuating levers to expand the band and apply the clutch.

Since the lining will wear with time and constant usage, a
periodic check must be made to determine the need for re-
placing the lining. When wear has reduced the lining to
within 1/16 inch of the rivets, it should be replaced. This
distance would amount to 7/32 inch measured from the
outside.

REMOVAL AND DISASSEMBLY. To remove and disassem-
ble the clutch, proceed as follows (see Figure 7D-1):

1. If any rope remains on the drum to be worked on, set the
drum pawl to prevent the rotation of the drum.

2. Remove any material that may interfere with the re-
moval of the clutch assembly.

3. Loosen jam nuts (15) and turn in stopscrews (14) until
there is adequate clearance around the clutch band (01).

4. Disconnect and cap the hydraulic line to the clutch
swivel. Unscrew the swivel from the drumshaft.

5. Disconnect the line that runs from cylinder (21) to the
drumshaft and remove the clutch assembly from the ma-
chine.

6. Remove springs (05) from band (01). Remove nuts (30)
from capscrews (27) and remove shims (28) The band, in
two pieces, can now be removed for relining.

7. Inspect the clutch drum to see that it is not cracked,
scored or otherwise damaged.

INSPECTION AND REPAIR. Prior to reinstalling the clutch,
inspect and repair the following items (see Figure 7D-1):

1. Replace return springs (05).

2. Remove bushing (20) from spider (19) and replace it.

3. If cylinder (21) leaks or has been performing erratically,
remove, overhaul, and/or replace it. See Subsection 5D.

4. Check the clutch band for distortion and reline it.

NOTE

A lining kit IS available. See the Replacement Parts
Manual.

5. Check actuating levers (09), trunnion (10) and spider (19)
for wear. Replace if necessary.

6. Remove spring (26) by turning out eyebolt (11). Check
the compression quality of the spring. If acceptable, as-
semble to the clutch spider Preload spring (26) to 5-1/2
inches.

ASSEMBLY AND INSTALLATION To assemble and install
the clutch, proceed as follows (see Figure 7D-1):

1. Assemble band (01) with two shims (28), lockwashers
(29) and nuts (30).

NOTE

Shims (28) can be used to adjust the clutch when
linings are worn.

2. Place the clutch band on the spider assembly and attach
springs (05).

3. Insert O-ring (37) in the groove of the hub.

4. Attach the clutch assembly to the drumshaft.

5. Attach the hydraulic swivel to the shaft. Connect the hy-
draulic lines and bleed cylinder (21) to remove any air trap-
ped in the lines (see Subsection 5A).

ADJUSTMENT. To adjust the clutch after it has been re-
moved, proceed as follows (see Figure 7D-1):

1. Loosen the jam nuts on all stopscrews (14).

2. Backoff on all stopscrews (14) until clutch band (01) is no
longer in contact with the heads of the stopscrews.

3. Adjust setscrew (23) at the dead end of the clutch shoe
so that there is approximately 0.030 inch clearance be-
tween the clutch lining and the clutch drum, with clutch
band guide (16) located on the top of the clutch.
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4. Adjust setscrew (24) at the live end of the clutch so that
there is approximately 0.035 inch of clearance between the
clutch lining and the clutch drum.

5. Loosen jam nut (15) and turn push rod (22) so that cylin-
der (21) is completely retracted with the clutch control lever
in the neutral position.

6. With the clutch in the released position, turn stop-
screws (14) to center the clutch band in the clutch drum.
The band must be centered to prevent the lining from
rubbing against the drum, There should be no pressure
against the clutch band from any of the stopscrews.

7. Starting at the top of lever (09), check for at least 0.030
inch clearance between the clutch lining and the drum at 60
degree intervals.

8. Check that the piston in the cylinder returns to contact
push rod (22) each time the clutch is released.

9. Tighten all the jam nuts after the adjustment has been
completed.

10. Start the engine and check the clutch for proper oper-
ation.

01. BAND
02. LINING
03. RIVET
04. PIN
05. SPRINGS
06. WASHER
07. COTTER PIN
08. PIN
09. LEVER
10. TRUNNION
11. EYEBOLT
12. WASHER
13. CAPSCREW

14. STOPSCREW
15. JAM NUT
16. GUIDE
17. WASHER
18. CAPSCREW
19. SPIDER
20. BUSHING
21. CYLINDER
22. PUSH ROD
23. SETSCREW
24. SETSCREW
25. ROD END
26. SPRING

Figure 7D-1, Main Drum Clutch (2915J64)

7D-2

27. CAPSCREWS
28. SHIMS
29. LOCKWASHER
30. NUT
31. CAPSCREW
32. SPACER
33. LOCKWASHER
34. NUT
35. LOCKWASHER
36. CAPSCREW
37. O-RING
38. BLEED SCREW



Figure 7D-2.
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THIRD DRUM CLUTCH (9215J105-2)

DESCRIPTION. The third drum clutch is located on the end
of the third drum shaft. This clutch is hydraulically applied,
spring released. When there is no pressure in the clutch
cylinder, the return spring applies force to the actuating
levers to contract the band and release the clutch. When
the operator moves the third drum control lever to raise a
load on the third drum, hydraulic fluid is forced into the
cylinder. This causes the piston to extend and apply force on
the actuating levers to expand the band and apply the
clutch.

Since lining wear will usually be greatest at the dead end of
the clutch band, the clutch band may be rotated 180° when
wear has reduced the thickness of the lining at the dead end

to 1/4 inch. When wear has reduced the thickness of the
lining to within 1/16 inch of the rivets, the band should be
relined.

REMOVAL AND DISASSEMBLY. To remove and disassem-
ble the clutch, proceed as follows {see Figure 7D-2):

1. If any rope remains on the third drum, set the third drum
brake to prevent the rotation of the durm.

2. See Subsection 7B, Third Drum (2100J1132-9) and
remove the following:

A. Remove the hydraulic line from the swivel and remove
the swivel.

6. Remove the nut, lockwasher and spacer from the end of
the shaft.
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C. Support the drumshaft and remove bearing retainer,
bearing support, bearing and sleeve.

3. Loosen jam nuts (15) and turn stopscrews (14) until
there is adequate clearance around clutch band (01).

4. Disconnect the line that runs from cylinder (23) to the
shaft and remove the clutch assembly from the machine.

5. Remove springs (05) from band (01). The band can now
be removed for relining.

INSPECTION AND REPAIR. Prior to reinstalling the clutch,
Inspect and repair the following items (see Figure 7D-2):

1. Replace return springs (05)

2. Remove bushing (17) from spider (16) and replace it.

3. If cylinder (23) leaks or has been performing erratically,
remove and overhaul or replace it. See Subsection 5D.

4. Check the clutch band for distortion and reline it.

NOTE
A lining kit is available. See the Replacement Parts
Manual.

5. Check actuating levers (09) and spider (16) for wear. Re-
place if necessary.
6. Inspect the clutch drum to see that it is not cracked,
scored or otherwise damaged.

ASSEMBLY AND INSTALLATION. To assemble and install
the clutch, proceed as follows (see Figure 7D-2):
1. Place the clutch band on the spider assembly and attach
springs (05).

2. Install a new O-ring in the groove of spider (16).

3. Install the clutch assembly to the drumshaft and the
third drum.

4. Install bearing retainer, bearing support, bearing and
sleeve. Tighten bearing retainer using capscrews, lock-
washers and nuts.

5. See Subsection 7B, Third Drum (2100J1132-9) step 9
and adjust drum rotation.

6. Attach the hydraulic swivel to the shaft. Connect the
hydraulic lines and bleed cylinder (23) to remove any air
trapped in the Iines. See Subsection 5A.

ADJUSTMENT. To adjust the clutch after it has been
removed, proceed as follows (see Figure 7D-2):

1. Loosen the jam nuts on all stopscrews (14).
2. Backoff on all stopscrews (14) until clutch band (01) is no
longer in contact with the heads of the stopscrews.

3. Adjust setscrew (27) at the dead end of the clutch shoe to
approximately 0.058 inch clearance between the clutch
lining and the clutch drum, with clutch band guide (18) lo-
cated on the top of the clutch.

4. Adjust setscrew (04) at the live end of the clutch to ap-
proximately 0.063 inch of clearance between theclutch lin-
ing and the clutch drum.

5. Loosen jam nut (25) and turn push rod (24) so the piston
in the cylinder (23) is completely retracted with the clutch
control lever in the neutral position.

6. With the clutch in the released position, turn stop-
screws (14) to center the clutch band in the clutch drum.
The band must be centered to prevent the lining from
rubbing against the drum. There should be no pressure
against the clutch band from any of the stopscrews.

7. Start the engine and check the adjustment by engaging
the clutch. Also check to see that the piston in the hydraulic
cylinder returns to contact push rod (24) each time the
clutch is released.

NOTE

After making several clutch engagements, starting at
the top of lever (09). check for at least 0.063 inch
clearance between the clutch lining and the drum at
60 degree intervals.

8. Tighten all jam nuts after the adjustment has been com-
pleted.
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SUBSECTION 7E

DRUM PAWLS

GENERAL

This subsection covers the removal, installation and adjust-
ment of the right and left drum pawls.

pawls are spring engaged and hydraulically disengaged.
They are controlled by drum switches located in the opera-
tor’s module. The pawls should be engaged whenever a
load is suspended for an extended period of time. Also,

DRUM PAWLS (2100J1320-1)

DESCRIPTION. Both the right and left drums are provided
with identical drum pawls (01 and 02), see Figure 7E-1. The

engage and lock the pawls whenever the machine is shut
down

Figure 7E-1. Drum Pawls (2100J1320-1)
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When the pawl switch is in the ON position hydraulic pres-
sure is released from the cylinder and the spring engages
the pawl in the drum ratchet, When the switch is OFF,
hydraulic pressure overcomes the spring tension and
releases the pawl.

REMOVAL AND INSTALLATION. If upon inspection, it is
revealed the pawl is damaged in any way, the pawl must be
replaced. Also, if the hydraulic cylinder does not function as
described above, it must be replaced with a new one. To
replace either or both of these items, proceed as follows:

1. Start the engine and lower the hook block, or any lifting
device that may be connected to the left and right main
drum, to the ground.

2. Render the machine inoperable by disconnecting the
ground cable to the battery.

3. To change the pawl, proceed as follows (see Figure
7E-1):

A. Loosen jam nuts (15) and release tension in spring (18).
Remove spring (18). Disconnect hydraulic cylinder cle-
vis (05) from pawl (01 or 02).

Figure 7E-2. Drum Pawls (2100J1320-1)

B. Remove cotter pin (04) and washer (03). Remove pawl
(01 or 02) and install a new pawl, washersand cotter pin
(04).

1. Engage the pawls into the drum teeth.

2. Check both pawls for complete engagement to the drum
teeth.

C. Install clevis (05) to pawl. Connect spring (18) to the
pawl and adjust the pawl as explained later.

4. To replace hydraulic cylinder (07), proceed as follows:

A. Move the drum pawl switch to the OFF position. Make
sure all hydraulic pressure is released from the cylinder.
Disconnect the hydraulic lines from cylinder (07).

B. Remove clevis (05) from pawl and remove cylinder (07)
from mounting bracket (10).

NOTE

It may be necessary to push the drum control levers to
the “lower” position momentarily to enage the pawls
in the drum teeth.

3. Release the left and right drum pawl switches and allow
them to return to the OFF position and pull the drum control
levers to the “raise” position momentarily to disengage the
pawls from the drum teeth.

C. Remove clevis (05) and nut (06) from cylinder (07) and
install on new cylinder. See Figure 7E-2 and set clevis
distance to 1” dimension shown. Tighten nut (06).

4. Check both pawls for complete release from the drum
ratchet teeth.

D. Install cylinder (07) on mounting bracket (10) and install
clevis (05) on pawl. Adjust pawl as explained below.

5. If the pawls do not operate properly, proceed as follows:

A. Repeat steps 1 and 2.

ADJUSTMENT. To adjust the pawl after pawl and/or
cylinder replacement, proceed as follows (see Figure 7E-2):

B. The length of pawl spring (A) should be 5-7/8” and the
pawls must be fully engaged in the drum ratchet teeth.

C. If the spring is not the dimension given in step B, adjust
to 5-7/8” using jam nuts (B).

The following procedure must be done very
carefully to arrive at the right settings. If not
correct, serious damage could result to the
machine when operated.

D. The pawls should be disengaged from the drum teeth by
a minimum of 1/4” when the pawl is disengaged. If
necessary adjust clevis (C) and jam nut (D) to get the
pawl to disengage from the drum teeth.

6. As a final check, repeat steps 1 through 4.
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SUBSECTION 8A

BOOM HOIST SYSTEM

GENERAL DESCRIPTION

This section describes the components required to trans-
mit boom hoist torque from the worm shaft to the boom

The boom hoist system is powered by the engine through
the worm shaft. The boom hoist shaft and clutch turn con-

hoist drum.

The boom hoist system consists of the worm shaft, boom
hoist shaft, drum brakes, drum clutches and planetary
pawls as illustrated in Figure 8A-1.

tinuously while the engine is running and the torque con-
verter clutch is engaged. However, the operator must
engage the boom hoist control lever to rotate the boom hoist
drum (see Figure 8A-2).

Figure 8A-1. Boom Hoist System
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Figure 8A-2. Boom Hoist Planetary Operation
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A hydraulically operated pawl  engages in the ratchets of the
drum to prevent the rotation of the drum when the operator
so desires. The pawl should be adjusted as described in
Section V of the Operator’s Manual.

A planetary lowering system is included on the boom hoist
drum. To raise a load, the drum clutch is engaged and shaft
rotation is transmitted through the clutch to the drum spool
and lagging. The lagging rotates in the same direction as the
drumshaft to take up on the horst line and raise the boom.

When lowering the boom, power is transmitted through the
planetary system which reverses the direction of shaft ro-
tation. See Table 8A-1 for boom hoist brake, clutch, and
pawl operation.

Table 8A-1
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SUBSECTION 8B

WORM SHAFTS

GENERAL

This subsection covers the removal, disassembly, inspec-
tion and repair, and the assembly and installation of the
worm shaft.

WORM SHAFT (2100N503-1)

GENERAL. The worm shaft is mounted in the rear of the
chain case and is flange coupled to the torque converter
propeller shaft. The worm shaft meshes with the worm
wheel on the boom hoist shaft. It is necessary to remove the
boom hoist shaft prior to removal of the worm shaft.

REMOVAL AND DISASSEMBLY. Remove and disassemble
the worm shaft as follows (see Figure 8B-1):

1. Disconnect the propeller shaft from flange (09).

2. Remove cotter pin (04). nut (03), flange (09) and key (10)
from the worm shaft.

3. Remove the boom hoist shaft. See Subsection 8C.

4. Remove nuts (02) and washers (01). Pull shaft (11) and
sleeve (14) from the chain case.

5. Pull retainer (05) out of sleeve (14). Remove the shaft
and bearings from the sleeve.

6. Remove O-ring (15) from sleeve (14).

INSPECTION AND REPAIR. Prior to assembly, all worm
shaft parts should be inspected as follows:

1. Replace gasket (13), seal (07) and O-ring (15). The seal
must be installed so the lip faces toward bearing (08).

2. Replace any bearing that shows signs of wear or dam-
age.

NOTE

Bearing (12) is a thrust bearing, and must be assem-
bled as shown in Figure 8B-1. If the bearing is improp-
erly installed, it will be unable to absorb the thrust for
which it was designed.

3. Inspect the worm shaft for wear or damage. If it is scored,
pitted, ridged or worn it should be replaced.

4. Remove nicks, mars or burrs on machined or ground sur-
faces. Be sure all threaded items are clean and threads are
not damaged.

ASSEMBLY AND INSTALLATION. To assemble and install
the worm shaft, proceed as follows (see Figure 8B-1):

1. Install the bearings on the worm shaft. Be sure the bear-
ings are firmly against the shoulder on the worm shaft.

2. Install O-ring (15) into sleeve (14). Slide the worm shaft
into sleeve (14) until bearing (12) is against the sleeve
shoulder.

3. Install gasket (13) onto the chain case.

4. Install shims (06) on the face of sleeve (14) and place re-
tainer (05) into the sleeve with seal (07) in place.

5. Clamp the retainer firmly to the sleeve. Using a dial indi-
cator, check worm shaft end play. End play should be 0.003
to 0.005 inch. If end play is not within these limits, add or
subtract shims (06) until end play is correct.

6. Place the entire assembly into the chain case and se-
cure with washers (01) and nuts (02).

7. Install the boom hoist shaft. See Subsection 8C.

8. Install key (10) and press flange (09) onto the shaft over
the key. Install nut (03) and cotter pin (04).

9. Connect the propeller shaft to flange (09).
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Figure 8B-1. Worm Shaft (2100H503-1)
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SUBSECTION 8C

BOOM HOIST SHAFTS

GENERAL

This subsection contains the information necessary to re-
move, repair and install the boom hoist shaft assembly.

BOOM HOIST SHAFT (2100J1132-1 & 5)

GENERAL. The boom hoist shaft is driven by the worm
shaft, which meshes with the worm wheel on the boom
hoist shaft. Chains, sprocketed to the boom hoist shaft, pro-
vide power for the swing shaft and main hoist shaft. When
replacement of the worm wheel, worm shaft or sprockets is
necessary, the boom hoist shaft must first be removed.

REMOVAL. To remove the boom hoist shaft, proceed as fol-
lows (see Figure 8C-1):

1. Remove the third drum material. See Subsection 7B.

2. Disconnect and cap all the hydraulic lines to the drum-
shaft assembly. Plug all connections where the hydraulic
lines are removed. Also remove any hydraulic lines which
might interfere with drum shaft removal.

3. Disconnect and remove all brake bands on the boom
hoist drum (see Subsection 8D).

4. Remove the hydraulic swivel from the end of the shaft.

5. Remove nut (39) and washer (40) and spacer (41) from
shaft (33).

6. Remove sleeve (05) and spacer (04).

7. Remove clutch assembly and O-ring (37). Place clutch in
a clean area.

8. Support the drum and planetary assembly with a hoist
and slide it off of the shaft. Remove bearing (21) from the
shaft.

9. Remove the chain case cover, loosen both drive chains
and remove the chains from the boom hoist shaft drive
sprockets. It is not necessary to disconnect the chains.

10. Block both ends of the boom hoist shaft and remove the
hardware holding retainers (11 and 27). Remove the
retainers with shims (07 and 24), gaskets (14 and 17), and
retainers (06 and 23) intact.

11. Lower the shaft enough to disengage worm wheel (30)
from the worm shaft.

12. Remove shaft (33) through the opening in the left side
of the chain case.

DISASSEMBLY. To disassemble the boom hoist shaft and
the drum and planetary assembly, proceed as follows (see
Figure 8C-1):

1. Remove retainer (48) from the planetary drum assem-
bly.

2. Pull gear (50) from drum (34). Remove pins (54) from
drum (56) and remove the pinions from the drum.

3. Remove the bearings from drum (34) and (56). Do not re-
move seal (38) unless replacement is required.

4. Remove seal (45) and bearing (49) from retainer (48).

INSPECTION AND REPAIR. Before installing the boom hoist
shaft, inspect the following items (see Figure 8C-1):

1. Replace all oil seals and O-rings. Any bearing which
shows signs of wear or damage should be replaced.

NOTE

Replacement of seal (38) is necessary only if the seal
has been leaking or is damaged.

2. Inspect the bushings in pinions (52) for wear or damage.

3. Inspect worm wheel (30), sprockets (29), gear (50) and
pinions (52) for wear or damage. If they are scored, pitted,
ridged or worn, they should be replaced.

4. Inspect the shaft for excessive wear and/or distortion.

5. Clean out all lube lines and grease passages to insure
free flow of lubricant.

6. Repair or replace any damaged or broken parts. Be sure
all threaded items are clean and that threads are not dam-
aged. Studs must be tight before installing parts that are
mounted to them.

7. Inspect all clutch and brake linings at this time. Replace
the linings, if necessary, before installing them on the drum
shaft.
8. Inspect the drum cooling fins for cracks or broken fins.
Repair or replace if necessary.

9. Inspect the brake and clutch rims for cracks, scratches,
or discoloration. Repair or replace if necessary.

ASSEMBLY AND INSTALLATION. To assemble, and install
the boom hoist shaft, proceed as follows (see Figure 8C-1):

1. Lubricate all O-rings and seals prior to assembly.
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2. Position drum (34) with the ratchet side up, and pack the
drum with grease. See Section III for the recommended
grease (P&H Number 472).

3. Turn the drum and complete packing the drum cavity
with grease.

4. Pack bearings (55 and 21) with grease and install seal
(58) in bearing (21). Press the bearings into the bore of drum
(34) until each one is snug against the shoulders in the
drum bore.

5. Install seal (38) in position in the drum, if the seal has
been removed. Always pack the seal with grease and be
sure the sealing lip and spring face inward toward pinions
(52).

6. Press worm wheel (30) hub onto shaft (33). The worm
wheel hub faces must be flush with the shaft shoulders.
Then install spacers (31) and sprockets (29). The sprocket
should be tight against the spacers.

NOTE

Sprockets (29) are match marked during manufac-
ture and must be installed in matched pairs. Be sure
that both sprockets have the same number stamped
on the outer edge. The match marked internal spline
on the sprockets must line up with the marked splines
on the shaft.

Also, paint the worm wheel with a coat of white lead
or Prussian blue, This will be used later to adjust the
worm gear to worm wheel contact.

7. Install the boom hoist shaft in the chain case bore and
block it securely in position, with the shaft centered in the
bore, and the worm wheel engaged in the worm shaft.

8. Apply No. 2 Permatex on the points indicated in Figure
8C-1. Install gaskets (14 and 17) in retainers (11 and 27). In-
stall the retainers and secure them in positron with the lock-
washers and nuts.

9. Install seals (08 and 20) into retainers (06 and 23). Be
sure the seals are installed with the springs facing the
sprockets, and that the areas between the seal lips are
packed with grease. Check the seal seating surface on the
shaft for nicks or burrs, since minor imperfections on the
shaft surfaces can cause rapid wear on the seals.

10. Pack bearings (15 and 16) with multipurpose grease
as recommended in Section Ill.

11. Install sufficient shims (07 and 24) between bearing re-
tainers (06 and 23). so that shaft end play is 0.003 to 0.005
inch. Temporarily fasten the two retainers for the check in
step 12.

12. Adjust the worm-to-worm wheel contact by shifting
shims from beneath one retainer to the other as follows:

A. Turn the worm through one complete revolution.

B. Check the point of contact between the worm and the
worm shaft as shown in Figure 8C-1. It is most
important that all contact, under no load conditions, be
to the left of the vertical centerline of the worm shaft.
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C. If all contact is not on the left side of the worm, shift
shims from beneath the two oil seal retainers until this
contact is properly established. Note that the proper
contact area is shown on the worm wheel in Figure 8C-
1, which is a view from the rear of the shaft.

13. With proper worm-to-worm wheel contact estab-
lished, install retainers (06 and 23). Apply Permatex No. 2 to
capscrews (09 and 25) threads, and to the adjacent sur-
faces.

14. Place new O-ring (05) in spacer (04) and assemble to
the boom hoist shaft.

15. Install spacer (22) on the shaft and slide drum (34) with
bearing (21) firmly seated against it.

16. Install spacer (28), then slide drum (56) onto the shaft.

17. Install pinions (52) in drum (56). Lubricate O-rings (51)
and install them on pins (54). Install pins (54) in pinions (52).
Turn the pins so that the flats on the outer ends of the pins
will allow bearing retainer (48) to be installed.

18. Install spacer (36) and slide sun gear (50) onto the
shaft. Then install spacer (46) followed by O-ring (47).

19. Pack the cup of bearing (49) with grease and press it
into retainer (48). Then place the retainer onto the shaft and
install the bearing cone into the bearing cup.

20. Place the assembly tool (218T1470) as shown in Fig-
ure 8C-2, onto the shaft and secure in place with washer
(41) and nut (39).

NOTE

Do not install shims (53) at this time. Also, assembly
tool (218T1470) may be fabricated using the dimen-
sions shown on the illustration

21. Install and tighten snugly the capscrews that hold bear-
ing retainer (48) in place. Clamp the two drums together to
keep preload pressure on bearing (35).

22. Attach a dial indicator to the shaft and set the tip
against the flat surface of the retainer. Take a reading, then
remove the capscrews and pull out on the retainer. Take
another reading of the indicator and subtract the two read-
ings to obtain the total clearance which is the total end play
of the bearings.

NOTE

As an example, if the total clearance measuredabove
was 0.028, and the desired bearing preload is 0.003
inch, then the amount of shims required should mea-
sure 0.025 inch.

23. Remove the dial indicator, nut (39). washer (41). the as-
sembly tool, capscrews (42) and retainer (48) with bearing
(49) included.

24. Following the example in the note above, determine the
amount of shims required and install them between re-
tainer (48) and drum (56). Bear in mind the desired bearing
preload is 0.003 inch.







SUBSECTION 8D

BOOM HOIST BRAKES

GENERAL

This section covers the removal, relining, installation and
adjustment of the boom hoist brake and the boom hoist
planetary brake.

Several terms are often misunderstood when used in ref-
erence to brake bands on this machine. The following de-
finitions, as used in this manual, are as follows:

1. Brake Set. This means the brake band is tightened
around a rotating member to stop, or prevent, the rotationof
that member.

2. Live End. This is the end of a brake band to which force is
applied.

3. Dead End. This is the anchor end of a brake band.
Typically, most lining wear will occur at this end of the band.

BOOM HOIST AND PLANETARY BRAKES
(2100J1008-2)

DESCRIPTION. The boom hoist brake is a spring set, hy-
draulically released type brake. When there is no pressure
in the boom hoist brake cylinder, its piston is retracted and a
spring applies the boom hoist brake.

When the operator moves the boom hoist control lever back
to raise the boom, hydraulic fluid is directed to the boom
hoist brake cylinder. With hydraulic pressure applied to the
cylinder, its piston extends and applies force to the linkage
overcoming the spring and releasing the brake (see Figure
8D-1).

When the linings are new and the brake is in proper adjust-
ment, the length of the operating mechanism spring, with
the brake set (hydraulic pressure released), should be 7-
3/8 inches. When the brake lining starts to wear, this di-
mension will increase (with the brake set). See the Oper-
ator’s Manual for the method of adjusting the brakes for
normal lining wear.

The boom hoist brake should be relined when brake lining
thickness reaches 3/16 inch as measured at the dead end
of the band.

The boom hoist planetary brake is hydraulically set, spring
released. When there is no pressure in the boom hoistbrake

Figure 8D-1. Boom Hoist Drum Brake (2100N457)

cylinder, its piston is retracted and springs release the
planetary brake.

When the operator moves the boom hoist control lever for-
ward to lower the boom, hydraulic fluid is directed to the
planetary brake cylinder. With hydraulic pressure applied to
the cylinder, its piston extends and applies force to the link-
age to wrap the band around the drum and set the brake
(see Figure 8D-2).
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Figure 8D-2. Boom Hoist Planetary Brake
(2100N458)

When the linings are new and the brake is in proper adjust-
ment, the length of the cylinder piston extension, with the
brake set (hydraulic pressure applied), should be 1/2 inch.
When the brake lining starts to wear, this dimension will in-
crease (with the brake set). See the Operator’s Manual for
the method of adjusting the brakes for normal lining wear.

The boom hoist planetary should be relined when brake lin-
ing thickness reaches 3/16 inch as measured at the dead
end of the band.

REMOVAL. To remove the boom hoist brake band, proceed
as follows (see Figure 8D-5):

1 . Lower the boom and support it on blocking. Make sure all
tension is removed from the boom hoist rope.

2. Shut down the engine and move the boom hoist lever
forward to release the boom hoist brake. With the brake re-
leased, slide pin (71) through the slot in bracket (65) and on
through the drilled hole in bracket (70) as shown in Figure
8D-3. This will lock the brake in the released position.

NOTE

If adequate pressure is not available to release the
brake, the engine will have to be started to build sys-
tem pressure.

Also, the assembly pin (71) may be made from 3/8
inch steel rod stock cut to a length of 6 inches.

8D-2
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3. With the engine shut down, operate a control lever until
all hydraulic pressure is exhausted from the system.

4. Disconnect and cap the hydraulic lines from the boom
hoist brake and the boom hoist planetary brake cylinders.
Plug all connections where hydraulic lines were removed.

5. Remove the upper deck panel immediately to the right of
the access door. This will make access to the boom hoist
brakes easier. If necessary, remove the sheet metal shroud
between the boom hoist drum and the main hoist drum.

6. Release the tension in springs (17) by loosening jam nuts
(20). Remove springs (17) from pin (21). Remove pin (21)
from the band lever.

7. Remove brake band adjusting bolts (10 and 77) and
springs (09 and 76) by removing nuts (07 and 74).

8. Disengage boom hoist pawls (53 and 56) from the
ratchets as follows:
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A. Remove pins (22 and 45) to release the tension in cables
(31 and 32).

B. Disengage pawls (53 and 56) from the drum ratchets.

9. Remove capscrew (62) from bracket (51) and remove rod
end (61) from pin (57).

The next step in this procedure involves re-
moving pin (57) from the assembly. When re-
moving pin (57), the drum brake operating
mechanism should be supported so it will not
fall.

10. Slowly pull pin (57) out of pawl (56), spacer (01), bracket
(55) and the drum brake operating mechanism.

11. Remove the drum brake operating mechanism and the
bottom half of the brake band along with it. Then remove the
top half of the drum brake band.

12. Support the planetary brake operating mechanism and
pull pin (57) completely out.

13. Raise the planetary operating mechanism into the
space above its normal position, remove cotter pin (25) and
pin (23).

14. Remove the planetary brake operating mechanism,
then the top and lower halves of the brake bands.

INSPECTION AND REPAIR. Prior to installation of the brake
bands on the drum, check and repair the brakecomponents
as follows (see Figure 8D-5):

1. Disassemble the boom hoist brake cylinder and spring
assembly as follows:

A. Remove capscrews (68) and lockwasher (69) from cyl-
inder (66). Remove the cylinder and spacer (67) from the
bracket.

6. Install a 3/4 x 8 inch bolt with nut into the hole at the top
of bracket (70) as illustrated in Figure 8D-4.

Figure 8D-4. Assembly Bolt
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C. Tighten the nut against the top of the spring bracket until
assembly pin (71) that was installed during the removal
procedure can be removed.

D. Pull the assembly pin and back off on the nut to relieve
the spring pressure. Remove spring bracket (65) and
spring (79).

2. Replace springs (09, 17, 76 and 79).

3. If cylinders (13 and 66) leak or have been performing
erratically, overhaul them. See Subsection 5D.

4. Assemble the boom hoist brake cylinder and spring as-
sembly, as follows:

A. Set spring (79) and bracket (65) into bracket (70).

B. Install a 3/4 x 8 inch bolt into the top of bracket (70) as
shown in Figure 8D-4.

C. Tighten the nut against the bracket until assembly pin
(71) can be installed through bracket (65) and the drilled
hole in bracket (70).

NOTE

The assembly pin is removed after the bracket as-
sembly is installed on the machine.

D. Remove the nut and bolt from the top of bracket (70) and
install cylinder (66) and spacer (67). Secure with lock-
washer (69) and capscrew (68).

5. Remove the lining from the bands, check the bands for
distortion, then install new lining (06 and 73).

NOTE

A lining kit is available. See the Replacement Parts
Manual.

6. Inspect the brake drums to see that they are not cracked,
scored or otherwise damaged.

7. Inspect the pawls and ratchet teeth for breaks, cracks or
excessive wear. Replace if necessary.

ASSEMBLY AND INSTALLATION. To assemble the boom
hoist brakes and related parts, proceed as follows (see Fig-
ure 8D-5):

1. Check the adjustment of pawls (53 and 56). See Sub-
section 8F for this procedure.

2. Attach the planetary brake operating mechanism to
lower band (05) with pin (23). Install with the head end of
the pin towards pawl (53) and fasten with cotter pin (25).

3. Install lower band (05). then upper band (05). Now in-
sert pin (57) through the dead end of the upper band into
pawl (53).

4. Assemble the drum brake operating mechanism to lower
band (73) with pin (64). Install cotter pins (63 and 78).

5. Install lower half of band (72) and operating mechan-
ism. Support the operating mechanism and install the
upper half of the band.

6. Press pin (57) through the dead end of the upper band
and bracket (55).
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NOTE

If difficulty is encountered when pushing pin (57)
through the operating mechanism, connect the hy-
draulic line and operate the cylinder to align bracket
(70) with the pin.

7. Place spacer (01) and pawl (56) in alignment and push
the pin all the way into the support bracket on the chain
case.

8. Pull assembly pin (71) from bracket (70) of the drum
brake operating mechanism. Again it may be necessary to
actuate the cylinder to free the pin.

9. Insert rod end (61) into pin (57) and secure with locking
capscrew (62).

10. Hook spring (17) into the bracket of upper band (05). In-
stall pin (21) and attach the other spring (17) to it.

11. Attach studs (18) to springs (17). Install washers (19)
and nuts (20); then, tighten the nuts to ensure the return of
the piston in the cylinder (see step 2A under the following
topic, ADJUSTMENTS).

12. Install adjusting bolts (10 and 77) from the bottom
bands, springs (09 and 76), spacers (08 and 75) and nuts (07
and 74).

13. Adjust the boom hoist and planetary brakes as de-
scribed under the following topic, ADJUSTMENTS.

14. Remove the caps and plugs from all hydraulic lines and
connections. Attach the hydraulic lines.

15. Bleed the hydraulic cylinders to remove any air in them
and the lines. See the bleeding procedure in Subsection 5A.

NOTE

The springs at either ends of the pawls were adjusted
in step 1.

16. Connect the cables to lever (50) with pins (22 and 45)
and adjust the other pawl linkages as described in Subsec-
tion 8F.

17. After testing and adjustments are completed, replace
any panels or sheet metal removed.

ADJUSTMENTS. To adjust the boom hoist brakes when the
bands have been removed, proceed as follows:

1. To adjust the spring set boom hoist brake, proceed as fol-
lows (see Figure 8D-1):

A.

B.

2.

With the brake set (hydraulic pressure released from the
cylinder) tighten the brake band adjusting nut until the
brake spring length is 7-3/8”.

Test the adjustment by releasing and setting the brake
and remeasuring the spring length.

To adjust the boom hoist planetary brakes, proceed as
follows (see Figure 8D-2):

A. Using the jam nuts on top of the support bracket, adjust
the return springs so that the support bracket is firmly
resting on the support pin.

B. With the brake applied (hydraulic pressure applied),
check the planetary brake cylinder piston extension.
This dimension should be approximately 1/2 inch. Ad-
just to this dimension using the adjusting bolt at the
band split.

C. Operate the brake several times to be sure the bands do
not drag when the brake is released (hydraulic pressure
released). Repeat steps 1 and 2 if necessary.
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BOOM HOIST CLUTCHES

4.GENERAL

This subsection covers the removal, repair, installation and
adjustment of the boom hoist clutch.

BOOM HOIST CLUTCH (9215J105-1)
5.DESCRIPTION. The boom hoist clutch is located on the end

of the boom hoist shaft This clutch is hydraulically applied,
spring released. When there is no pressure in the clutch cyl-
inder, the return spring applies force to the actuating levers
to contract the band and release the clutch. When the op-
erator moves the boom hoist control lever to raise or lower
the boom, hydraulic fluid is forced into the cylinder. This
causes the piston to extend and apply force on the actuating
levers to expand the band and apply the clutch.

Since lining wear will usually be greatest at the dead end of
the clutch band, the clutch band may be rotated 180° when
wear has reduced the thickness of the lining at the dead end
to 1/4 inch. When wear has reduced the thickness of the
lining to within 1/16 inch of the rivets, the band should be
relined.

REMOVAL AND DISASSEMBLY. To remove and disassem-
ble the clutch, proceed as follows (see Figure 8E-1):

1. If any rope remains on the boom hoist drum, set the
boom hoist drum pawl to prevent the rotation of the drum.

2. Remove any material that may interfere with the
removal of the clutch assembly.

3. Loosen jam nuts (15) and turn stopscrews (14) until
there is adequate clearance around clutch band (01).

4. Disconnect and cap the hydraulic line to the clutch
swivel. Unscrew the swivel from the shaft.

5. Disconnect the line that runs from cylinder (23) to the
shaft and remove the clutch assembly from the machine.

6. Remove springs (05) from band (01). The band can now
be removed for relining.

INSPECTION AND REPAIR. Prior to reinstalling the clutch,
inspect and repair the following items (see Figure 8E-1):

1. Replace return springs (05).

2. Remove bushing (17) from spider (16) and replace it.

3. If cylinder (23) leaks or has been performing erratically.
remove and overhaul or replace it. See Subsection 5D.

Check the clutch band for distortion and reline it.

NOTE
A lining kit is available. See the Replacement Parts
Manual.
Check actuating levers (09) and spider (16) for wear. Re-

place it necessary.
6. Inspect the clutch drum to see that it is not cracked,
scored or otherwise damaged.

ASSEMBLY AND INSTALLATION. To assemble and install
the clutch, proceed as follows (see Figure 8E-1):
1. Place the clutch band on the spider assembly and attach
springs (05).

2. Install a new O-ring in the groove of spider (16).

3. Install the clutch assembly to the drumshafts and the
boom hoist drum.

4. Attach the hydraulic swivel to the shaft. Connect the hy-
draulic lines and bleed cylinder (23) to remove any air trap-
ped in the lines. See Subsection 5A.

ADJUSTMENT. To adjust the clutch after it has been re-
moved, proceed as follows (see Figure 8E-1):

1. Loosen the jam nuts on all stopscrews (14).
2. Back off on all stopscrews (14) until clutch band (01) is no
longer in contact with the heads of the stopscrews.

3. Adjust setscrew (27) at the dead end of the clutch shoe to
approximately 0.058 inch clearance between the clutch
lining and the clutch drum, with clutch band guide (18) lo-
cated on the top of the clutch.

4. Adjust setscrew (04) at the live end of the clutch to ap-
proximately 0.063 inch of clearance between the clutch lin-
ing and the clutch drum.

5. Loosen jam nut (25) and turn push rod (24) so the piston
in the cylinder (23) is completely retracted with the clutch
control lever in the neutral position.

6. With the clutch in the released position, turn stop-
screws (14) to center the clutch band in the clutch drum.
The band must be centered to prevent the lining from
rubbing against the drum. There should be no pressure
against the clutch band from any of the stopscrews.
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Figure 8E-1. Boom Hoist Clutch (9215J105-1)

7. Start the engine and check the adjustment by engaging
the clutch. Also check to see that the piston in the hydraulic
cylinder returns to contact push rod (24) each time the
clutch is released.

NOTE

clearance between the clutch lining and the drum at
60 degree intervals.

After making several clutch engagements, starting at
the top of lever (09), check for at least 0.063 inch

8. Tighten all jam nuts after the adjustment has been com-
pleted.
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BOOM HOIST PAWLS

GENERAL

This subsection contains the information necessary to re-
move, disassemble, assemble, install and adjust the boom
hoist pawls.

BOOM HOIST PAWL ASSEMBLY (2100J1008-2)

DESCRIPTION. Two pawls are provided to prevent the pos-
sibility of a “live” boom when the boom is being raised or
lowered. These pawls engage the ratchets on the boom
hoist drum assembly. One pawl prevents the boom from
falling if the planetary brake band should slip while the
boom is being lowered; the other pawl is normally engaged
and prevents the boom from falling while it is being raised
or when it is in the raised position.

With the boom hoist control lever in the neutral position, no
hydraulic pressure is applied to the pawl cylinder and only
the boom hoist pawl is engaged in the ratchet of the boom
hoist drum (see Figure 8F-3). When the boom hoist control
lever is moved by the operator to raise the boom, no hy-
draulic pressure is applied to the pawl cylinder and the
boom hoist pawl remains engaged in the ratchet of the
boom hoist drum. When the boom hoist control lever is
moved by the operator to lower the boom, hydraulic pres-
sure is applied to the pawl cylinder extending the piston and
moving the linkage to disengage the boom hoist pawl from
the ratchet of the boom hoist drum. Simultaneously the
boom hoist planetary pawl will be engaged in the ratchet of
the planetary spider.

REMOVAL. If upon inspection it is revealed that a pawl is
worn down, cracked or broken it will be necessary to re-
move the pawl and replace it. To remove the boom hoist
pawls, proceed as follows (see Figure 8F-2):

1. Lower the boom and support it on blocking. Make sure all
tension is removed from the boom hoist rope.

2. Shut down the engine and move the boom hoist lever
forward to release the boom hoist brake. With the brake re-
leased, slide pin (71) through the slot in bracket (65) and on
through the drilled hole in bracket (70) as shown in Figure
8F-1. This will lock the brake in the released position

NOTE

If adequate pressure is not available to release the
brake, the engine will have to be started to build sys-
tem pressure.

Also, the assembly pin (71) may be made from 3/8
inch steel rod stock cut to a length of 6 inches.

Figure 8F-1. Spring Bracket Assembly (2100N404)

3. With the engine shut down, operate a control lever until
all hydraulic pressure is exhausted from the system.

4. Disconnect and cap the hydraulic lines from the boom
hoist brake and boom hoist planetary brake cylinders. Plug
all connections where hydraulic lines were removed.
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5. Remove the upper deck panel immediately to the right of
the access door. This makes access to the boom hoist pawls
easier.

NOTE

If necessary, remove the shroud between the boom
hoist drum and the right hoist drum.

6. Release the tension in springs (17) by loosening jam nuts
(20). Remove springs (17) from (21). Remove pin (21) from
the band lever.

7. Loosen brake band adjusting bolts (10 and 77). Do not re-
move nuts (07 and 74). This will reduce the binding tension
of the brake operating mechanisms on pin (57).

8. Disengage boom hoist pawls (53 and 56) from the
ratchets, as follows:

A. Remove pins (22 and 45) to release the tension in cables
(31 and 32).

B. Disengage pawls (53 and 56) from the drum ratchets.

9. Remove capscrew (62) from bracket (51) and remove rod
end (61) from pin (57).

The next step in this procedure involves re-
moving pin (57) from the pawls. When remov-
ing pin (57) the drum brake operating mechan-
ism should be supported so it will not fall.

10. Slowly pull the pin out of the drum brake operating
mechanism, out of the two pawls, and stop.

NOTE

If only planetary pawl (56) must be removed, pull pin
(57) out only the distance necessary to remove the
planetary pawl.

11. Remove nuts (26), spring seats (28). and springs (29).
Then remove pawls (53 and 56).

DISASSEMBLY. To disassemble the pawl operating mech-
anism and to remove the pawl cylinder, proceed as follows
(see Figure 8F-2):

1. If cylinder (41) must be removed, loosen jam nut (40) and
remove spring (39). Remove pins (22, 35 and 49) and re-
move push rod (36), spring (37), spring guide (38) and nut
(40).

2. Remove cylinder (41) by removing capscrew (44) and
lockwasher (43).

INSPECTION AND REPAIR. Prior to assembly, the follow-
ing items should be Inspected (see Figure 8F-2):

1. If either pawl is worn, cracked or broken, replace the
pawl.

2. If the cylinder leaks or has been performing erratically,
remove and overhaul. See Subsection 5D.

3. Inspect the boom hoist drum ratchets for wear, cracks or
broken teeth. Repair or replace if necessary. See Subsec-
tion 8B.

8F-2

BOOM HOIST PAWLS

4. Inspect the boom hoist brake linings and reline if neces-
sary. See Subsection 8C.

5. Inspect the boom hoist planetary brake linings and re-
line if necessary. See Subsection 8C.

6. Inspect cables (31 and 32) for condition. Check for free-
dom of movement.

7. Check the condition of springs (24) which are mounted
towards the inside of the pawls. Replace as required.

ASSEMBLY. To assemble the boom hoist pawls and oper-
ating mechanism, proceed as follows (see Figure 8F-2):

1. Place cylinder (41) into the cylinder support and secure
in place with the attaching hardware.

2. Place push rod (36) into support bracket (46) and insert
spring (37) on the push rod. Thread spring guide (38) and
nut (40) on the push rod.

3. Install pins (22, 35 and 49). Adjustment to the springs
and operating mechanism are made later. Connect spring
(39) to lever (50) and the spring bracket on support bracket
(46).

NOTE

Pawls (53 and 56) are similar and are assembled in
the same manner.

4. Install pawls (53 and 56) on cables (31 and 32). Install
spring seats (28). springs (29) and stop nuts (26) on cables
(31 and 32).

INSTALLATION. To install the boom hoist pawls, proceedas
follows (see Figure 8F-2):

NOTE

If only pawl (56) was removed, proceed to step 3.

1. Place pawl assembly (53) up to pin (57). Push the pin
through the pawl and bracket (52).

2. Align the boom hoist brake and push pin (57) through it
into bracket (55).

3. Place spacer (01) and pawl assembly (56) up to pin (57).
Push the pin through the spacer, the pawl and into the sup-
port receptacle on the revolving frame.

4. Insert rod end (61) into pin (57) and secure with cap-
screw (62) to bracket (51).

5. Install pin (21) in the planetary brake band lever and at-
tach springs (17), studs (18), washers (19) and nuts (20).

6. Remove the caps and plugs from all hydraulic lines and
connections. Install the hydraulic lines.

7. Bleed the hydraulic cylinders to remove any air trapped
in the hydraulic lines. See the bleeding procedure in Sub-
section 5A.

8. Move the boom hoist lever forward to compress spring
(79). Pull assembly pin (71) out of brackets (65 and 70).
Place the boom hoist lever back to neutral.

9 See Subsection 8C and adjust the boom hoist brakes.

10. See SubsectIon 8C and adjust the boom hoist plane-
tary brakes.
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ADJUSTMENTS. To prevent a live boom condition from oc-
curring when both pawls become disengaged from the
ratchets as the linkage crosses the neutral positron, adjust
the pawls as follows (see Figure 8F-3):

1. Make certain that the pawls pivot freely on support pin
(57).

2. With the boom hoist control lever in the neutral posi-
tion, perform the following checks and adjustments.

A. The clearance between the pawl cylinder spring guide
and the support bracket should be 0.132 inch. Adjust to
this dimension by loosening the jam nut and turning the
spring guide. Tighten the jam nut to the spring guide.

B. The distance between the pivot pin and the end of the
support bracket should be 3 inches. Adjust to this di-
mension by means of the jam nut and the pivot yoke.

NOTE

All the pins except pin (22) must be removed to allow
lever (50) to swing clear of yoke (48). Turn the yoke to
the proper setting.

C. Make certain the boom hoist drum pawl is fully en-
gaged in the ratchet teeth, and the length of the pawl
spring “A” is approximately 2-1/16 inches. Adjust to
this dimension by means of adjusting nut “A”, if neces-
sary.

NOTE

The length of pawl spring “A” may vary slightly. How-
ever, the length of pawl spring “B” must be exactly 1-
3/4 inches. This applies to both pawls. Maintain this
dimension by turning adjusting screw “B” in or out as
required.

D. The planetary pawl must clear the ratchet teeth by a
minimum of 1/8 inch. Adjust to this dimension by
means of adjusting nut “A”, if necessary. Refer to the
note in step C if any adjustment was made.

3. With the boom hoist control lever in the lowering posi-
tion. perform the following checks and adjustments.

A. Make certain the planetary pawl is fully engaged in the
ratchet teeth. The length of pawl spring “A” should be

Figure 8F-3. Adiust Boom Hoist Pawls (2100J1008)
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B.

4.

approximately 2-1/16 inches. Adjust to this dimension
by means of the adjusting nut “A”, if necessary. Refer to
the note in step 2C if any adjustment was made.

The boom hoist drum pawl must clear the ratchet teeth
by a minimum of 1/8 inch. Adjust to this dimension by
means of adjusting nut “A” if necessary. Refer to the
note in step 2C if any adjustment was made.

Check that all jam nuts on cables and yokes are tight-

ened securely. Also, be sure all cotter pins are installed in
their required places.

5. Check for secure installation of the machine screws
holding clamp (03) and the pawl end of cable (31).

6. Start the engine and operate the boom hoist controls.
Check the operation of the pawls and brakes. Make certain
they are operating properly before lifting the boom or any
loads.

7. Replace the panel and shroud if removed for overhaul.
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SUBSECTION 9A

PROPEL SYSTEM

GENERAL

This section covers the mechanical and hydraulic compo-
nents that are used to propel the machine. Crawler side
frame and axle removal and installation procedures are also
included in this section information pertaining to the propel
anti-stall control system is located in Section X.
The propel system consists of the propel transmission,
propel brake, propel gear case and the crawler compo-
nents as shown in Figure 9A-1

DESCRIPTION
The propel transmission consists of two engine driven vari-
able displacement pumps and two fixed displacement

motors. One motor is provided for each side of the machine.
The torque converter is controlled by an electronic anti-stall
control system which automatically prevents engine stal-
ling while propelling.

The propel motors are mounted on reduction gear cases at
the rear of the crawler side frames. A spring set holding
brake is located between the output shaft of the motor and
the input of the gear case. Rotation of the gear case output
shaft drives the crawler track drive sprocket The crawler
idler sprocket is located at the front of the machine and is
adjustable to compensate for crawler track wear.

Figure 9A-1. Propel System Components
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PROPEL TRANSMISSION

GENERAL

The propel transmission includes the hydraulic compo-
nents used to propel the machine. The components-include
the propel pumps, motors, controls, filters, heat exchanger
and reservoir. The pumps, controls, filters, heat exchanger
and propel reservoir are located at the left rear of the upper.
The propel motors are mounted on the propel brakes at the
rear of the crawler frames. An independent pump and
motor is provided for each side of the machine.

The description and troubleshooting of the electronic propel
control system is covered in Subsection 10C.

DESCRIPTION

GENERAL

Each propel hydrostatic transmission consists of a variable
displacement pump connected to a fixed displacement
motor (see Figure 9B-1). The pumps rotate in one direction
only, whereas the motors rotate in either direction.

This subsection covers the description, maintenance, start- The main ports of the pumps are connected by hydraulic
up, troubleshooting and repair of the propel transmission. lines to the main ports of the motors. Fluid flows, in either

Figure 9B-1. Propel Transmission with Gauges
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direction, from the pump to the motor, then back to the
pump in the closed circuit (see Figure 9B-10). The position
of the pump swash plate determines which Iine is high
pressure as well as the direction of flow.

PUMPS

The variable displacement pumps use a tiltable swash plate
to vary displacement (output flow). The swash plate is
mounted on trunnion bearings and IS connected to hydrau-
lic control (servo) cylinders. The control directs fluid to and
from the servo cylinders causing the swash plate to tilt and
change displacement of the pump. The swash plate can be
tilted in either direction from 0 angle to provide pump flow
in either direction.

Since the angle of the swash plate causes the pistons to
stroke in and out of the cylinder block bores as it is rotated,
changing this angle varies the piston stroke, and therefore,
the amount of fluid being displaced (pumped) to the motor.
This results in a change in the output speed of the motor
Tilting the swash plate in the opposite direction reverses
fluid flow to the motor and its direction of rotation. Since
each servo control cylinder is spring loaded, loss of control
pressure or charge pressure will cause the swash plate to
return to the neutral position.

CHARGE SYSTEM

A fixed displacement (gear type) charge pump is mounted
on each variable displacement pump and driven off the
main pump shaft (see Figure 9B-2). The charge pump sup-
plies cool fluid to the system, keeps the systern charged and
supplies fluid to operate the control system. Charge pres-
sure, with the purnp in neutral (0 flow), is Iimited by a relief
valve which is normally factory set for 190-210 psi (above
case pressure).

9B-2

Figure 9B-2. Propel Pump

Since either of the main hydraulic lines can be high pres-
sure, two charge check valves are used to direct the charge
supply into the low pressure line. The check valves are con-
tained in the pump end cap beneath the charge pump

The charge pump draws the fluid from the reservoir An in-
let filter insures that only clean fluid enters the system
This filter has a 10 micron rating and does not have a by-
pass.

RELIEF VALVES

Two system relief valves are provided for overload protec-
tion on each pump and motor and are located in the mani-
fold assembly mounted on the motor (see Figure 9B-3).
These relief valves are factory set and are of the pilot oper-
ated, cartridge type The first two digits of the pressure
setting are stamped on the end of the relief valve cartridge.

SYSTEM PRESSURE GAUGE PORT
IS LOCATED ON SIDE OPPOSITE THE
CORRESPONDING HIGH PRESSURE

RELIEF VALVE CARTRIDGE

Figure 9B-3 Propel Motor

The relief valves are factory set and should not
be tampered with except to replace the entire
cartridge.

COOLING CIRCUIT

A shuttle valve and second charge relief valve are included
in the motor manifold assembly The shuttle valve provides
a circuit between the low pressure hydraulic line of the
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closed circuit to the second charge relief valve. This charge
relief valve is set at a lower pressure (160-180 psi) than the
relief valve located in the charge pump. This charge relief
valve limits charge pressure when the pump is in forward or
reverse (swash plate stroked out of neutral).

This system provides a means of removing hot fluid from the
main closed circuit so that cooler fluid entering from the
charge pump can be used to help reduce heat build-up.

The shuttle valve is spring centered to the closed position so
that during the transition of reversing pressures in the main
hydraulic lines, no high pressure fluid is lost from the closed
circuit.

When the pump is in neutral (0 swash plate angle) the
manifold charge pressure should be at 190-210 psi (above
case pressure) When the pump IS in forward or reverse
(other than Oswash plate angle) the charge pressure should
be at 160-180 psi (above case pressure).

Charge pressure must not be less than 160 psi
for satisfactory operation.

CONTROLLER

This system uses an electric displacement controller that
provides pump output flow (displacement) in either direc-
tion that is approximately proportional to an electrical input
signal. The controller has a manual input lever located on
the top of the electrical section.

A pressure override is mounted on the electric controller to
provide overload protection. The override will auto-
matically destroke the pump once the desired maximum
system pressure (load) is reached. It wiII maintain that sys-
tem pressure so the load can be held. This prevents oper-
ation of the system relief valves for prolonged periods and
helps reduce lost heat build-up in the system.

An engine anti-stall feature is incorporated in the control
system. Engine speed is sensed through a magnetic pulse
pickup mounted on the flywheel housing and the throttle
position through a potentiometer connected to the throttle
linkage A predetermined engine speed is maintained at a
given throttle positron by comparing the signal from the
pulse pickup to the desired signal as determined by the po-
tentiometer position and, if lower than desired, reducing
the voltage to the displacement controls on the pumps. This
causes the pumps todestroke, reducing the horsepower de-
manded from the engine, thus preventing engine stall.
Maximum tractive effort is maintained since pressure is not
reduced.

MAINTENANCE

The following points should be kept in mind when working
on the propel hydraulic system or any of the hydraulic com-
ponents:

1. Any structure has limits of strength and durability To
prevent the failure of structural part of hydraulic compo-
nents, relief valves which limit pressure to safe operating
values are included in the circuit. The settings of these re-
lief valves must never be changed.

SUBSECTION 9B

2. Tolerances of working parts in the hydraulic system are
very close. Even small amounts of dirt or foreign material in
the system can cause wear or damage to components, as
well as general faulty operation of the system. Every pre-
caution must be taken to assure absolute cleanliness of the
hydraulic oil.

3. Samples of hydraulic oil should be drawn from the res-
ervoir every six months. These samples should be about two
quarts, and should be taken while the oil is warmed through
normal operation. If possible, the sample should be
analyzed by a qualified lubrication specialist to determine
whether it is suitable for further use. The intervals be-
tween oil changes depend on operating conditions, and on
the care used in keeping the oil clean

4. Whenever there is a hydraulic component malfunction
which gives reason to believe that there are metal particles
or other foreign materials in the system, drain and clean the
entire system, and replace the filter cartridges. A complete
change of hydraulic oil must be made under these circum-
stances.

If the system should become contaminated,
DO NOT use a flushing solution to clean the
system. The entire system must be disassem-
bled and cleaned.

5. Do not use synthetic or fire resistant oils in this system.
The packings in this system are designed for the fluid spec-
ified in Section Ill.

6. All containers and funnels used in handling hydraulic oil
must be absolutely clean. Use a 10 micron filtering screen
for filling the propel reservoir, and fill the reservoir only
through the filler opening The use of cloth to strain the oil
should be avoided to prevent lint from getting into the sys-
tem.

7. When removing any hydraulic component, be sure to cap
and tag all hydraulic lines involved. Also plug the ports of
the removed components.

9. All hydraulic components must be disassembled in spot-
lessly clean surroundings. During disassembly, pay par-
ticular attention to the identification of parts to assure
proper reassembly. Clean all metal parts in a clean mineral
oil solvent. Be sure to thoroughly clean all internal pass-
ages. After the parts have been dried thoroughly lay them
on a clean, lint-free surface for inspection.

9. Replace all O-rings and seals when repairing any com-
ponent Lubricate all parts with clean hydraulic oil before
reassembly. Use small amounts of petroleum jelly to hold
O-rings in place during reassembly.

10. Be sure to replace any lost hydraulic oil when complet-
ing the installation of the repaired component.

11. All hydraulic connections must be kept tight. A loose
connection in a pressure line will permit the oil to leak out or
air to be drawn into the system. Air in the system can cause
damage to the components and noisy or erratic system op-
eration.
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START-UP PROCEDURE

This is a closed loop system which requires the build-up of
pressures and replenishment of hydraul oil whenever any
component has been removed and reinstalled.

Whenever a pump or motor is replaced or air has entered
the hydraulic Iines, use the following procedure to build
system pressure and replenish fluid:

1. Fill the reservoir with the hydraulic fluid specified in Sec-
tion III. The fluid should be passed through a 10 micron fil-
ter prior to entering the reservoir. Never reuse fluid.

2. Fill the inlet line leading from the reservoir to the pump if
it has drained. Check the inlet line for properly tightened
fittings and make sure it is free of restrictions and air leaks.

3. Be certain the main pump and motor housings are filled
with clean hydraulic fluid prior to start-up by pouring fil-
tered oil in the uppermost case drain port.

4. Install a 600 psi pressure gauge in the charge pressure
gauge port of each pump.

5. Disconnect the electrical wires attached to the control-
lers. This will allow the pumps to remain in neutral during
initial start-up.

6. Disconnect the wires at the engine fuel solenoid to pre-
vent the engine from starting. Jog the starting circuit until
the charge pressure reaches 80 psi at both charge pumps.

Do not start the engine unless the pumps are in
neutral (0 swash plate angle). Take safety pre-
cautions to prevent machine movement in case
a pump is actuated during initial start-up.

7. Start the engine and run it at the lowest possible rpm
until the charge pressure has been established. Air can be
bled from the high pressure lines by using the high pres-
sure gauge ports on the motor manifold.

8. Once charge pressure has been established, increase
speed to normal operating rpm. Charge pressure should be
190-210 psi minimum. If charge pressure is not at the
proper value, shut down the engine and determine the
cause.

9. Shut down the engine and connect the wires to the con-
trollers. Start the engine, checking to be certain the pump
remains in neutral. With the engine at normal operating
speed, slowly check for forward and reverse machine oper-
ation.

10. Continue to cycle slowly from forward to reverse for
five minutes. The charge pressure should remain at 160-
180 psi minimum during forward or reverse operation.

11. Shut down the engine, remove the gauges and plug the
ports. Check the reservoir level and add fluid if necessary.
The transmission is now ready for operation.

9B-4

TROUBLESHOOTING

GENERAL

Use the system description, Table 9B-1, and the hydraulic
schematic (see Figure 9B-10) to isolate a problem in the
propel transmission circuit. Figure 9B-1 illustrates the
gauges and connections required for testing the hydraulic
system.

Check with the machine operator to see how the propel
transmission performed when it started to malfunction or if
there is anything unusual about it. Operate the propel con-
trols and check for unusual noises. Visually inspect the
propel components, looking for oil leaks. Examine the
pumps and motors, reservoir, filters and all Iines, checking
for heat, loose connections or collapsed hoses.

TROUBLESHOOTING PROCEDURES

Some minor parts removal is required to troubleshoot the
propel hydraulic system. Cleanliness is a primary means of
insuring satisfactory transmission life. Cleaning parts by
using a solvent wash and air drying is adequate, provided
clean solvent is used. As with any precision equipment, the
internal mechanism and related items must be kept free of
foreign materials and chemicals. Troubleshoot individual
components as follows:

INSPECT THE PUMP CONTROLLER AND PRESSURE
OVERRIDE. The electrically actuated controller mounted on
the pump is provided with a manual controller to bypass the
electrical system and manually test the control. Discon-
nect the control wire connected to the controller and
activate the control by rotating the manual control to the left
or right. If the machine will propel manually but not electri-
cally, troubleshoot the electrical control system as de-
scribed in Subsection 10C.

If the machine has a tendency to propel forward or back-
ward when the controller is in neutral, the null should be
adjusted as described under the topic, Controller, later in
this subsection.

The setting of the pressure override mounted on the con-
trol can be checked and adjusted. This is normally not re-
quired, however, if a problem in this area is suspected, re-
fer to the topic, Pressure Override, later in this subsection.

INSPECT SYSTEM RELIEF VALVES. When the problem oc-
curs in one direction only, interchange the relief valve cart-
ridges to see if the problem changes to the other direction
(see Figure 98-4). If so, one relief valve cartridge is either
malfunctioning or does not have the proper setting. The first
two digits of the pressure setting are stamped on the end of
the cartridge.

The relief valves are factory set and should not
be disassembled further.
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Figure 9B-4 Relief Valves

INSPECT THE SHUTTLE VALVE Remove the two hex plugs
and the shuttle valve parts Inspect for broken or damaged
parts and proper orientation (see Figure 9B-5) Washers
must go between the spool and springs. Inspect to see if the
spool moves smoothly in its bore.

NOTE

The spool and manifold are matched and cannot be
replaced separately.

INSPECT THE CHARGE CHECK VALVES

Protect the exposed cavities into the pump
from foreign material.

Figure 9B-5. Shuttle Valve

The charge check valves are located in the pump end cap,
under the charge pump. Remove the charge pump as de-
scribed later in this subsection (see Figure 9B-6). Remove
both charge check valves and keep them in the same rela-
tion to the end cap.

Inspect the check valve for spring loading by pushing
against the internal ball. A slight resistance should be felt
as the ball is pushed off its seat. The internal spring should
return the ball to its seat when force is removed. Check for
any foreign material inside the valve.

When the problem occurs in one direction only, inter-
change the check valves and see if the problem changes to
the other direction (see Figure 9B-7). If so, one check valve
is malfunctioning and should be replaced.

Figure 9B-6. Charge Pump Removal

Figure 9B-7. Check Valve Interchange

INSPECT THE PUMP CHARGE RELIEF VALVE. If the charge
pressure is low (below 190 psi) in neutral only (okay in for-
ward and reverse), the charge relief valve located in the
charge pump should be inspected. Remove the hex plug and
relief valve parts (see Figure 9B-8). Inspect for foreign ma-
terial holding the poppet open, and for galling or wear on the
poppet and seat in the charge pump.

Figure 9B-8 Pump Charge Relief Valve
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Make certain the pressure setting of the motor
charge relief valve is below the pressure
setting of the pump charge relief valve to as-
sure that the cooling circuit will function prop-
erly.

Adjustment of the charge pressure in forward and reverse
is accomplished by changing the shims behind the spring.

INSPECT THE MOTOR CHARGE RELIEF VALVE. If charge
pressure is low (below 160 psi) in forward and reverse (okay
in neutral), the charge relief valve located in the motor
manifold should be inspected. Remove the hex plug and
relief valve parts (see Figure 9B-9). Inspect for foreign ma-
terial holding the poppet open, and for galling or wear on the
poppet and seat in the manifold.

Figure 9B-9 Motor Charge Relief Valve

Make certain the pressure setting of the motor
charge relief valve is below the pressure
setting of the pump charge relief valve to as-
sure proper operation of the cooling circuit.

Adjustment of the charge pressure in forward and reverse
is accomplished by changing the shims behind the spring.

PUMP (37Z289)

DESCRIPTION

This is a variable displacement, axial piston pump. Two
pumps are mounted on a pump drive in front of the engine.
Engine horsepower is transmitted through the pump drrve
to the pumps The pump swash plates remain in neutral
until the operator moves the control lever in the cab. When
the operator moves the control lever the swash plate in the
pumps are tilted from neutral.
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When the pump swash plates are tilted, a positive stroke to
the pistons is created. This, in turn, at any given input
speed, produces a specific flow from the pump. This flow is
transferred through high pressure lines to the motors Mov-
ing the control lever to the opposite side of neutral, re-
verses the flow from the pumps and turns the motor output
shafts in the opposite direction.

REMOVAL

To remove a pump proceed as follows

It is not necessary to remove the pump to per-
form repairs on the charge pump, controller,
relief valve, or check valves. However, it is ex-
tremely important that the disassembled pump
be protected from airborne dust. Contami-
nants introduced directly into the pump, have
the greatest potential for causing damage. If
this protection cannot be provided, it is sug-
gested that the pump be removed from the ma-
chine and repaired in a clean environment.

1. Stop the engine and remove the battery ground cable.

2. Remove the sheet metal around the pump to allow re-
moval of the pump from the side of the machine.

3. Disconnect the electrical lead on the controller.

4. Tag and disconnect the charge pump inlet line, high
pressure pump inlet and outlet Iines, and the case drain
line Cap all lines to prevent the entry of contaminants and
plug all pump openings.

5. Wrap a sling around the pump, and attach a lifting de-
vice to the lifting sling.

6. Make a thorough inspection of the area around the pump
being removed to ensure that all electrical and hydraulic
lines are clear of the pump.

7. Remove the four capscrews which attach the pump to
the drive unit and lift the pump out of the machine. Remove
the gasket that seals the pump and drive unit.

OVERHAUL

GENERAL. These pumps should be replaced as complete
units or repaired to the limits allowed by the service kits.

Repairs beyond the kits explained below will
void the warranty on the pumps.

The following overhaul instructions describe the proce-
dure for installing each of the kits.
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Figure 9B-10. Propel Hydraulic Schematic (2105J171)
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Table 9B-1. Propel Transmission Troubleshooting
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Table 9B-1. Propel Transmission Troubleshooting (Continued)
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SHAFT SEAL REPLACEMENT. To replace the shaft seal,
proceed as follows:

1. Using a suitable ring pliers, remove the large retaining
ring located on the shaft end of the pump. Remove the ring
from the groove starting at the side opposite the tang (see
Figure 9B-11):

Figure 9B-13. Removing Bronze Sealrng Ring

Figure 9B-11. Retaining Ring Removal

2. Using two screwdrivers, pry the aluminum housing to-
ward the end of the shaft until the O-ring is free. The hous-
ing is held in place by the friction of the O-ring on the hous-
ing O.D. Remove the housing (see Figure 9B-12). The
aluminum housing is an assembly that is held together by
an O.ring. It will remain assembled until physically
separated.

Figure 9B-12. Housing Removal

3. The bronze sealing ring is held in place by an internal O-
ring. Using two fingers, carefully slide the sealing ring over
the pump shaft (see Figure 9B-13).
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4. Carefully separate and inspect the aluminum housing
components if the seal is to be reused. It is recommended
that this entire shaft seal be replaced.

5. Wash and air dry the new seal parts. Install one O-ring
(dry) in the I.D. of the bronze sealing ring and one O-ring in
the I.D. of the aluminum housing. Place the springs in the
holes in the housing (see Figure 9B-14).

Figure 9B-14. Sealing Items

6. Wrap a piece of plastic around the drive shaft and slide
the rotating bronze part over the shaft making sure it is
seated. The O-ring should face the pump. Work the ring into
place using the thumbs only (see Figure 9B-15).

7. Insert the stationary seal pilot into the aluminum hous-
ing, locating the notch in the stationary seal over the pin in
the housing.
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Figure 9B-15. Installing Bronze Ring

8. Install the large O-ring on the O.D. of the housing then
slide the housing into place against the bronze sealing ring.
Since this is a spring loaded assembly, it may be necessary
to push against the aluminum housing to expose the re-
taining ring groove (see Figure 9B-16).

Figure 9B-16. Installing Aluminum Housing

Figure 9B-17. Retaining Ring lnstallation

1. Before removing the charge pump, mark its housing and
the main pump housing to insure proper orientation when
reassembling. Loosen the four capscrews forming a
rectangular pattern on the rear of the charge pump(see Fig-
ure 9B-18). Do not remove the screws at the top and bot-
tom as these hold the charge pump together. Lift the charge
pump straight off of the main pump.

Figure 9B-18. Charge Pump Removal
9. Install the retaining ring with the beveled side out,
putting the side opposite the tang into the pump groove first.
Check that the ring has snapped into place completely (see
Figure 9B-17).

CHARGE PUMP, RELIEF VALVE, AND CHECK VALVE RE-
PLACEMENT. To remove the charge pump, charge pump re-
lief valve, and check valves, proceed as follows:

2. Remove and discard the gasket between the charge
pump and main pump.

3. The charge relief valve can be inspected by removing the
plug, spring, and poppet. If any shims fall out of the plug be
sure to reinstall them.
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Do not lose any of the shims inside the plug
(see Figure 9B-19).

Figure 9B-19. Relief Valve Removal

Reinstall the valve by inserting the poppet, spring and plug.

4 . Using a slotted socket, remove the check valves from the
main pump (see Figure 9B-20). These check valves are car-
tridges and are interchangeable with each other. It is sug-
gested that these check valves be replaced in pairs.

Figure 9B-20. Check Valves

5. Reinstall the check valves using caution to prevent dam-
age to the O-ring on the cartridge as the check valve is in-
serted in the pump. Torque the check valve to 80-90 ft-lbs.
Check that the valves are below the surface of the pump end
cap.
6. When replacing the charge pump, align the gasket so
that the small relief valve port is open and not blocked by the
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gasket. Rotate the gasket as necessary to align with the slot
in the end of the pump drive shaft. Install the charge pump
onto the pump end cap. Rotate the charge pump until the
tang and slot engage. Be sure the charge pump sits solidly
on the end cap.

7. Install the four capscrews and tighten to 27-37 ft-lbs
torque.
INSTALLATION
Care must be exercised, when installing a new or over-
hauled pump, to prevent misalignment, which can lead to
premature pump malfunction. Install a new or overhauled
pump as follows:

1. Check the mounting flange on the drive unit, the pilot
diameter on the pump, the splined coupling on the drive,
and the splined pump input shaft for burrs or imperfections
that could prevent the pump from seating properly on the
drive unit. Carefully remove any imperfections by lapping.

2. Apply a slight amount of grease to the pilot diameter and
the pump shaft splines.

3 . Install the gasket on the pump and carefully install the
pump on the drive unit. Install the capscrews. Care should
be taken in tightening the capscrews to prevent misalign-
ment. Torque lubricated capscrews to 55 ft-lbs.

4. Connect the charge pump inlet Iine, high pressure pump
inlet and outlet lines, and the case drain line.

5. Connect the electrical line to the controller.

6. Install all sheet metal removed previously.

7. Perform the start-up procedure given at the beginning of
this subsection.

MOTOR (41Q40)
DESCRIPTION
This is a fixed displacement, axial piston motor. One motor
is mounted on the left crawler, while another motor is
mounted on the right crawler. The motor receives flow,
through high pressure lines, from the pump to turn the out-
put shaft of the motor. Motor output shaft movement is
transmitted, through a propel gear case, to the crawler
driveshaft to propel the machine. Propel direction is deter-
mined by the positioning of the pump swash plate. The load
(working pressure) is determined by the external condi-
tions, (grade, ground conditions, etc.) and this establishes
the demand on the system.

REMOVAL
To remove a motor, proceed as follows (see Figure 9B-21):

It is not necessary to remove the motor to per-
form repairs on the manifold or manifold com-
ponents. However, it is extremely important
that the disassembled motor be protected
from airborne dust. Contaminants introduced
directly into the motor have the greater poten-
tial for causing damage. If this protection
cannot be provided, it is suggested that the
motor be removed from the machine and re-
paired in a clean environment.
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Figure 9B-21. Motor Removal and lnstallation

1. Move the propel brake switch to the ON position Stop
the engine and disconnect the battery ground cable.

2. Tag and disconnect the high pressure lines and the
motor case drain line. Cap all Iines and plug all motor open-
ings to prevent the entry of contaminants.

3. Wrap a sling around the motor and attach a lifting de-
vice to the lifting sling. The motor weighs approximately
155 Ibs.

4. Remove the capscrews which attach the motor to the
brake plate and pull the motor off the plate.

OVERHAUL

GENERAL. These motors should be replaced as complete
units or repaired to the limits allowed by the service kits.

Any repairs attempted beyond the kits ex-
plained below will void the warranty on the
motors.

The following overhaul instructions describe the proce-
dure for installing each of the kits.

SHAFT SEAL REPLACEMENT. The motor shaft seal re-
placement is identical to the pump shaft seal replacement
described earlier in this subsection.

HIGH PRESSURE RELIEF VALVE, SHUTTLE VALVE,
CHARGE RELIEF VALVE, AND MANIFOLD REPLACE-
MENT. To remove and reinstall the high pressure relief
valve, shuttle valve, charge relief valve, and the manifold,
proceed as follows:

1. The high pressure relief valves are cartridges that are re-
moved by unscrewing them from the manifold. These
valves are factory set and require no adjustment. The pres-
sure settings are the first two numbers stamped on the end
of the valve. Before reinstalling new valves in the manifold,
check that the two numbers on the new valve are the same

as the first two numbers on the old valve. These valves are
interchangeable and can be reinstalled in either side of the
manifold as long as the pressure settings are the same (see
Figure 9B-22).

Figure 9B-22 High Pressure Relief Valve

2. To remove the shuttle valve, remove the plugs from both
sides of the manifold. Remove the springs, washers, and
spool from the manifold. All of these parts are interchange-
able and can be installed from either side of the manifold.
The spool and manifold are a select fit and must be re-
placed together. To install the shuttle valve, insert the spool
in the manifold, place a washer on each end of the spool,
then install both springs in place. Install the plugs and
tighten. See Figure 9B-23.

Figure 9B-23. Shuttle Valve Removal
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3. To remove the charge relief valve, remove the plug,
spring and poppet (see Figure 9B-24). If any shims fall out of
the plug, be sure to reinstall them.

Figure 9B-24. Charge Relief Valve Removal

Do not lose any of the shims inside the plug.

Reinstall the valve by inserting the poppet, spring and plug.

4. The manifold can be removed and replaced as an as-
sembly without removing any of the valves or it can be re-
moved after all the valves have been removed. To remove
and reinstall the manifold, proceed as follows.

C.

D.

A. Remove the capscrews and lift the manifold off the
motor (see Figure 9B-25). The three ports are sealed
with O-rings and the two adjacent ports also have back-

Figure 9B-25. Manifold Removal
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B.

up rings on top of the O-rings. These back-up rings are
rectangular in cross section and slightly cupped on one
side where they mate with the O-ring.

The charge relief valve, high pressure relief valves, and
the shuttle valve can now be removed and reinstalled as
given in steps 1, 2 and
(see Figure 9B-26).

3 if they were not removed yet

Figure 9B-26. Manifold and Valves

Install the smaller O-ring in the port with the full coun-
terbore. The other O-rings and back-up rings fit in the
ports with the machined grooves. The O-rings should be
installed first, then the back-up ring (concave groove
faces the O-ring).

Install the manifold on the motor checking that the back-
up rings and O-rings remain in place. Install the cap-
screws and tighten to 16-21 ft-lbs.

4. Connect the high pressure lines and the case drain line.

5. Perform the start-up procedure described at the be-
ginning of this subsection.

INSTALLATION

Care must be exercised when installing a new or over-
hauled motor to prevent misalignment, which can lead to
excessive motor wear. Install a new or overhauled motor as
follows (see Figure 9B-21).

1. Check the brake plate, the pilot bore diameter on the
motor, the splined couplings on the brake, and the splined
motor output shaft for burrsor imperfections that could pre-
vent the motor from seating properly on the brake plate.
Carefully remove any imprefections by lapping.

2. Apply a slight amount of grease to the pilot diameters
and the shaft splines. Apply sealing compound (21Z587-
D4) to the mating surfaces of the brake plate and motor.
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3. Install the motor on the brake plate. Assemble the motor
to the brake plate and install the capscrews. Care should be
taken in tightening the capscrew to prevent misalignment.
Torque the mounting capscrews to 65 ft-lbs lubricated.

NOTE

Install the left propel motor with Port B towards the
side frame Install the right propel motor with Port A
towards the side frame.

CONTROLLER (45Q39)

DESCRIPTION

Each pump has a controller mounted between the pres-
sure override valve and the pump (see Figure 9B-27). The
controller has internal linkage connected to the pump servo
controls.

Figure 9B-27. Pump Controller and
Pressure Override Valve

The controller is an electrohydraulic servo valve which-re-
ceives signals from the propel control module in the oper-
ator’s cab. The controller converts the electrical signals to a
mechanical movement of the control valve spool. The valve
spool directs hydraulic fluid to the pump servos which
change the angle of the pump swash plate and thus the
output of the pump.

REMOVAL

To remove the controller, proceed as follows (see Figure 9B-
27):

1. Stop the engine and disconnect the battery cable.

2. Remove the electrical lead from the controller.

3. Remove the capscrews securing the pressure override
valve to the controller and Iift the override valve away from
the controller.

4. Remove the capscrews securing the controller to the
pump.
5. Carefully pull the controller away frorn the pump case
and disconnect and control linkage.

SUBSECTION 9B

REPAIR

GENERAL. If a problem exists in a pump controller it is rec-
ommended that the valve be replaced with a new unit. The
repair information provided here is limited to the replace-
ment of seals, O-rings and orifices. At no time should any
attempt be made to repair or alter the electronic amplifrer
unit contained in the controller.

DISASSEMBLY To disassemble the propel controller, pro-
ceed as follows (see Figure 9B-30):

1. Place the controller with the nameplate up on a clean
level surface. Orient the mounting face away from the as-
sembler.

2. Use a 5/64 inch Allen wrench to remove screws (22).

3. Using a 9/64 inch Allen wrench, remove two cap-
screws (23) and lockwashers (24).

4. Slide motor cap (03) toward electrical connector (01)
until the motor cap bottoms.

5. Carefully push the electrical connector into motor cap
(03).

6. Remove the motor cap, gasket (06), and electrrcal con-
nector gasket (02).

7. Mark the coil leadwires for assembly. Slide the teflon
sleeving back, and note which coil leadwires are soldered to
each connector pin to ensure wiring during assembly.

8. Use a 25-50 watt soldering iron to unsolder the coil lead-
wires from the electrical connector terminals Disconnect
both tension springs from the top of the hydraulic amplifier
assembly (see Figure 9B-28).

9. With a 3/32 inch Allen wrench, remove four socket head
capscrews (25) and lockwashers (26). Do not let the screws
or washers rub the magnets (see Figure 98-28).

Figure 9B-28. Tension Spring and Capscrew Removal
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The hydraulic amplifier assembly is a preci-
sion built component and must be handled
with care. Avoid any contact of objects with
the feedback wire protruding from the base of
the assembly. Do not let metal particles or ob-
jects come in contact with the magnets.

10. Remove the hydraulic amplifier assembly by carefully
lifting straight up on the base of the assembly.

11. Remove O-rings (08 and 20) from the base of the hy-
draulic amplifier assembly. Do not remove hydraulic
amplifier screens (21) unless they are to be replaced with
new ones.

12. Insert a pin extractor into bushing locating pin (09).
Tighten down the pin extractor thumbscrew to grip the in-
side diameter of the locating pin.

13. Withdraw the bushing locating pin from valve body
(27).

14. Use a 3/16 inch Allen wrench, to remove six cap-
screws (28) and lockwashers (29). Remove end plates (14).

15. Remove seal plates (15) and O-rings (16).

16. Insert the edge of a screwdriver under the lip of inlet
orifice (12) and remove the inlet orifice assemblies and O-
rings (11) from body (27). Unless they are new, the inlet
orifice assemblies should be discarded and replaced each
time they are removed.

17. Check that spool (30) moves freely within bushing (31).
If the spool does not move freely, completely remove the
bushing from the valve body as follows:

A. With a 1/2 inch diameter nylon dowel and a small ham-
mer, tap bushing (31) out of the body.

B. Gently shake the bushing and spool or alternately push
on the ends of the spool to loosen the spool and allow the
material binding the spool to fall free.

C. Remove the spool. Exercise care when handling the
bushing and spool to prevent damaging parts.

18. Remove six O-rings (18) from bushing (31).

19. Do not remove hollow hex plug (17) unless it is dam-
aged or defective.

CLEANING AND INSPECTION. Clean and inspect the com-
ponents of the controller as follows (see Figure 9B-30):

Most solvents react with O-ring compounds.
Remove all O-rings from parts before clean-
ing.

1. Clean bushing (31) and spool (30) by immersing them in
a clean commercial solvent.

2. Clean the air gaps of hydraulic amplifier assembly (07) by
blowing clean, dry air through the air gaps (see Figure 9B-
29).
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Figure 9B-29. Cleaning the Air Gap

3. Clean all remaining parts in a clean commercial solvent.
Permit parts to air dry or dry using clean dry compressed air.

4. Visually inspect inlet orifice assemblies (12) and re-
place if damaged or foreign matter is present.

5. Inspect the hydraulic amplifier assembly for damaged
coil leads, and a bent or broken feedback wire.

6. Inspect all O-ring sealing surfaces for scratches, scor-
ing or other damage.

7. Replace all O-rings.

ASSEMBLY. Assembly should be performed in as clean an
environment as possible. Exercise care to avoid cutting or
nicking O-rings when installing them on parts, and when
installing parts containing O-rings to prevent subsequent
leakage. Assemble the controller as follows (see Figure 9B-
30):

1. Install hollow hex plug (17) if it has been removed.

2. Insert all six O-rings (18) on bushings (31).

3. Orient the controller on a clean flat surface in such a
manner that the mounting face is away from the assem-
bler. Look in the large center hole in top of valve body (27)
and install bushing (31) in the body as shown in Figure 9B-
30. Center the bushing pin locating hole directly below this
large center hole.

NOTE

Normally, the bushing can be installed in the control-
ler body with reasonable hand force. If necessary, tap
the bushing into the body using a 1/2 inch diameter
nylon dowel and a small hammer.

4. Lubricate spool (30) with clean filtered hydraulic fluid.
Install the spool in bushing (31) with the spool slot end
oriented toward the right side of the valve body. This oper-
ation must be performed with care. Any misalignment will
cause the spool to bind and not slide fully or easily into the
bushing.

5. Insert bushing locating pin (09) into the large center hole
in top of the valve body, using the pin extractor.
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Figure 9B-30. Propel Controller (45Q39)
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6. Remove the pin extractor from the locating pin.

Failure to insert the bushing locating pin to a
sufficient depth in the valve body will prevent
proper installation of the hydraulic amplifier
assembly. This will result in external leakage
and probable damage to the hydraulic
amplifier assembly.

7. Install O-rings (08) and (20) in the base of the hydraulic
amplifier assembly. If hydraulic amplifier screens (21) were
removed, install new ones by pressing them through the
I.D. of the O-rings, coarse side first.

8. Install left side seal plate (15) and end plate (14) and se-
cure with screws (28) and lockwashers (29).

9. Insert a small blade screwdriver into the spool end slot
and rotate the spool end slot to a vertical position (see Fig-
ure 9B-31). Look into bushing locating pin (09) and align the
hole in the spool with the center of the bushing locating pin.

Figure 9B-31. Spool installation

10. With the mounting face of the valve body oriented away
from the assembler and the leadwires of the hydraulic
amplifier extending to the right, hand install four cap-
screws (25) and lockwashers (26) to hold the hydraulic
amplifier assembly in place on the body. Do not tighten the
screws at this time.

11. Carefully insert the feedback wire into the hole in bush-
ing locating pin (09). Using extreme care, engage the feed-
back wire ball in spool (30) hole.
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12. Slide the torque motor along the spool centerline and
watch for spool motion. If longitudinal spool motion occurs,
engagement was properly completed.

NOTE

The ball must engage the hole in the spool before pro-
ceeding with the control valve assembly. Carefully re-
peat steps 9 through 12, as necessary, to achieve the
above condition.

13. Tighten down four capscrews (25) using a 3/32 inch
Allen wrench. Torque the screws to 9-1/2 to 10-1/2 inch-
Ibs.

14. Grasp the flapper extension between the forefinger
and thumb and move the flapper toward the end of the valve
body. Observe for spool motion to ensure that engagement
has not been lost.

15. If the feedback wire ball has become disengaged from
the hole in the spool, repeat steps 9 through 14.

16. Set the controller on one end. Install O-ring (11) on in-
let orifice assembly (12) and carefully insert the assembly
into controller body (27) Unless they are new, inlet orifice
assemblies should be discarded and replaced each time
they are removed.

Apply force only around the edge of the inlet
orifice assembly, or the filter may become
damaged and result in controller malfunction.

17. Place seal plate (15) on a flat clean surface. Install O-
ring (16) in the seal plate It may be necessary to work the O-
ring into the seal plate with a finger.

18. Install the seal plate and O-ring assembly. Install end
plate (14) on controller body (27). Using a 3/16 inch Allen
wrench, install screws (28) and lockwashers (29). Torque
the screws to 80-90 Inch-lbs.

19. Repeat steps 16 through 18 for the opposite end of the
controller.

20. Install the tension spring having the end loops of ap-
proximately equal length by attaching them from the groove
on the flapper extension to the spring retainer on the tip of
the barrel and shaft assembly. Install the tension spring
having one longer end loop with its shorter loop engaged in
the groove on the flapper tip, and the longer loop attached to
the spring retainer on the torque motor bracket.

21. Install the teflon tubing on each coil leadwire. Solder
the coil leadwires to electrical connector (01) pins as
marked during disassembly. Slide the teflon tubing over the
connector pins. Install motor cap gasket (06) on the con-
troller body.

22. Install gasket (02) on electrical connector (01). Hold the
electrical connector in position in motor cap (03). Using a
5/64 inch Allen wrench, install screws (22) and torque to a
snug condition.

23. Install gasket (06) and motor cap (03) on the controller
body. Using a 9/64 inch Allen wrench, install two socket
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head capscrews (23) and lockwashers (24). Torque the
screws to 30 inch-lbs. Replace the nameplate if it was re-
moved.

24. Install pan head screw (04) and O-ring (05).

25. Install the controller on the propel pump but do not con-
nect the electrical lead.

26. Start the engine and visually examine for evidence of
external leakage. If leakage is present and cannot be cor-
rected by replacing O-rings and/or seal plates, replace the
leaking components.

27. Adjust the mechanical null of the controller as de-
scribed in the following topic, Null Adjustment.

28. Rotate the manual override lever and observe pump
output flow. Motor output should be the same in both di-
rections.

29. If a noticeable variance in pump output exists, remove
the motor cap assembly and carefully align the mating sur-
faces of the motor cap assembly and controller body.

30. Repeat steps 27 and 28 as required to achieve near
equilibrium of pump flow.

INSTALLATION

To install a controller on the pump, proceed as follows (see
Figure 9B-27):

1. Place a new gasket on the pump case.

2. Connect the linkage from the pump to the controller.

3. Install the controller capscrews and finger tighten.

4. Install the pressure override valve and gasket and
tighten all capscrews securely.

5. Connect the electrical lead to the controller.

ADJUSTMENT

Adjustment consists of adjusting the flow null of the con-
troller. This is normally done when a new valve is installed
or if the machine propels when the operator’s controller is
in neutral. To adjust the controller, proceed as follows (see
Figure 9B-32):

Figure 9B-32. Controller Null Adjustment

1. Ensure that zero electrical signal is applied to the con-
troller by disconnecting the electrical lead to the controller.

2. Using a blade screwdriver, remove the pan head screw
and O-ring to permit access to the null adjust screw.

3. With the pump running, use a 2-1/2 inch long, 1/8 inch
Allen wrench to slowly rotate the null adjust screw in each
direction (clockwise and counterclockwise), in turn. Note
the relative position of the null adjust screw at the moment
the machine begins to propel, for each direction of null ad-
just screw rotation.

4. Position the null adjust screw at a position approxi-
mately centered within the “deadband” between the two
positions noted in step 3. Normal adjustment should re-
quire less than ± one-quarter turn.

5. After the desired flow null has been obtained, reinstall
the pan head screw and O-ring.

6. Connect the electrical lead to the connector.

PRESSURE OVERRIDE VALVE

DESCRIPTION. The pressure override valve is mounted on
the electric controller on the side of the pump. The override
will automatically destroke the pump once the desired
maximum system pressure (load) is reached. It will main-
tain that system pressure so the load can be held. This pre-
vents operation of the system relief valves for prolonged
periods and helps reduce heat build-up in the transmis-
sion.

The valve pressure is set at the factory, however, this
setting can be checked and adjusted when a new valve is in-
stalled or if the pressure setting is requied for trouble-
shooting purposes.

REMOVAL. To remove the valve, proceed as follows (see
Figure 9B-33):
1. Stop the engine and disconnect the battery cable.

2. Remove the two hydraulic lines from the valve.

3. Remove the capscrews securing the valve to the electric
controller and lift the valve away from the controller.

INSTALLATION. To install a new override valve on the
pump, proceed as follows (see Figure 98-33):

1. Place a new gasket on the controller.

2. Install the override valve to the controller and secure
with capscrews.

3. Connect the two hydraulic lines to the valve.

ADJUSTMENT. To adjust the pressure override valve, pro-
ceed as follows (see Figure 9B-33):

1. Check the controller null adjustment as described pre-
viously in this subsection.

2. Disconnect the electrical wire at the controller to assure
that the controller is in neutral.

3. Inspect the main relief valves to determine the factory
setting. These valves are located in the manifold on the end
of the propel motors and are stamped with a two digit num-
ber that is the main relief setting multiplied by 100 (55 is a
5500 psi relief setting).
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4. Place the propel brake switch in the ON position to set
the propel brakes.

5. Install pressure gauges (10,000 psi) at gauge port C on
the pressure override valves of both pumps.

6. Loosen locknuts A on the pressure override valves and
back out setscrews B three to five turns on both pumps

7. Disconnect the signal wires from the controller on the
pump which is not being adjusted and tape the ends of the
wires.

8. Start the engine and run it at 1500 rpm.

9. Bring the pump to be adjusted on stroke by turning the
mechanical actuator on the controller.

10. While the pump IS on stroke, slowly turn setscrew B on
the pressure override valve in until the pressure gauge In-
stalled in gauge port C reads approximately 2000 psi. Re-
turn the pump to the neutral stroke position and shut off the
engine.

11. Deadhead the flow from the pump pressure ports to the
motor pressure ports. This must be done to provide a
resistance to flow necessary to develop the high pressure.

12. Start the engine and run it at 1500 rpm.

Bring the pump on stroke with extreme cau-
tion since no reliefs other than the pressure
override valves are in the system.

13. Slowly bring the pump being adjusted on stroke by
turning the manual actuator on the controller. Watch the
pressure gauge installed in port C and return the pump to
neutral if the pressure exceeds 5000 psi.

14. With the engine running and the pump on stroke,
slowly turn setscrew B on the override valve in until the
pressure gauge installed in port C reads 5500 psi or 500 psi
less than the main relief setting, whichever is less. Tighten
locknut A. If the pressure reading fluctuates set the pres-
sure at mid-range of the fluctuation.

15. Return the pump to neutral stroke, shut off the engine,
and connect the main lines to the motor. Connect the wires
to the controller of the other pump.

16. Repeat steps 6 through 14 for the remaining pump.

Figure 9B-33. Pressure Override Valve
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PROPEL BRAKES

GENERAL

The information in this subsection covers the removal, re-
pair, and installation of the propel brakes used on this ma-
chine.

PROPEL BRAKES (15Z499)

DESCRIPTION

The propel brakes are of the spring set, hydraulically re-
leased disc type. One brake is bolted to each propel gear
case with the brake shaft splined into the gear case input
shaft. The propel motor output shaft is splined onto the
brake shaft.

The brake consists of a housing, piston, springs, friction
discs and disc separators. The friction discs are splined to
the brake shaft, and the disc separators are pinned to the
brake housing.

ADJUSTMENT

There are no propel brake adjustments. It is only required
that the hydraulic system be maintained properly, and that
the brake seals and discs are replaced when required. All air
must be bled from the brakes after servicing.

OVERHAUL

It should be kept in mind that the propel brakes are meant
only as parking brakes and are not intended to stop the ma-
chine from traveling. This being the case, the friction discs
and disc separators will wear very Iittle. When the brakes
wear to the point that they do not hold the machine when
parked, the discs must be replaced. Any time leakage at the
brake is noticed the brake must be removed from the ma-
chine and the seals replaced.

REMOVAL. To remove a propel brake, proceed as follows
(see Figure 9C-1):

1. Locate the machine on a firm level surface so the ma-
chine wiII not move when the brake is removed. Engage the
swing brake and block the crawlers.

2. Release all pressure in the brake circuit, and disconnect
the brake hydraulic line. Open the bleed screw to allow any
fluid to escape. Close the bleed screw.

3. Mark the brake housing and the transmission case so
the brake can be reinstalled in the same position. Remove
the capscrews which secure the brake and motor to the
gear case. Remove the brake and motor from the gear case

Figure 9C-1. Propel Brake Location

with a sling and proper lifting device. The brake and motor
weigh approximately 225 Ibs.

DISASSEMBLY. To disassemble the propel brake, proceed
as follows (see Figure 9C-2):

1. Place the brake on blocking with the shaft end down.

2. Alternately remove capscrews (23) to release plate (19).

3. Pull packing (05), and all discs, springs, and pins from
housing (04).

NOTE

Further disassembly of the housing is usually unnec-
essary, and should not be attempted unless a specific
component must be replaced. If more complete dis-
assembly of the housing is necessary, complete steps
4, 5 and 6.

4. Pull seal (01) out of housing (04) taking care not to dam-
age the seal in bearing (03).

5. Remove snap ring (02), then shaft (08) with bearing (03)
by lightly tapping the shaft with a plastic mallet.

6. Press the bearing off of the shaft by supporting the inner
race of the bearing and applying pressure to the shaft.
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Figure 9C-2. Propel Brake (15Z499)

7. Remove piston (14) from plate (19) by introducing low
pressure air (15 psi) into the hydraulic inlet. Make sure the
piston is directed away from all personnel.

8. Slide O-rings (16 and 18) and back-up rings (15 and 17)
from the piston grooves. The back-up rings will be dam-
aged during removal and should not be removed if replace-
ment is not planned.

9. Remove retaining ring (25) and tap bearing (24) out of
plate (19).

CLEANING. INSPECTION AND REPAIR. Prior to assembly,
perform the following procedures:

1. Clean all components in a suitable cleaning solvent and
dry thoroughly. Do not clean the discs or plates in solvent.

2. Inspect the piston and housing for excessive wear or
deep scratches.

9C-2

3. Rotating discs should be clean and dry. There should be
no presence of oil on any lining material on mating sur-
faces of the stationary discs. Worn or heavily scored lining
material must be replaced.

4. Inspect the springs for cracks or distortion and make
sure they are all the same length.

5. Inspect the shaft for cracks or other damage.

6. Replace all seals, O-rings, and back-up rings that have
been removed. If the brake has been disassembled to re-
place O-rings, it is recommended that the discs also be
replaced.

ASSEMBLY. To assemble the propel brake, proceed as fol-
lows (see Figure 9C-2):

1. Lubricate the piston, O-rings, back-up rings and the cyl-
inder of plate (19) with fluid from the propel brake system.
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2. Install new back-up rings (15 and 17) and O-rings (16
and 18) on piston (14).

Be careful not to damage O-rings or back-up
rings during piston installation.

3. Visually align the center of the cutouts in piston (14) with
pin (09) holes in plate (19). Using a shop press, install the
piston into the plate. The depth of the piston installation into
the plate is critical, do not exceed 0.120 inch for piston sur-
face below plate (19) surface (see Figure 9C-3).

6. Lubricate the lips of seal (01) and press into housing (04).

7. Assemble the springs, discs, separators and pins into
housing (04).

NOTE

The rotating discs must be clean and dry. There
should be no presence of oil on any lining material or
mating surfaces of the stationary discs. Worn or
heavily scored rotating discs must be replaced.

8. Install packing (05) and plate (19) to housing (04). Se-
cure the assembly by torquingcapscrews (23) alternately to
75-85 ft-lbs.

INSTALLATION. To install the brake assembly, proceed as
follows (see Figure 9C-1):

1. Place a gasket (26) on each end of the brake assembly
and align the brake output shaft with the gear case input
shaft. Be sure the bleeder screw is in the vertical position.

2. Insert the four lubricated capscrews (3/4 inch) into
brake flange (04) and torque to 230 ft-lbs.

Figure 9C-3. Piston Installation

4. Install bearing (24) into plate (19) and secure with ring
(25).

5. Press bearing (03) on shaft (08) and secure the assem-
bly in housing (04) with ring (02).

3. Insert the four lubricated capscrews (1/2 inch) through
the motor flange, the gasket, and into plate (19). Alter-
nately tighten the capscrews and torque to 65 ft-lbs.

4. Attach the brake line and start the machine. Open the
bleed screw and operate the brake several times to allow
any trapped air to escape. Tighten the bleed screw after all
air has escaped.
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PROPEL GEAR CASE

GENERAL

This subsection covers the removal, repair, and installation
of the propel gear case.

GEAR CASE (14Q121)

DESCRIPTION

A propel gear case is attached at the rear of each crawler
frame (see Figure 9D-1). The gear case transmits propel
motor rotation to the propel driveshaft. The gear case con-
sists of an input section, center planetary section and
output section.

REMOVAL

To remove the propel gear case, proceed as follows (see Fig-
ure 9D-1):

1. Refer to Subsection 9B and remove the propel motor and
brake.

2. Remove the gear case oil drain plug and drain the oil into
a container. Install the drain plug after all the oil has been
drained.

3. Remove the shaft assembly oil drain plug and drain the
oil into a container. Install the drain plug after all the oil has
been drained.

4. Attach lifting slings to the gear case and attach the slings
to a suitable hoist. The gear case weighs approximately
1000 Ibs.

5. Remove the sixteen capscrews which secure the propel
gear case to the side frame Pull and lift the gear case from
the mounting.

DISASSEMBLY
GENERAL. The propel gear case is disassembled by sec-
tion. Each section is listed separately and the complete dis-
assembly procedure for the section is given.

OUTPUT SECTION. To disassemble the output section, pro-
ceed as follows (see Figure 9D-12):

1 Remove capscrews (02), holding cover (04) to the body of
the drive.
2. Lift the cover assembly straight up from the unit, allow-
ing the pilot of the cover to slide straight out of the counter-
bore in ring gear (13).

Figure 9D-1. Propel Gear Case
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3. Lift output shaft (06) out of output carrier (08).

4. Remove seal (01) and discard.

CENTER SECTION. To disassemble the center section, pro-
ceed as follows (see Figure 9D-12):

1. Place the center housing assembly so that it is resting on
the input side.

2. Remove the output gear set using eyebolts in the holes
provided in carrier (08).

NOTE

Shafts and gears should be marked to insure that
each shaft and gear set is located in its original bore
with care taken that the shafts are not rotated.

3. Drive roll pins (07) into shafts (10) so that they will clear
the carrier. Bronze shafts (10) may now be driven out.

4. Lift input gear set (16) straight up to remove it from the
housing.

NOTE

Care should be taken to mark shafts, gears, and bear-
ings such that all are kept in their original locations in
the carrier.

5. Drive roll pin (23) into shaft (22) enough to clear the car-
rier allowing the shaft to be driven out.

6. With gears (20) removed, output sun gear (15) maybe re-
moved from carrier (16) by removing snap ring (17).

7. Remove all roll pins (07 and 23) from shafts (10 and 22).

INPUT SECTION. To disassemble the input section, pro-
ceed as follows (see Figure 9D-12):

1. Lift out input sun gear (18).

2. Set ring gear (13) on the output end and remove cap-
screws (59).

3. Input housing (57) may then be lifted straight up to clear
the pilot of the ring gear.

4. Remove tie wire (46) from capscrews (47) and remove
the capscrews.

5. Lift bull gear (49) straight up and tilt it away from the
smaller gear (see Figure 9D-2).

6. Drive shaft (62) out of the case.

NOTE

Bearing assembly (43,50,51,54 and 55) is a matched
set and care must be taken that all components in this
assembly remain in their original position.

7. Remove capscrews (75) and cover (73) from the input
housing.

NOTE

Spacer shims (72) should be retained as a set. If no
gears or bearings are replaced, these shims can be
reused

8. Remove cone (69) from shaft (67).

9. Remove gear (68). shaft (67), and cone (66) from the
input housing.
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Figure 9D-2. Bull Gear Removal

10. Remove capscrews (30) and lockwashers (31).

11. Remove adapter assembly (32) from housing (57).

12. Slide coupler (24) out of gear (37).

13. Straighten the tong on washer (26) and remove nut
(25).
14. Washer (27) and cone (28) can now be removed from
the top of the adapter and cone (35) and gear (37) can be re-
moved from the bottom.

CLEANING AND INSPECTION

Clean and Inspect all gear case components as follows (see
Figure 9D-12):

1. Clean all components with solvent and air dry.

2. Inspect bushing (05). If it is scored or worn, press it out
and replace.

3. Shafts (10) should be inspected to see that the gearing
surface is smooth. There wiII be a slight step on each shaft;
this is normal seating-in wear. If the shafts are badly worn
(more than 0.040 inch wear), all four shafts must be re-
placed.

4. All gears should be inspected to see that the bores are
smooth and that all teeth are in good condition, free from
cracks and pitting. A smooth polished surface IS normal in
the bore of the planet gears.

NOTE

Spiral bevel gears (37 and 68) are a matched set. If
one needs. replacement, a complete set must be
ordered.

5. Bearings and shafts should show no scoring or other
signs of distress or abnormal wear.

6. Carrier spacer (12) should be inspected. If the thickness
is less than 0.060 inches or it IS scored it should be re-
placed.

7. Check the outer end of sun gear (15). If it is scored, re-
place it.
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ASSEMBLY

GENERAL. The propel gear case is assembled by section.
Each section is listed and the complete assembly proce-
dure for that section is given.

INPUT SECTION. To assemble the input section, proceedas
follows (see Figure 9D-12):

NOTE

If no gears or bearings are replaced, shim sets may be
used in the exact order in which they were removed. If
gears or bushings are replaced or if shim sets are lost
or damaged, the procedures listed below for deter-
mining shim requirements must be followed exactly.

1. Place bearing cone (66) and cup (65) on a surface plate
(see Figure 9D-3).

Figure 9D-3. Bearing Measurement

2. Measure the thickness of the bearing using a height
gauge or depth micrometer (see Figure 9D-4 and 9D-5).

Figure 9D-4. Height Micrometer

SUBSECTION 9D

Figure 9D-5. Depth Gauge

3. Determine the housing dimension from input housing
(57). This number is stamped on the mounting face (see
Figure 9D-6).

4. Refer to Table 9D-1 and, using the housing dimension
and bearing dimension previously obtained, determine the
shim column number.

Table 9D-1. Shim Column Determination

5. Determine the gear mounting dimension by inspecting
gear (68) as shown in Figure 9D-7.

6. Refer to Table 9D-2 and, using the gear mounting di-
mension and shim column number, determine the total
amount of shim distance required.
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Figure 9D-6. Housing Dimension Location
Figure 9D-7 Gear Mounting Dimension

NOTE

For housing dimensions less than 3.807, use
3.807/3.808 and subtract a shim thickness equal to
the difference between the actual housing dimen-
sion and 3.807. For housing dimensions greater than
3.814, use 3.813/3.814 and add a shim thickness
equal to the difference between actual housing di-
mensions and 3.814.

Table 9D-2. Shim Distance

7. Construct a shim set to obtain the shim distance deter-
mined in step 6.

8. Install shim set (64) into the bore of input housing (57).

9. Press bearing cup (65) into the bore of the input housing
with the thin edge out.

10. Press cone (66) onto the end of shaft (67) and install
this assembly into the input housing.

11. Slide gear (68) onto shaft (67) and then press cone (69)
onto the shaft with the thin edge out.

12. Press cup (70) into cover (73).

13. Place the cover on the input housing and install two
capscrews (75) 180° apart.

14. Tighten the capscrews down evenly and gradually
while turning shaft (67).

9D-4

15. When all end play is taken out of the bearings, mea-
sure the space beween the cover and input housing in three
places with a feeler gauge.

16. Take the average of the three readings and install
shims (72) to equal this average Shim color codes are
shown in Table 9D-3.

Table 9D-3. Shim Color Codes

17. Coat O-ring (71) with grease and install on the cover.

18. Install all capscrews (75) and lockwashers (74) and
tighten to 80-90 ft-lbs.

19. Determine the gear mounting dimension from gear (37)
and record for future use (see Figure 9D-8).

Figure 9D-8 Gear Mounting Dimension
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20. Press bearing cups (29 and 34) in adapter (32) with the
thin edges out.

21. Press cone (35) onto gear (37).

22. Install gear (37) into adapter (32)

23. Install cone (28), washer (27), lockwasher (26) and nut
(25) onto the gear.

24. Tighten the nut until all end play is removed from the
bearings.

25. Using a height gauge, measure the distance between
the face of the spiral bevel gear and the face of the adapter
(see Figure 9D-9).

Figure 9D-10. Housing Dimension

Figure 9D-9. Gear Adapter Assemblv Dimension

26. Determine the housing dimension by examining the
input housing (see Figure 9D-10).

27. Using the dimensions found in steps 25 and 26, find the
proper shim column from Table 9D-4.

NOTE
For housing dimensions greater than 5.357, use
5.357/5.356 to find the shims required and remove a
shim thickness equal to the difference between the
actual housing dimension and 5.357. For housing di-
mensions less than 5.352, use 5.353/5.352 to find
the shims required and add a shim thickness equal to
the difference between the actual housing dimen-
sion and 5.352.

28. Using the proper shim column number and the gear
mounting dimension from step 19, refer to Table 9D-5 to de-
termine the shim spacing required.

29. Make up shim set (33) from Table 9D-3 and install it on
the input housing.

30. Coat O-ring (38) with grease and install adapter as-
sembly (32).

35. Remove cover (41) from the input housing and visually
inspect the spiral bevel gear set for correct alignment.

31. Place the adapter assembly on the input housing

Table 9D-4. Shim Column Determination

32. Install lockwasher (31) and capscrews (30) and tighten
to 75 ft-lbs (lubricated).

33. Install coupler (24) into gear (37).

34. Remove capscrews (39) and lockwashers (40) from
cover (41).
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Table 9D-5. Shim Spacing

36. Install the cover, capscrews, and lockwashers and
tighten to 80-90 ft-lbs.

37. Coat O-ring (61) with grease and install it on shaft (62).

38. Install the shaft and O-ring into the input housing.

39. Install the bearings and bull gear on shaft (62) as fol-
lows:

A. Press bearing cone (55) with the small diameter out onto
shaft (62).

B. Press bearing cups (51) into the bore of bull gear (49)

C. Place spacers (43 and 52) into the bore of the bull gear

D. Press the remaining bearing cup into the bore of the bull
gear.

42. Coat O-ring (14) with grease and install it on the input
housing.

43. Place the input housing on ring gear (13) making sure
that the pilot of the input housing seats in the counterbore
of the ring gear.

44. Install capscrews (59) and lockwashers (58) and
tighten to 160-180 ft-lbs.

CENTER SECTION. To assemble the center section, pro-
ceed as follows (see Figure 9D-12):

1. Install sun gear (15) and snap ring (17) into input planet
carrier (16). Install input planet gears (20), washers (19).
shafts (22). and bearings (21) into the input carrier.

NOTE

E. Install cone spacer (53) onto shaft (62)

F. Install the bull gear over the bearing cone on the shaft
[see Figure 9D-11).

It is important that these items be installed in their
original positron and location.

2. Drive steel roll pins (23) flush with the carrrer, locking
the shafts in place.

3. Install the planet assembly into the gear case with sun
gear (15) up.

4. Install carrrer spacer (12) onto planet carrier (16)

5. Install planet gears (09) and bronze shafts (10) into out-
put planet carrier (08).

NOTE

It is important that the pins and gears be installed in
their original positions and locations.

6. Drive roll pins (07) into the carrier and shafts.

7. Use the tapped holes in the carrier and install the carrier
assembly into ring gear (13).

OUTPUT SECTION. To assemble the output section, pro-
ceed as follows (see Figure 9D-12):

1. Install seal (01) into the front of cover (04).

Figure 9D-11 Bull Gear lnstallation 2. With the center section resting on the input side, place
output shaft (06). with spacer (36) adjacent to collar, into the
spline in output carrier (08).

G. Press the remaining bearing cone onto shaft (62) with
the small drameter down.

40. Place cap (48) behind the bearing cone.

41. Secure with three capscrews (47) torqued to 80-90 ft-
Ibs Lockwire the capscrews.

3. Place the cover assembly over the output shaft, being
careful not to damage seal (01). Check to insure that the
pilot of the cover has sealed properly into the ring gear bore.

4. Install capscrews and lockwashers (02 and 03) and
torque to 160-180 ft-lbs.
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Figure 9D-12. Propel Gear Case (14Q121)
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INSTALLATION

To install the propel gear case on the crawler frame, pro-
ceed as follows (see Figure 9D-13):

1. Wipe mating surfaces on the crawler frame and propel
gear case clean.

2. Place sealant (21Z587.D8) on the crawler frame and
gear case.

3. Attach suitable lifting slings to the gear case and posi-
tion the gear case next to the crawler frame. Start the out-
put shaft into the propel driveshaft. It may be necessary to
rotate the gear case input shaft to engage the splines of the
driveshaft.

4. Secure the gear case to the crawler frame using lubri-
cated capscrews. Torque the mounting capscrews to 330ft-
lbs.

NOTE

Use a diametrically opposite pattern for torquing the
mounting capscrews which hold the gear case to the
carbody.

5. FiII the gear case and driveshaft assembly case with the
proper quality and amount of lubricant See Section Ill.

6. Refer to Subsection 9C and install the propel brake and
motor.

Figure 9D-13. Propel Gear Case
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CRAWLER COMPONENTS

GENERAL

This subsection covers the maintenance and repair of the
crawler components.

MAINTENANCE

Crawler component wear cannot be prevented completely,
but the rate at which parts wear can be decreased through
preventative maintenance as follows:

1. Check the propel drive components and the crawler rol-
lers and idler often and lubricate them in accordance with
the lubrication charts in Section Ill.

2. Keep crawler parts tight. Check the torque of the com-
ponents in Table 9E-1, and maintain the torque specifica-
tions

Table 9E-1. Crawler Component Torques

3. Maintain proper track adjustment (see Crawler Adjust-
ment in this subsection).

4. Check the crawler components daily for leaks. Repair or
replace parts as required.

5. Clean mud and debris from the crawler components
daily.

CRAWLER TRACK TENSION ADJUSTMENT

Adjust crawler track tension, as follows (see Figure 9E-1).

1. Propel the machine so that any sag will appear at the
front of the track (the end where the adjustment is made).

2. Remove the capscrews holding the keeper plates to ex-
pose the shims.

3. Remove the shims found in front of the bearing blocks.

Figure 9E-1. Crawler Track Adjustment

4. Using a hydraulic power unit, placed between the side
frame bracket and the bearing block, force the idler sprocket
forward to remove the slack from the track.

5. Place the shims behind the bearing block, in the slot
opening, to take up the space.

6. Repeat steps 4 and 5 on the inside.

NOTE

An even thickness of shims in the inside and outside
packs is required to maintain parallel alignment of the
idler sprocket to the track.

7. Place the remainder of the shims in the slot in front of the
bearing block to hold it firmly in place.

8. When the track has been properly adjusted, install the
keeper plates.

9. Eventually. after an extended period of operation,
crawler track wear will reach the point where all the shims
are on the inside of the bearing block. When this occurs, re-
move all shims, break the crawler track and remove one
crawler shoe. Then, reconnect the track and adjust the de-
sired track tension by rebuilding the shim pack to whatever
arrangement is required.
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CRAWLER TRACK REMOVAL
AND INSTALLATION

REMOVAL. To remove the track, proceed as follows:

1. Propel the machine to place the master track link (the
one with the longer pin) in position above the vertical
centerline of the idler shaft (see Figure 9E-2).

2. Loosen the track tension by removing the shims behind
the bearing block of the idler shaft.

3. Drive out the master link pin in the track shoe and propel
the machine to the rear until the track is laid out flat. Do not
propel the machine forward, since the crawler track will
bunch up and may cause damage to the machine. Propel
backwards until the track is free of the crawler tumbler on
the rear. Then jack up the carbody and pull the track out
from under the crawler side frame.

TRACK REPAIRS. Repairs are limited to the replacement of
individual parts. If the crawler has been adjusted to the
point where no more slack can be taken up, a crawler shoe
will have to be removed. If this is the case, it is important
that this is done to both crawlers or there will be uneven
propel motion.

INSTALLATION. To install the track, proceed as follows:

1. Place the track under the crawler side frame and lower
the machine onto the track. Insert a bar through the holes in
the shoe and attach a cable to each end of the bar. Run the

cable over the top of the crawler side frame and attach it to a
pulling device. Propel the machine forward while keeping
the cable taut. Make sure the shoe engages the rollers.

2. Continue this operation until the shoe is over the top of
the idler shaft. Remove the bar and cables.

3. Using a suitable lifting device, lift the lower shoe portion
and align the holes in the two shoes.

4. Drive the master pin into the two shoes until the pin is
centered.

5. Adjust the track tension.

IDLER SPROCKET ASSEMBLY (2100J968)

REMOVAL AND DISASSEMBLY. If it is necessary to re-
move the idler sprocket assembly, proceed as follows (see
Figure 9E-3):

1. Remove the crawler track as explained earlier in this
subsection.

2. Place a jack beneath the axle at the corner of the car-
body nearest the idler shaft to be removed. Use suitable
blocking beneath the jack to support the weight of the ma-
chine on the jack.

3. Remove the keeper plate, shims and end cap.

4. Support the sprocket with a suitable lifting device (the
sprocket weighs approximately 600 pounds) and drive the
shaft out. Lift the sprocket out of the side frame.

Figure 9E-2. Crawler Track
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Figure 9E-3. Idler Sprocket (2100J968)

5. Remove the bearing block from the side frame and in-
spect for wear or damage.

6. Remove the bushings if bushing replacement is neces-
sary. The bushings should be replaced if worn excessively
or deeply scratched.

ASSEMBLY AND INSTALLATION. To install the crawler
idler shaft, reverse the above procedure and adjust the
crawler track as explained earlier. When assembling, pay
particular attention to the bushings to see that they are
properly installed. Lubricate all parts during assembly.

DRIVE SPROCKET ASSEMBLY (2100J969)

REMOVAL AND DISASSEMBLY To remove and disassem-
ble the drive sprocket assembly, proceed as follows (see Fig-
ure 9E-4):

1. Remove the track as described earlier in this subsec-
tion.

2. Drain the oil from the propel driveshaft. Replace the
drain plug.

3. Remove the propel gear case. See Subsection 9D.

4. Jack the machine at the corner of the carbody nearest
the drive sprocket to be removed. Use suitable blocking
beneath the jacks to support the weight of the machine on
the jack.

5. Block the sprocket to prevent it from falling while the
driveshaft is being removed. The sprocket weighs about
430 Ibs.

6. Remove capscrews (01 and 16) and retainer (15). Also,
remove capscrews (19) and end plate (18).
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7 . Drive or press shaft (17) out of the sprocket toward the
inboard side of the side frame. Bearing (02). carrier (03),
spacer (05) and seal (06) wiII come out with the shaft.

8. Pull carrier (12), bearing (14), shims (10 and 11), spacer
(09). and seal (08) out. Remove the bearing frorn the car-
rier.

NOTE

Keep the shim sets intact as the same shim sets are
used for assembly.

9. Remove the sprocket from the side frame.

CLEANING AND INSPECTION Clean and inspect all com-
ponents as follows:

1 . Clean all parts in solvent and dry with compressed air.
Do not spin the bearings with compressed air.

2. Inspect the bearings for pitted or spalled areas. Replace
the bearings if necessary.

3. Check all parts for cracks, breaks or unusual wear.

4. Replace both seals and O-rings.

5. Check the oil grooves inside the hub of the sprocket. The
grooves must be open to allow the free flow of oil to the out-
board bearing.

ASSEMBLY AND INSTALLATION To assemble and install
the drive sprocket assembly, proceed as follows (see Figure
9E-4):

1. Support sprocket (07) between the side frames

2. Heat bearing (02) to 300°F and press it up against the
shoulder on shaft (17).

3. Install carrier (03) into the side frame with the break
edge lip up.

4. Install the bearing and shaft assembly into carrier (03).
Slide spacer (05) and seal (06) over the shaft. When in-
stalling seals (06 and 08) use the following procedure:

A

B.

C.

D.

E.

F.

5.

Be sure the sprocket and other seal bores are absolutely
clean prior to seal installation by cleaning with solvent
and drying with compressed air.

Wipe the lapped faces of the metal sealing rings clean.

Snug the bellville washer of each seal half up against
the seal ring flange shoulder around the full circumfer-
ence of the washer. (See insert in Figure 9E-4.)

Insert each seal half into the seal receiving bore.

Again wipe the lapped sealing ring faces clean, then, ap-
ply a light film of oil to one of the sealing ring lapped
faces.

For much of the assembly the seal is visible. Any
popping out of the seal so that the retainer barb loses
contact with the bore wall will require backing up and
starting over.

Place lubricated O-ring (04) in the carrier groove and
start the shaft into the sprocket.

6. As the shaft comes through the sprocket, add spacer
(09), shim sets (10 and 11), carrier (12), and assembly
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spacer (218T1178) in place of bearing (14). If the assembly
spacer is not available, one can be fabricated as shown in
Figure 9E-5. Carrier (12) must be installed wrth break edge
lips up.

7. Install end plate (18), capscrews (01 and 19). retainer
(15), and capscrews (16). Torque capscrews (01) to 230 ft-
Ibs.

8. Check gap “A” first. This gap must measure 0.106 to
0.126 inch. Add shims (10) to increase the gap, remove
shims (10) to decrease the gap.

NOTE

Gaps “A” and “B” provide the correct pressure on
seals (06 and 08). Incorrect gaps could cause oil leak-
age or excessive seal wear.

9. With the correct amount of shims (10) installed and the
assembly spacer, end cap, carrier, shims and retainer in
place, measure the gap at point “B”. This gap must mea-
sure 0.106 to 0.126 inch also. If the gap is incorrect, add
shims (11) to increase the gap, or remove shims (11) to de-
crease the gap.

10. After gap “B” is attained, remove the assembly spacer.
Install seal (08), shims (11), and carrier (12). Do not change
the position of carrier (12).

11. Install bearing (14) tight against shims (10). Secure the
bearing in place with end plate (18) and capscrews (19)
torqued to 130 ft-lbs.

12. Install lubricated O-ring (13) into carrier (12). Place re-
tainer (15) in position and secure the entire assembly with
capscrews (16) torqued to 330 ft-lbs.

13. Remove level plug (20) and fill the driveshaft through
the filler hole with the lubricant specified in Section Ill.
When the lubricant begins to run out of the level hole, in-
stall the level plug.

14. Install the propel gear case and fill with the lubricant
specified in Section III.

15. Remove the blocking and jacks from the sprocket and
carbody.

16. Install the track as described earlier in this subsection.

SIDE FRAMES AND AXLES (2100J949)

SIDE FRAME REMOVAL. To remove a side frame, proceed
as follows (see Figure 9E-6 and 9E-7):

1. Choose firm, level ground or a level “lowboy” platform
on which to work. Install the basic boom on the machine.
Remove the counterweight (see the Operator’s Manual).

The weight of the block and sling must equal
1500 Ibs. to prevent backward tipping with one
side frame removed and one side frame in-
stalled. Proceed slowly and exercise caution
throughout this procedure.
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Figure 9E-7. Crawler and Axle Assembly (2100J949)

5. Position a sling onto the crawler shoes so that the entire
side frame assembly will balance. Hook a tagline from the
left hoist drum and the side frame removal sling into the
bottom block as shown in Figure 9E-6.

6. Lift the sling with the right hoistdrum and take in on the
tagline to remove any slack in the lines. Remove the large
tension bolts and nuts that secure the side frames (see Fig-
ure 9E-7).

Do not let the hook block EXCEED A RADIUS
OF 15 FEET, OR A TIPPING CONDITION
COULD RESULT.

7. Slack off on the tagline. The side frame will swing out-
ward from the carbody. It may be necessary to take up on the
hoist line slightly to provide clearance between the crawler
track and the ground, since the side frame will swing out-
ward on a downward arc.

9. Lower the side frame to the ground or onto a lowboy.

10. Retract the axles and pin them in place.

11. Swing the machine upper through 180° to remove the
opposite side frame, using the procedure in steps 4 through
7.

8. If loading the side frame on a lowboy, park it 12 inches
from the side frame. Take up on the hoist line enough to

12. When loading onto a lowboy, keep the centerline of the

clear the lowboy. Let out on the tagline and position the side
side frame at 6-1/2 feet radius and swing slowly towards

frame on the farside of the lowboy.
the lowboy. Place the side frame next to the other side
frame on the lowboy.

9E-7



SUBSECTION SE

Do not let the hook block EXCEED A RADIUS
OF 12 FEET, OR A TIPPING CONDITION
COULD RESULT.

13. After removal of the side frame, lower the block to the
ground. The axles may be retracted and locked in position
with the locking pin, if necessary.

AXLE REMOVAL. To remove an Individual axle, proceed as
follows (see Figure 9E-7):

1. Remove the appropriate side frame as indicated above.

2. Fully extend the axle to be removed.

3 . Attach a sling around the axle frame and then attach the
sling to the hook block. Lift the sling with the hoist drum and
take in on the tagline to remove all the slack. Remove the
spacers from the axle housing.

4. Slowly pull the axle out of the carbody a short distance.
Reposition the sling until the axle is almost out of the car-
body. Place blocking at the end of the axle and reposition the
sling at two points that will balance the axle. Remove the
axle from the carbody.

AXLE INSTALLATION To install an axle, proceed as fol-
lows (see Figure 9E-7):

1. Attach a sling to the axle at points that will balance the
axle. Lift the axle and insert it into the carbody until the shim
plate lines up with the edge of the axle housing.

2. Check the clearance between the axle and the housing.
It should be 0.060 inch at this point. If not, proceed as fol-
lows to adjust this clearance (see insert in Figure 9E-7).

A.

B.

C.

3.

Remove the nuts from the inside of the axle frame and
raise the plate.

Insert the shims under the plate to obtain the necessary
clearance.

Install and tighten the nuts that hold the plate and the
shims in place.

Insert the axle, along with a pair of spacers, into the axle
housing.

4 . Check the clearance between the axle and the housing
after adding spacers, one in the top and one in the bottom
(the thickest spacer goes in the bottom). This clearance
should be 0.125 inch. If not, add a thicker spacer at the top
to arrive at this setting.

5. Insert the capscrews and washers through the holes in
the spacers and tighten to the axle housing securely.

SIDE FRAME INSTALLATION. To install a side frame, pro-
ceed as follows (see Figure 9E-6):

The weight of the block and sling must equal
1500 Ibs. to prevent backward tipping with one
side frame removed and one side frame in-
stalled. Proceed slowly and exercise caution
throughout this procedure.
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1 .Attach a sling to the crawler shoes so that the entire side
frame assembly will balance. Hook a tagline from the left
hand hoist drum and the side frame removal sling into the
bottom block.

NOTE

The side frame should be installed using the basic
boom only.

2. Place both axles in the extended position and lock the
axles with the locking pins. With the gantry in the raised
position, raise the boom.

3 . Lift the sling with the right hoist drum and take in on the
tagline to bring the side frame to the axles. Work the hoist
line and tagline to engage the side frame with the axles.

4. When the side frame is positioned against the shear
ledges, install the large tension bolts and nuts. Torque the
bolts to 2800 ft-lbs.

5. Install the opposite side frame as explained in steps 1.

6. After installation of the side frames, lower the block to
the ground, and jack up the carbody to remove the blocking.
Lower the carbody and test the machine.

CRAWLER ROLLER (13Q18D1)

DESCRIPTION. The crawler rollers guide the track rail in a
straight line as it rotates around the crawler side frame.
Wear of the rollers is a result of contact between the track
rail links and the outside surfaces of the rollers. These sur-
faces, called rolling diameters, can be expected to de-
crease as the machine is propelled. As the outside diam-
eter of the rollers becomes smaller, the flange height of the
rollers will increase to a point where the rollers will begin to
contact the bosses on the track Iinks. This should never be
allowed to occur; the crawler rollers must be replaced prior
to reaching this point.

REMOVAL. To remove a crawler roller, proceed as follows:

1 .Jack up thecarbody enough to allow the roller to drop out
of the crawler frame. Fully support the carbody at the axle
housing flanges. Remove all tension from the track rail by
removing the shims at the idler sprocket as previously de-
scribed in this subsection.

NOTE

The crawler rollers can be removed without discon-
necting the track rail. The nearer the roller is to the
end of the crawler the less clearance there will be be-
tween the roller and track rail, however. It will be nec-
essary to start in the middle and remove each roller
until the faulty roller can be removed.

2. The crawler roller weighs approximately 160 pounds
Support the roller so that it will not fall, and remove the cap-
screws which secure the roller end collars to the crawler
side frame. Remove the roller from the side frame.

DISASSEMBLY AND REPAIR. It is recommended that all
seals be replaced whenever a roller is disassembled. To re-
pair a crawler roller, proceed as follows (see Figure 9E-8):

1 .Remove plug (13) from the end of shaft (02) and drain the
oil from the roller.



SUBSECTION 9E

CRAWLER COMPONENTS

Figure 9E-8, Crawler Roller (13Q18D1)
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2. Remove locks (01) from each end of shaft (02) and re-
move key (03).

3. Pull end collars (04) off of each end of shaft (02).

4. Remove bushing assembly (05) from each end of roller
(09). Press shaft (02) out of the roller. Then remove bush-
ings (08) by pressing them out of bushing assemblies (05);
see insert view in Figure 9E-8.

5. Remove an O-ring (10) from each end of shaft (02). Re-
move O-ring (11) from the groove in each bushing assem-
bly (05).

6. Remove one half of duo cone seal (12) from each end col-
lar (04) and another half of duo cone seal (12) from each
bushing assembly (05).

7. Thoroughly wash all parts in solvent and dry. Inspect all
metal parts for excessive wear, cracks or distortion. Re-
place parts as required.

8. To replace bushing (08) in the bushing assembly as
shown in the insert of Figure 9E-8, proceed as follows:

A .

B.

C.

D.

E.

F.

Remove pins (15) from the bushing assembly and dis-
card.

Install a new bushing in the bushing assembly with the
oil holes in alignment.

Drill two holes (9/32 inch) through the bushing and into
the bushing assembly being careful not to drill into the
oil grooves. Make the holes 3/4 inch deep.

Ream the holes to a diameter of 0.3052 inch to the same
depth.

Ream the holes to a diameter of 0.308 but only to a depth
of 1/4 inch.

Install two new pins (15) into these holes to a depth of
0.030 inch below the outside surface of bushing (08).
Clean the bushing assembly thoroughly of any metal
filings or chips.

ASSEMBLY. To assemble the crawler roller, proceed as fol-
lows:

1. Install seal (11) in grooves on the bushing assemblies.
Apply a light coating of oil to the seals, the groove of the
bushing assembly, and the inside of the roller.

2. Install one bushmg assembly into the track roller with a
press.

3. Install the six capscrews that hold the bushing assem-
bly to the roller and torque to 25 ft-lbs

4. Insert the shaft into the roller and press the other bush-
ing assembly into the roller

5. Install the other capscrews and torque to 25 ft-lbs.

6. Install duo cone seals (12) as follows (see insert view in
Figure 9E-8):

A.

B.

C.

D.

7.

Remove all oil and any protective coating from the metal
seal rings and seal seat (“B”) on the roller and retainer,
using a cleaning solvent and making sure all surfaces
are dry.

Check retaining lips (“A”) and seal seats (“B”) for rough
tool marks or nicks. Smooth any nicks and reclean. Also
make sure that the sealing face of the metal seal rings is
free of nicks.

Wipe all seal faces to remove any foreign material. Place
a few drops of clean gear oil (see Lube Chart) on a clean-
ing tissue and completely coat the sealing faces of the
seals to assure corrosion protection and initial lubrica-
tion. Install a rubber seal on each metal seal ring so they
seat uniformly on the metal rings. Be sure the rubber
seals are not twisted and are resting uniformly against
the lip that prevents them from falling off the metal seal
rings.

Install one half of a duo cone seal in each end collar (04)
and in the end of each bushing assembly (05). Press the
rubber seal into the seal seat making sure that it is
straight in the bore and inside retaining lips (“A”). Do
not use a screwdriver or any sharp instrument to seat
the rubber rings.

Install a new O-ring (10) in the groove on each end of
shaft (02). Install end collar (04), with the keyway, over the
keyway end of shaft (02). Install key (03) and lock (01). In-
stall the other end collar (04) over the other end of shaft (02).
Align the mounting holes and install lock (01).

8. Fill the crawler roller with gear oil (see Lube Chart)
through the hole in shaft (02). Install a new O-ring (14) on
plug (13) and torque the plug to 125 ft-lbs.

INSTALLATION. To install a new or repaired crawler roller,
proceed as follows:

1. Position the roller below the crawler side frame and
align the mounting holes. Block the roller in position.

2. Lubricate the mounting screws with SAE 30 oil, install
the screws with flat washers, and torque the screws to 345
ft-lbs.

3. Install all other crawler rollers that were removed.

4. Remove the blocking from the rollers and adjust track
tension. Raise the crawler with the jack and remove the
blocking from the carbody. Lower the crawler onto the
ground.
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ELECTRICAL SYSTEMS

GENERAL helpful in determining the cause of an electrical malfunc-
tion. Table 10A-1 lists the circuit breakers and the circuits

This subsection contains schematics of the power plant, that are controlled by them. There is one circuit breaker
floodlights, mark-load system, and the main machinery (see located at the right rear side of the engine, the other circuit
Figures 10A-1 and 10A-2). These schematics should be breakers are located in the operator’s module.

Table 10A-1. Circuit Breakers

BREAKER

CB-1 (Engine)

CB-1

CB-2

CB-3

CB-4

CIRCUITS CONTROLLED

Engine

Clutch, boom hoist, start aid, horn

Main drum pawls, swing brake, gauges, lights

Windshield wipers

Heater, defogger

CB-5

CB-6

CB-7

CB-8

Drum turn indicator, load monitoring

Engine warning,.spares

Propel, swing

Spare

1OA-1



SUBSECTION 10A ELECTRICAL SYSTEMS

Figure 10A-1 Machinery ElectrIcal SchematIc (2101J44 – 1 of 2)
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Figure 10A-1. Machinery Electrical Schematic (2101J44 – 2 of 2)
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Figure 1OA-2. Engine Electrical SchematIc (2100J1165-1) DDA4-71T
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Figure 10A-3. Floodlight Electrical Schematic (2105J235)
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OPERATIONAL AIDS

GENERAL

This subsection covers any necessary adjustments to the
operational aids.

BOOM HOIST LIMIT DEVICE (2100J1005)

DESCRIPTION. The boom hoist limit device is used to set the
maximum angle of the boom. When the boom stop block,
mounted on the boom base contacts the limit switch it shifts
the boom hoist limit solenoid. At this point, pulling the boom
hoist control lever back will direct hydraulic oil back to tank
and will not release the boom hoist brake or engage the
boom hoist clutch to raise the boom.

ADJUSTMENT. Whenever a boom hoist limit switch has
been replaced or disturbed the maximum angle that the
boom is allowed to reach should be checked. To set the

boom limit for the proper maximum angle, proceed as fol-
lows (see Figure 10B-1):

1. Elevate the boom to an angle of 80°.

2. Loosen the screw which secures the trip lever to the limit
switch and adjust the trip lever as required to open the
switch contacts. The switch contacts will make a click to
indicate when they are open.

NOTE

When the switch is in proper adjustment the switch
will move 12° before shut-off.

3. Tighten the screw in the trip lever.

4. Raise and lower the boom slowly several times to check
the adjustment. Repeat the procedure as necessary to
achieve the proper adjustment.

Figure 10B-1. Boom Hoist Limit Switch Adjustment (2100J1005)
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KRUEGER LOAD SYSTEM

GENERAL

The information below is intended as a calibration and
troubleshooting guide for the Krueger Load computer
system.

The rating of any crane is limited by two factors, namely, the
strength of its structural members, and the stability of the
crane. The purpose of the load moment system is to give the
operator an indication when the load on the machine is
approaching or has reached the limits shown on the capac-
itv chart.

When properly calibrated, as described below the load sys-
tem will give visual and audible indications when the load
on the machine reaches 90% and 100% of machine ca-
pacity.

The system consists of a central unit, remote Indicators
(meters), angle sender, preampirfier. load cell and connect-
ing cables.

This unit is an operating aid and cannot be used
as a substitute for the rating plate. The system
should be inspected on a weekly basis for
pinched, loose or cracked cables. Also check
for proper sealing of the central unit and meters
to keep out water and dust and to insure proper
operation of the unit.

CALIBRATION

INITIAL TESTING. lnitially test the units as follows:

1. Check all cable routing and all connections. Also check
the load cell mounting (5).

2. Check the angle transducer and load cell for damage

3. Set up the load weighing system as outlined in Section II.

4. If the unit does not perform as outlined in Section II, then
contact the manufacturer:

Krueger Crane Systems Inc.
4904 Cold Road
Rockford, III. 61109-2609
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PROPEL ANTI-STALL CONTROL SYSTEM

GENERAL

This subsection provides the information necessary for
troubleshooting the propel anti-stall control system used on
this machine. Troubleshooting instructions are outlined to
permit isolation of the specific component(s) which may
have failed. Individual components of this system are not
field serviceable: if a component is faulty it must be re-
placed.

The information in this subsection pertains only to the elec-
trical components in the propel anti-stall system. Refer to
Subsection 9A for propel hydraulic system troubleshooting
information.

DESCRIPTION

The anti-stall control system automatically destrokes the
propel pumps to prevent engine stalling when the machine
is propelled. In addition to the pump/motor hydrostatic
transmissions, the propel system includes an electronic
anti-stall module, an engine speed potentiometer, two
pump controllers, a magnetic engine speed pickup and a
propel control station (see Figure 10C-1).

This machine is equipped with two propel motors and two
propel pumps. One pump/motor transmission drives the
right side of the machine while the other pump/motor
transmission drives the left side of the machine. One propel
pump controller is located on the side of each pump. The
pump controllers provide flow to the pump swashplate con-
trol pistons and respond to displacement of the swashplate
through a feedback linkage and spring followup.

the operator. The pump controller positions the swash-
plate proportional to input current. Therefore, the input volt-
age to the control station and lever position determine the
displacement of the pump.

An engine speed potentiometer is used to sense the throt-
tle setting. The potentiometer  is connected to the throttle
linkage located below the circuit breaker panel at the rear of
the operator’s module. A magnetic pulse pickup is used to
sense engine speed. The pulse pickup is fastened to the
lower left hand side of the engine flywheel housing. When-
ever engine speed falls below the rpm expected at a given
throttle setting, the anti-stall module electronics will auto-
matically reduce the input voltage to the control station. The
reduced input voltage proportionally destrokes the pumps,
thereby preventing the engine from stalling. A switch on the
anti-stall module can be used to bypass the anti-stall elec-
tronics. Switching into the manual mode supplies the con-
trol station with constant battery voltage.

TROUBLESHOOTING

GENERAL. Before any service is performed on this system,
this subsection and Subsection 9A should be thoroughly re-
viewed. Adequate servicing depends upon a good under-
standing of the control system. To perform the tests and
minor repairs described in this subsection, the following
tools are required: a 25-50 watt soldering iron, a volt-ohm-
ammeter, a blade screwdriver and a 1/8 inch Allen wrench
(2-1/2 inches long).

Electrical current input into the pump controllers is pro- Table 10C-1 is provided to assist in isolating and correcting
vided by a dual axis propel control station located in the op- problems that may occur in the propel anti-stall control sys-
erator’s module. The control station outputs current pro- tem. The tests listed in the troubleshooting chart are de-
portional to input voltage and the lever position selected by scribed in detail in the paragraphs following the chart.

10C-1



SUBSECTION 1OC PROPEL ANTI-STALL CONTROL SYSTEM

Problem

Complete loss of
control

Loss of only one
axis of control.

Machine rotates with
forward or reverse
command.

Engine stalls

Transmission output
in one direction
only. Limited or no
response to command
signal.

Transmission slowly
rotates when the
propel control station
is returned to neutral.

10C-2

Table 10C-1. Propel Anti-Stall Control Troubleshooting

Possible Cause

Anti-stall module
does not function
properly.

Test

Electrical Power to
 Anti-Stall Module

Electrical Power to
Controller

Remedy

Replace anti-stall
module.

Magnetic pickup
not functioning
properly.

Propel control
station does not
function.

Magnetic Pulse
Pickup

Propel Control
Station

Adjust or replace
the magnetic pickup.

Replace the propel
control station.

Pump controller does
not function properly.

Open or short
circuit in cables

A single axis of
the propel control
station does not
function

Pump Controller
Manual Input

Propel Control
Station

Replace the pump
controller.

Repair or replace cable.

Replace the propel
control station.

Open coil or
open coil lead of
the pump controller.

Anti-stall module
does not function.

Open or short
circuit in cables.

Pump Controller
Manual Input

Electrical Power to
Pump Controller

Replace the pump
controller.

Replace the anti-stall
module.

Repair or replace cable.

One of the pump

not function.

controllers does

Open or short

not function.

Anti-stall module

circuit in cables.

does not function.

Engine speed
potentiometer does

Electrical Power to Pump
Controller and Pump
Controller Manual input.

Electrical Power to
Anti-Stall Module

Engine Speed
Potentiometer

Replace the faulty
pump controller.

Replace the anti-stall
module.

Replace the engine
speed potentiometer.

Repair or replace cables.

Pump controller not
functioning properly.

Pump Controller
Manual Input.

Replace pump
controller.

Short circuit in
cables.

Short circuit in
control station.

Control Station

Repair or replace cables.

Replace the control
station.

Pump controller not  See Subsection 9B. Null or replace the
properly nulled.

I
pump actuator. I

Short circuit in
propel control
station

Propel Control
Station

Replace the propel
control station.
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Table 1OC-1. Propel Anti-Stall Control Troubleshooting (Cont.)

Problem Possible Cause Test Remedy

Poor response, pump
delays in returning
to neutral after the
propel control station
IS returned to neutral.

Non-repeatability
(pump fails to return
to neutral each
time the propel
control station is
returned to neutral).

Pump controller not
functioning properly,

Pump controller not
properly nulled.

Propel controller not
functioning properly.

Pump controller not
functioning properly,

Pump Controller
Manual Input

See Subsection 9B.

Propel Control
Station

Pump Controller
Manual Input

Replace pump
controller.

Null or replace
pump controller.

Replace propel
control station.

Replace faulty pump
actuator.

Figure 10C-1. Anti-Stall Control Electrical Schematic
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SUBSECTION 1OC PROPEL ANTI-STALL CONTROL SYSTEM

ELECTRICAL POWER TO ANTI-STALL MODULE TEST. The
anti-stall module is located under the gauge panel at the left
of the operator’s seat. Access to the module is gained by re-
moving the gauge console side panel. A manual override
switch is located on top of the module. The manual mode of
operation is used during specific test procedures. To place
the module in the manual mode, move the switch away
from the operator. Move the switch back toward the oper-
ator to return the module to the anti-stall mode.

The anti-stall module contains solid state electronics,
therefore, servicing is limited to voltage checks at key pins
on the electrical connectors. The module is non-repairable
and should be replaced if it malfunctions. To test the elec-
trical power to the anti-stall module, proceed as follows:

1. Disconnect the electrical cables from the pump control-
lers.

2. Disconnect the cables to the propel control station.

3. Connect and verify battery power (24 to 28 volts) to the
anti-stall module junction J2, pins A (+), B (GND).

4. Using a voltmeter, measure the voltage across the spec-
ified electrical connector pins of the anti-stall module. The
voltage must be within the specification tolerances given in
Table 1OC-2 with the engine running at approximately full
throttle and no load attached

Table 10C-2. Anti-Stall Module Voltages

Connector On
Anti-Stall
Module

J3
J3
J4
J4

Voltmeter
Across Pins

D(+) C(-)
D(+) C(-)
D(+) Ct-)
D(+) C(-1

Voltage Switch
Specification Mode

+24 to 28 VDC Anti-Stall
+24 to 28 VDC Manual
+24 to 28 VDC Manual
+24 to 28 VDC Anti-Stall

5. If in the manual mode the voltage is not within the spec-
ified tolerance, the anti-stall module must be replaced.

6. If in the anti-stall mode the voltage is not withm the
specified tolerance, the magnetic pulse pickup must be
checked.

7. If all voltages check within specifications, proceed to the
Propel Controller Test.

MAGNETIC PULSE PICK-UP TEST. To test the magnetic
pulse pick-up, proceed as follows.

1. Disconnect the cable which connects the magnetic
pulse pickup to the anti-stall module at junchon J1.

2. Using an ac voltmeter, measure the ac voltage across
pins A and B of the cable connected to the magnetic pulse
pickup.

3. With the engine running at full speed, the voltage read-
ing must be 15 volts minimum or proceed as follows:

A. Check the continuity of the cable, inspect and repair any
damaged cable or solder the joints.

10C-4

B. If a low voltage is present, turn off the engine and in-
spect to be sure that the spacing between the magnetic
pulse pickup and the gear teeth is 0.010 ± 0.005 inches.

C. If the low voltage condition continues, replace the
magnetic pulse pickup.

PROPEL CONTROL STATION TEST. The servicing of the
propel control station is limited to a resistance check of the
electrical connector assembly. To test the propel control
station, proceed as follows:

NOTE

Do not attempt to remove the cover or reposition the
control lever

1. Turn off or otherwise remove the power to the propel
control station.

2. Disconnect the electrical cables from the propel control
station

3. Establish the test setup shown in Figure 10C-2.

4. Set the meter to the R x 1 scale, short the meter leads to-
gether and adjust the meter to zero ohms to insure that the
meter IS reading the correct resistance

Figure 10C-2 Propel Control Station

Perform the resistance checks per Table 10C-2

NOTE

When connecting the test leads to the electrical con-
nector pins, care should be taken not to deflect or de-
form the electrical connector pins.
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Table 10C-3. Propel Control Station Tests

Check

Pin
C to D

Pin
C to B

Pin
C to E

Pin
F to B

Condition

Approximate
Resistance

(Ohms)

Lever at center positron
Lever approximately
2° forward

Lever approximately
2° reverse

120

120

*Lever at center position 80
*Lever full forward 0
*Lever full reverse 120

Lever at center position

Lever at center position

120

13

“Meter indication should denote smooth action when
traveling between control lever Iimits.

6. The propel control station is non-repairable, if the resis-
tance check is not satisfied in every respect, the unit should
be replaced.

ELECTRICAL POWER TO PUMP CONTROLLER TEST. To
check the electrical power to the pump actuators, proceed
as follows.

1. Disconnect the cables connecting the pump controllers,
junctrons J6 and J7 at the anti-stall module.

2. With electrical power on and the anti-stall module
switch in the manual mode, run voltage checks at junc-
tions J6 and J7 of the anti-stall module per Table 10C-4.
Make the check with the engine at idle and again at full
speed A dc voltmeter should be used for voltage sensing.

Table 10C-4. Electric Power to Pump
Controller Test

Check

Pin
J6-A to

J7-A

Pin
J6-C to

J7-D

Condition

Lever at center position
Lever approximately
2° forward

Lever approximately
2° reverse

Lever full forward
Lever full reverse

Lever at center position
Lever approximately
2° left

Lever approximately
2 °  r i g h t
Lever full left
Lever full right

Approximate
Voltage
(VDC)

0

+ .4

- .4
+5.4
-5.4

0

+ .4

- .4
+5.4
-5 .4

3. If the voltage checks are not satisfied, check the cables
between the anti-stall module and the pump controllers. If
the problem still exists, test the throttle setting potentio-
meter. If the potentiometer tests satisfactory, replace the
anti-stall module.

ENGINE SPEED POTENTIOMETER TEST. To test the en-
gine speed potentiometer, proceed as follows:

1. Turn the engine off and disconnect the electrical power
at junction J1 of the anti-stall module.

2. Disconnect the cable running to the engine speed po-
tentiometer at junction J8 of the anti-stall module.

3. Using an ohmmeter, measure the resistance across pins
B and D of the cable running to the throttle setting poten-
tiometer.

4. With the throttle set at idle, resistance should measure
approximately 10,000 ohms.

5. With the throttle set at full speed, resistance should
measure approximately 0 ohms.

6. If the resistance tests are not satisfied, after the cable
running to the engine speed potentiometer has been
checked, replace the engine speed potentiometer.

PUMP CONTROLLER MANUAL INPUT TEST. To manually
test the pump controller, proceed as follows (see Figure
10C-3):

NOTE

The manual input lever can be used for emergency
operation of the machine in case of loss of electrical
power. Rotation of the manual input lever causes dis-
placement of the swashplate, the same as an electri-
cal input.

1. With the engine running at approximately 1/2 throttle,
slowly rotate the manual input lever until motion of the ma-
chine is sensed.

2. In the case of no motion with manual input lever rota-
tion, a problem exists in the pump controller, hydrostatic
transmission, or the drive mechanism (see Subsection 9A).

Figure 10C-3. Pump Controller

10C-5
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SUBSECTION 10D

ELECTRICAL COMPONENTS

GENERAL NOTE

T h i s  s u b s e c t i o n  c o n t a i n s  i n f o r m a t i o n  o n
t e s t i n g , ma in tenance  and  repa i r  o f  e lec -
t r i c a l  c o m p o n e n t s
m o t o r ,  a l t e r n a t o r ,

s u c h  a s  t h e  s t a r t i n g

solenoid.
r e g u l a t o r / r e c t i f i e r  a n d

T h e  m o t o r  h a s  a  b u i l t - i n  t h e r m o -
s ta t  to  p ro tec t  aga ins t  damage due
t o  o v e r c r a n k i n g  f o r  e x c e s s i v e l y
long per iods of  t ime.

STARTING MOTOR

Operation

W h e n  t h e  s t a r t  s w i t c h  i s  c l o s e d ,  b a t t e r y
c u r r e n t  f l o w s  t h r o u g h  t h e  s o l e n o i d  w i n d -
ing  and  the  bu i l t - in  thermosta t  to  g round
(see  F igure  10D-1) .

T h e  m a g n e t i c  s w i t c h  c l o s e s ,  c o n n e c t i n g
t h e  m o t o r  s o l e n o i d  “ S ”  t e r m i n a l  t o  t h e
b a t t e r y . T h e  s o l e n o i d  w i n d i n g s  a r e  e n -
e r g i z e d  a n d  t h e  p l u n g e r  a n d  s h i f t  l e v e r
m o v e m e n t  c a u s e s  t h e  p i n i o n t o  e n g a g e
the  eng ine  f l ywhee l  r ing  gear  and  the  so-
leno id  ma in  con tac ts  c lose ,  and  c rank ing
takes place.

F igure 10D-1 .  S tar t ing  Motor  Cross-sec t iona l  V iew

Subsection 10D 10D-1



W h e n  t h e  e n g i n e  s t a r t s ,  p i n i o n  o v e r r u n
p r o t e c t s  t h e  a r m a t u r e  f r o m  e x c e s s i v e
speed u n t i l  t h e  s w i t c h  i s  o p e n e d ,  a t
w h i c h  t i m e  t h e  r e t u r n  s p r i n g  c a u s e s  t h e
p in ion  to  d isengage.

A  c r a n k i n g  p e r i o d  f o r  a l l  t y p e s  o f  s t a r t -
i n g  m o t o r s  s h o u l d  n e v e r  e x c e e d  3 0  s e c -
onds  w i thou t  s topp ing  to  a l low the  motor
to  coo l . I f  o v e r - c r a n k i n g  s h o u l d  o c c u r ,
t h e  t h e r m o s t a t  w i l l  o p e n  a n d  t h e  c r a n k -
i n g  c y c l e  w i l l  s t o p  t o  p r o t e c t  t h e  m o t o r .
A f te r  the  c rank ing  moto r  coo ls  (usua l l y  1
t o  6  m i n u t e s )  t h e  t h e r m o s t a t  w i l l  c l o s e
a n d  t h e n  a  n e w  s t a r t i n g  a t t e m p t  c a n  b e
made.

Troubleshooting

I f  t h e  c r a n k i n g  s y s t e m  i s  n o t  p e r f o r m i n g
p r o p e r l y , m a k e  t h e  f o l l o w i n g  c h e c k s  t o
d e t e r m i n e  w h i c h  p a r t  o f  t h e  c i r c u i t  i s  a t
f a u l t .

1 .  B A T T E R Y :  U s i n g  a  v o l t m e t e r  a n d  h y -
d romete r  check  the  cond i t i on  o f  the  ba t -
t e r y . M a k e  s u r e  t h e  b a t t e r y  i s  f u l l y
charged . T h e  w i r i n g , swi tches, and
c r a n k i n g  m o t o r  c a n n o t  b e  c h e c k e d  i f  t h e
bat te ry  i s  de fec t ive  or  d ischarged.

2 .  W I R I N G :  I n s p e c t  t h e  w i r i n g  f o r  d a m -
age. Inspect a l l  c o n n e c t i o n s  t o  t h e
c r a n k i n g moto r , solenoid, magnet ic
sw i t ch , s t a r t e r  s w i t c h  a n d  b a t t e r y ,  i n -
c l u d i n g  a l l  g r o u n d  c o n n e c t i o n s . Clean
a n d  t i g h t e n  a l l  c o n n e c t i o n s  a s  r e q u i r e d .
T h e  c r a n k i n g s y s t e m  c a n n o t  o p e r a t e
p r o p e r l y  w i t h  e x c e s s i v e  r e s i s t a n c e  i n  t h e
c i r c u i t .

3 .  M A G N E T I C  S W I T C H ,  S O L E N O I D  A N D
CONTROL SWITCHES:  Inspec t  a l l  sw i tch -
e s  t o  d e t e r m i n e  t h e i r  c o n d i t i o n . From
t h e machine w i r i n g d i a g r a m  ( F i g u r e
1 0 A - 1  a n d  1 0 A - 2 ) ,  d e t e r m i n e  w h i c h  c i r -
c u i t s s h o u l d  b e  e n e r g i z e d  w i t h  t h e
s t a r t i n g  s w i t c h  c l o s e d . Use  a  vo l tmete r
to  de tec t  any  open c i rcu i ts .

4 .  T H E R M O S T A T ,  O R OVERCRANK
PROTECTION: T o  c h e c k  t h e  t h e r m o s t a t
f o r  c o n t i n u i t y , d e t a c h  w i r i n g  h a r n e s s
c o n n e c t o r  a n d  c o n n e c t  a n  o h m m e t e r  t o
the two thermostat  terminals on the motor
( s e e  F i g u r e  1 0 D - 2  o n  p a g e  1 0 D - 3 ) .  T h e
ohmmeter s h o u l d  r e a d zero. I f  n o t ,
t h e r m o s t a t  i s  o p e n  c i r c u i t . D O  N O T
c h e c k  t h e r m o s t a t  h o t ,  s i n c e  i t  i s  s u p -
p o s e d  t o  b e  o p e n - c i r c u i t  a b o v e  c e r t a i n
tempera tu res .
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5.  MOTOR: I f  t h e  b a t t e r y ,  w i r i n g  a n d
s w i t c h e s  a r e  i n  s a t i s f a c t o r y  c o n d i t i o n ,
a n d  t h e  e n g i n e  i s  k n o w n  t o  b e  f u n c t i o n -
i n g  p r o p e r l y , remove  the  moto r  and  fo l -
low the test  procedures out l ined below.

A  c r a n k i n g  m o t o r  i s  d e s i g n e d  f o r  i n t e r -
m i t t e n t  d u t y  o n l y , a n d  s h o u l d  n e v e r  b e
o p e r a t e d  f o r  m o r e  t h a n  3 0  s e c o n d s  a t  a
t ime. A f t e r  3 0  s e c o n d s ,  t h e  c r a n k i n g
must  be  s topped fo r  a t  leas t  two  minu tes
to a l low the motor  to cool .  The same ru le
a p p l i e s  t o  a  m o t o r  w i t h  a  t h e r m o s t a t .
T h e  t h e r m o s t a t  i s  a n  a d d e d  p r o t e c t i o n
aga ins t  damage f rom overc rank ing .

W i t h  t h e  c r a n k i n g moto r  removed  f rom
t h e  e n g i n e , t h e  a r m a t u r e  s h o u l d  b e
c h e c k e d  f o r  f r e e d o m  o f  r o t a t i o n  b y  p r y -
ing  the  p in ion  w i th  a  screwdr iver . T i g h t
b e a r i n g s , a  b e n t  a r m a t u r e  s h a f t ,  o r  a
loose  po le  shoe  sc rew w i l l  cause  the  a r -
m a t u r e  t o no t t u r n  f r e e l y . If the
armatu re  does  no t  tu rn  f ree ly ,  the  moto r
s h o u l d  b e disassembled immediately.
However , i f  t h e  a r m a t u r e  d o e s  r o t a t e
f r e e l y ,  t h e  m o t o r  s h o u l d  b e  g i v e n  a  n o
load test  before disassembly.

No Load Test

Connec t  a  vo l tme te r  f rom the  moto r  te r -
minal  to the motor f rame, and use a RPM
indicator to measure armature speed (see
F igure  10D-3 o n  p a g e  1 0 D - 4 ) . Connec t
the  moto r  and  an  ammeter  in  se r ies  w i th
a  f u l l y  c h a r g e d  b a t t e r y  o f  t h e  s p e c i f i e d
vo l tage, a n d  a  s w i t c h  i n  t h e  o p e n  p o s i -
t i on  f rom the  so leno id  ba t te ry  te rmina l  to
t h e  s o l e n o i d  s w i t c h  t e r m i n a l . C lose  the
s w i t c h  a n d  c o m p a r e  t h e  R P M ,  c u r r e n t
a n d  v o l t a g e  r e a d i n g  w i t h  t h e  s p e c i f i c a -
t i ons shown i n  T a b l e  1 0 D - 1  o n  p a g e
10D-3. I t  i s  no t  necessary  to  obta in  the
exact vol tage specif ied as an accurate in-
t e r p r e t a t i o n  c a n  b e  m a d e  b y  r e c o g n i z i n g
t h a t  i f  t h e  v o l t a g e  i s  s l i g h t l y  h i g h e r  t h e
R P M  w i l t  b e  p r o p o r t i o n a t e l y  h i g h e r ,  w i t h
cur ren t  rema in ing  essen t ia l l y  unchanged.
However , i f  the  exact  vo l tage is  des i red ,
a  c a r b o n  p i l e  c o n n e c t e d  a c r o s s  t h e  b a t -
tery can be used to reduce the vol tage to
t h e  s p e c i f i e d  v a l u e .  C o n n e c t  t h e  c a r b o n
p i le  to  on ly  one  o f  the  12  vo l t  ba t te r ies .
I f  t h e  s p e c i f i e d  c u r r e n t  d r a w  d o e s  n o t
i n c l u d e  t h e  s o l e n o i d , d e d u c t  f r o m  t h e
ammeter r e a d i n g  t h e  s p e c i f i e d  c u r r e n t
d r a w  o f  t h e  s o l e n o i d  h o l d - i n  w i n d i n g .
M a k e  d i s c o n n e c t i o n  o n l y  w i t h  t h e  s w i t c h
open. I n t e r p r e t  t h e  t e s t  r e s u l t s  a s  f o l -
lows :



Figure  10D-2 .  S ta r t ing  Motor  Overc rank  Pro tec t ion

VOLTS

20

MIN. AMPS MAX. AMPS MIN RPM MAX RPM

70 110 5500 9000

Tab le  10D-1 .  S ta r te r  Motor  No Load Spec i f i ca t ions

Interpreting Results of Tests

1 .  Ra ted  cu r ren t  d raw and  no  load  speed
ind ica tes n o r m a l  c o n d i t i o n  o f  t h e  c r a n k
motor .

2 .  Low f ree  speed  and  h igh  cur ren t  d raw
ind ica tes :

A. T o o  m u c h  f r i c t i o n - t i g h t ,  d i r t y ,  o r
w o r n  b e a r i n g s , b e n t  a r m a t u r e  s h a f t
or  loose pole shoes al lowing the arma-
t u r e  t o  d r a g .

B .  S h o r t e d  a r m a t u r e .  T h i s  c a n  b e  f u r -
t h e r  c h e c k e d  o n  a  g r o w l e r  a f t e r  d i s -
assembly.

C .  G r o u n d e d  a r m a t u r e  o r  f i e l d s .  C h e c k
fu r ther  a f te r  d isassembly .

3 .  F a i l u r e  t o  o p e r a t e  w i t h  h i g h  c u r r e n t
draw ind ica tes :

A .  A  d i r e c t  g r o u n d  i n  t h e  t e r m i n a l  o r
fields .

B . “ F r o z e n  b e a r i n g s  ( t h i s  s h o u l d  h a v e
been  de te rmined  by  tu rn ing  the  a rma-
t u r e  b y  h a n d ) .

4 .  F a i l u r e  t o  o p e r a t e  w i t h  n o  c u r r e n t
draw ind ica tes :

A .  O p e n  f i e l d  c i r c u i t . T h i s  c a n  b e
checked a f te r  d isassembly  by  inspec t -
i n g i n t e r n a l  c o n n e c t i o n s  a n d  t r a c i n g
c i rcu i t  w i th  a  tes t  lamp.

B.  Open armatu re coi ls. I n s p e c t  t h e
commuta to r  fo r  bad ly  bu rned  ba rs  a f -
te r  d isassembly .

C .  B r o k e n b r u s h  s p r i n g s ,  w o r n
b r u s h e s ,  h i g h  i n s u l a t i o n  b e t w e e n  t h e
c o m m u t a t o r  b a r s  o r  o t h e r  c a u s e s
wh ich  wou ld  p reven t  good  con tac t  be-
tween the brushes and commutator.

5 .  L o w  n o  l o a d  s p e e d  a n d  l o w  c u r r e n t
d r a w  i n d i c a t e s - H i g h  i n t e r n a l  r e s i s t a n c e
due to  poor  connec t ions ,  de fec t i ve  leads ,
d i r t y commutator and causes l is ted
above.

6 .  H i g h  f r e e  s p e e d  a n d  h i g h  c u r r e n t
d r a w  i n d i c a t e s  s h o r t e d  f i e l d s .  I f  s h o r t e d
f i e l d s  a r e  s u s p e c t e d ,  r e p l a c e  t h e  f i e l d
c o i l  a s s e m b l y  a n d  c h e c k  f o r  i m p r o v e d
performance.

Electrical Components 10D-3



Figure 10D-3. No

Removal

To remove  the  s ta r te r  moto r ,  p roceed  as
fo l lows :

1 .  D isconnec t  the  ba t te ry  g round cab le .

2 .  D i s c o n n e c t  t h e  c a b l e  a t  t h e  s t a r t e r
mo to r .

3 .  S u p p o r t  t h e  m o t o r  a n d  r e m o v e  t h e
b o l t s  a n d  l o c k w a s h e r s  w h i c h  s e c u r e  t h e
s ta r te r  motor  to  the  f l ywhee l  hous ing .

4 .  P u l l  t h e  m o t o r  f o r w a r d  t o  r e m o v e  i t
f rom the f lywheel  assembly.

Disassembly

N o r m a l l y  t h e  c r a n k i n g  m o t o r  s h o u l d  b e
d isassembled  on ly  so  fa r  as  i s  necessary
to  make  repa i r  o r  rep lacement  o f  t he  de -
f e c t i v e  p a r t s . A s  p r e c a u t i o n ,  i t  i s  s u g -
ges ted  tha t  sa fe ty  g lasses  be  worn  when
d isassembl ing  o r  assembl ing  the  c rank ing
motor .

1 .  Note  the  re la t i ve  pos i t ion  o f  the  so le -
n o i d ,  l e v e r  h o u s i n g , and nose housing so
the motor can be reassembled in the same
manner.

2 .  D i s c o n n e c t  f i e l d  c o i l  c o n n e c t o r  f r o m
s o l e n o i d  m o t o r  t e r m i n a l ,  a n d  l e a d  f r o m
the  so leno id  g round  te rm ina l .

3 .  Remove the  b rush  inspec t ion  p la te  and
r e m o v e  t h e  b r u s h  l e a d  s c r e w . T h i s  w i l l

10D-4

Load Tes t  C i rcu i t

d i sconnec t  the  f i e ld  leads  f rom the  b rush
ho lders .

4 .  Remove the  a t tach ing  bo l t s  and  sepa-
ra te  the  commuta to r  end  f rame f rom the
f ie ld f rame.

5 .  S e p a r a t e  t h e  n o s e  h o u s i n g  a n d  f i e l d
f rame f rom lever  hous ing  by  remov ing  a t -
tach ing  bo l ts .

6 .  Remove  a rmatu re  and  c lu tch  assemb ly
f rom lever  hous ing .

7 .  S e p a r a t e  s o l e n o i d  f r o m  l e v e r  h o u s i n g
b y  p u l l i n g  a p a r t .

Cleaning

The d r i ve ,  a rmatu re  and  f ie ld  shou ld  no t
b e  c l e a n e d  i n  a n y  d e g r e a s i n g  t a n k ,  o r
w i t h  g r e a s e  d i s s o l v i n g  s o l v e n t s ,  s i n c e
these wou ld  d isso lve  the  lubr ican t  in  the
d r i v e  a n d  d a m a g e  t h e  i n s u l a t i o n  i n  t h e
a r m a t u r e  a n d  f i e l d  c o i l s . A l l  p a r t s  e x -
c e p t  t h e  d r i v e s h o u l d  b e  c l e a n e d  w i t h
m i n e r a l  s p i r i t s  a n d  a  b r u s h . T h e  d r i v e
can be wiped with a c lean cloth.

I f  the  commuta to r  i s  d i r t y  i t  may  be  c le -
a n e d  w i t h  N o .  0 0  s a n d p a p e r . NEVER
U S E  E M E R Y  C L O T H  T O  C L E A N  A  C O M -
M U T A T O R .

B R U S H E S  A N D  H O L D E R S .  I n s p e c t  t h e
b r u s h e s  f o r  w e a r . I f  t h e y  a r e  w o r n  e x -
cessively when compared to a new brush,



they  shou ld  be  rep laced . Make sure  the
brush  ho lders  a re  c lean  and  the  b rushes
a r e  n o t  b i n d i n g  i n  t h e  h o l d e r s . The  f u l l
b rush  su r face  shou ld  r i de  on  the  commu-
ta to r  to  g ive  p roper  per fo rmance . Check
b y  h a n d  t o  i n s u r e  t h a t  t h e  b r u s h  s p r i n g s
a r e  g i v i n g  f i r m  c o n t a c t  b e t w e e n  t h e
b r u s h e s  a n d  c o m m u t a t o r .  I f  t h e  s p r i n g s
a r e  d i s t o r t e d  o r  d i s c o l o r e d  t h e y  s h o u l d
be replaced.

Armature Servic ing

I f  t h e  a r m a t u r e  c o m m u t a t o r  i s  w o r n ,  d i r -
t y ,  o u t  o f  r o u n d ,  o r  h a s  h i g h  i n s u l a t i o n ,
the  a rmatu re  shou ld  be  pu t  i n  a  la the  so
t h e  c o m m u t a t o r  c a n  b e  t u r n e d  d o w n .
T h e  i n s u l a t i o n  s h o u l d  t h e n  b e  u n d e r c u t
1 /32  o f  an  inch  w ide  and  1 /32  o f  an  inch
deep, a n d  t h e  s l o t s  c l e a n e d  o u t  t o  r e -
m o v e  a n y  - t r a c e  o f  d i r t  o r  c o p p e r  d u s t .
A s  a  f i n a l  s t e p  i n  t h i s  p r o c e d u r e ,  t h e
commuta to r  shou ld  be  sanded  l i gh t l y  w i th
N o .  0 0  s a n d p a p e r  t o  r e m o v e  a n y  b u r r s
lef t  as a resul t
c e d u r e .

o f  t h e  u n d e r c u t t i n g  p r o -

T h e  a r m a t u r e
opens , s h o r t  c i
lows:

s h o u l d  b e  c h e c k e d f o r
rcu i t s  and  g rounds  as  fo l -

1 .  O P E N S - O p e n s  a r e  u s u a l l y  c a u s e d  b y
e x c e s s i v e l y  l o n g  c r a n k i n g  p e r i o d s , T h e
mos t  l i ke ly  p lace  fo r  an  open  to  occur  i s
a t  t h e  c o m m u t a t o r  r i s e r  b a r s . I n s p e c t
t h e  p o i n t s  w h e r e  t h e  c o n d u c t o r s a r e
j o i n e d  t o  t h e  c o m m u t a t o r  b a r s  f o r  l o o s e
connec t ions . Poor connect ions cause arc-
i n g  a n d  b u r n i n g  o f  t h e  c o m m u t a t o r  b a r s
a s  t h e  c r a n k i n g  m o t o r  i s  u s e d . I f  t h e
b a r s  a r e  n o t  t o o  b a d l y  b u r n e d , r e p a i r
c a n  b e  e f f e c t e d  b y  r e s o l d e r i n g  o r  w e l d -
i n g  t h e  l e a d s  i n  t h e  r i s e r  b a r s  ( u s i n g
r o s i n  f l u x ) , a n d  t u r n i n g  d o w n  t h e  c o m -
m u t a t o r  i n  a  l a t h e  t o  r e m o v e  t h e  b u r n e d
mate r ia l . T h e  i n s u l a t i o n  s h o u l d  t h e n  b e
undercu t  except  as  no ted  above.

2 .  S H O R T  C I R C U I T S - S h o r t  c i r c u i t s  i n
t h e  a r m a t u r e  a r e  l o c a t e d  b y  u s e  o f  a
g r o w l e r . When the  a rmatu re  i s  revo lved
i n  a  g r o w l e r  w i t h  a  s t e e l  s t r i p  s u c h  a s  a
h a c k s a w  b l a d e  h e l d  a b o v e  i t ,  t h e  b l a d e
w i l l  v i b r a t e  a b o v e  t h e  a r e a  o f  t h e  a r m a -
t u r e  c o r e  i n  w h i c h  t h e  s h o r t  c i r c u i t  i s
located. Shor ts  be tween bars  a re  some-
t i m e s  p r o d u c e d  b y  b r u s h  d u s t  o r  c o p p e r
b e t w e e n  t h e  b a r s . These  shor ts  can  be
e l im ina ted  by  c lean ing  ou t  the  s lo ts .

3 .  G R O U N D S - G r o u n d s  i n  t h e  a r m a t u r e
can  be  de tec ted  by  the  use  o f  a  110  vo l t

t e s t  l a m p  a n d  t e s t  p o i n t s . I f  t h e  l a m p
l i g h t s  w h e n  o n e  t e s t  p o i n t  i s  p l a c e d  o n
t h e  c o m m u t a t o r  w i t h  t h e  o t h e r  p o i n t  o n
t h e  c o r e  o r  s h a f t , t h e  a r m a t u r e  i s
g r o u n d e d . Grounds  occur  as  a  resu l t  o f
i n s u l a t i o n  f a i l u r e  w h i c h  i s  o f t e n  b r o u g h t
about  by  overhea t ing  o f  the  c rank ing  mo-
t o r p r o d u c e d  b y excess i ve l y long
c r a n k i n g  p e r i o d s  o r  b y  a c c u m u l a t i o n  o f
b rush  dus t  be tween  the  commuta to r  ba rs
and  the  s tee l  commuta to r  r i ng .

Field Coil Checks

T h e  i n t e r n a l  c i r c u i t  o f  t h e  f i e l d  c o i l  i s
s h o w n  i n  F i g u r e  1 0 D - 4 . T h e  f i e l d  c o i l s
c a n  b e  c h e c k e d  f o r  g r o u n d s  a n d  o p e n s
by  us ing  a  tes t  lamp.

F i g u r e  1 0 D - 4 .  I n t e r n a l  M o t o r  C i r c u i t

G R O U N D S - I f t h e  m o t o r  h a s  o n e  o r  m o r e
c o i l s  n o r m a l l y  c o n n e c t e d  t o  g r o u n d ,  t h e
ground  connec t ions  mus t  be  d isconnec ted
d u r i n g  t h i s  c h e c k . Connect  one lead of
the ,  110  vo l t  tes t  l amp to  the  f i e ld  f rame
and the  o ther  lead  to  the  f i e ld  connec to r .
I f  t h e  l a m p  l i g h t s , a t  l eas t  one  f ie ld  co i l
i s  g r o u n d e d , w h i c h  m u s t  b e  r e p a i r e d  o r
replaced. Th is  check  canno t  be  made  i f
t h e  g r o u n d  c o n n e c t i o n
nec ted .

O P E N S - C o n n e c t  t e s t  I
o f  f i e ld  co i l s . If lamp
f ie ld coi ls are open.

Field Coil Removal

cannot  be  d iscon-

amp leads  to  ends
does  no t  l i gh t ,  the

F ie ld  co i l s  can  be  removed  f rom the  f i e ld
f r a m e  a s s e m b l y  b y  u s i n g  a  p o l e  s h o e
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s c r e w d r i v e r . A  p o l e  s h o e  s p r e a d e r ,
shou ld  a lso  be  used to  p revent  d is to r t ion
of  the f ie ld f rame. Care fu l  i ns ta l la t ion  o f
t h e  f i e l d  c o i l s  i s  n e c e s s a r y  t o  p r e v e n t
s h o r t i n g  o r  g r o u n d i n g  o f  t h e  f i e l d  c o i l s
a s  t h e  p o l e  s h o e s  a r e  t i g h t e n e d  i n t o
place. Where  the  po le  has  a  long  l i p  on
o n e  s i d e  a n d  a  s h o r t  l i p  o n  t h e  o t h e r ,
t h e  l o n g  l i p  s h o u l d  b e  a s s e m b l e d  i n  t h e
d i r e c t i o n  o f  a r m a t u r e  r o t a t i o n  s o  i t  b e -
comes the t ra i l ing edge of  the pole shoe.

Solenoid Checks

A  b a s i c  s o l e n o i d  c i r c u i t  i s  s h o w n  i n
F igure  10D-5 . S o l e n o i d s  m a y  d i f f e r  i n
a p p e a r a n c e  b u t  c a n  b e  c h e c k e d  e l e c -
t r i c a l l y  b y  c o n n e c t i n g  a  b a t t e r y  o f  t h e
spec i f ied  vo l tage, a switch and an amme-
ter  to  the  two so leno id  w ind ings .

F i g u r e  1 0 D - 5 .  I n t e r n a l  S o l e n o i d
Circuit

With a l l  leads disconnected f rom the sole-
n o i d ,  m a k e  t e s t  c o n n e c t i o n s  a s  s h o w n  t o
t h e  s o l e n o i d  s w i t c h  t e r m i n a l  a n d  t o  t h e
second sw i tch  te rmina l  (G) ,  to  check  the
ho ld - in  w ind ing  (see  F igure  10D-6) .

Figure 10D-6. Checking Solenoid
Ho ld - in  Wind ing

Use a carbon pi le to decrease the battery
v o l t a g e  t o t h e  v a l u e  s p e c i f i e d  i n
T a b l e  1 0 D - 2  a n d  c o m p a r e  t h e  a m m e t e r
reading with spec i f i ca t ions . A  h i g h
read ing  ind ica tes  a  shor ted  ho ld - in  w ind-
i n g , and a low read ing excessive
res is tance. To  check  the  pu l l - i n  w ind ing
connec t  f rom the  so leno id  sw i tch  te rm ina l
( S )  t o  t h e  s o l e n o i d  m o t o r  ( M  o r  M T R )
te rm ina l ( s e e  F i g u r e  1 0 D - 7  o n  p a g e
10D-7) .

To  check  fo r  g rounds ,  move  ba t te r lead
f r o m  ( G , Fi
Figure 10D-7

gure 10D-6) and from (MTR,
on  page  10D-7)  to  so leno id

case. A m m e t e r  s h o u l d  r e a d  z e r o .  I f
no t  w ind ing  is  g rounded.

RATED
VOLTAGE

24

PULL-IN WINDING HOLD-IN WINDING
CURRENT CURRENT

9 t o 11.5 Amps 5 V o l t s 6 . 8 Amps Max. 20 V o l t s

Tab le  10D-2 .  So leno id  Spec i f i ca t ions
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Figure 10D-7. Checking Solenoid
P u l l - i n  W i n d i n g

NOTE

I f  n e e d e d  t o  r e d u c e  t h e  v o l t a g e  t o
t h e  s p e c i f i e d  v a l u e ,  c o n n e c t  t h e
carbon p i l e  b e t w e e n  t h e  b a t t e r y
a n d  t h e  ( M T R )  t e r m i n a l  a s  s h o w n .
I f  t h e  c a r b o n  p i l e  i s  n o t  n e e d e d ,
connec t  a  j umper  d i rec t l y  f rom the
b a t t e r y  t o  t h e  ( M T R )  t e r m i n a l .

T o  p r e v e n t  o v e r h e a t i n g  d o  n o t
leave the pull-in winding energized
more  than 15  seconds. T h e  c u r -
r e n t  d r a w  w i l l  d e c r e a s e  a s  t h e
winding temperature increases.

A magnet i c  sw i tch  can  be  checked  in  the
s a m e  m a n n e r  b y  c o n n e c t i n g  a c r o s s  i t s
w i n d i n g .

Reassembly

To reassemb le  the  end  f rame w i th  b rush-
es  on to  the  f i e ld  f rame,  pu l l  t he  a rmatu re
o u t  o f  t h e  f i e l d  f r a m e  j u s t  f a r  e n o u g h  t o
permi t  the  b rushes  to  be  p laced  over  the

commutator . T h e n  p u s h  t h e  c o m m u t a t o r
end  f rame and  the  a rmatu re  back  aga ins t
the  f i e ld  f rame.

Lubrication

A l l  b e a r i n g s , w i c k s  a n d  o i l  r e s e r v o i r s
shou ld  be  sa tu ra ted  w i th  SAE No.  20  o i l .
P l a c e  a  l i g h t  c o a t  o f  l u b r i c a n t ,  D e l c o
Remy No. 1960954, on the washer located
o n  t h e  s h a f t  b e t w e e n  t h e  a r m a t u r e  a n d
s h i f t  l e v e r  h o u s i n g .

S i n t e r e d  b r o n z e  b e a r i n g s  u s e d  i n  t h e s e
motors  have  a  du l l  f i n i sh ,  as  compared  to
t h e  e a r l y  t y p e  m a c h i n e d ,  c a s t  b r o n z e
bear ings  wh ich  had a  sh iny  f in ish .

B e f o r e  p r e s s i n g  t h e  b e a r i n g  i n t o  p l a c e ,
dip it in SAE No. 20 oil. Also, tangent
w i c k s ,  i f  p r e s e n t ,  s h o u l d  b e  s o a k e d  w i t h
SAE No. 20 oil. I n s e r t  t h e  w i c k  i n t o
p lace  f i r s t ,  and  p ress  in  the  bear ing .

DO NOT DRILL,  REAM OR MACHINE s in -
t e r e d  b e a r i n g  i n  a n y  w a y .  T h e s e  b e a r -
i n g a r e  s u p p l i e d  t o  s i z e . I f  d r i l l e d  o r
reamed, t h e  I . D .  w i l l  b e  t o o  l a r g e ,  a l s o
the  bear ing  pores  w i l l  be  sea led  over .

I t  i s  n o t  n e c e s s a r y  t o  c r o s s - d r i l l  a  s i n -
t e r e d  b e a r i n g  w h e n  u s e d  w i t h  a  t a n g e n t
w i c k . B e c a u s e  t h e  b e a r i n g  i s  s o  h i g h l y
p o r o u s ,
o u t s i d e

o i l  f r o m  t h e  w i c k  t o u c h i n g  t h e
b e a r i n g sur face wi l l b leed

t h r o u g h  a n d  l u b r i c a t e  t h e  s h a f t .

M i d d l e  b e a r i n g s are s u p p o r t  b e a r i n g s
a n d  p r e v e n t  a r m a t u r e  d e f l e c t i o n  d u r i n g
c r a n k i n g . A s  c o m p a r e d  t o  e n d  f r a m e
b e a r i n g s , the  c lea rance  be tween  m idd le
bear ing  and  sha f t  i s  l a rge  and  the  c lea r -
ance p r o v i d e s  a loose f i t when
assembled.

Pinion Clearance

T o  c h e c k  p i n i o n  o r  d r i v e  c l e a r a n c e ,  p r o -
ceed as fo l lows:

1. Make connect ions
Figure 10D-8 on page 10D-8.

a s  s h o w n in

2 .  M o m e n t a r i l y  f l a s h  a  j u m p e r  l e a d  f r o m
t e r m i n a l  ( G )  t o  t e r m i n a l  ( M T R ) . T h e
d r i v e  w i l l  n o w  s h i f t  i n t o  c r a n k i n g  p o s i -
t i o n  a n d r e m a i n  s o  u n t i l  t h e  b a t t e r y  i s
d isconnec ted .
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3 .  M e a s u r e  t h e  d i s t a n c e  b e t w e e n  d r i v e
a n d  h o u s i n g  ( s e e  F i g u r e  1 0 D - 9  o n  p a g e
10D-8) .

4 .  A d j u s t  c l e a r a n c e  b y  r e m o v i n g  p l u g
a n d  t u r n i n g  s h a f t  n u t .

Figure 10D-8. Checking Pinion
C l e a r a n c e  C i r c u i t

Figure 10D-9. Measuring Pinion
Clearance

Installation

T o ins ta l l t h e s t a r t e r , p r o c e e d  a s
fol lows:

1 .  Se t  the  motor  in to  the  f l ywhee l  hous-
i n g .

2 .  S u p p o r t  t h e  m o t o r  a n d  i n s t a l l  t h e
bol ts and lockwashers used to secure the
m o t o r  t o  t h e  f l y w h e e l  h o u s i n g . T i g h t e n
the  a t tach ing  bo l t s  to  137-147  f t - lbs  to r -
que .

3 .  M a k e  s u r e  e l e c t r i c a l  c o n n e c t i o n s  a r e
clean. I n s t a l l  w i r e s  a s  m a r k e d  e a r l i e r
and  t igh ten  hardware .

ALTERNATOR

Description

The in tegra l c h a r g i n g system is a
s e l f - r e c t i f y i n g , brush less  un i t  w i t  a  bu i l t
i n  r e g u l a t o r . The  on ly  moveab le  par t  i s
t h e  r o t o r  w h i c h  i s  m o u n t e d  o n  a  b a l l
b e a r i n g  o n  t h e  d r i v e  e n d ,  a n d  a  r o l l e r
b e a r i n g  a t  t h e  r e c t i f i e r  e n d .  A l l  c u r r e n t
c a r r y i n g conduc to rs are s t a t i o n a r y .
T h e s e  c o n d u c t o r s  a r e  t h e  f i e l d  w i n d i n g ,
t h e  s t a t o r  w i n d i n g s ,  t h e  s i x  r e c t i f y i n g
d iodes, a n d  t h e  r e g u l a t o r  c i r c u i t  c o m -
ponents . T h e  r e g u l a t o r  a n d  d i o d e s  a r e
enclosed in a sealed compartment.

A  f a n  l o c a t e d  o n  t h e  d r i v e  e n d  p r o v i d e s
a i r f l o w  f o r  c o o l i n g . E x t r a  l a r g e  g r e a s e
reservo i rs  con ta in  an  adequate  supp ly  o f
lub r i can t  so  tha t  no  per iod ic  ma in tenance
i s  r e q u i r e d . On ly  one w i re  i s  needed to
connec t  the  charg ing  sys tem (a l te rna to r )
t o  t h e  b a t t e r y , a l o n g  w i t h  a n  a d e q u a t e
g r o u n d  r e t u r n . T h e  o u t p u t  t e r m i n a l  i s
connected d i rec t ly  to  the  ba t te ry  pos i t i ve
te rm ina l .

The  hex  head  bo l t  on  the  ou tpu t  te rm ina l
i s  e lec t r i ca l l y  insu la ted ;  no  vo l tage  read-
ing  can  be  ob ta ined  by  connec t ing  to  the
hex head bolt .

Operation

T h e  b a s i c  o p e r a t i n g  p r i n c i p l e s  a r e  e x -
plained below and shown in
Figure 10D-10 on page 10D-9.

A s  t h e  r o t o r  b e g i n s  t o  t u r n ,  t h e  p e r m a -
nent  magnet ism there in  induces  vo l tages
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Figure  10D-10 .  A l te rna to r  Wi r ing

i n  t h e  s t a t o r  w i n d i n g s . T h e  v o l t a g e s
a c r o s s  t h e  s i x  d i o d e s  c a u s e  c u r r e n t  t o
f low to  charge  the  ba t te ry .

C u r r e n t  f r o m  t h e  s t a t o r  f l o w s  t h r o u g h
t h e  t h r e e  d i o d e s  t o  r e s i s t o r  R 6  a n d  t h e
b a s e - e m i t t e r  o f  T R 2  a n d  T R 1  t o  t u r n
t h e s e  t r a n s i s t o r s  o n .  C u r r e n t  a l s o  f l o w s
f r o m  t h e  s t a t o r  t h r o u g h  t h e  d i o d e  t r i o
0 1 ,  0 2 ,  a n d  0 3 ,  t h e  f i e l d  c o i l  a n d  t r a n -
s i s t o r  T R 1 , r e t u r n i n g  t o  t h e  s t a t o r
t h r o u g h  t h e  o t h e r  t h r e e  d i o d e s .  A l l  s t a -
t o r  c u r r e n t ,
t r i o  D 1 ,

e x c e p t  t h r o u g h  t h e  d i o d e

s i x
D 2 ,  a n d  D 3 ,  f l o w s  t h r o u g h  t h e

diodes connec ted  to  the  s ta to r .

C u r r e n t  f l o w  t h r o u g h  R 1 ,  R 2 ,  a n d  R 3
causes a vol tage to appear at  zener diode
D4. W h e n  t h e  v o l t a g e  b e c o m e s  h i g h
enough d u e  t o  i n c r e a s i n g  a l t e r n a t o r
s p e e d ,  D 4  a n d  t h e  b a s e - e m i t t e r  o r  T R 3
c o n d u c t  c u r r e n t  a n d  T R 3  t u r n s  o n . TR2
a n d  T R 1  t h e n  t u r n  o f f ,  d e c r e a s i n g  t h e
f i e l d  c u r r e n t  a n d  t h e  s y s t e m  v o l t a g e  d e -
crease. The vol tage at  D4 decreases, D4
a n d  T R 3  t u r n  o f f ,  T R 2  a n d  T R 1  t u r n
b a c k  o n and t h e sys tem
increases .

vo l tage
Th is  cyc le  then  repea ts  many

t ime per  second to  l im i t  the  sys tem vo l t -
a g e  a s  d e t e r m i n e d  b y  t h e  s e t t i n g  o f  t h e
po ten t iometer  R2 ,  R3 .

C a p a c i t o r  C 1  p r o t e c t s  t h e  a l t e r n a t o r  d i -
o d e s  f r o m  h i g h  t r a n s i e n t  v o l t a g e s  a n d
suppresses  rad io  in te r fe rence .

R e s i s t o r  R 5  p r e v e n t s  c u r r e n t  l e a k a g e
th rough  TR3 a t  h igh  tempera tu res .

D i o d e  D 5  p r e v e n t s  h i g h  t r a n s i e n t  v o l t -
ages  in  the  f ie ld  co i l  when the  f ie ld  cu r -
ren t  i s  decreas ing .

R e s i s t o r  R 7 , c a p a c i t o r  C 3  a n d  r e s i s t o r
R 4  a l l  a c t  t o  c a u s e  t r a n s i s t o r  T R 2  a n d
TR1 to  tu rn  on  and  o f f  more  qu ick l y .

Troubleshooting

D E F I N I T I O N S . T h e fo l low ing p o i n t s
s h o u l d  b e  k e p t  i n  m i n d  w h i l e  t r o u b l e -
shoot ing  the  a l te rna to r .

T h e  e n e r g i z i n g  s p e e d  i s  t h e  R P M  a t
w h i c h  t h e  r e g u l a t o r  t u r n s  o n  t o  e n e r g i z e
t h e  f i e l d  c o i l . Th is  speed is  h igher  than
some speeds  a t  wh ich  ou tpu t  can  be  ob-
t a i n e d . T h e r e f o r e , w h e n  c h e c k i n g  o u t -
p u t  a t  l o w  s p e e d s ,  i n c r e a s e  t h e  s p e e d
u n t i l  t h e  r e g u l a t o r  t u r n s  o n ,  t h e n  r e d u c e
t h e  s p e e d  t o  c h e c k  t h e  o u t p u t .  N o  o u t -
p u t  c a n  b e  o b t a i n e d  u n t i l  t h e  r e g u l a t o r
t u r n s  o n . O n c e  t h e  r e g u l a t o r  t u r n s  o n ,
i t  w i l l  r e m a i n  t u r n e d  o n  u n t i l  t h e  e n g i n e
is  s topped.

The  in tegra l  charg ing  sys tem ou tpu t  p re -
f e r a b l y  s h o u l d  b e  c h e c k e d  a t  t h e  “ R a t e d
V o l t a g e ”  g i v e n .

H o w e v e r ,  i t  i s  p e r m i s s i b l e  t o  c h e c k  t h e
o u t p u t  i n  a m p e r e s  a t  a n y  v o l t a g e  w i t h i n
t h e  “ O p e r a t i n g  R a n g e ”  l i s t e d ,  s i n c e  t h e
c u r r e n t  o u t p u t  w i l l  b e  q u i t e  c l o s e  t o  t h e
v a l u e  t h a t  w o u l d  b e  o b t a i n e d  a t  “ R a t e d
V o l t a g e ” . T h e  v o l t a g e  s h o u l d  n e v e r  b e
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a l l o w e d  t o  r i s e  a b o v e  t h e  “ O p e r a t i n g
Range”  fo r  any  leng th  o f  t ime .

I t  s h o u l d  b e  n o t e d  t h a t  t h e  v o l t a g e  m a y
b e  b e l o w  t h e  “ O p e r a t i n g  R a n g e ”  i f  t h e
b a t t e r y  i s in a low state of charge.
However , a s  t h e  b a t t e r y  r e c e i v e s  a
charge ,  the  vo l tage  w i l l  r i se  to  some va l -
ue  w i th in  the  “Opera t ing  Range” .

SYSTEM RATED
V O L T A G E V O L T A G E

OPERATING
R A N G E

24 28.0 2 6 . 0 - 3 0 . 0

T h e  r o t o r  n o r m a l l y  r e t a i n s  m a g n e t i s m  t o
p r o v i d e  v o l t a g e  b u i l d - u p  w h e n  t h e  e n -
g i n e  i s  s t a r t e d . A f t e r  d i s a s s e m b l y  o r
s e r v i c i n g ,  h o w e v e r , i t  may be  necessary
to  rees tab l i sh  the  magne t i sm.  To  magne-
t i z e t h e r o t o r connec t t h e  i n t e g r a l
c h a r g i n g  s y s t e m  t o  t h e  b a t t e r y  i n  a  n o r -
mal  manner , then  momenta r i l y  connec t  a
j umpe r l e a d  f r o m  t h e  b a t t e r y  p o s i t i v e
p o s t  t o  t h e  i n t e g r a l  c h a r g i n g  s y s t e m  r e -
lay  te rm ina l , iden t i f ied  in  F igure  10D-11.
T h i s  p r o c e d u r e  a p p l i e s  t o  b o t h  n e g a t i v e
a n d  p o s i t i v e  g r o u n d  s y s t e m s ,  a n d  w i l l
res to re  the  norma l  res idua l  magne t i sm in
t h e  r o t o r .

PROCEDURES. T r o u b l e  i n  t h e  c r a n e
c h a r g i n g  w i l l  b e  i n d i c a t e d  b y  o n e  o f  t w o
cond i t ions :

1 .  A n  u n d e r c h a r g e d  b a t t e r y  a s  e v i -
d e n c e d  b y  l o w  s p e c i f i c  g r a v i t y  r e a d i n g
and s low c rank ing .

2 .  A n  o v e r c h a r g e d  b a t t e r y  a s  e v i d e n c e d
by excess ive bat tery  water  usage.

T h e  c o n d i t i o n s  c a n  b e  c a u s e d  b y  ( 1 )  a
d e f e c t i v e  b a t t e r y , ( 2 )  p o o r  c i r c u i t  c o n -
nec t ions  and  (3 )  de fec t i ve  a l te rna to r .

B A T T E R Y . S i n c e  t h e  b a t t e r y  m a y  h a v e
an  in te rna l  de fec t ,  i t  mus t  be  checked  to
d e t e r m i n e  i t s  c o n d i t i o n .  U s e  a  v o l t m e t e r
and h y d r o m e t e r to  check  the  cond i t ion  o f
t h e  b a t t e r y . M a k e  s u r e  t h e  b a t t e r y  i s
f u l l y  c h a r g e d .

C I R C U I T  C O N N E C T I O N S . P o o r  c o n -
nect ions i n  t h e  a l t e r n a t o r  c a n  c a u s e  a n
u n d e r c h a r g e d  c o n d i t i o n  o n l y . C a r e f u l l y
inspec t  a l l  connec t ions  inc lud ing  g rounds
b e t w e e n  t h e  a l t e r n a t o r  a n d  b a t t e r y  f o r
c lean l iness  and t igh teness . i n s u r e  t h a t
t h e  b a t t e r y  c a b l e  c l a m p s  a r e  c l e a n  a n d
t i g h t , a n d  t h a t  t h e  b a t t e r y  i s  d r y  a n d
clean.

A L T E R N A T O R . I f  t h e  b a t t e r y  a n d  c i r -
c u i t  c o n n e c t i o n  c h e c k s  a r e  s a t i s f a c t o r y ,
t h e  a l t e r n a t o r  m a y  b e  c h e c k e d  e i t h e r  o n
o r  o f f  t h e  c r a n e  b y  m a k i n g  c o n n e c t i o n s
as shown i n  F i g u r e  1 0 D - 1 2  o n  p a g e
10D-11. Assemble a c losed end terminal
c l i p w i t h 1 / 2  i n c h h o l e  t o  o u t p u t
te rm ina l , t hen  connec t  ammete r  l ead  c l i p
to  th is  te rmina l  c l ip .

1 .  W i t h  a l l  a c c e s s o r i e s  a n d  c a r b o n  p i l e
tu rned  o f f ,  i nc rease  eng ine  speed as  re -
q u i r e d  t o obta in maximum vo l tage
read ing .

F igure  10D-11 .  A l te rna to r
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2 .  I f  v o l t a g e  e x c e e d s  3 0  v o l t s ,  r e m o v e
t h e  a l t e r n a t o r  f o r  r e p a i r .

3 .  I f  v o l t a g e  d o e s  n o t  e x c e e d  t h e s e  v a l -
ues,  proceed as fo l lows:

A .

B.

C.

Insure  tha t  accessor ies  have no t  been
le f t  on  fo r  ex tended per iods .

C h e c k  t h e  d r i v e  b e l t  f o r  p r o p e r  t e n -
s ion.

I n s p e c t the wir ing f o r  d e f e c t s
C h e c k  a l l  c o n n e c t i o n s  f o r  t i g h t n e s s
a n d  c l e a n l i n e s s , i n c l u d i n g  t h e  c a b l e
c lamps and  ba t te ry  pos ts .

Connec t  a  vo l tme te r  f rom ou tpu t  te rm ina l
o n  t h e  a l t e r n a t o r  t o  g r o u n d . A  z e r o
r e a d i n g  i n d i c a t e s  a n  o p e n  b e t w e e n  v o l t -
mete r  connec t ion  and  ba t te ry .

I f  p r e v i o u s  s t e p s  c h e c k  s a t i s f a c t o r i l y ,
check  the  a l te rna to r  as  fo l l ows :

1 .  D isconnec t  the  ba t te ry  g round cab le .

2 .  C o n n e c t  a n  a m m e t e r  i n  t h e  c i r c u i t  a t
the  ou tpu t  te rm ina l  o f  the  a l te rna to r .

3 .  Reconnec t  the  ba t te ry  g round  cab le .

4 .  T u r n  o n  a c c e s s o r i e s .  C o n n e c t  c a r b o n
p i le  across  the  ba t te ry .

5 .  Opera te  the  eng ine  a t  modera te  speed
as  requ i red ,  usua l l y  4000  a l te rna to r  RPM
o r  m o r e ,
r e q u i r e d ,

a n d  a d j u s t  t h e  c a r b o n  p i l e  a s
t o  o b t a i n m a x i m u m  c u r r e n t

o u t p u t .

Figure 10D-12. Output Check

NOTE

I n i t i a l  v o l t a g e  b u i l d - u p  i s  b y  r e s i -
d u a l  m a g n e t i s m  i n  t h e  r o t o r .  I n -
c r e a s e  t h e  s p e e d  a s r e q u i r e d  t o
ob ta in  max imum cur ren t  ou tpu t .

6 .  I f  a m p e r e  o u t p u t  i s  n o t  w i t h i n  1 0  a m -
peres  o f  ra ted  ou tpu t  as  s tamped on  the
a l t e r n a t o r  f r a m e , r e m o v e  t h e  a l t e r n a t o r
f o r  r e p a i r . I f  ampere  ou tpu t  i s  w i th in  10
a m p e r e s  o f  r a t e d  o u t p u t  a s  s t a m p e d  o n
t h e  a l t e r n a t o r  f r a m e ,  t h e  a l t e r n a t o r  i s
n o t  d e f e c t i v e . I n  t h i s  c a s e ,  a n  a d j u s t -
m e n t  o f  t h e  v o l t a g e  s e t t i n g  m a y  c o r r e c t
the  cond i t ion .

7 .  Ad jus t  the  vo l tage  se t t ing  as  fo l lows:

A.  Remove cover  to  expose po ten t iometer
a s  s h o w n  i n
10D-12.

F igure  10D-13  on  page

B.  Turn  po ten t iomete r  one  o r  two  no tch-
es  c lockwise  to  ra ise  the  vo l tage  se t -
t i n g and one or t w o notches
counte rc lockwise  to  lower  the  vo l tage
s e t t i n g .

C .  I n s t a l l  c o v e r .

A f t e r  a d j u s t i n g  s e t t i n g ,  c h e c k  f o r  a n  i m -
p r o v e d  b a t t e r y  c o n d i t i o n  o v e r  a  s e r v i c e
p e r i o d  o f  r e a s o n a b l e  l e n g t h .  I f  a d j u s t i n g
t h e  s e t t i n g  d o e s  n o t  c o r r e c t  t h e  b a t t e r y
c o n d i t i o n , r e m o v e  t h e  a l t e r n a t o r  f o r  r e -
p a i r .

R e m e m b e r  t h a t  i f  t h e  b a t t e r y  s t a t e  o f
c h a r g e  i s  l o w , t h e  r e g u l a t o r  m a y  n o t  b e
l i m i t i n g  t h e  v o l t a g e ,  a n d  t u r n i n g  t h e  a d -
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Figure

SILASTIC COATING NOT
SHOWN ON REGULATOR

10D-13 .  Ad jus t ing  Vo l tage
S e t t i n g

jus t ing  sc rew w i l l  show no  change on  the
vo l tmete r . H o w e v e r ,  t u r n i n g  t h e  a d j u s t -
ing  sc rew w i l l  change the  vo l tage  se t t ing
t o  a  n e w  v a l u e , w h i c h  w i l l  b e  i n d i c a t e d
b y  t h e  v o l t m e t e r  w h e n  t h e  b a t t e r y  s t a t e
o f  charge  inc reases .

RemovaI

To remove  the  a l te rna to r ,  p roceed  as  fo l -
lows:

1 .  D i s c o n n e c t  t h e  b a t t e r y  c a b l e s .  R e -
move the electr ical  lead at  the al ternator.

2 .  Loosen  the  mount ing  bo l t s  and  the  ad-
j u s t i n g  s t r a p  b o l t . S w i n g  t h e  a l t e r n a t o r
down and remove the  d r i ve  be l ts .

3 .  Suppor t  the  a l te rna to r  and  remove  the
a d j u s t i n g  s t r a p  b o l t  a n d  w a s h e r s . Re-
m o v e  t h e  m o u n t i n g  b o l t s ,  w a s h e r s  a n d
n u t s . Remove the al ternator.

4 .  R e m o v e  t h e  p u l l e y  a s s e m b l y  f r o m  t h e
a l t e r n a t o r .

Repair and Test

DISASSEMBLY. T o  d i s a s s e m b l e  t h e  a l -
te rna to r ,  p roceed  as  fo l lows :

1 .  R e m o v e  t h e  c o v e r  p l a t e ,  c o v e r  a n d
gasket . W i t h  t h e  c o v e r  o f f  c o m p o n e n t s
look as shown in Figure 10D-14 on page
10D-13.

10D-12

2 .  N o t e  c o n n e c t i o n s  a s  s h o w n .  T o  m a k e
s t a t o r  a n d  d i o d e  c h e c k s , remove t h e
t h r e e  n u t s ,  t h r e e  r e g u l a t o r  l e a d s ,  t h r e e
s ta to r  leads ,  s ix  d iode leads  and the  (R)
te rm ina l  l ead  f rom the  th ree  s tuds .

3 .  T o  m a k e  f i e l d  c o i l  c h e c k s ,  d i s c o n n e c t
t h e t w o  f i e l d  c o i l  l e a d s  f r o m  t h e
r e g u l a t o r .

4.  See “ B e a r i n g  R e p l a c e m e n t ”  o n  p a g e
10D-16  fo r  in fo rmat ion  on  separa t ing  the
dr i ve  end  f rame assemb ly  f rom the  rec t i -
f ier  and f rame assembly.

F I E L D  C O I L  C H E C K S . T o  c h e c k  f o r
g r o u n d s ,  c o n n e c t  a  t e s t  l a m p ,  o r  a n
ohmmeter to one f ie ld coi l  lead and to the
end  f rame as  shown in  F igure  10D-15  on
page  10D-13 . I f  t h e  l a m p  l i g h t s ,  o r  i f
ohmmeter  read ing  i s  low,  the  f ie ld  co i l  i s
g r o u n d e d .

To  check  fo r  opens .  connec t  a  tes t  l amp
or an ohmmeter to the two f ie ld coi l  leads
a s  s h o w n . I f  t h e  l a m p  f a i l s  t o  l i g h t ,  o r
i f  o h m m e t e r  r e a d i n g  i s  h i g h ,  t h e  f i e l d
coi l  is open.

T h e w i n d i n g is checked f o r
s h o r t - c i r c u i t s  b y  c o n n e c t i n g  a  b a t t e r y
and  ammeter  in  ser ies  w i th  the  f ie ld  co i l .
No te  the  ammete r  read ing  and  the  spec-
i f i ca t ions s t a m p e d  o n t h e  a l t e r n a t o r
f rame . A n  a m m e t e r  r e a d i n g  a b o v e  t h e
s p e c i f i e d  v a l u e i n d i c a t e s  s h o r t e d  w i n d -
i ngs . A n  a l t e r n a t e  m e t h o d  i s  t o  c h e c k
the  res is tance  o f  the  f ie ld  by  connec t ing
an  ohmmete r  to  the  f i e ld  co i l . I f  the  re -
s is tance r e a d i n g  i s  b e l o w  t h e  s p e c i f i e d
v a l u e ,  t h e  w i n d i n g  i s  s h o r t e d .  T h e  s p e -
c i f ied  res is tance  va lue  can  be  de te rmined
b y  d i v i d i n g  t h e  v o l t a g e  b y  t h e  c u r r e n t .

T o  r e p l a c e  t h e  f i e l d  c o i l ,  s e p a r a t e  d r i v e
e n d  f r a m e , r e m o v e  f i e l d  c o i l  a t t a c h i n g
screws and p u l l  l e a d s  a n d  g r o m m e t
th rough  end  f rame ho le .  P lace  g rease  on
g rommet  and  pu l l  g rommet  i n to  ho le  du r -
ing assembly.

DIODE CHECKS. Check  each o f  the  s ix
d iodes  by  remov ing  each  d iode  lead  f rom
the stud and connect ing an ohmmeter us-
i n g  t h e  l o w e s t  r a n g e  s c a l e  t o  t h e  d i o d e
lead and case. Then reverse the ohmme-
te r  lead  connec t ion  to  the  d iode  lead  and
case. I f  bo th  read ing  a re  the  same,  re -
p lace  the  d iode . A good d iode w i l l  g ive
one high and one low reading.



D o  n o t  u s e  h i g h  v o l t a g e  s u c h  a s
110 vol t  test  lamps,  to  check d i -
odes.

B e f o r e  r e p l a c i n g  a  d i o d e  i n  t h e  r e c t i f i e r
end  f rame,  the  end  f rame mus t  be  sepa-
r a t e d  f r o m  t h e  d r i v e  e n d  f r a m e  a s  d e -
s c r i b e d u n d e r t h e
Replacement”

t o p i c “ B e a r i n g
o n  p a g e  1 0 D - 1 6 .  A l s o ,  b e -

fo re  rep lac ing  a  d iode  in  the  hea t  s ink  o r
end  f rame, i t  i s  necessary  to  remove the
hea t  s ink  f rom the  end  f rame by  de tach-
i n g  f r o m  t h e  h e a t  s i n k  t h e  r e g u l a t o r
lead ,  the  hea t  s ink  mount ing  sc rews,  and
t h e  a l t e r n a t o r  o u t p u t  t e r m i n a l .  N o t e  t h e
r o u n d  i n s u l a t o r s u n d e r  t h e  h e a t  s i n k
m o u n t i n g  s c r e w s , a n d  t h e  f l a t  i n s u l a t o r
l o c a t e d  b e h i n d  t h e  h e a t  s i n k .  T h e  s i l i -
c o n e  g r e a s e  o n  b o t h  s i d e s  o f  t h e  f l a t
i n s u l a t o r  p r o v i d e s  t h e  n e c e s s a r y  h e a t
t r a n s f e r  b e t w e e n  h e a t  s i n k  a n d  e n d
frame. R e a p p l y  s i l i c o n e  g r e a s e  d u r i n g
assembly ,  t igh ten  the  hea t  s ink  mount ing
screws loose ly , s e c u r e l y  t i g h t e n  t h e  o u t -
p u t  t e r m i n a l ,  t h e n  s e c u r e l y  t i g h t e n  t h e
heat  s ink  screws.

Figure 10D-14. End View, Cover
Removed

F igure  10D-15 .  E lec t r i ca l  Checks

To rep lace  a  d iode  in  the  hea t  s ink ,  sup-
p o r t  t h e  h e a t  s i n k ,  a n d  u s e  a n  a r b o r
press  or  v ise  to  push the  d iode ou t .  Use
a  s u i t a b l e  t o o l  t o  p u l l  t h e  d i o d e  o u t  o f
t h e  e n d  f r a m e . A lso  use  a  su i tab le  too l
w h i c h  f i t s  o v e r  t h e  o u t e r  d i o d e  e d g e  t o
p u s h  t h e  d i o d e  i n , a n d  s u p p o r t  t h e  h e a t
sink or end frame with a sui table tool .

NOTE

D i o d e  r e p l a c e m e n t  t o o l s  a r e  a v a i l -
a b l e  f r o m  v a r i o u s manu fac tu re rs
n o r m a l l y  s u p p l y i n g  t o o l s  a n d  t e s t
equ ipment  to  the  au tomot ive  indus-
t r y .

D o  n o t  s t r i k e  t h e  d i o d e ,  a s  t h e
shock may damage it and the other
diodes. U s e  o n l y  t h o s e  d i o d e s
l i s t e d  i n  t he  p a r t s  l i s t  f o r  t h i s
u n i t . Never use substitutes.

S T A T O R  C H E C K S . T h e  s t a t o r  w i n d i n g s
may be  checked  w i th  a  110  vo l t  tes t  l amp
or  an  ohmmete r . I f  the  lamp l igh ts ,  o r  i f
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CAUTION

CAUTION

the  mete r  read ing  i s  low when connec ted
f r o m  a n y  s t a t o r  l e a d  t o  t h e  f r a m e ,  t h e
w i n d i n g s  a r e  g r o u n d e d .

I f  t h e  l a m p  f a i l s  t o  l i g h t ,  o r  i f  t h e  m e t e r
read ing i s  h i g h  w h e n  s u c c e s s i v e l y  c o n -
nec ted  be tween each  pa i r  o f  s ta to r  leads ,
the  w ind ings  are  open.

A  s h o r t  c i r c u i t  i n  t h e  s t a t o r  w i n d i n g s  i s
d i f f i c u l t  t o  l o c a t e  w i t h o u t  l a b o r a t o r y  t e s t
e q u i p m e n t  d u e  t o  t h e  l o w  r e s i s t a n c e  o f
t h e  w i n d i n g s .  H o w e v e r ,  i f  a l l  o t h e r  e l e c -
t r i c a l  c h e c k s  a r e  n o r m a l ,  a n d  t h e  a l t e r -
n a t o r  f a i l s  t o s u p p l y r a t e d  o u t p u t ,
s h o r t e d  s t a t o r  w i n d i n g s  a r e  i n d i c a t e d .

T o  r e p l a c e  t h e  s t a t o r  d r i v e  e n d  f r a m e
f r o m  r e c t i f i e r  e n d  f r a m e ,  r e f e r  t o  “ B e a r -
i n g  R e p l a c e m e n t ” o n  p a g e  1 0 D - 1 6 ,  a n d
p u l l  l e a d s  a n d  g r o m m e t  t h r o u g h  h o l e .
P lace  g rease .  on g r o m m e t  a n d  p u l l  i n t o
ho le  dur ing  assembly .

R E G U L A T O R  R E P L A C E M E N T .  A f t e r  d i s -
c o n n e c t i n g  t h e  t h r e e  i d e n t i c a l l y  c o l o r e d
r e g u l a t o r  l e a d s , t h e  r e g u l a t o r  m a y  b e
r e p l a c e d  b y remov ing t h e  a t t a c h i n g
screws a n d  d i s c o n n e c t i n g  t h e  r e g u l a t o r
lead f rom the heat s ink.

I f  p r e v i o u s  c h e c k s  i n d i c a t e  t h e  r e g u l a t o r
shou ld  be  repa i red ,  p roceed  as  fo l l ows :

1 .  T h e  p a n e l  b o a r d  i s  s h o w n  w i t h o u t  t h e
sea l ing  compound so  the  seven  (7 )  se rv -
iceab le  par ts  can  be  eas i l y  iden t i f ied  (see
Figure 10D-16 on page 10D-15).

2 .  R e m o v e  s c r e w , t r a n s i s t o r  T R 1  a n d
pry  apar t  hea t  s ink  and  pane l  board  w i th
s c r e w d r i v e r .

3 .  C a r e f u l l y  i n s p e c t  p r i n t e d  c i r c u i t  f o r
poor  so lder  jo in ts .

4 .  C a r e f u l l y  i n s p e c t  f o r  b r o k e n  p a r t s .

5 .  C h e c k c o m p o n e n t s  a s f o l l o w s  ( s e e
F i g u r e  1 0 D - 1 7  o n  p a g e 10D-15) : Use
1 - 1 / 2  v o l t  o h m m e t e r  o n  l o w scale.
S C R A T C H  H A R D  W I T H  S H A R P  I N S T R U -
MENT TO BREAK THROUGH TRANSPAR-
E N T  C O A T I N G  O V E R  S O L D E R  T O  M A K E
O H M M E T E R  C O N T A C T .  U s e  5 0  w a t t  s o l -
d e r i n g  g u n .

The ohmmeter polarity must be de-
termined by connecting its leads to
v o l t m e t e r  l e a d s . T h e  v o l t m e t e r
wil l  read up scale when the nega-
t ive  leads are  connected together
a n d  t h e  p o s i t i v e  l e a d s  a r e  c o n -
nected together . T h e  p o l a r i t y  o f
the  vo l tmeter  leads can be  deter -
mined by  connect ing the  leads to
t h e  i d e n t i f i e d  t e r m i n a l s  o f  a  b a t -
tery .

6 .  T r a n s i s t o r  T R 2

A .  S h o u l d  r e a d  a b o u t  5 - 5 0  o h m s ,  I f  z e r o
or  we l l  above  50 ,  rep lace  t rans is to r .

B .  S h o u l d  r e a d  v e r y  h i g h ,  I f  n o t ,  r e -
p lace  t rans is to r .

C .  Repeat  S tep  A .

7 .  T r a n s i s t o r  T R 3

A .  S h o u l d  r e a d  v e r y  h i g h . I f  n o t ,  r e -
p lace  t rans is to r .

B .  S h o u l d  r e a d  a b o u t  5 - 5 0  o h m s .  I f  z e r o
or  we l l  above  50 ,  rep lace  t rans is to r .

C .  Repeat  S tep  A .

8 .  D i o d e  D 5  s h o u l d  r e a d  5 - 5 0  o h m s . I f
zero or wel l  above 50, replace transis t o r .

9 .  D i o d e  t r i o  D 1 ,  D 2 ,  a n d  D 3 - E a c h  d iode
s h o u l d  r e a d  5 - 5 0  o h m s . I f  z e r o  o r  w e l l
above 50 ohms, rep lace  d iode  be ing  tes t -
ed .

1 0 .  C a p a c i t o r  C 2  s h o u l d  r e a d  h i g h .  I f
ze ro , replace capaci tor .

Change ohmmeter to X10 or middle
scale.

11 .  Potent iometer R2-With ohmmeter con-
n e c t e d ,  t u r n  p o t e n t i o m e t e r  s l o t t e d  s c r e w
( s e e  F i g u r e  1 0 D - 1 6  o n  p a g e  1 0 D - 1 5 ) .
Ohmmete r  need le  shou ld  de f lec t  s l i gh t l y .
I f  no def lect ion at  a l l ,  replace R2.

10D-14



Figure 10D-16. Panel  Board Assembly

T u r n  o h m m e t e r  b a c k  t o
scale.

low or X1

1 2 .  T r a n s i s t o r  T R 1 - C o n n e c t  o h m m e t e r
b o t h  w a y s  i n  e a c h  s t e p  ( s e e
Figure 10D-18 on page 10D-16).

Figure 10D-17. Checking Regulator Components
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A .

B .

C.

F igure  10D-18 .  Check ing  Trans is to r
TR1

B o t h  r e a d i n g s  s h o u l d  b e  v e r y  h i g h .
I f  n o t ,  r e p l a c e  t r a n s i s t o r .

S h o u l d  r e a d  v e r y  h i g h  a n d  l o w .  I f
n o t ,  r e p l a c e  t r a n s i s t o r .

Repeat Step B.

13. I f  n o  d e f e c t s  h a v e  b e e n  f o u n d ,  r e -
place complete regulator  assembly.

1 4 .  I f r e g u l a t o r was r e p a i r e d ,
reassemble, using si l icone grease on both
s ides  o f  m ica  under  t rans is to r  TR1.

Figure 10D-19. Rubber Seal  Appl ied
to  Regu la to r

15 .  App ly  sea l ing  compound as  shown in
F i g u r e  1 0 D - 1 9  a r o u n d  c o m p o n e n t s  u s i n g
D o w  C h e m i c a l  R T V  S i l a s t i c  7 3 2  s i l i c o n e
r u b b e r  s e a l  o r  e q u i v a l e n t ,  a v a i l a b l e  a t
h a r d w a r e  s t o r e s . Keep  meta l  c l i ps  pe r -
fec t l y  c lean  and  f ree  o f  rubber  sea l .

1 6 .  T e s t  r e g u l a t o r  t o  s e e  i f  i t  w o r k s .  I f
o k a y , r e t u r n  t o  s e r v i c e . I f  d e f e c t i v e ,
replace complete regulator  assembly.

REASSEMBLY. To  reassemb le  the  a l te r -
na to r ,  p roceed  as  fo l l ows :

1 .  P lace  over  each  s tud  IN  THIS ORDER
(see  F igure  10D-14  on  page  10D-13) ;  the
two d iode  leads ,  the  s ta to r  lead ,  the  (R)
te rm ina l  l ead  on  one  s tud  on ly ,  the  regu-
la to r  l ead  and  the  nu t .

2 .  I n s t a l l  t h e  g a s k e t ,  c o v e r  a n d  c o v e r
p la te .

Bearing Replacement

D R I V E  E N D  B E A R I N G . T o  r e p l a c e  a
dr ive  end  bear ing ,  p roceed as  fo l lows :

1 .  R e m o v e  s h a f t  n u t ,  w a s h e r ,  p u l l e y ,
f a n , s l i n g e r  a n d  t h e  f o u r  r e t a i n e r  p l a t e
bo l t s ,  then  remove the  ro to r  and  bear ing
assembly f rom the end f rame.

2 .  P u l l  t h e  b e a r i n g  f r o m  t h e  r o t o r  s h a f t ,
separa te r e t a i n e r  p l a t e  a n d  c o l l a r  f r o m
shaf t ,  and  d iscard  sea ls  in  re ta iner  p la te
and end f rame.

3.  Add Delco-Remy lubr icant  No. 1948791
s o  e a c h  r e s e r v o i r  b e t w e e n  t h e  b e a r i n g
and seal  af ter  assembly wi l l  be only three
q u a r t e r s  f u l l . A r r a n g e  t h e  l u b r i c a n t  s o
a t  leas t  a  por t ion  w i l l  con tac t  the  bear ing
a f t e r  r e a s s e m b l y . O t h e r w i s e  t h e  o i l  i n
t h e  l u b r i c a n t  w i l l  n o t  b l e e d  t o  t h e  b e a r -
i n g . A lso  add  lub r i can t  to  each  sea l  l i p
and f i l l  the  cav i ty  w i th  lubr ican t  be tween
t h e  r u b b e r  l i p  a n d  s t e e l  c a s e  o f  e a c h
seal. T h e  s e a l s  m u s t  b e  a s s e m b l e d  s o
the  sea l  l i p  i s  toward  or  nex t  to  the  bear -
i n g .

4 .  L u b r i c a t e  c o l l a r ,  t h e n  i n s t a l l  c o l l a r
a n d  r e t a i n e r  p l a t e ,  t h e n  p r e s s  a g a i n s t
t h e  i n n e r  r a c e  o n l y  t o  i n s t a l l  t h e  n e w
bear ing  on to  the  sha f t  aga ins t  the  co l la r .

5 .  T h e  r e m a i n i n g  a s s e m b l y  p r o c e d u r e  i s
the  reverse  o f  d isassembly .
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R E C T I F I E R  E N D  F R A M E  B E A R I N G .  T o
r e p l a c e  a  r e c t i f i e r  e n d  f r a m e  b e a r i n g ,
proceed as fo l lows (see Figure 10D-20 on
page 10D-17):

1 .  Pu l l  i nner  race  f rom sha f t  and  bear ing
f rom end f rame.

2 .  Assemble  new inner  race  and  bear ing

d r i v e  e n d .
a s  s h o w n .  A s s e m b l e  b e a r i n g  t o w a r d

P r e s s  a g a i n s t  s e a l  e n d  o f
bearing to assemble into housing.

3.  Use Delco-Remy lubr icant  No. 1948791
a n d  f i l l  r e s e r v o i r  h a l f  f u l l .  A r r a n g e  l u -
b r i c a n t  s o  a  p o r t i o n  w i l l  t o u c h  b e a r i n g
when assembled.

2 .  P o s i t i o n  t h e  a l t e r n a t o r  o n  t h e  m o u n t -
i n g b r a c k e t s  a n d  i n s e r t  t h e  b o l t s
t h r o u g h  t h e  b o l t  h o l e s  i n  t h e  m o u n t i n g
b r a c k e t  a n d  e n d  f r a m e .  M a k e  s u r e  t h a t
t h e  w a s h e r s  a n d  n u t s  a r e  i n  t h e i r  p r o p e r
locat ions.

3 .  A l i g n  t h e  t h r e a d e d  h o l e  i n  t h e  a d j u s t -
i n g  l u g  o f  t h e  d r i v e  e n d  f r a m e  w i t h  t h e
s l o t  i n  t h e  a d j u s t i n g  s t r a p . S t a r t  t h e
b o l t ,  w i t h  t h e  w a s h e r s ,  t h r o u g h  t h e  s l o t
o f  t h e  a d j u s t i n g s t r a p  a n d  i n t o  t h e
threaded hole in the end f rame.

4 .  P l a c e  t h e  d r i v e  b e l t s  i n  t h e  g r o o v e  o f
t h e  p u l l e y s .

5 .  A d j u s t  t h e  b e l t  t e n s i o n  s o  t h a t  a  f i r m
p u s h  w i t h  t h e  t h u m b  a t  a  p o i n t  m i d w a y
between the  two pu l leys ,
b e l t  1 / 2 ”  t o  3 / 4 ” .

w i l l  depress  the

6 .  C h e c k  t h a t  a l t e r n a t o r  c o n n e c t i o n  a n d
e l e c t r i c a l  l e a d s  a r e  c l e a n . I n s t a l l  a n d
t igh ten  lead  to  a l te rna to r .

THROTTLE SOLENOID (81Z18)

Figure 10D-20. Bear ing Assembled
Between Shaft and Housing

4 .  R e a s s e m b l e  t h e  a l t e r n a t o r  i n  t h e  r e -
v e r s e  o f  d i s a s s e m b l y .  T o r q u e  t h e  s h a f t
n u t  t o  7 0 - 8 0  f t - l b s . T o r q u e  t h e  o u t p u t
terminal  bol t  to 100-110 inch Ibs.

5 .  M a g n e t i z e  t h e  r o t o r  a s  d e s c r i b e d  i n
“Def in i t ions”  on  page 10D-9 .

Ins ta l la t ion

To  ins ta l l  t he  a l te rna to r ,  p roceed  as  fo l -
lows:

1 .  I n s t a l l  t h e  d r i v e  p u l l e y ,  i f  r e m o v e d .
T i g h t e n  p u l l e y  r e t a i n i n g  n u t  t o  5 0 - 6 0
f t - I b s  t o r q u e .

NOTE

I f  t h e  p u l l e y  w a s  n o t  r e m o v e d ,
c h e c k  t h e  r e t a i n i n g  n u t  f o r  p r o p e r
t o r q u e .

DESCRIPTION. T h e  t h r o t t l e  s o l e n o i d  i s
used to  shu t  down the  fue l  supp ly  to  the
i n j e c t o r s  w h e n  t h e  i g n i t i o n  s w i t c h  i s  i n
the  OFF pos i t ion .

E L E C T R I C A L  T E S T S . T h e  D C  t h r o t t l e
s o l e n o i d  h a s  a  s t r o k e  o f  1 ” ,  a  p u l l  c u r -
ren t  o f  20  amperes  and  a  ho ld ing  cu r ren t
of  0.3 amperes.

P L U N G E R  B O T T O M  T E S T . C o n n e c t  a
v o l t m e t e r  o r  l i g h t  ( 2 4  v o l t )  b e t w e e n  t h e
a u x i l i a r y  a n d  ( + )  t e r m i n a l s . When  the
s o l e n o i d  i s  e n e r g i z e d  a n d  t h e  p l u n g e r
b o t t o m s ,  t h e  v o l t m e t e r  w i l l  i n d i c a t e  b a t -
t e r y  v o l t a g e  o r  t h e  l i g h t  i s  o n .
replace the solenoid.

I f  n o t ,

V O L T A G E  S U P P L Y  T E S T .  C o n n e c t  a  D C
v o l t m e t e r  a c r o s s  t h e  s o l e n o i d  t e r m i n a l s
a n d  m a n u a l l y  h o l d  t h e  p l u n g e r  s o  t h a t  i t
can  no t  bo t tom. E n e r g i z e  t h e  s o l e n o i d
j u s t  l o n g  e n o u g h  t o  o b t a i n  a  v o l t m e t e r
read ing ,  then  connec t  the  same vo l tmete r
a c r o s s  t h e  p o w e r  s o u r c e  a n d  m a n u a l l y
ho ld  the  p lunger  so  tha t  i t  canno t  pu l l  i n
j u s t  l o n g  e n o u g h  t o  o b t a i n  a  v o l t m e t e r
read ing . the  d i f fe rence  be tween the  two
v o l t m e t e r  r e a d i n g s i s  t h e  v o l t a g e  r e -
d u c t i o n  d u e  t o  w i r i n g  w h i c h  s h o u l d
normal ly be less than 7% of rated vol tage
(24  vo l ts ) .
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REPAIRS. R e p a i r s  t o  t h e  s o l e n o i d  a r e
l i m i t e d  t o  t h e  p l u n g e r ,  d u s t  b o o t ,  s p r i n g
and  jam nu t . I f  the  so leno id  i s  no t  oper -
a t i n g  p r o p e r l y ,  r e p l a c e  i t .

REPLACEMENT. T o  r e p l a c e  t h e  s h u t
d o w n  s o l e n o i d , p r o c e e d  a s  f o l l o w s  ( s e e
Figure 10D-21 on page 10D-19).

1 .  M a r k  a n d  d i s c o n n e c t  t h e  e l e c t r i c a l
leads  f rom the  shu t  down so leno id .

2 .  D i s c o n n e c t  t h e  t h r o t t l e  s o l e n o i d  c l e v i s
f rom the  eng ine  fue l  shu tdown lever .

3 .  R e m o v e  t h e  c a p s c r e w s ,  l o c k  w a s h e r s
a n d  n u t s  s e c u r i n g  t h e  t h r o t t l e  s o l e n o i d
t o  t h e  t h r o t t l e  b r a c k e t .

4 .  R e m o v e  t h e  t h r o t t l e  s o l e n o i d .  R e m o v e
t h e  c l e v i s  f r o m  t h e  s o l e n o i d  a c t u a t i n g
r o d .

5 .  I f  the  so leno id  has  no t  been opera t ing
p r o p e r l y ,  r e p l a c e  i t .

6 .  S e t  t h e  s o l e n o i d  u p  t o  t h e  s o l e n o i d
b r a c k e t and secure i t w i t h t h e
capscrews,  lock  washers  and  nu ts .

7 .  Ins ta l l  the  e lec t r i ca l  l eads  to  the  so le -
noid.

8 .  Ins ta l l  the  c lev is  on  the  so leno id  ac tu -
a t i n g  r o d  a n d  a d j u s t  a s  i n d i c a t e d  t o  g i v e
the 35° arc between STOP and RUN.

9 .  C h e c k  t h e  o p e r a t i o n  o f  t h e  s o l e n o i d .
I f  the  eng ine  shu t  down mechan ism needs
ad jus t ing  see  subsec t ion  11D.
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Figure 10D-21. Throt t le Shut Down Solenoid
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SUBSECTION 11A

GENERAL INFORMATION

GENERAL

T h i s  s u b s e c t i o n  c o n t a i n s  i n f o r m a t i o n  o n
pr inc ip les  o f  opera t ion ,  se r ia l  number  in -
f o r m a t i o n  a n d  g e n e r a l  p r o c e d u r e s  t h a t
app ly  to  a l l  o f  the  subsec t ions  in  Sec t ion
1 1  ( D i s a s s e m b l y ,  C l e a n i n g ,  I n s p e c t i o n ,
Assembly  and Safe ty ) .

PRINCIPLES OF OPERATION

T h e  d i e s e l  e n g i n e  i s  a n  i n t e r n a l  c o m -
b u s t i o n  p o w e r  u n i t , in  wh ich  the  heat  o f
f u e l  i s  c o n v e r t e d  i n t o  w o r k  i n  t h e  c y l i n -
der  o f  the  eng ine .

I n  t h e  d i e s e l  e n g i n e ,  a i r  a l o n e  i s  c o m -
p r e s s e d  i n  t h e  c y l i n d e r ;  t h e n ,  a f t e r  t h e
a i r  has  been  compressed ,  a  charge  o f  fu -
e l  i s  s p r a y e d  i n t o  t h e  c y l i n d e r  a n d  i g -
n i t i o n  i s  a c c o m p l i s h e d  b y  t h e  h e a t  o f
compress ion .

I n  t h e  t w o - c y c l e  e n g i n e ,  i n t a k e  a n d  e x -
haus t  take  p lace  dur ing  par t  o f  the  com-

Figure 11A-1. The

p r e s s i o n  a n d  p o w e r  s t r o k e s  r e s p e c t i v e l y
a s  s h o w n  i n  F i g u r e  1 1 A - 1 .  I n  c o n t r a s t ,
a  f o u r  c y c l e  e n g i n e  r e q u i r e s  f o u r  p i s t o n
s t r o k e s  t o  c o m p l e t e  a n  o p e r a t i n g  c y c l e ;
t h u s , d u r i n g  o n e  h a l f  o f  i t s  o p e r a t i o n ,
the  four  cyc le  eng ine  func t ions  mere ly  as
an  a i r  pump.

A b lower  i s  p rov ided to  fo rce  a i r  in to  the
cy l inders  fo r  expe l l ing  the  exhaust  gases
a n d  t o  s u p p l y  t h e  c y l i n d e r s  w i t h  f r e s h
a i r  f o r  c o m b u s t i o n . T h e  c y l i n d e r  w a l l
c o n t a i n s  a  r o w  o f  p o r t s  w h i c h  a r e  a b o v e
the p is ton  when i t  i s  a t  the  bo t tom o f  i t s
s t r o k e . T h e s e  p o r t s  a d m i t  t h e  a i r  f r o m
t h e  b l o w e r  i n t o  t h e  c y l i n d e r  a s  s o o n  a s
t h e  r i m  o f  t h e  p i s t o n  u n c o v e r s  t h e  p o r t s
as  shown in  F igure  11A-1  (scaveng ing) .

T h e  u n i d i r e c t i o n a l  f l o w  o f  a i r  t o w a r d  t h e
e x h a u s t  v a l v e s  p r o d u c e s  a scaveng ing
e f fec t ,  l eav ing  the  cy l inders  fu l l  o f  c lean
a i r  w h e n  t h e  p i s t o n
l e t  p o r t s .

a g a i n  c o v e r s  t h e  i n -

Two Stroke Cycle
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A s  t h e  p i s t o n  c o n t i n u e s  o n  t h e  u p w a r d
s t r o k e ,  t h e  e x h a u s t  v a l v e s  c l o s e  a n d  t h e
c h a r g e  o f  f r e s h  a i r  i s  s u b j e c t e d  t o  c o m -
press ion  as  shown in  F igure  11A-1  (com-
p r e s s i o n ) .

S h o r t l y  b e f o r e  t h e  p i s t o n  r e a c h e s  i t s  h i -
g h e s t  p o s i t i o n , t h e  r e q u i r e d  a m o u n t  o f
f u e l  i s  s p r a y e d i n t o  t h e  c o m b u s t i o n
c h a m b e r  b y t h e  u n i t  f u e l  i n j e c t o r  a s
shown i n  F i g u r e  1 1 A - 1  o n  p a g e  1 1 A - 1
( p o w e r ) . T h e  i n t e n s e  h e a t  g e n e r a t e d
d u r i n g  t h e  h i g h  c o m p r e s s i o n  o f  t h e  a i r
i g n i t e s  t h e  f i n e  f u e l  s p r a y  i m m e d i a t e l y .
The  compress ion  con t inues  un t i l  t he  fue l
in jec ted  has  been  burned .

T h e  r e s u l t i n g  p r e s s u r e  f o r c e s  t h e  p i s t o n
d o w n w a r d  o n  i t s  p o w e r  s t r o k e . .  T h e  e x -
h a u s t  v a l v e s  a r e  a g a i n  o p e n e d  w h e n  t h e
p i s t o n  i s  a b o u t  h a l f  w a y  d o w n ,  a l l o w i n g
t h e  b u r n e d  g a s e s  t o  e s c a p e  i n t o  t h e  e x -
haus t  man i fo ld  as  shown in  F igure  11A-1
o n  p a g e  1 1 A - 1  ( e x h a u s t ) . S h o r t l y  t h e r -
e a f t e r , t h e  d o w n w a r d mov ing p is ton
u n c o v e r s  t h e  i n l e t  p o r t s  a n d  t h e  c y l i n d e r
is  aga in  swept  w i th  c lean scaveng ing a i r .
Th is  en t i re  combus t ion  cyc le  i s  comple ted
i n  e a c h  c y l i n d e r  f o r  e a c h  r e v o l u t i o n  o f
t h e  c r a n k s h a f t , o r  i n  o t h e r  w o r d s ,  i n
t w o  s t r o k e s ;  h e n c e ,  i t  i s  a  “ t w o  s t r o k e
c y c l e ” .

GENERAL DESCRIPTION

T h e  t w o  c y c l e  d i e s e l  e n g i n e  c o v e r e d  i n
th is  sec t ion  is  a  4  cy l inder  mode l  hav ing
t h e major w o r k i n g p a r t s  s u c h as
i n j e c t o r s ,  p i s t o n s ,  c o n n e c t i n g  r o d s ,  c y l -
i n d e r  l i n e r s  a n d  o t h e r  p a r t s  t h a t  a r e  i n -
te rchangeab le . T h e b lower , w a t e r
pump, g o v e r n o r a n d  f u e l  p u m p  f o r m  a
group  o f  s tandard  accessor ies .

Each eng ine  i s  equ ipped w i th  an  o i l  coo l -
e r , l u b r i c a t i n g oil filter f ue l oi l
s t r a i n e r , f u e l  o i l  f i l t e r ,  a i r  c l e a n e r ,  g o v -
e r n o r , h e a t  e x c h a n g e r  a n d  w a t e r  p u m p
and fan ,  and  s ta r t ing  moto r .

F u l l  p r e s s u r e  l u b r i c a t i o n  i s  s u p p l i e d  t o
a l l  ma in , c o n n e c t i n g  r o d  c a m s h a f t  b e a r -
i ngs , a n d  t o  o t h e r  m o v i n g  p a r t s  w i t h i n
t h e  e n g i n e . a  gear  t ype  pump draws o i l
f r o m  t h e  o i l  p a n  t h r o u g h  a n  i n t a k e
screen , th rough  the  o i l  f i l t e r  and  then  to
t h e  o i l  c o o l e r . F r o m  t h e  o i l  c o o l e r ,  t h e

o i l  en te rs  a  long i tud ina l  o i l  ga l le ry  in  the
c y l i n d e r  b l o c k  w h e n  t h e  s u p p l y  d i v i d e s ;
a  p o r t i o n  e n t e r i n g  t h e  b y - p a s s  f i l t e r ,  i f
used ,  and  then  d ra in ing  back  in to  the  o i l
pan, part going to the cam and balance
s h a f t  e n d  b e a r i n g s  a n d  c y l i n d e r  h e a d ,
w i t h  t h e  r e m a i n d e r  g o i n g  t o  t h e  m a i n
bear ings  and connec t ing  rod  bear ings  v ia
t h e  d r i l l e d  c r a n k s h a f t .

C o o l a n t  i s  c i r c u l a t e d  t h r o u g h  t h e  e n g i n e
b y  a  c e n t r i f u g a l  t y p e  w a t e r  p u m p .  H e a t
i s  removed  f rom the  coo lan t  wh ich  c i r cu -
la tes  in  a  c losed sys tem,  by  the  rad ia to r .
Con t ro l  o f  the  eng ine  tempera tu re  i s  ac -
c o m p l i s h e d  b y  a thermos ta t w h i c h
r e g u l a t e s  t h e  f l o w  o f  t h e  c o o l a n t  w i t h i n
the  coo l ing  sys tem.

F u e l  i s  d r a w n  f r o m  t h e  s u p p l y  t a n k
t h r o u g h  t h e  f u e l  s t r a i n e r  b y  a  g e a r  t y p e
f u e l  p u m p . I t  i s  t h e n  f o r c e d  t h r o u g h  a
f i l t e r  a n d  t o  t h e  i n j e c t o r s .  E x c e s s  f u e l
i s  r e t u r n e d  t o  t h e  s u p p l y  t a n k  t h r o u g h
t h e  f u e l  o u t l e t  m a n i f o l d  a n d  c o n n e c t i n g
l ines . S ince  the  fue l  i s  cons tan t l y  c i rcu-
l a t i n g  t h r o u g h  t h e  i n j e c t o r s ,  i t  s e r v e s  t o
cool  the in jectors and also carr ies of f  any
a i r  in  the  fue l  sys tem.

A i r  f o r  s c a v e n g i n g  a n d  c o m b u s t i o n  i s
supp l ied  by  a  b lower  wh ich  pumps a i r  in -
t o  t h e  e n g i n e  c y l i n d e r s  v i a  t h e  a i r  b o x
a n d  c y l i n d e r  l i n e r  p o r t s . A l l  a i r  e n t e r -
i n g  t h e  b l o w e r  f i r s t  p a s s e s  t h r o u g h  a n
a i r  c leaner .

E n g i n e  s t a r t i n g  i s  p r o v i d e d  b y  a n  e l e c -
t r i c a l s t a r t i n g sys tem. T h e  e l e c t r i c
s t a r t i n g  m o t o r  i s  e n e r g i z e d  b y  a  s t o r a g e
b a t t e r y . A  ba t te ry  charg ing a l t e r n a t o r ,
w i t h  a  s u i t a b l e  v o l t a g e regu la to r , s e r v e s
to  keep  the  ba t te ry  charged .

En
l
g i n e  s p e e d  i s  r e g u l a t e d  b y  a  m e c h a n -

ica e n g i n e  g o v e r n o r .

ENGINE MODEL AND SERIAL NUMBER

On a l l  eng ines ,
and

the  eng ine  se r ia l  number
t h e  e n g i n e  m o d e l  n u m b e r a r e

s t a m p e d  o n t h e  c y l i n d e r  b l o c k  ( s e e
F i g u r e  1 1 A - 2  o n  p a g e  1 1 A - 3 ) .  T h e  e n -
gine ser ia l  number and model  number are
also stamped on the opt ion plate at tached
to  the  va lve  rocker  cover .
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GENERAL SPECIFICATIONS

Type. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2  Cyc le
Number of Cylinder. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... 4
B o r e  ( i n c h e s ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4.25
Bore (mm). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 108
Stroke (inches). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... 5
Stroke (mm). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 127
Compression Ratio (Nominal). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17 to 1
To ta l  D isp lacement  -  cub ic  inches . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 284
Total Displacement - litres. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 . 6 6
Firino Order - R.H. Rotation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 1 -3 -4 -2
Number  o f  Ma in  Bear ings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

T h e  e n g i n e  s e r i a l  n u m b e r  i s  p r e f i x e d  b y
numera ls  ind ica t ing  the  number  o f  cy l in -
ders  and  the  le t te r  “A”  wh ich  des igna tes
a Series 71 engine.

Figure 11A-2. Engine Model and
Serial Number

OPTION PLATE

A n  o p t i o n  p l a t e , a t t a c h e d  t o  t h e  v a l v e
r o c k e r c o v e r , c a r r i e s  t h e  e n g i n e  s e r i a l
number  and  mode l  number  and ,  i n  add i -
t i o n , l i s t s  a n y  o p t i o n a l  e q u i p m e n t  u s e d
on the engine (see Figure 11 A-3).

O n - h i g h w a y  v e h i c l e  e n g i n e s  a l s o  c a r r y
an e x h a u s t  e m i s s i o n  c e r t i f i c a t i o n label
n e x t  t o  t h e  o p t i o n  p l a t e . I t  i s  s e p a r a t e
f r o m  t h e  o p t i o n  p l a t e  a n d  i s  m o u n t e d
permanent ly  in  the  op t ion  p la te  re ta iner .
The  labe l  i nc ludes  in fo rmat ion  re la t ing  to
an engine fami ly for  the maximum fuel  in-
j e c t o r  s i z e  a n d  m a x i m u m  s p e e d .  D u e  t o
Federal  regulat ions, the exhaust emission
p l a t e  s h o u l d  n o t  b e  r e m o v e d  f r o m  t h e
r o c k e r c o v e r . Refer  to  Subsec t ion  11 I

F igure  11A-3 .  Opt ion  P la te

f o r  f u r t h e r  i n f o r m a t i o n  r e g a r d i n g  e m i s -
s ion  regu la t ions .

Wi th  any  o rder  fo r  par ts ,  the  eng ine  mo-
d e l  n u m b e r  a n d  s e r i a l  n u m b e r  m u s t  b e
g i v e n . I n  a d d i t i o n , i f  a  t y p e  n u m b e r  i s
s h o w n  o n  t h e  o p t i o n  p l a t e  c o v e r i n g  t h e
e q u i p m e n t  r e q u i r e d ,  t h i s  n u m b e r  s h o u l d
also be included on the parts order.

A l l  g r o u p s  o f  p a r t s  u s e d  o n  a  u n i t  a r e
s t a n d a r d  f o r  t h e  e n g i n e  m o d e l  u n l e s s
o therw ise  l i s ted  on  the  op t ion  p la te .

GENERAL PROCEDURES

General

In  many cases ,
in

a  serv iceman is  jus t i f ied
r e p l a c i n g  p a r t s  w i t h  n e w  m a t e r i a l

ra ther  than  a t tempt ing  repa i r . However ,
the re  a re  t imes  where  a  s l i gh t  amount  o f
r e w o r k i n g  o r r e c o n d i t i o n i n g  m a y  s a v e
c o n s i d e r a b l e  a d d e d  e x p e n s e . C r a n k -
s h a f t s , c y l i n d e r  l i n e r s  a n d  o t h e r  p a r t s
a r e  i n  t h i s  c a t e g o r y . For  example ,  i f  a
c y l i n d e r  l i n e r  i s  o n l y  s l i g h t l y  w o r n  a n d
w i t h i n  u s a b l e  l i m i t s ,  a  h o n i n g  o p e r a t i o n
to  remove  the  g laze  may  make  i t  su i tab le
fo r  reuse,  thereby  sav ing  the  expense o f
a  n e w  p a r t . Exchange assembl ies  such
as in jec to rs , f u e l  p u m p s , w a t e r  p u m p s
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a n d  b l o w e r s  a r e  a l s o  d e s i r e a b l e  s e r v i c e
i tems.

Var ious  fac to rs  such  as  the  type  o f  oper -
a t ion  o f  the  eng ine , hours  in  serv ice  and
n e x t  o v e r h a u l  p e r i o d  m u s t  b e  c o n s i d e r e d
w h e n  d e t e r m i n i n g  w h e t h e r  n e w  p a r t s  a r e
i n s t a l l e d  o r  u s e d  p a r t s  a r e  r e c o n d i t i o n e d
to  p rov ide  t roub le  f ree  opera t ion .

For  conven ience  and  log ica l  o rder  in  d is -
assembly  and  assembly ,  the  var ious  sub-
assemblies and o t h e r re la ted p a r t s
m o u n t e d  o n  t h e  c y l i n d e r  b l o c k  w i l l  b e
t r e a t e d  a s  s e p a r a t e  i t e m s  i n  t h e  v a r i o u s
subsect ion  o f  th is  sec t ion .

Disassembly

Before  any  ma jo r  d isassembly ,  the  eng ine
m u s t  b e  d r a i n e d  o f  l u b r i c a t i n g  o i l ,  w a t e r
a n d  f u e l . L u b r i c a t i n g  o i l  s h o u l d  a l s o  b e
d r a i n e d  f r o m  t h e  t o r q u e  c o n v e r t e r .

To  pe r fo rm a  ma jo r  ove rhau l  o r  o the r  ex -
t e n s i v e  r e p a i r s ,  t h e  c o m p l e t e  e n g i n e  a s -
sembly , a f te r  remova l  f rom the  mach ine ,
should be mounted on an engine overhaul
s t a n d ; t h e n  t h e  v a r i o u s  s u b a s s e m b l i e s
s h o u l d  b e  r e m o v e d  f r o m  t h e  e n g i n e .
When on ly  a  few i tems  need  rep lacement ,
i t  i s  n o t  a l w a y s  n e c e s s a r y  t o  m o u n t  t h e
eng ine  on  an  overhau l  s tand .

P a r t s  r e m o v e d  f r o m  a n  i n d i v i d u a l  e n g i n e
s h o u l d  b e  k e p t  t o g e t h e r  s o  t h e y  w i l l  b e
a v a i l a b l e  f o r  i n s p e c t i o n  a n d  a s s e m b l y .
Those  i tems have  mach ined  faces ,  wh ich
migh t  be  eas i l y  damaged by  s tee l  o r  con-
c r e t e s h o u l d  b e  s t o r e d  o n  s u i t a b l e
wooden racks or blocks, or a parts
d o l l y .

Cleaning

GENERAL. B e f o r e  r e m o v i n g  a n y  o f  t h e
subassembl ies  f rom the  eng ine  (bu t  a f te r
remova l  o f  the  e lec t r i ca l  equ ipment ) ,  the
e x t e r i o r  o f  t h e  e n g i n e  s h o u l d  b e  t h o r -
o u g h l y  c l e a n e d . T h e n , a f t e r  e a c h  s u b -
a s s e m b l y  i s removed  and  d isassembled ,
t h e  i n d i v i d u a l  p a r t s  s h o u l d  b e  c l e a n e d .
T h o r o u g h  c l e a n i n g  o f  e a c h  p a r t  i s  a b s o -
l u t e l y necessary before it can be
s a t i s f a c t o r i l y  i n s p e c t e d . V a r i o u s  i t e m s
o f  equ ipment  needed  fo r  genera l  c lean ing
are l isted below.

T h e  c l e a n i n g  p r o c e d u r e  u s e d  f o r  a l l  o r -
d i n a r y  c a s t  i r o n  p a r t s  i s  o u t l i n e d  u n d e r
Clean C y l i n d e r  B l o c k  ( s u b s e c t i o n  1 1 B ) ;
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a n y  s p e c i a l  c l e a n i n g  p r o c e d u r e s  w i l l  b e
m e n t i o n e d  i n  t e x t  w h e r e v e r  r e q u i r e d .

STEAM CLEANING. A steam cleaner is a
necessary item in a large shop and is
m o s t  u s e f u l  f o r  r e m o v i n g  h e a v y  a c c u m u -
l a t i o n s  o f  g r e a s e  a n d  d i r t  f r o m  t h e  e x t e -
r io r  o f  the  eng ine  and i t s  subassembl ies .

S O L V E N T  T A N K  C L E A N I N G . A  t a n k  o f
suf f ic ient  s ize to accommodate the largest
p a r t  t h a t  w i l l  r e q u i r e  c l e a n i n g  ( u s u a l l y
t h e  c y l i n d e r  b l o c k )  s h o u l d  b e  p r o v i d e d
and p rov is ions  made fo r  hea t ing  the  c le -
an ing  so lu t ion  to  180-200°F  (82-90°C) .

F i l l  t he  tank  w i th  a  commerc ia l  heavy  du-
t y  s o l v e n t  w h i c h  i s  h e a t e d  t o  t h e  a b o v e
temperatures . L o w e r  l a r g e  p a r t s  d i r e c t -
l y  in to  the  tank  w i th  a  ho is t .  P lace  smal l
p a r t s i n  a  w i r e  m e s h  b a s k e t  a n d  l o w e r
t h e m  i n t o  t h e  t a n k . I m m e r s e  t h e  p a r t s
l o n g  e n o u g h  t o  l o o s e n  a l l  o f  t h e  g r e a s e
a n d  d i r t .

R I N S I N G  B A T H . P r o v i d e  a n o t h e r  t a n k
o f  s i m i l a r  s i z e  c o n t a i n i n g  h o t  w a t e r  f o r
r i n s i n g  t h e  p a r t s .

D R Y I N G . Par ts  may  be  d r ied  w i th  com-
p r e s s e d  a i r . T h e  h e a t  f r o m  t h e  h o t
t a n k s  w i l l  q u i t e  f r e q u e n t l y  c o m p l e t e  t h e
d r y i n g  o f  t h e  p a r t s  w i t h o u t  t h e  u s e  o f
compressed  a i r .

R U S T  P R E V E N T I V E .  I f  p a r t s  a r e  n o t  t o
b e  u s e d  i m m e d i a t e l y  a f t e r  c l e a n i n g ,  d i p
t h e m  i n  a  s u i t a b l e  r u s t  p r e v e n t i v e  c o m -
p o u n d . T h e  r u s t  p r e v e n t i v e  c o m p o u n d
s h o u l d  b e  r e m o v e d  b e f o r e  i n s t a l l i n g  t h e
par ts  in  an  eng ine .

Inspection

The purpose  o f  par ts  inspec t ion  i s  to  de-
t e r m i n e  w h i c h  p a r t s  c a n  b e  u s e d  a n d
w h i c h  m u s t  b e  r e p l a c e d . A l t h o u g h  t h e
e n g i n e overhau l spec i f i ca t ions g i ven
t h r o u g h o u t  t h e  t e x t  w i l l  a i d  i n  d e t e r m i n -
ing  wh ich  par ts  shou ld  be  rep laced ,  con-
s iderab le  judgment  mus t  be  exerc ised  by
the inspector .

T h e  g u i d i n g  f a c t o r s  i n  d e t e r m i n i n g  t h e
u s a b i l i t y  o f  w o r n  p a r t s ,  w h i c h  a r e  o t h -
erw ise  in  good cond i t ion ,  i s  the  c learance
between the  mat ing  par ts  and  the  ra te  o f
w e a r  o n  e a c h  o f  t h e  p a r t s . If it is de-
t e r m i n e d  t h a t  t h e  r a t e  o f  w e a r  w i l l
ma in ta in  the  c learances  w i th in  the  spec i -
f i e d  m a x i m u m  a l l o w a b l e  u n t i l  t h e  n e x t
o v e r h a u l  p e r i o d , t h e  r e i n s t a l l a t i o n  o f



u s e d  p a r t s  m a y  b e  j u s t i f i e d . R a t e  o f
w e a r  o f  a  p a r t  i s  d e t e r m i n e d  b y  d i v i d i n g
t h e  a m o u n t  t h e  p a r t  h a s  w o r n  b y  t h e
hours  i t  has  opera ted .

Many s e r v i c e replacement p a r t s  a r e
a v a i l a b l e  i n  v a r i o u s  u n d e r s i z e  a n d / o r  o v -
e r s i z e  a s  w e l l  a s  s t a n d a r d  s i z e s . A lso ,
s e r v i c e k i t s  f o r  r e c o n d i t i o n i n g  c e r t a i n
p a r t s  a n d  s e r v i c e  s e t s  w h i c h  i n c l u d e  a l l
o f  the  par ts  necessary  to  comp le te  a  par -
t i cu la r  job  a re  ava i lab le .

A  c o m p l e t e  d i s c u s s i o n  o f  t h e  p r o p e r
m e t h o d s  o f  p r e c i s i o n  m e a s u r i n g  a n d  i n -
s p e c t i o n  a r e  o u t s i d e  t h e  s c o p e  ‘ o f  t h i s
manual . H o w e v e r ,  e v e r y  s h o p  s h o u l d  b e
e q u i p p e d  w i t h  s t a n d a r d  g a u g e s ,  s u c h  a s
d ia l  bore  gauges ,  d ia l  ind ica to rs ,  and  in -
side and outside micrometers.

I n  a d d i t i o n  t o  m e a s u r i n g  t h e  u s e d  p a r t s
a f t e r  c l e a n i n g , the  par ts  shou ld  be  ca re -
f u l l y i n s p e c t e d  f o r  c r a c k s ,  s c o r i n g ,
ch ipp ing  and  o ther  de fec ts .

Assembly

F o l l o w i n g  c l e a n i n g  a n d  i n s p e c t i o n ,  t h e
eng ine s h o u l d  b e  a s s e m b l e d  u s i n g  n e w
par ts  as  de termined by  the  inspec t ion .

Use  o f  p roper  equ ipment  and  too ls  makes
t h e  j o b  p r o g r e s s  f a s t e r  a n d  p r o d u c e s
b e t t e r r e s u l t s . L i k e w i s e ,  a  s u i t a b l e
w o r k i n g  s p a c e  w i t h  p r o p e r  l i g h t i n g  m u s t
b e  p r o v i d e d . T h e  t i m e  a n d  m o n e y  i n -
v e s t e d  i n  p r o v i d i n g  t h e  p r o p e r  t o o l s ,
equ ipment  and  space  w i l l  be  repa id  many
t imes.

K e e p  t h e  w o r k i n g  s p a c e ,  t h e  e q u i p m e n t ,
t o o l s  a n d  e n g i n e  a s s e m b l i e s  a n d  p a r t s
c lean  a t  a l l  t imes . T h e  a r e a  w h e r e  a s -
s e m b l y  o p e r a t i o n s  t a k e  p l a c e  s h o u l d ,  i f
poss ib le ,  be  loca ted  away  f rom the  d isas-
s e m b l y  a n d  c l e a n i n g  o p e r a t i o n . A lso ,
a n y  m a c h i n i n g  o p e r a t i o n s  s h o u l d  b e  r e -
moved as far a s  p o s s i b l e  f r o m  t h e
assembly area.

P a r t i c u l a r  a t t e n t i o n  s h o u l d  b e  p a i d  t o
s to r ing  o f  par ts  and  subassembl ies ,  a f te r
remova l  and  c lean ing  and  p r io r  to  assem-
b l y , i n  s u c h  a  p l a c e  o r  m a n n e r  a s  t o
keep  them c lean . I f  t h e r e  i s  a n y  d o u b t
a s  t o  t h e  c l e a n l i n e s s  o f  s u c h  p a r t s ,  t h e y
should be recleaned.

W h e n  a s s e m b l i n g  a n  e n g i n e  o r  a n y  p a r t
the reo f ,  re fe r  to  the  tab le  o f  to rque  spe-

c i f i c a t i o n s  a t  t h e  e n d  o f  e a c h  s u b s e c t i o n
f o r  p r o p e r  b o l t ,  n u t  a n d  s t u d  t o r q u e s .

T o  e n s u r e  a  c l e a n  e n g i n e  a t  t i m e  o f  r e -
b u i l d ,  i t  i s  i m p o r t a n t  t h a t  a n y  p l u g ,  f i t -
t i n g  o r  f a s t e n e r  ( i n c l u d i n g  s t u d s) t h a t
i n t e r s e c t  w i t h  a  t h r o u g h  h o l e  a n d  c o m e s
i n  c o n t a c t  w i t h  o i l ,  f u e l  o r  c o o l a n t  m u s t
have a sealer appl ied to the threads.

A  n u m b e r  o f  u n i v e r s a l  s e a l e r s  a r e  c o m -
m e r c i a l l y  a v a i l a b l e . I t  i s  r e c o m m e n d e d
t h a t  L o c t i t e  J  2 6 5 5 8 - 9 2  p i p e  s e a l e r  w i t h
t e f l o n ,  o r  e q u i v a l e n t ,  b e  u s e d .

NOTE

C e r t a i n  p l u g s , f i t t i n g s  a n d  f a s t e n -
e r s  a l r e a d y  h a v e  a  s e a l e r  a p p l i e d
t o  t h e  t h r e a d s . T h i s  p r e - c o a t i n g
w i l l  n o t  b e  a f f e c t e d  w h e n  t h e  p i p e
s e a l e r  w i t h  t e f l o n  i s  a l s o  a p p l i e d .
T h e  s e a l e r  i n f o r m a t i o n  g i v e n  m u s t
n o t  b e  c o n f u s e d  w i t h  I n t e r n a t i o n a l
C o m p o u n d  N o .  2 ,  w h i c h  i s  a  l u b r i -
c a n t a p p l i e d  b e f o r e  t i g h t e n i n g
c e r t a i n  b o l t s . U s e  I n t e r n a t i o n a l
Compound No.  2  on ly  where  spec i f -
ical ly stated in the manual.

Work Safely

A  s e r v i c e m a n  c a n  b e  s e v e r e l y  i n j u r e d  i f
c a u g h t  i n  t h e  p u l l e y s ,  b e l t s  o r  f a n  o f  a n
e n g i n e  t h a t  i s  a c c i d e n t a l l y  s t a r t e d .  T o
a v o i d  s u c h  a  m i s f o r t u n e ,  t a k e  t h e s e  p r e -
caut ions b e f o r e  s t a r t i n g  t o  w o r k  o n  a n
eng ine :

D i s c o n n e c t  t h e  b a t t e r y  f r o m  t h e  s t a r t i n g
s y s t e m  b y  r e m o v i n g  o n e  o r  b o t h  o f  t h e
b a t t e r y  c a b l e s . W i t h  t h e  e l e c t r i c a l  c i r -
c u i t  d i s r u p t e d , a c c i d e n t a l  c o n t a c t  w i t h
t h e  s t a r t e r  b u t t o n  w i l l  n o t  p r o d u c e  a n
e n g i n e  s t a r t .

Make  sure  the  mechan ism prov ided  a t  the
g o v e r n o r f o r  s t o p p i n g  t h e  e n g i n e  i s  i n
t h e  s t o p  p o s i t i o n . T h i s  w i l l  m e a n  t h e
g o v e r n o r  i s  i n  t h e  n o  f u e l  p o s i t i o n .  T h e
p o s s i b i l i t y  o f  t h e  e n i n e  f i r i n g  b y  a c c i -
d e n t a l l y  t u r n i n g  t h e  a n  i s  m i n i m i z e d .

S o m e  S a f e t y  P r e c a u t i o n s  T o  O b s e r v e
When Working On The Engine

1 .  C o n s i d e r  t h e  h a z a r d s  o f  t h e  j o b  a n d
w e a r  p r o t e c t i v e  g e a r  s u c h  a s  s a f e t y
glasses, sa fe ty  shoes, h a r d  h a t ,  e t c .  t o
prov ide  adequate  p ro tec t ion .
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2.  When l i f t i ng  an  eng ine ,  make  sure  the
l i f t i n g  d e v i c e  i s  f a s t e n e d  s e c u r e l y .  B e
sure the i tem to be l i f ted does not exceed
t h e  c a p a c i t y  o f  t h e  l i f t i n g  d e v i c e .

3 .  A l w a y s  u s e  c a u t i o n  w h e n  u s i n g  p o w e r
too ls .

4 .  When us ing  compressed  a i r  to  c lean  a
component, s u c h  a s  f l u s h i n g  a  r a d i a t o r
o r  c lean ing  an  a i r  c leaner  e lement ,  use  a
sa fe  amount  o f  a i r . Recommendat ions re-
g a r d i n g  t h e  u s e  o f  a i r  a r e  i n d i c a t e d
t h r o u g h o u t  t h e  s e c t i o n . T o o  m u c h  a i r
can  rup tu re  o r  i n  some o ther  way  damage
a component and create a hazardous s i tu-
a t ion  tha t  can  lead  to  persona l  in ju ry .

5 .  A v o i d  t h e  u s e  o f  c a r b o n  t e t r a c h l b r i d e
as  a  c lean ing  agen t  because  o f  the  harm-
f u l  v a p o r s  t h a t  i t  r e l e a s e s .  U s e  p e r c h l o -
r e t h y l e n e  o r  t r i c h o r e t h y l e n e . However ,
w h i l e  l e s s  t o x i c  t h a n  o t h e r  c h o r i n a t e d
s o l v e n t s , use  these  c lean ing  agents  w i th
caut ion . B e  s u r e  t h e  w o r k  a r e a  i s  a d e -
q u a t e l y v e n t i l a t e d  a n d u s e  p r o t e c t i v e

g l o v e s , g o g g l e s  o r f a c e  s h i e l d ,  a n d
a p r o n .

E x e r c i s e  c a u t i o n  a g a i n s t  b u r n s  w h e n  u s -
i n g  o x a l i c  a c i d  t o  c l e a n  t h e  c o o l i n g  p a s -
sages of the engine.

6 .  U s e  c a u t i o n  w h e n  w e l d i n g  o n  o r  n e a r
t h e  f u e l  t a n k . Poss ib le  exp los ion  cou ld
r e s u l t  i f  h e a t  b u i l d - u p  i n s i d e  t h e  t a n k  i s
s u f f i c i e n t .

7 .  A v o i d  e x c e s s i v e  i n j e c t i o n  o f  e t h e r  i n t o
t h e  e n g i n e  d u r i n g  s t a r t  a t t e m p t s .  F o l l o w
t h e  i n s t r u c t i o n s  i n  t h e  o p e r a t o r  m a n u a l
on  the  use  o f  the  s ta r t ing  a id .

8 .  W h e n  w o r k i n g  o n  a n  e n g i n e  t h a t  i s
r u n n i n g , a c c i d e n t a l  c o n t a c t  w i t h  t h e  h o t
e x h a u s t mani fo ld can cause severe
b u r n s . R e m a i n  a l e r t  t o  t h e  l o c a t i o n  o f
t h e  r o t a t i n g  f a n ,  p u l l e y s  a n d  b e l t s .
Avo id  mak ing  con tac t  ac ross  the  two te r -
m i n a l s  o f  a  b a t t e r y  w h i c h  c a n  r e s u l t  i n
s e v e r e  a r c i n g .
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A i r  b o x  p r e s s u r e  ( i n c h e s  m e r c u r y ) - m i n .  a t  f u l l  l o a d
2 1 . 0At zero exhaust pressure.. . . . . . . . . . . . . . . .

A t  m a x .  f u l l  l o a d  e x h a u s t  p r e s s u r e
(clean ports). . . . . . . . . . . . . . . . . . . . . . . . . . . . .

A i r  i n l e t  r e s t r i c t i o n  ( i n c h e s  w a t e r ) - m a x
Ful l  load speed

19.5

3 0 . 0 3 7 . 0

27 .7 34 .7

Dirty air cleaner (dry). . . . . . . . . . . . . . . . . . .
Clean air cleaner (dry). . . . . . . . . . . . . . . . . . .

No load speed
Dirty air cleaner (dry). . . . . . . . . . . . . . . . . . .
Clean air cleaner (dry). . . . . . . . . . . . . . . . . . .

C r a n k c a s e  p r e s s u r e  ( i n c h e s  m e r c u r y ) - m a x . .  .
E x h a u s t  b a c k  p r e s s u r e  ( i n c h e s  m e r c u r y ) - m a x

Full load . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...

14 .5
8 . 7

8 . 7

5 . 2

2 . 0

2 0 . 0
12 .0

12 .0

0 . 9

3 . 0

2 0 . 0
12 .0

12.0
7 . 2
1 .2

3 . 0

FUEL SYSTEM
F u e l  p r e s s u r e  a t  i n l e t  m a n i f o l d  ( p s i ) - n o r m a l . .
Fuel  spi l l  (gpm) -min. a t  n o  l o a d  ( 0 . 0 8 0 ”  o r i f i c e )
P u m p  s u c t i o n  a t  i n l e t  ( i n c h e s  m e r c u r y ) - m a x

Clean system.. . . . . . . . . . . . . . . . . . . . . . . . . . . .
Dirty system. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

50-70
0 . 9

6 . 0
12 .0

50-70
0 . 9

6 .0
12 .0

50-70
0 . 9

6 . 0
12 .0

COOLING SYSTEM
Coolant  temperature (degrees F)-normal.  .  .  .  .  . 160-185 160-185 160-185

COMPRESSION
Compress ion  p ressure  (ps i  a t  sea  leve l )

A v e r a g e  - new engine at 600 RPM.. . . . . . . .
Minimum at 600 RPM.. . . . . . . . . . . . . . . . . . . . .

475
425

OPERATING SPECIF ICAT IONS

1800 RPM 2100 RPM 2300 RPM

L U B R I C A T I O N  S Y S T E M
L u b r i c a t i n g  o i l  p r e s s u r e  ( p s i )

N o r m a l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Min. for safe operation.. . . . . . . . . . . . . . . . . .

L u b r i c a t i n g  o i l  t e m p e r a t u r e 1  ( d e g r e e s  F )
N o r m a l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

A IR  SYSTEM

43-65 45-65 45-65
28 30 30

200-235 200-235 200-235

1 T h e  l u b r i c a t i n g  o i l  t e m p e r a t u r e  r a n g e  i s  b a s e d  o n  t h e
t e m p e r a t u r e  i n  t h e  o i l  p a n  a t  t h e  o i l  p u m p  i n l e t . When  measur ing
t h e  o i l  t e m p e r a t u r e  a t  t h e  c y l i n d e r  b l o c k  o i l  g a l l e y ,  i t  w i l l  b e
a p p r o x i m a t e l y  1 0 °  l o w e r  t h a n  t h e  o i l  p a n  t e m p e r a t u r e .

General Information 11A-7



T A B L E  O F  C O N T E N T S

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11B-1

L i s t  o f  I l l u s t r a t i o n s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

Subsec t ion  11B

11B-1
1 1 B - 1
1 1 B - 1
1 1 B - 1
11B-2
11B-6
11B-8

11B-10
11B-19
11B-20
11B-20
11B-20
11B-20
11B-21
11B-21
11B-22
11B-22
11B-24
11B-25
11B-27
11B-27
11B-28
11B-32
11B-32
11B-33
11B-37
11B-37
11B-38

Engine (Less  Major  Assembl ies) .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .
General
C y l i n d e r  B l o c k  .  .  .  .  .  .  .  .  .  . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .

D e s c r i p t i o n .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .
Remove and Disassemble Engine. .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .
C l e a n  C y l i n d e r  B l o c k .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .
P r e s s u r e  T e s t  C y l i n d e r  B l o c k .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .
I n s p e c t  C y l i n d e r  B l o c k .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .
A s s e m b l e  a n d  I n s t a l l  E n g i n e .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .

C y l i n d e r  B l o c k  E n d  P l a t e s .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .
Descr ip t ion .  .  .  .  .  . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .
I n s p e c t i o n .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .
I n s t a l l  E n d  P l a t e s  .  .  . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .

A i r  B o x  D r a i n s
D e s c r i p t i o n .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .

.  .  .  .  . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .

C y l i n d e r  H e a d  .  .  .  .  .  . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .
D e s c r i p t i o n .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .
C y l i n d e r  H e a d  M a i n t e n a n c e .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .
R e m o v e  C y l i n d e r  H e a d .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .
D isassemble  Cy l inder H e a d .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .
C l e a n  C y l i n d e r  H e a d .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .
I n s p e c t  C y l i n d e r  H e a d  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . .
A s s e m b l e  C y l i n d e r  H e a d .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .
P r e - I n s t a l l a t i o n  I n s p e c t i o n .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .
I n s t a l l  C y l i n d e r  H e a d .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .

V a l v e  a n d  I n j e c t o r  O p e r a t i n g .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .
Descr ip t ion .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . .
L u b r i c a t i o n .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .
S e r v i c e .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . .
Remove Rocker Arms and Shaft . . . . . . . . . . . . . . . . . .
I n s p e c t i o n .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .
R e m o v e  C a m  F o l l o w e r  a n d  P u s h  R o d  ( w i t h  C y l i n d e r  H e a d  o n  E n g i n e ) .  .  .  .
R e m o v e  C a m  F o l l o w e r  a n d  P u s h  R o d  ( C y l i n d e r  H e a d  R e m o v e d ) .  .  .  .
I n s p e c t i o n .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . .
Replace Cam Roller and Pin . . . . . . . . . . . . . . . . . . . .
Install Cam Follower and Push Rod . . . . . . . . . . . . . . . .
Install Rocker Arms and Shaft. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Exhaus t  Va l ves
D e s c r i p t i o n .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . .

. . . . . . . . . . . . . . . . . . . . . . . . . . .

Exhaust Valve Maintenance . . . . . . . . . . . . . . . . . . . . .
R e m o v e  E x h a u s t  V a l v e  S p r i n g  ( C y l i n d e r  H e a d  I n s t a l l e d ) .  .  .  .  .  .  .  .
R e m o v e  E x h a u s t  V a l v e s  a n d  V a l v e  S p r i n g s  ( C y l i n d e r  H e a d  R e m o v e d ) .  .  .
I n s p e c t i o n .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . .
Replace Exhaust Valve Guide . . . . . . . . . . . . . . . . . . . .
R e m o v e  E x h a u s t  V a l v e  B r i d g e  G u i d e

11B-52

I n s t a l l  E x h a u s t  V a l v e  B r i d g e  G u i d e
. . . . . . . . . . . . . . .

I n s p e c t  E x h a u s t  V a l v e  S e a t  I n s e r t
. . . . . . . . . . . .

R e m o v e  E x h a u s t  V a l v e  S e a t  I n s e r t
. . . . . . . . . . . . . . . .

I n s t a l l  E x h a u s t  V a l v e  S e a t  I n s e r t
. . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . .

Recondition Exhaust Valve and Valve Seat . . . . . . . . . . . . .
I n s t a l l  E x h a u s t  V a l v e s  a n d  S p r i n g s
E x h a u s t  V a l v e  B r i d g e  A d j u s t m e n t

. . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . .

11B-38
11B-39
11B-40
11B-40
11B-40
11B-41
11B-42
11B-44
11B-46
11B-48
11B-48
11B-48
11B-49
11B-50
11B-51

11B-52
11B-54
11B-55
11B-55
11B-56
11B-57
11B-59
11B-61

Contents 1



E n g i n e  L i f t e r  B r a c k e t s . . . . . . . . . . . . . . . . . . . . . . . . . .
Descr ip t ion
I n s t a l l  E n g i n e  L i f t e r  B r a c k e t s

. . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . .

V a l v e  R o c k e r  C o v e r . . . . . . . . . . . . . . . . . . . . . . . . . . .
Descr ip t ion . . . . . . . . . . . . . . . . . . . . . .
R e m o v e  a n d  I n s t a i l  V a l v e  R o c k e r  C o v e r . . . . . . . . . . . . . . . .

C r a n k s h a f t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
D e s c r i p t i o n
R e m o v e  C r a n k s h a f t

. . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . .

Inspection . .
C r a n k s h a f t  M e a s u r e m e n t s
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Assemble Camshaft and Balance Shaft .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .
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SUBSECTION 11B

ENGINE (LESS MAJOR ASSEMBLIES)

GENERAL

T h i s  s u b s e c t i o n  c o n t a i n s  r e p a i r  i n f o r m a -
t i o n  o n  t h e  b l o c k  i t e m s  s u c h  a s  c y l i n d e r
blocks, cylinder head, valves
c r a n k s h a f t ,  f l y w h e e l ,  p i s t o n s  r o d s ,
r i n g s ,  c a m s h a f t ,  e t c . .

CYLINDER BLOCK

Description

T h e  c y l i n d e r  b l o c k  ( F i g u r e  1 1 B - 1  a n d
F i g u r e  1 1 B - 2  o n  p a g e  1 1 B - 2 )  s e r v e s  a s
t h e  m a i n s t r u c t u r a l  p a r t  o f  e n g i n e .
T r a n s v e r s e  m e m b e r s ,  c a s t  i n t e g r a l l y ,
p r o v i d e  r i g i d i t y  a n d  s t r e n g t h  a n d  e n s u r e
a l i g n m e n t  o f  t h e  b l o c k  b o r e s  a n d  b e a r -
i n g s  u n d e r  l o a d .  T h e  t w o  e n d s  o f  t h e
b l o c k  a r e  s i m i l a r ,  s o  t h e  f l y w h e e l  h o u s -
i n g  a n d  g e a r  t r a i n  c a n  b e  a s s e m b l e d  t o
e i ther  end.

The block is bored to receive replaceable
c y l i n d e r  l i n e r s ,  W a t e r  j a c k e t s ,  w h i c h
e x t e n d  t h e  f u l l  l e n g t h  o f  t h e  b o r e s ,  a r e
d i v i d e d  i n t o  u p p e r  a n d  l o w e r  s e c t i o n s
w h i c h  a r e  c o n n e c t e d  b y  h o l l o w  s t r u t s
(see  F igure  11B-2  on  page  11B-2) .  Coo-
lan t  f rom the  pump en te rs  a t  the  bo t tom
t h r o u g h  h o l e s  w h i c h  r e g i s t e r  w i t h  c o r r e -
spond ing  open ings  in  the  cy l inder  head.

An a i r  box  (F igure  11B-2  on  page 11B-2)
s u r r o u n d i n g  t h e  w a t e r  j a c k e t s  c o n d u c t
t h e  a i r  f r o m  t h e  b l o w e r  t o  t h e  a i r  i n l e t
p o r t s  i n  t h e  c y l i n d e r  l i n e r s .  A i r  b o x
o p e n i n g s  ( F i g u r e  1 1 B - 3  o n  p a g e  1 1 B - 3 )
o n  t h e  s i d e  o f  t h e  b l o c k  o p p o s i t e  t o  t h e
b lower  p rov ide  access  to  the  a i r  box  and
permi t  inspec t ion  o f  the  p is tons  and  com-
pression rings through the air inlet
por ts  in  the  cy l inder  wa l l s .

The camshaft  and balance shaf t  bores are
loca ted  on  oppos i te  s ides  near  the  top  o f
the  b lock .

T h e  u p p e r  h a l v e s  o f  t h e  m a i n  b e a r i n g
suppor t  a re  cas t  in tegra l  w i th  the  b lock .
T h e  m a i n  b e a r i n g  b o r e s  a r e  l i n e - b o r e d
wi th  the  bear ing  caps  in  p lace  to  ensure
l o n g i t u d i n a l  a l i g n m e n t .  D r i l l e d  p a s s a g e s
i n  t h e  b l o c k  c a r r y  t h e  l u b r i c a t i n g  o i l  t o
a l l  m o v i n g  p a r t s  o f  t h e  e n g i n e ,  e l i m i n a t -
ing  the  need fo r  ex te rna l  p ip ing .

Figure 11B-1. Cylinder Block

T h e  p e r i m e t e r  o f  t h e  t o p  s u r f a c e  o f  t h e
c y l i n d e r  b l o c k  i s  g r o o v e d ,  o u t s i d e  o f  t h e
cam pockets, to accommodate a
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Figure 11B-2. Cutaway of Cyl inder Block Showing Air  and Water Passages

b l o c k - t o - h e a d  o i l  s e a l  r i n g .  T h e  t o p
sur face  o f  the  b lock  i s  a l so  coun te rbored
at each water or  o i l  passage to accommo-
date individual seal rings (see
Figure 11B-4 on page 11B-3).

t i p p e d  b a c k  w i t h  e i t h e r  e n d  o r  t h e  o i l
pan  s ide  up .

Remove and Disassemble Engine

E a c h  c y l i n d e r  l i n e r  i s  r e t a i n e d  i n  t h e
b l o c k  b y  a  f l a n g e  a t  i t s  u p p e r  e n d .  T h e
l i n e r  f l a n g e  r e s t s  o n  a  c a s t  i r o n  i n s e r t
l o c a t e d  i n  t h e  c o u n t e r b o r e  i n  t h e  b l o c k
b o r e .  A n  i n d i v i d u a l  c o m p r e s s i o n  g a s k e t
is used at each cyl inder.

B e f o r e  m o u n t i n g  a n  e n g i n e  o n  a n  o v e r -
h a u l  s t a n d ,  i t  m u s t  b e  r e m o v e d  f r o m  i t s
b a s e  a n d  d i s c o n n e c t e d  f r o m  t h e  t o r q u e
c o n v e r t e r .

1 .  Remove  the  a i r  c leaner  and  mount ing
b r a c k e t .

W h e n  t h e  c y l i n d e r  h e a d  i s  i n s t a l l e d ,  t h e
g a s k e t  a n d  s e a l  r i n g s  c o m p r e s s  s u f f i -
c i e n t l y  t o  f o r m  a  t i g h t  m e t a l - t o - m e t a l
contact  between the head and block.

2 .  Remove the  tu rbocharger .

3 .  D i s c o n n e c t  t h e  e x h a u s t  p i p i n g  a n d
remove the exhaust manifold.

N e w  s e r v i c e  r e p l a c e m e n t  c y l i n d e r  b l o c k
assembl ies include main bear ing caps and
bo l ts ,  dowe ls  and  the  necessary  p lugs .

4 .  D isconnec t  the  th ro t t le  con t ro ls .

S i n c e  t h e  c y l i n d e r  b l o c k  i s  t h e  m a i n
s t r u c t u r a l  p a r t  o f  t h e  e n g i n e ,  t h e  v a r i -
ous subassembl ies must be removed f rom
the  cy l inder  b lock  when an  eng ine  i s  ov -
e rhau led .

5 .  D i s c o n n e c t  a n d  r e m o v e  t h e  s t a r t i n g
m o t o r ,  b a t t e r y  c h a r g i n g  a l t e r n a t o r  a n d
other e lectr ical  equipment.

6 .  R e m o v e  t h e  r a d i a t o r  a n d  f a n  g u a r d
and other related cool ing system parts.

T h e  h y d r a u l i c a l l y  o p e r a t e d  o v e r h a u l
s t a n d  ( F i g u r e  1 1 B - 5  o n  p a g e  1 1 B - 3 ) ,
p r o v i d e s  a  c o n v e n i e n t  s u p p o r t  w h e n
s t r i p p i n g  a  c y l i n d e r  b l o c k .  T h e  e n g i n e
is mounted in an upright position. It
m a y  t h e n  b e  t i p p e d  o n  i t s  s i d e ,  r o t a t e d
in ei ther direct ion 90° or 180° where i t  is
l o c k e d  i n  p l a c e  a n d  t h e n ,  i f  d e s i r e d ,

7. Remove the air  box covers.

8 .  D i s c o n n e c t  a n y  o t h e r  l u b r i c a t i n g  o i l
l ines,  fuel  l ines or electr ical  connect ions.

9.  Remove the engine mount ing bol ts.

11B-2



Figure  11B-3.  A i r  Box Covers  and A i r
I n l e t  P o r t s

1 0 .  U s e  a  s p r e a d e r  b a r  w i t h  a  s u i t a b l e
s l ing  and adequate  cha in  ho is t  to  l i f t  the
e n g i n e  f r o m  i t s  b a s e  ( s e e  F i g u r e  1 1 B - 6
o n  p a g e  1 1 B - 4 ) .  T o  p r e v e n t  b e n d i n g  o f
t h e  e n g i n e  l i f t e r  b r a c k e t s  t h e  l i f t i n g  d e -
v i c e  s h o u l d  b e  a d j u s t e d  s o  t h e  l i f t i n g
h o o k s  a r e  v e r t i c a l .  T o  e n s u r e  p r o p e r
w e i g h t  d i s t r i b u t i o n ,  a l l  e n g i n e  l i f t e r
b r a c k e t s  s h o u l d  b e  u s e d  t o  l i f t  t h e  e n -
g i n e .

D o  n o t  l i f t  a n  e n g i n e  b y  t h e  w e b s
in  the  a i r  in le t  open ings  o f  the  cy l -
i nder  b lock .

Figure 11B-4. Seal ing Arrangement of
Cy l inder  B lock

Figure 11B-5. Engine Mounted on
Overhaul Stand

11 .  Loca te  the  cen te r  lug  o f  the  overhau l
s tand  adaptor  p la te  in  the  p roper  a i r  box
open ing  on  the  s ide  o f  the  b lock  oppos i te
t h e  b l o w e r .  T h e  c e n t e r  l u g  i s  l o c a t e d  i n
the  number  two  open ing .

The adapto r  p la te ,  used  w i th  the  hydrau-
l i c  e n g i n e  o v e r h a u l  s t a n d ,  m u s t  b e  a t -
t a c h e d  t o  t h e  m o u n t i n g  p l a t e  o n  t h e
o v e r h a u l  s t a n d  w i t h  s i x  s p a c e r s  a n d
b o l t s  ( s e e  F i g u r e  1 1 B - 5 ) .  L o n g  s p a c e r s
and bo l ts  a re  used  w i th  the  four  cy l inder
e n g i n e s .  T h e  s p a c e r s  p r o v i d e  t h e  n e c -
e s s a r y  c l e a r a n c e  f o r  t h e  f r o n t  b a l a n c e
w e i g h t  c o v e r  a n d  t h e  f l y w h e e l  h o u s i n g
when the  eng ine  is  t ipped on i ts  s ide  and
ro ta ted .

12 .  Loosen  the  locknu ts  on  the  two  ho ld -
i n g  l u g s  o n  t h e  a d a p t o r  p l a t e  a n d  l o w e r
t h e  e n g i n e  w h i l e  g u i d i n g  t h e  l u g s  i n t o
the a i r  box  open ings.

1 3 .  T u r n  t h e  h o l d i n g  l u g  c r o s s w i s e  i n
t h e  a i r  b o x  o p e n i n g s  a n d  t i g h t e n  t h e
l o c k n u t s ,  d r a w i n g  t h e  e n g i n e  t i g h t
aga ins t  the  adaptor  p la te .

14 .  To  be  sure  the  eng ine  does  no t  sh i f t
o n  o r  b r e a k  a w a y  f r o m  t h e  o v e r h a u l
s t a n d ,  i n s e r t  7 / 1 6 " - 1 4 x 2 "  b o l t ,  w i t h  a
p la in  washer  under  the  head  o f  the  bo l t ,
th rough  the  ho le  in  the  adap to r  p la te  and
in to  the  pad  on  the  cy l inder  b lock .
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B e  s u r e  t h e  e n g i n e  i s  s e c u r e l y
mounted to the overhaul stand be-
f o r e  r e l e a s i n g  t h e  l i f t i n g  s l i n g .
Severe injury to personnel and de-
st ruct ion of  engine  par ts  wi l l  re -
s u l t  i f  t h e  e n g i n e  b r e a k s  a w a y
from the overhaul stand.

Figure 11B-6. L i f t i n g  E n g i n e  w i t h
Spreader and Sl ing

1 5 .  W i t h  t h e  e n g i n e  m o u n t e d  o n  t h e  o v -
erhaul  stand, remove al l  of  the remaining
s u b a s s e m b l i e s  a n d  p a r t s  f r o m  t h e  c y l i n -
de r  b lock .

The  p rocedure  fo r  remov ing  each  subas-
semb ly  f rom the  cy l i nder  b lock ,  toge ther
w i t h  d i s a s s e m b l y ,  i n s p e c t i o n ,  r e p a i r  a n d
reassembly of  each, w i l l  b e  f o u n d  i n  t h e
var ious  subsect ions  o f  th is  sec t ion .

A f t e r  s t r i p p i n g ,  t h e  c y l i n d e r  b l o c k  m u s t
be thoroughly c leaned and inspected.

Clean Cylinder Block

Scrape al l  gasket  mater ia l  f rom the cyl in-
d e r  b l o c k .  T h e n  r e m o v e  a l l  o i l  g a l l e r y
p lugs  and  core  p lugs  (excep t  cap  p lugs )
t o  a l l o w  t h e  c l e a n i n g  s o l u t i o n  t o  c o n t a c t
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the  ins ide  o f  the  o i l  and  water  passages .
Th is  permi ts  more  e f f i c ien t  c lean ing  and
e l im ina tes  the  poss ib i l i t y  o f  the  c lean ing
solut ion at tacking the aluminum core hole
p lug  gaske ts .

I f  a  co re  ho le  p lug  i s  d i f f i cu l t  to  remove,
h o l d  a  3 / 4 ”  d r i f t  a g a i n s t  t h e  p l u g  a n d
give it a few sharp blows with a
o n e - p o u n d  h a m m e r .  W i t h  a  1 / 2 ”  f l e x i b l e
h a n d l e  a n d  a  s h o r t  e x t e n s i o n  p l a c e d  i n
t h e  c o u n t e r s u n k  h o l e  i n  t h e  p l u g ,  t u r n
t h e  p l u g  s l i g h t l y  i n  t h e  d i r e c t i o n  o f
t i g h t e n i n g . T h e n  t u r n  i n  t h e  o p p o s i t e
d i rec t ion  and  back  the  p lug  ou t .

Clean the cyl inder b lock as fo l lows:

1 .  R e m o v e  t h e  g r e a s e  b y  a g i t a t i n g  t h e
c y l i n d e r  b l o c k  i n  a  h o t  b a t h  o f  c o m m e r -
c i a l  h e a v y  d u t y  a l k a l i n e  s o l u t i o n  ( s e e
F i g u r e  1 1 B - 7 ) .

F igure  11B-7 .  C lean ing  Cy l inder
b lock

2. Wash the block in a hot  water or  steam
clean i t  to remove the alkal ine solut ion.

3 .  I f  t h e  w a t e r  j a c k e t s  a r e  h e a v i l y
scaled, proceed as fol Iows:

A.  Ag i ta te  the  b lock  in  a  ba th  o f  inh ib i t -
ed commercia l  p ick l ing acid.

B .  A l low the  b lock  to  rema in  in  the  ac id
b a t h  u n t i l  t h e  b u b b l i n g  a c t i o n  s t o p s
(approx imate ly  30  minu tes) .

C. Lift the block, drain it and
re- immerse i t  in the same acid solut ion
for 10 minutes.

D. Repeat Step C until all scale is re-
moved.



E.

F.

G.

R i n s e  t h e  b l o c k  i n  c l e a r  h o t  w a t e r  t o
remove the acid solut ion.

N e u t r a l i z e  t h e  a c i d  t h a t  m a y  c l i n g  t o
the  cas t ing  by  immers ing  the  b lock  in
an alkal ine bath.

W a s h  t h e  b l o c k  i n  c l e a n  w a t e r  o r
steam clean it.

F igure  11B-8 .  Sea l ing  P la te  Deta i l
fo r  Pressure  Tes t

4 .  D r y  t h e  c y l i n d e r  b l o c k  w i t h  c o m -
p r e s s e d  a i r .

Pressure Test Cylinder Block

E x t r e m e l y  t i g h t  f i t t i n g  c y l i n d e r  l i n e r s ,
s e v e r e  s c o r i n g  o f  t h e  l i n e r s  a n d  o v e r -
h e a t i n g  o f  t h e  e n g i n e  m a y  r e s u l t  i n
c r a c k s  i n  t h e  c y l i n d e r  b o r e s .  O v e r h e a t -
i n g  o f  t h e  e n g i n e  m a y  a l s o  r e s u l t  i n
c racks  be tween the  wate r  jacke ts  and  the
oi l  passages.

The  cy l inder  b lock  may  be  p ressure  tes t -
e d  f o r  c r a c k s  o r  l e a k s  b y  e i t h e r  o n e  o f
t w o  m e t h o d s .  I n  e i t h e r  m e t h o d ,  i t  w i l l
be necessary to make plates
(Figure 11B-8) to seal the water
o p e n i n g s  i n  t h e  t o p  o f  t h e  b l o c k .  M a i n
bear ing  caps  may  be  used  to  secure  the
p l a t e s  t o  t h e  b l o c k  w i t h  t h e  c y l i n d e r
h e a d  b o l t s  o r  s t u d s  a n d  n u t s .  C y l i n d e r
head sea l  r ings  may  be  used  as  gaske ts
be tween the  p la tes  and  the  b lock .  I t  w i l l
a lso be necessary to use water hole cover
p l a t e s  a n d  g a s k e t s  t o  c o v e r  t h e  w a t e r
p u m p  i n l e t  o p e n i n g s  i n  t h e  b l o c k .  D r i l l
a n d  t a p  o n e  c o v e r  p l a t e  t o  p r o v i d e  a
connection for an air line (see
F i g u r e  1 1 B - 9 ) .

W i t h  t h e  c y l i n d e r  b l o c k  p r e p a r e d  i n  t h e
a b o v e  m a n n e r ,  t h e  c o r e  h o l e  p l u g s  i n -
s t a l l e d  a n d  t h e  p l u g s  r e m o v e d  f r o m  t h e
oi l  passages, test  the block as fol lows:

M E T H O D  “ A ” .  T h i s  m e t h o d  m a y  b e  u s e d
when a  la rge  enough water  tank  i s  ava i l -
ab le  and  the  cy l inder  b lock  i s  comp le te ly
s t r ipped  o f  a l l  pa r ts .

1 .  Immerse  the  b lock  fo r  twen ty  m inu tes
i n  a  t a n k  o f  w a t e r  h e a t e d  t o  1 8 0 - 2 0 0 ° F
(82-93°C) .

5 .  Make cer ta in
o i l  ga l le r ies  and

tha t  a l l  wa te r  passages ,

been  thorough ly
a i r  box  dra in  ho les  have
cleaned.

NOTE

The above  c lean ing  p rocedure  may
b e  u s e d  o n  a l l  o r d i n a r y  c a s t  i r o n
a n d  s t e e l  p a r t s  o f  t h e  e n g i n e .
Ment ion wi l l  be made of  special  c le-
an ing  p rocedures  whenever  neces-
s a r y .

F igure  11B-9 .  Cy l inder  B lock
Prepared for  Pressure Test
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2.  App ly  40  ps i  (276  kPa)  a i r  p ressure  to
t h e  w a t e r  j a c k e t  a n d  o b s e r v e  t h e  w a t e r
i n  t h e  t a n k  f o r  b u b b l e s  w h i c h  i n d i c a t e
t h e  p r e s e n c e  o f  c r a c k s  o r  l e a k s  i n  t h e
b l o c k .  A  c r a c k e d  c y l i n d e r  b l o c k  m u s t  b e
replaced by a new block.

3 .  A f t e r  t h e  p r e s s u r e  t e s t  i s  c o m p l e t e d ,
r e m o v e  t h e  b l o c k  f r o m  t h e  w a t e r  t a n k .
Then  remove  the  p la tes  and  gaske ts  and
dry  the  b lock  w i th  compressed a i r .

M E T H O D  “ B ” .  T h i s  m e t h o d  m a y  b e  u s e d
w h e n  a  l a r g e  w a t e r  t a n k  i s  u n a v a i l a b l e ,
o r  w h e n  i t  i s  d e s i r e d  t o  c h e c k  t h e  b l o c k
f o r  c r a c k s  w i t h o u t  r e m o v i n g  t h e  e n g i n e
f r o m  t h e  e q u i p m e n t  w h i c h  i t  p o w e r s .
H o w e v e r ,  i t  i s  n e c e s s a r y  t o  r e m o v e  t h e
cy l inder  head, b lower ,  o i l  coo le r ,  a i r  box
covers and oi l  pan.

1 .  A t t a c h  s e a l i n g  p l a t e s  a n d  g a s k e t s  a s
i n  M e t h o d  “ A ” .  H o w e v e r ,  b e f o r e  a t t a c h -
i n g  t h e  l a s t  s e a l i n g  p l a t e ,  f i l l  t h e  w a t e r
j a c k e t  w i t h  a  m i x t u r e  o f  w a t e r  a n d  o n e
g a l l o n  o f  p e r m a n e n t  t y p e  a n t i f r e e z e .
The ant i f reeze wi l l  penetrate smal l  cracks
a n d  i t s  c o l o r  w i l l  a i d  i n  d e t e c t i n g  t h e i r
p resence .

D o  n o t  u s e  a  m e t h o x y  p r o p a n o l
base antifreeze as it is detrimental
to the water seals.

2.  Ins ta l l  the  rema in ing  sea l ing  p la te  and
t i g h t e n  i t  s e c u r e l y .

3 .  App ly  40  ps i  (276  kPa)  a i r  p ressure  to
t h e  w a t e r  j a c k e t  a n d  m a i n t a i n  t h i s  p r e s -
s u r e  f o r  a t  l e a s t  t w o  h o u r s  t o  g i v e  t h e
w a t e r  a n d  a n t i f r e e z e  m i x t u r e  a m p l e  t i m e
t o  w o r k  i t s  w a y  t h r o u g h  a n y  c r a c k s
which may ex is t .

4 .  A t  the  end o f  the  tes t  per iod ,  examine
the cylinder bores, air box, oil
passages, c r a n k c a s e  a n d  e x t e r i o r  o f  t h e
block for  presence of  the water and ant i -
f r e e z e  m i x t u r e  w h i c h  w i l l  i n d i c a t e  t h e
p r e s e n c e  o f  c r a c k s .  A  c r a c k e d  c y l i n d e r
block must  be replace by a new block.

Inspect Cylinder Block

A f t e r  c l e a n i n g  a n d  p r e s s u r e  t e s t i n g ,  i n -
spec t  the  cy l inder  b lock .
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S i n c e  m o s t  o f  t h e  e n g i n e  c o o l i n g  i s  a c -
c o m p l i s h e d  b y  h e a t  t r a n s f e r  t h r o u g h  t h e
c y l i n d e r  l i n e r s  t o  t h e  w a t e r  j a c k e t ,  a
g o o d  l i n e r - t o - b l o c k  c o n t a c t  m u s t  e x i s t
w h e n  t h e  e n g i n e  i s  o p e r a t i n g .  W h e n e v e r
t h e  c y l i n d e r  l i n e r s  a r e  r e m o v e d  f r o m  a n
eng ine , t h e  b l o c k  b o r e s  m u s t  b e  i n -
spected.

NOTE

B e f o r e  a t t e m p t i n g  t o  c h e c k  t h e
b l o c k  b o r e ,  h o n e  t h e m  t h r o u g h o u t
the i r  en t i re  leng th  un t i l  about  70%
o f  t h e  a r e a  a b o v e  t h e  p o r t s  h a s
been  “c leaned  up” .

1.  Hone the block bores as fo l lows:

Figure 11B-10. Honing Bore of
C y l i n d e r  b l o c k

A.  Use a  hone in  wh ich  the  cu t t ing  rad i -
us  o f  the  s tones  can be  se t  in  a  f i xed
p o s i t i o n  t o  r e m o v e  i r r e g u l a r i t i e s  i n
t h e  b o r e  r a t h e r  t h a n  f o l l o w i n g  t h e  i r -
r e g u l a r i t i e s  a s  w i t h  a  s p r i n g - l o a d e d
h o n e .  C l e a n  t h e  s t o n e s  f r e q u e n t l y
w i t h  a  w i r e  b r u s h  t o  p r e v e n t  s t o n e
load ing .  Fo l low the  hone  manu fac tu r -
e r ’ s  i n s t r u c t i o n s  r e g a r d i n g  t h e  u s e  o f



o i l  o r  ke rosene on  the  s tones .  Do  no t
u s e  s u c h  c u t t i n g  a g e n t s  w i t h  a  d r y
h o n e .  I n  a  c a s t  i r o n  c y l i n d e r  b l o c k ,
use 120 grit stones J 5902-14.

B. Insert the hone in the bore
( F i g u r e  1 1 B - 1 0  o n  p a g e  1 1 B - 6 )  a n d
a d j u s t  t h e  s t o n e s  s n u g l y  t o  t h e  n a r -
r o w e s t  s e c t i o n .  W h e n  c o r r e c t l y  a d -
jus ted ,  the  hone w i l l  no t  shake  in  the
b o r e , b u t  w i l l  d r a g  f r e e l y  u p  a n d
down when the  hone is  no t  runn ing .

C. S ta r t  the  hone  and  “ fee l  ou t ”  the  bore
fo r  h igh  spo ts  wh ich  w i l l  cause  an  in -
c reased drag  on  the  s tones .  Move the
hone up  and  down the  bore  w i th  shor t
o v e r l a p p i n g  s t r o k e s  a b o u t  1 ”  l o n g .
C o n c e n t r a t e  o n  t h e  h i g h  s p o t s  i n  t h e
f i r s t  c u t .  A s  t h e s e  a r e  r e m o v e d ,  t h e
d r a g  o n  t h e  h o n e  w i l l  b e c o m e  l i g h t e r
and  smoother .  Do  no t  hone  as  long  a t
t h e  a i r  i n l e t  p o r t  a r e a  a s  i n  t h e  r e s t
o f  t h e  b o r e  b e c a u s e  t h i s  a r e a ,  a s  a
r u l e ,  c u t s  a w a y  m o r e  r a p i d l y .  F e e d
l igh t ly  to  avo id  an excess ive  increase
i n  t h e  b o r e  d i a m e t e r .  S o m e  s t o n e s
cut  rap id ly  even under  low tens ion .

D.  When the  bore  i s  fa i r l y  c lean ,  remove
the hone, inspect the stones and mea-
sure  the  bore .  Dete rmine  wh ich  spo ts
must  be  honed most .  Mov ing  the  hone
from the top to the bot tom of  the bore
w i l l  n o t  c o r r e c t  a n  o u t - o f - r o u n d  c o n -
d i t i o n .  T o  r e m a i n  i n  o n e  s p o t  t o o
long wi l l  cause the bore to become i r -
r e g u l a r .  W h e r e  a n d  h o w  m u c h  t o
h o n e  c a n  b e  j u d g e d  b y  f e e l .  A  h e a v y
c u t  i n  a  d i s t o r t e d  b o r e  p r o d u c e s  a
s teady  d rag  on  the  hone and  makes  i t
d i f f i c u l t  t o  f e e l  t h e  h i g h  s p o t s .
T h e r e f o r e ,  u s e  a  l i g h t  c u t  w i t h  f r e -
quen t  s tone  ad jus tments .

E .  W a s h  t h e  c y l i n d e r  b l o c k  t h o r o u g h l y
a f t e r  t h e  h o n i n g  o p e r a t i o n  i s  c o m -
p le ted .

2 .  T h e  c y l i n d e r  l i n e r  i s  a l t e r n a t e l y  e x -
p a n d i n g  a n d  c o n t r a c t i n g ,  d u r i n g  e n g i n e
opera t ion ,  due  to  tempera tu re  var ia t ions .
T h i s  m a y  r e s u l t  i n  i r r e g u l a r i t i e s  i n  t h e
b l o c k  b o r e s  ( o u t - o f - r o u n d  a n d  t a p e r ) ,
the  e f fec ts  o f  wh ich  w i l l  be  seen as  h igh
pressure areas on the outside diameter of
t h e  c y l i n d e r  l i n e r  ( F i g u r e  1 1 B - 1 1 ) .  A
s l igh t  inc rease  in  b lock  bore  s ize  i s  nor -
mal with long periods of engine
opera t ion .

Figure 11B-11. High Pressure Areas
on Cy l inder  L iners

A.  V isua l l y  check  the  con tac t  a rea  as  re -
v e a l e d  b y  t h e  h o n e d  s u r f a c e . T h e
m u s t  n o t  b e  a n y  l o w  s p o t s  w h i c h  a r e
large than a hal f  dol lar .

Figure 11B-12. Checking Bore of
Cy l inder  B lock
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B .  M e a s u r e  t h e  e n t i r e  b o r e  o f  e a c h  c y l -
i n d e r  w i t h  b o r e  g a u g e  J  5 3 4 7 - 0 1
( F i g u r e  1 1 B - 1 2 )  w h i c h  h a s  a  d i a l  i n -
d i c a t o r  c a l i b r a t e d  i n  0 . 0 0 0 1 "  i n c r e -
m e n t s .  T h e  s t a n d a r d  b l o c k  b o r e  i s
4.6260" to 4.16275". Place the bore
g u a g e  i n  t h e  m a s t e r  r i n g  g a u g e  J
8386-01  wh ich  has  an  I .D .  o f  4 .6270"
a n d  s e t  t h e  d i a l  t o  z e r o .  T a k e  m e a s -
u r e m e n t s  o n  t h e  c l e a n e d - u p  s u r f a c e
o n l y  a t  p o s i t i o n s  A ,  B ,  C ,  E  a n d  F  i n
the bore on axes 45° apart
( F i g u r e  1 1 B - 1 .  R e a d  t h e  m e a s u r e -
m e n t s  f r o m  t h e  z e r o  m a r k  o n  t h e
gauge. The  read ing  may  be  recorded
on a form simi lar  to the one i l lustrated
in  F igure  11B-14.

3 .  T h e  l i n e r - t o - b l o c k  c l e a r a n c e  w i t h  n e w
p a r t s  i s  z e r o  t o  0 . 0 0 1 5 " .  W i t h  u s e d
parts,  the maximum clearance is 0.0025".
A f t e r  m e a s u r i n g  t h e  b l o c k  b o r e s ,  m e a s -
u r e  t h e  o u t s i d e  d i a m e t e r  o f  t h e  c y l i n d e r
liners. Then determine the
b l o c k - t o - l i n e r  c l e a r a n c e  a n d  w h e t h e r  i t
w i l l  b e  n e c e s s a r y  t o  b o r e  t h e  b l o c k  f o r
o v e r s i z e  c y l i n d e r  l i n e r s .

Figure 11B-13. Cyl inder Bore
Measurement Diagram

NOTE

Dial  bore gauge sett ing master tool
J 23059-01 may be used in p lace of
the  mas te r  r ing  gauge .

4 .
as follows:

A

I f  n e c e s s a r y ,  b o r e  t h e  c y l i n d e r  b l o c k

Each bore in a used block must not  be
o u t - o f - r o u n d  o r  t a p e r e d  m o r e  t h a n
0 . 0 0 2 " .  I f  t h e  a v e r a g e  b l o c k  b o r e  i s
o v e r  4 . 6 2 8 5 " ,  t h e  b l o c k  s h o u l d  b e
b o r e d  o v e r s i z e  ( r e f e r  t o  T a b l e  1 1 B - 1
on page 11B-9).

B .

C.

D.

E.

5.

A  typ ica l  commerc ia l l y  ava i lab le  por t -
a b l e  b o r i n g  b a r  i s  i l l u s t r a t e d  i n
F i g u r e  1 1 B - 1 5  o n  p a g e  1 1 B - 9 .  I n -
s t r u c t i o n s  o n  t h e  c o r r e c t  u s e  o f  t h e
b o r i n g  b a r  a r e  p r o v i d e d  b y  t h e  m a n -
u f a c t u r e r .

A f te r  bor ing  the  b lock  fo r  an  overs ize
c y l i n d e r  l i n e r ,  c h e c k  t h e  b o r e  f i n i s h
t o  b e  s u r e  i t  i s  s m o o t h  ( 1 2 0  R M S ) .
H e a t  t r a n s f e r  f r o m  t h e  c y l i n d e r  l i n e r
to  the  b lock  w i l l  be  adverse ly  a f fec ted
i f  the block bore is not smooth.

W a s h  t h e  b l o c k  t h o r o u g h l y  a f t e r  t h e
bor ing  opera t ion ,

When an  overs ize  l ine r  i s  used ,  s tamp
t h e  s i z e  o f  t h e  l i n e r  o n  t h e  t o p  d e c k
o f  t h e  b l o c k  a d j a c e n t  t o  t h e  l i n e r
c o u n t e r b o r e .  A n  o v e r s i z e  l i n e r  i n s e r t
m u s t  b e  i n s t a l l e d  w h e n e v e r  a n  o v e r -
size l iner is used.

C h e c k  t h e  t o p  o f  t h e  b l o c k  f o r  f l a t -
ness  w i th  an  accura te  s t ra igh t  edge and
a  f e e l e r  g a u g e  ( s e e  F i g u r e  1 1 B - 1 6  o n
page  11B-9) .

Figure 11B-14. Block Bore
Measurement Form

A. The top surface of  the block must not
v a r y  m o r e  t h a n  0 . 0 0 3 "  t r a n s v e r s e l y
a n d  n o t  o v e r  0 . 0 0 7 "  l o n g i t u d i n a l l y .  I t
w i l l  b e  d i f f i c u l t  t o  p r e v e n t  w a t e r ,  o i l
and  compress ion  leaks  i f  the  top  sur -
f a c e  o f  t h e  b l o c k  e x c e e d s  t h e s e
tolerances.
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Table 11B-1.  Cyl inder Bore Clearances

F igure  118-15 .  Bor ing  Cy l inder  B lock
with Portable Boring Bar

Figure 11B-16. Checking Top Face of
Cy l inder  B lock

6 .  I f  i t  i s  n e c e s s a r y  t o  m a c h i n e  t h e  t o p
sur face  o f  the  b lock  to  co r rec t  fo r  the
above  cond i t ions ,  do  no t  remove-more
t h a n  0 . 0 0 8 "  o f  m e t a l .  S t a m p  t h e
amoun t  o f  s tock  removed  on  the  face
o f  t h e  b l o c k .  T h e  d i s t a n c e  f r o m  t h e
cen te r l i ne  o f  the  c ranksha f t  to  the  top
o f  t h e  b l o c k  m u s t  n o t  b e  l e s s  t h a n
16.176" (see Figure 11B-17 on page
11B-10) .
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Figure  11B-17 .  Cente r l i ne  o f Figure 11B-18. Checking Cyl inder
Cranksha f t  t o  Top  o f  B lock Liner Counterbore with J 22273

7 .  Check  the  ma in  bear ing  bores  as  fo l -
lows:

C.  I f  s tock  i s  removed f rom the  top  sur -
face  o f  the  b lock ,  check  the  dep th  o f
t h e  s e a l  r i n g  g r o o v e s  a n d  c o u n t e r -
bores . T h e  c y l i n d e r  h e a d  s e a l  s t r i p
grooves mus t  be  0 .092" -0 .107"  deep .
T h e  l a r g e  w a t e r  h o l e  c o u n t e r b o r e s
( b e t w e e n  t h e  c y l i n d e r s )  m u s t  b e
0 . 1 0 9 " - 0 . 1 2 0 "  d e e p  a n d  t h e  c o m b i n a -
t i o n  w a t e r  a n d  o i l  h o l e  c o u n t e r b o r e s
and small water holes must be
0.087"-0.098" deep. If necessary,
d e e p e n  t h e  g r o o v e s  o r  c o u n t e r b o r e s
t o  t h e  s p e c i f i e d  l i m i t s  t o  r e t a i n  t h e
p r o p e r  “ c r u s h ”  o n  t h e  s e a l  r i n g s .  I t
i s  no t  necessary  to  deepen the  coun-
t e r b o r e s  o f  t h e  c y l i n d e r  l i n e r s  s i n c e
0 .004”  and  0 .008”  unders ize  th ickness
inser ts  a re  ava i lab le  fo r  ad jus t ing  the
l iner  pos i t ion .

6 .  M a k e  s u r e  t h e  c y l i n d e r  l i n e r  c o u n t e r -
bo res  in  the  b lock  a re  c lean  and  f ree  o f
dirt. Then check the depth
( F i g u r e  1 1 B - 1 8 ) .  T h e  d e p t h  m u s t  b e
0 . 4 7 7 0 "  t o  0 . 4 7 9 5 "  a n d  m u s t  n o t  v a r y
m o r e  t h a n  0 . 0 0 1 5 "  t h r o u g h o u t  t h e  e n t i r e
c i r c u m f e r e n c e .  T h e  c o u n t e r b o r e  s u r -
f a c e s  m u s t  b e  s m o o t h  a n d  s q u a r e  w i t h
t h e  c y l i n d e r  b o r e  w i t h i n  0 . 0 0 1 "  t o t a l  i n -
d i c a t o r  r e a d i n g .  T h e r e  m u s t  n o t  b e  o v e r
0 . 0 0 1 ”  d i f f e r e n c e  b e t w e e n  a n y  t w o  a d j a -
c e n t  c y l i n d e r  c o u n t e r b o r e s  w h e n
measured  a long  the  cy l inder  long i tud ina l
cen te r l i ne  o f  the  cy l inder  b lock .

A .  C h e c k  t h e  b o r e  d i a m e t e r s  w i t h  t h e
m a i n  b e a r i n g  c a p s  i n  t h e i r  o r i g i n a l
p o s i t i o n s .  A p p l y  a  s m a l l  q u a n t i t y  o f
I n t e r n a t i o n a l  C o m p o u n d  N o .  2 ,  o r
e q u i v a l e n t ,  t o  t h e  t h r e a d s  o n  t h e
b o l t s  o r  s t u d s  a n d  n u t s  a n d  t o  t h e
b o l t  h e a d  ( o r  n u t )  c o n t a c t  a r e a .
T h e n  i n s t a l l  a n d  t i g h t e n  t h e  b o l t s  t o
165-175  lb - f t  (224 -238  Nm)  to rque  o r
s t u d  n u t s  t o  1 4 0 - 1 5 5  l b - f t  ( 1 9 0 - 2 1 1
N m )  t o r q u e .  T h e  s p e c i f i e d  b o r e  d i -
a m e t e r  i s  3 . 8 1 2 "  t o  3 . 8 1 3 " .  I f  t h e
b o r e s  d o  n o t  f a l l  w i t h i n  t h e s e  l i m i t s ,
the  cy l i nder  b lock  mus t  be  re jec ted .

Main bear ing cap bol ts  are  espe-
c i a l l y  d e s i g n e d  f o r  t h i s  p u r p o s e
and must  not  be  replace  by  ord i -
nary bolts.

NOTE

Bear ing caps are numbered to cor-
respond wi th  the i r  respect ive  pos i -
t i o n s  i n  t h e  c y l i n d e r  b l o c k .  I t  i s
i m p e r a t i v e  t h a t  t h e  b e a r i n g  c a p s
are  re ins ta l led  in  the i r  o r ig ina l  po-
s i t i o n s  t o  m a i n t a i n  t h e  m a i n  b e a r -
i n g  b o r e  a l i g n m e n t .  T h e  n u m b e r
o f  t h e  f r o n t  m a i n  b e a r i n g  c a p  i s
stamped on the face of  the oi l  pan
m o u n t i n g  f l a n g e  o f  t h e  c y l i n d e r
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b lock , a d j a c e n t  t o  i t s  p e r m a n e n t
l o c a t i o n  i n  t h e  e n g i n e  a s  e s t a b -
l i s h e d  a t  t h e  t i m e  o f  m a n u f a c t u r e .
T h e  N o .  1  m a i n  b e a r i n g  c a p  i s  a l -
w a y s  l o c a t e d  a t  t h e  e n d  o p p o s i t e
t h e  f l y w h e e l  e n d  o f  t h e  c y l i n d e r
block. As originally
m a n u f a c t u r e d ,  t h e  m a i n  b e a r i n g
caps a r e  i n s t a l l e d  w i t h  t h e  n u m -
b e r e d  s i d e  f a c i n g  t h e  b l o w e r  s i d e
o f  t h e  e n g i n e .  M a c h i n i n g  o f  t h e
c y l i n d e r  b l o c k  a n d  m a i n  b e a r i n g
c a p s  i s  s u c h  t h a t  t h e  m a t i n g  p a r t s
a re “ o f f s e t ”  t o  p r e v e n t  i n s t a l l a t i o n
o f  the  bear ing  caps  180°  f rom the i r
c o r r e c t  p o s i t i o n .  H o w e v e r ,  i f  a n
e n g i n e  h a s  b e e n  c o n v e r t e d  f o r  a
n e w  a p p l i c a t i o n  a n d  t h e  c y l i n d e r
a n d  b e a r i n g  n u m b e r i n g  s e q u e n c e
h a s  b e e n  r e v e r s e d ,  t h e  b e a r i n g
caps  mus t  be  re ins ta l led  in  the  o r -
i g i n a l  p o s i t i o n s  r e g a r d l e s s  i f  t h e
b l o c k  a n d  b e a r i n g  c a p s  h a v e  o r
have  no t  been  renumbered .

6 .  F i n i s h e d  a n d  u n f i n i s h e d  m a i n  b e a r i n g
c a p s  a r e  a v a i l a b l e  f o r  r e p l a c i n g  b r o -
k e n  o r  d a m a g e d  c a p s .  W h e n  f i t t i n g  a
f i n i s h e d  r e p l a c e m e n t  b e a r i n g  c a p ,  i t
m a y  b e  n e c e s s a r y  t o  t r y  s e v e r a l  c a p s
b e f o r e  o n e  w i l l  b e  f o u n d  t o  p r o v i d e
t h e  c o r r e c t  b o r e  d i a m e t e r  a n d  b o r e
a l i g n m e n t .  I f  a  r e p l a c e m e n t  b e a r i n g
cap  i s  ins ta l led ,  be  sure  to  s tamp the
c o r r e c t  b e a r i n g  p o s i t i o n  n u m b e r  o n
the  cap .

NOTE

U s e  t h e  u n f i n i s h e d  b e a r i n g  c a p s
f o r  t h e  f r o n t  a n d  i m m e d i a t e  b e a r -
i n g  p o s i t i o n s .  T h e  f i n i s h e d  b e a r -
ing caps, machined for the
c r a n k s h a f t  t h r u s t  w a s h e r s ,  a r e  t o
b e  u s e d  i n  t h e  r e a r  b e a r i n g  p o s i -
t i o n .

C .  M a i n  b e a r i n g b o r e s  a r e  l i n e - b o r e d
w i t h  t h e  b e a r i n g  c a p s  i n  p l a c e  a n d
t h u s  a r e  i n  l o n g i t u d i n a l  a l i g n m e n t .
B e a r i n g  b o r e s m a y  b e  c o n s i d e r e d
p r o p e r l y  a l i g n e d  w i t h  o n e  a n o t h e r  i f
t h e  c r a n k s h a f t  c a n  b e  r o t a t e d  f r e e l y
by  hand a f te r  new bear ing  she l l s  have
b e e n  i n s t a l l e d  a n d  l u b r i c a t e d  a n d  t h e
b e a r i n g  c a p s  t i g h t e n e d .  I f  a  m a i n
b e a r i n g  b o r e  i s  m o r e  t h a n  0 . 0 0 1 "  o u t
o f a l i g n m e n t ,  t h e  b l o c k  m u s t  b e
l i n e - b o r e d  o r  s c r a p p e d .  M i s a l i g n m e n t
m a y  b e  c a u s e d  b y  a  b r o k e n  c r a n k -

shaft ,  damage. excessive heat or other
damage.

D .  I f  t h e  m a i n  b e a r i n g  b o r e s  a r e  n o t  i n
a l i gnment  when  a  rep lacement  bear ing
cap is used, the block must be
l i n e - b o r e d .  I n s t a l l  t h e  b e a r i n g  c a p s
i n  t h e i r  o r i g i n a l  p o s i t i o n s  a n d  t i g h t e n
t h e  b o l t s  t o  1 6 5 - 1 7 5  l b - f t  ( 2 2 4 - 2 3 8
N m )  t o r q u e .  L i n e  b o r e  t h e  b l o c k ,  b u t
d o  n o t  r e m o v e  m o r e  t h e n  0 . 0 0 1 "
s t o c k .  A f t e r  b o r i n g ,  a l l  b o r e s  m u s t
be  w i th in  the  spec i f ied  l im i ts  o f  3 .812"
to  3 .813" .

8 .  R e f e r  t o  t h e  C y l i n d e r  B l o c k  P l u g g i n g
C h a r t s  a t  t h e  e n d  o f  t h i s  s u b s e c t i o n  a n d
ins ta l l  the  necessary  p lugs  and  dowe ls .

9 .  Rep lace  loose  o r  damaged  dowe l  p ins .
T h e  d o w e l s  a t  t h e  e n d s  o f  t h e  c y l i n d e r
b l o c k  m u s t  e x t e n d  0 . 6 2 5 "  f r o m  t h e  f a c e
o f  the  b lock .

T h e  d o w e l s  u s e d  t o  r e t a i n  t h e  c r a n k
s h a f t  t h r u s t  w a s h e r s  o n  t h e  r e a r  m a i n
bear ing  cap  must  ex tend  0 .110"  to  0 .120"
f rom the  su r face  o f  the  bear ing  cap .

NOTE

A s tepped dowel  p in  i s  ava i lab le  to
rep lace  loose  p ins  in  the  rear  ma in
b e a r i n g  c a p .  B e f o r e  i n s t a l l i n g  t h e
s t e p p e d  p i n s ,  r e b o r e  t h e  d o w e l
holes in the bearing cap with a No.
1 1  ( 0 . 1 9 1 0 " )  o r  N o .  1 2  ( 0 . 1 8 9 0 " )
d r i l l .  A f t e r  p r e s s i n g  t h e  p i n s  i n t o
t h e  b e a r i n g  c a p ,  r e m o v e  a l l  b u r r s
f rom the  base  o f  the  dowe l  p ins  to
e n s u r e  p r o p e r  s e a l i n g  o f  t h e
t h r u s t  w a s h e r s .

1 0 .  R e p l a c e  m a i n  b e a r i n g  c a p  s t u d s ,  i f
u s e d ,  w h i c h  a r e  d a m a g e d  o r  b r o k e n .  I n -
s t a l l  n e w  s t u d s  t o  a  h e i g h t  o f  4 ” ± 1 / 3 2 ”
above  the  upper  bear ing  sea t  a t  a  to rque
of  35-75 lb- f t  or  47-102 Nm.

1 1 .  R e p l a c e  d a m a g e d  o r  b r o k e n  c y l i n d e r
h e a d  s t u d s .  I n s t a l l  a n d  d r i v e  a  n e w
stud  to  a  he igh t  o f  4 -3 /8 "±1 /32"  a t  a  m in -
imum torque of  75 lb- f t  or  102 Nm.

12 .  Examine  the  tapped bo l t  ho les  fo r  the
c y l i n d e r  h e a d  o r  m a i n  b e a r i n g  c a p  b o l t s
a n d , i f  t he  th reads  a re  damaged ,  “ c lean
up” the threads or install a helical
thread insert. The tapped holes maybe
t a p p e d  w i t h  a  5 / 8 " - 1 1  U N C 3 B  t a p .  A l l
c y l i n d e r  h e a d  b o l t  o r  s t u d  h o l e s  m u s t

E n g i n e  ( L e s s  M a j o r  A s s e m b l i e s )  1 1 B - 1 1



h a v e  t h e  t h r e a d s  e x t e n d i n g  1 . 8 4 "  b e l o w
the  b lock  su r face .

NOTE

T h e  c u r r e n t  s e r v i c e  r e p l a c e m e n t
c y l i n d e r  b l o c k s  u s e  a  s p e c i a l  c y l -
inder  head bo l t  in  a l l  pos i t ions .

13 .  Check  the  d r ive  p ins  (wh ich  p lug  the
v e r t i c a l  o i l  g a l l e r i e s )  i n  t h e  c o r n e r s  o f
t h e  b l o c k  t o  b e  s u r e  t h e y  a r e  f l u s h  w i t h
o r  be low the  top  su r face  o f  the  b lock .

1 4 .  C h e c k  t h e  r e m a i n i n g  c y l i n d e r  b l o c k
s u r f a c e s  a n d  t h r e a d e d  h o l e s .  C h e c k  a l l
o f  t h e  m a t i n g  s u r f a c e s ,  o r  m o u n t i n g
p a d s ,  f o r  f l a t n e s s ,  n i c k s  a n d  b u r r s .
T h e  f l a t n e s s  o f  t h e  b l o w e r  m o u n t i n g  p a d
m u s t  n o t  v a r y  m o r e  t h a n  0 . 0 0 4 " .  C l e a n
up damaged th reads  in  tapped ho les  w i th
a  t a p  o r  i n s t a l l  h e l i c a l  t h r e a d  i n s e r t s ,  i f
necessary .

1 5 .  A f t e r  i n s p e c t i o n ,  i f  t h e  c y l i n d e r
b l o c k  i s  n o t  t o  b e  u s e d  i m m e d i a t e l y ,
spray  the  mach ined  sur faces  w i th  eng ine
o i l .  I f  t h e  b l o c k  i s  t o  b e  s t o r e d  f o r  a n
e x t e n d e d  p e r i o d  o f  t i m e ,  s p r a y  o r  d i p  i t
i n  a  p o l a r  t y p e  r u s t  p r e v e n t i v e  s u c h  a s
V a l v o l i n e  O i l  C o m p a n y ’ s  “ T e c t y l  5 0 2 - C ” ,
o r  equ iva len t .  Cas t ings  f ree  o f  g rease  o r
o i l  w i l l  r u s t  w h e n  e x p o s e d  t o  t h e  a t m o s -
p h e r e .

Assemble and Install  Engine

A f t e r  t h e  c y l i n d e r  b l o c k  h a s  b e e n  c l e -
aned  and  inspec ted ,  assemble  the  eng ine
as fol lows:

NOTE

Before  a  recond i t ioned  o r  new ser -
v i c e  r e p l a c e m e n t  c y l i n d e r  b l o c k  i s
used, s team c lean  i t  to  remove  the
r u s t  p r e v e n t i v e  a n d  b l o w  o u t  t h e
oi l  gal ler ies with compressed air .

1 .  M o u n t  t h e  c y l i n d e r  b l o c k  o n  t h e  o v e r -
hau l  s tand .

2 .  I f  a  n e w  s e r v i c e  r e p l a c e m e n t  b l o c k  i s
u s e d ,  s t a m p  t h e  e n g i n e  s e r i a l  n u m b e r
and  mode l  number  on  the  pad  loca ted  in
t h e  u p p e r  r i g h t  h a n d  c o r n e r  o n  t h e
b lower  s ide  o f  the  b lock .  A lso  s tamp the
p o s i t i o n  n u m b e r s  o n  t h e  m a i n  b e a r i n g
caps  (F igure  11B-19)  and  the  pos i t ion  o f
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t h e  N o .  1  b e a r i n g  o n  t h e  o i l  p a n  m o u n t -
ing  f l ange  o f  the  b lock .

F igure  11B-19 .  Cy l inder  B lock
Markings

3 .  I n s t a l l  a l l  o f  t h e  r e q u i r e d  c y l i n d e r
b lock  p lugs  and  d ra in  cocks .  Use  a  good
g r a d e  o f  n o n - h a r d e n i n g  s e a l a n t  o n  t h e
t h r e a d s  o f  t h e  p l u g s  a n d  d r a i n  c o c k s .
I n s t a l l  t h e  p l u g s  f l u s h  w i t h  o r  b e l o w  t h e
sur face  o f  the  b lock .

4 .  C lean  and  inspec t  a l l  eng ine  par ts  and
s u b a s s e m b l i e s  a n d  u s i n g  n e w  p a r t s  a s
r e q u i r e d ,  i n s t a l l  t h e m  o n  t h e  c y l i n d e r
b l o c k  b y  r e v e r s i n g  t h e  s e q u e n c e  o f  d i s -
a s s e m b l y .  T h e  p r o c e d u r e s  f o r  i n s p e c t -
i n g  a n d  i n s t a l l i n g  t h e  v a r i o u s  p a r t s  a n d
subassembl ies  a re  ou t l i ned  in  the  fo l low-
ing  subsect ions  o f  th is  sec t ion .

5 .  Use a  cha in  ho is t  and  su i tab le  s l ing  to
t r a n s f e r  t h e  e n g i n e  t o  a  d y n a m o m e t e r
t e s t  s t a n d .

6 .  C o m p l e t e  t h e  e n g i n e  b u i l d  u p  b y  i n -
s t a l l i n g  a l l  r e m a i n i n g  a c c e s s o r i e s ,  f u e l
l i n e s ,  e l e c t r i c a l  c o n n e c t i o n s ,  c o n t r o l s ,
e t c . .

7.  Operate the engine on a dynamometer,
fo l l ow ing  the  RUN-  IN  p rocedure  ou t l i ned
in  Subsec t ion  11H,  Eng ine  Tune-Up.

CYLINDER BLOCK END PLATES

Description

A f lat  steel  p late,  one bol ted to each end
of  the  cy l inder  b lock ,  p rov ides  a  suppor t
f o r  t h e  f l y w h e e l  h o u s i n g  a t  t h e  r e a r  a n d
t h e  b a l a n c e  w e i g h t  c o v e r  a n d  c r a n k s h a f t
c o v e r  a t  t h e  f r o n t  o f  t h e  e n g i n e . Since



t h e  b l o w e r  d r i v e  g e a r  a s s e m b l y  i s  s u p -
p o r t e d  o n  t h e  r e a r  e n d  p l a t e ,  t h i s  p l a t e
h a s  a  d i f f e r e n t  c o n t o u r  t h a n  t h e  o n e
u s e d  a t  t h e  f r o n t . Gaskets are used be-
tween the block and each end plate,

Inspection

W h e n  a n  e n d  p l a t e  i s  r e m o v e d ,  i t  i s  e s -
sen t ia l  tha t  a l l  o f  the  o ld  gaske t  mate r ia l
b e  r e m o v e d  f r o m  b o t h  s u r f a c e s  o f  t h e
p l a t e  a n d  t h e  c y l i n d e r  b l o c k  a s  o u t l i n e d
u n d e r
11B-4.

“ C l e a n  C y l i n d e r  B l o c k ”  o n  p a g e

I n s p e c t  b o t h  s u r f a c e s  o f  e a c h  e n d  p l a t e
f o r  n i c k s ,  d e n t s ,  s c r a t c h e s  o r  s c o r e
marks  and  check  the  end  p la tes  fo r  war -
p a g e .  A l s o  c h e c k  t h e  t a p p e d  h o l e s  i n
t h e  e n d  p l a t e s  a t  t h i s  t i m e .  I f  n i c k s  o r
sc ra tches  on  the  sea l ing  sur faces  o f  the
end plate are too deep to be c leaned up,
replace the end plates.

Install End Plates

W i t h  a l l  o f  t h e  n e c e s s a r y  p l u g s  p r o p e r l y
ins ta l led ,  the  end  p la te - to -cy l inder  b lock
d o w e l s  i n  p l a c e ,  a t t a c h  t h e  c y l i n d e r
b l o c k  f r o n t  a n d  r e a r  e n d  p l a t e s  a s  o u t -
l ined below.

1 .  A f f i x  a  new gaske t  to  each  end o f  the
c y l i n d e r  b l o c k ,  u s i n g  a  n o n - h a r d e n i n g
gaske t  cement .  A lso  app ly  an  even  coa t -
ing of  gasket cement to the outer surface
o f  e a c h  g a s k e t  ( t h e  s u r f a c e  n e x t  t o  t h e
end plate

P la te
F i g u r e  1 1 B - 2 0 .  I n s t a l l i n g  F r o n t  E n d

2. Use guide studs J 1927-01 as shown in
F i g u r e  1 1 B - 2 0  t o  s e t  t h e  f r o n t  e n d  p l a t e
nex t  to  the  cy l inder  b lock  and  ins ta l l  the
b o l t s  a n d  l o c k w a s h e r s .  D o  n o t  t i g h t e n
t h e  b o l t s  a t  t h i s  t i m e .  W i p e  t h e  e x c e s s
gaske t  cement  f rom the  bores  in  the  end
p la te  and  the  cy l inder  b lock .

3 .  Inser t  a  camshaf t  end  bear ing  th rough
the  SMALL bear ing  bore  in  the  end  p la te
a n d  i n t o  t h e  b o r e  o f  t h e  b l o c k  t o  a c c u -
r a t e l y  a l i g n  t h e  e n d  p l a t e  a s  s h o w n  i n
F igure  11B-21 .

Figure 11B-21. Installing Rear End

4 .  W i t h  t h e  b e a r i n g  i n  p l a c e ,  t i g h t e n  t h e
3 /8" -16  end  p la te  re ta in ing  bo l t s  to  30-35
l b - f t  ( 4 1 - 4 7  N m )  t o r q u e .  T i g h t e n  t h e
1 /2 " -13  bo l t s  to  71 -75  lb - f t  (96 -102  Nm)
t o r q u e .  R e m o v e  t h e  c a m s h a f t  b e a r i n g
w h i c h  s e r v e d  a s  a  p i l o t  w h i l e  a t t a c h i n g
the  end  p la te .

5.  Use the guide studs J 1927-01 and the
c a m s h a f t  e n d  b e a r i n g  t o  i n s t a l l  t h e  r e a r
end plate in the same manner as out l ined
above.

AIR BOX DRAINS

Description

D u r i n g  n o r m a l  e n g i n e  o p e r a t i o n ,  w a t e r
v a p o r  f r o m  t h e  a i r  c h a r g e ,  a s  w e l l  a s  a
s l i g h t  a m o u n t  o f  f u e l  a n d  l u b r i c a t i n g  o i l
f umes , condenses and sett les on the bot-
t o m  o f  t h e  a i r  b o x .  T h i s  c o n d e n s a t i o n  i s
removed by  the  a i r  box  p ressure  th rough
c o r e d  p a s s a g e s  l o c a t e d  a t  t h e  f r o n t  a n d

Engine (Less Major Assemblies) 11B-13



rear  o f  the  cy l inder  b lock  w i th  d ra in  ou t -
lets in the side of  the block.

T h i s  e n g i n e i s  e q u i p p e d  w i t h  a  d r a i n
t a n k  ( s e e  F i g u r e  1 1 B - 2 2 )  t o  c o l l e c t  a n d
retain the sediment f rom the air  box.

A i r  b o x  d r a i n s  m u s t  b e  k e p t  o p e n  a t  a l l
t i m e s ,  o t h e r w i s e  w a t e r  a n d  o i l  t h a t  m a y
a c c u m u l a t e  w i l l  b e  d r a w n  i n t o  t h e  c y l i n -
d e r s .

Figure 11B-22. Air  Box Drain Tank
I n s t a l l a t i o n

CYLINDER HEAD

Description

T h e  c y l i n d e r h e a d  ( F i g u r e  1 1 B - 2 3  o n
page 11B-15) is a one piece casting se-
c u r e l y  h e l d  t o  t h e  t o p  o f  t h e  c y l i n d e r
block by special  bol ts.

The exhaus t  va lve ,  fue l  in jec to rs  and  the
v a l v e  a n d  i n j e c t o r  o p e r a t i n g  m e c h a n i s m
a r e  l o c a t e d  i n  t h e  c y l i n d e r  h e a d .  F o u r
exhaust valves are provided for each cyl-
inder.

E x h a u s t  v a l v e  s e a t  i n s e r t s ,  p r e s s e d  i n t o
the  cy l inder  head ,  permi t  accura te  sea t -
ing  o f  va lves  under  vary ing  cond i t ions  o f
t e m p e r a t u r e  a n d  m a t e r i a l l y  p r o l o n g  t h e
l i fe of  the cyl inder head.

To  ensure  e f f i c ien t  coo l ing ,  each  fue l  i n -
jec to r  i s  inser ted  in to  a  th in  wa l led  tube
( F i g u r e  1 1 B - 2 5  o n  p a g e  1 1 B - 1 6 )  w h i c h
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p a s s e s  t h r o u g h  t h e  w a t e r  s p a c e  i n  t h e
c y l i n d e r  h e a d .  T h e  l o w e r  e n d  o f  t h e  i n -
j e c t o r  t u b e  i s  p r e s s e d  i n t o  t h e  c y l i n d e r
h e a d  a n d  f l a r e d  o v e r ;  t h e  u p p e r  e n d  i s
f langed and sealed wi th a neoprene seal .
T h e  s e a l e d  u p p e r  e n d  a n d  f l a r e d  l o w e r
e n d  o f  t h e  i n j e c t o r  t u b e  p r e v e n t s  w a t e r
and compression leaks.

T h e  e x h a u s t  p a s s a g e s  f r o m  t h e  e x h a u s t
v a l v e s  o f  e a c h  c y l i n d e r  l e a d  t h r o u g h  a
s i n g l e  p o r t  t o  t h e  e x h a u s t  m a n i f o l d .  T h e
e x h a u s t  p a s s a g e s  a n d  t h e  i n j e c t o r  t u b e s
are  sur rounded by  eng ine  coo lan t .

In  add i t ion ,  coo l ing  o f  the  above areas  is
f u r t h e r  i n s u r e d  b y  t h e  u s e  o f  w a t e r  n o z -
z l e s  ( F i g u r e  1 1 B - 2 6  o n  p a g e  1 1 B - 1 6 )
p r e s s e d  i n t o  t h e  w a t e r  i n l e t  p o r t s  i n  t h e
c y l i n d e r  h e a d .  T h e  n o z z l e s  d i r e c t  t h e
comparat ively cool  engine coolant at  h igh
ve loc i ty  toward  the  sec t ions  o f  the  cy l in -
d e r  h e a d  w h i c h  a r e  s u b j e c t e d  t o  t h e
grea tes t  hea t .

T h e  f u e l  i n l e t  a n d  o u t l e t  m a n i f o l d  a r e
c a s t  a s  a n  i n t e g r a l  p a r t  o f  t h e  c y l i n d e r
heads. T a p p e d  h o l e s  a r e  p r o v i d e d  f o r
c o n n e c t i o n  o f  t h e  f u e l  l i n e s  a t  v a r i o u s
points along each mani fo ld.

The water manifold is also cast as an in-
tegra l  pa r t  o f  the  cy l inder  head .

To seal  compression between the cyl inder
head  and  the  cy l inder  l i ne r ,  separa te  la -
m i n a t e d  m e t a l  g a s k e t s  a r e  p r o v i d e d  a t
e a c h  c y l i n d e r .  W a t e r  a n d  o i l  p a s s a g e s
b e t w e e n  t h e  c y l i n d e r  h e a d  a n d  c y l i n d e r
b l o c k  a r e  s e a l e d  w i t h  s y n t h e t i c  r u b b e r
s e a l  r i n g s  w h i c h  f i t  i n t o  c o u n t e r b o r e d
h o l e s  i n  t h e  b l o c k .  A  s y n t h e t i c  r u b b e r
s e a l  f i t s  i n t o  a  m i l l e d  g r o o v e  n e a r  t h e
p e r i m e t e r  o f  t h e  b l o c k .  W h e n  t h e  c y l i n -
d e r  h e a d  i s  d r a w n  d o w n ,  a  p o s i t i v e
l e a k p r o o f  m e t a l - t o - m e t a l  c o n t a c t  i s  a s -
sured between the head and the block.

To make the cyl inder heads more to lerant
o f  a b n o r m a l  c o o l a n t  t e m p e r a t u r e ,  r e l i e f
a r e a s  h a v e  b e e n  c a s t  i n  t h e  c y l i n d e r
h e a d s .  T h e s e  s t r e s s  r e l i e f  a r e a s ,  w h i c h
are  shaped  l i ke  a  “dog  bone”  a re  cas t  in
t h e  f i r e  d e c k  o f  t h e  c y l i n d e r  h e a d  b e -
t w e e n  t h e  c y l i n d e r s  ( s e e  F i g u r e  1 1 B - 2 7
o n  p a g e  1 1 B - 1 7 ) .  T h e  s e r v i c e  c y l i n d e r
heads  wh ich  inc lude  the  s t ress  re l ie f  a r -
e a s  i n  t h e  f i r e  d e c k  a l s o  i n c l u d e  t h e
non-magnet ic  tu rbo  exhaust  va lve  inser ts
i d e n t i f i e d  b y  t h e  l e t t e r  “ T ”  s t a m p e d  o n
the face of  the cyl inder head.



Figure 11B-23. Cyl inder Head Assembly

Cylinder Head Maintenance

The eng ine  opera t ing  tempera tu re  shou ld
b e  m a i n t a i n e d  b e t w e e n  1 6 0 - 1 8 5 ° F
(71-85°C)  and  the  coo l ing  sys tem shou ld
b e  i n s p e c t e d  d a i l y  a n d  k e p t  f u l l  a t  a l l
t imes . T h e  c y l i n d e r  h e a d  f i r e  d e c k  w i l l
overhea t  and  c rack  in  a  shor t  t ime i f  the
coo lan t  does  no t  cover  the  f i re  deck  sur -
f a c e .  W h e n  n e c e s s a r y ,  a d d  c o o l a n t
s l o w l y  t o  a  h o t  e n g i n e  t o  a v o i d  r a p i d
coo l ing  wh ich  can  resu l t  in  d is to r t ion  and
c r a c k i n g  o f  t h e  c y l i n d e r  h e a d  ( a n d  c y l -
i n d e r  b l o c k ) .

Abnorma l  opera t ing  cond i t i ons  o r  neg lec t
o f  c e r t a i n  m a i n t e n a n c e  i t e m s  m a y  c a u s e
c r a c k s  t o  d e v e l o p  i n  t h e  c y l i n d e r  h e a d .
I f  t h i s  t y p e  o f  f a i l u r e  o c c u r s ,  a  c a r e f u l

i n s p e c t i o n  s h o u l d  b e  m a d e  t o  f i n d  t h e
cause  and  avo id  a  recur rence  o f  the  fa i l -
u r e .

U n s u i t a b l e  w a t e r  i n  t h e  c o o l i n g  s y s t e m
m a y  r e s u l t  i n  l i m e  a n d  s c a l e  f o r m a t i o n
a n d  p r e v e n t  p r o p e r  c o o l i n g .  T h e  c y l i n -
der  head  shou ld  be  inspec ted  a round  the
e x h a u s t  v a l v e  w a t e r  j a c k e t s .  T h i s  c a n
b e  d o n e  b y  r e m o v i n g  a n  i n j e c t o r  t u b e .
Where inspect ion discloses such deposits,
use  a  re l iab le  non-cor ros ive  sca le  remov-
e r  t o  r e m o v e  t h e  d e p o s i t s  f r o m  t h e
cool ing system of the engine, s ince a sim-
i l a r  c o n d i t i o n  w i l l  e x i s t  i n  t h e  c y l i n d e r
b l o c k  a n d  o t h e r  c o m p o n e n t s  o f  t h e
eng ine .
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Figure 11B-24. Mount ing of Cyl inder Head

f igure  11B-25.  Exhaust  Va lve  and
In jec to r  Coo lan t  Passages

11B-16

Figure 11B-26. Water Nozzles in
Cyl inder Head

Loose  o r  improper ly  sea ted  in jec to r  tubes
may resu l t  i n  compress ion  leaks  in to  the
coo l ing  sys tem and  a lso  resu l t  i n  loss  o f
e n g i n e  c o o l a n t .  T h e  t u b e s  m u s t  b e  t i g h t
to  be  p roper ly  sea ted .

O v e r t i g h t e n e d  i n j e c t o r  c l a m p  b o l t s  m a y
a l s o  c a u s e  h e a d  c r a c k s .  A l w a y s  u s e  a



to rque  wrench  to  t igh ten  the  bo l ts  to  the
spec i f ied  to rque.

O t h e r  c o n d i t i o n s  w h i c h  m a y  e v e n t u a l l y
resu l t  i n  cy l inder  head  c racks  a re :

1 .  Excess  fue l  in  the  cy l inders  caused by
leak ing  in jec to rs .

2 .  S l ipp ing  fan  be l ts  can  cause  overhea t -
i n g  b y  r e d u c i n g  a i r  f l o w  t h r o u g h  t h e  r a -
d i a t o r .

3 .  A c c u m u l a t i o n  o f  d i r t  o n  t h e  r a d i a t o r
core which wi l l  reduce the f low of  a i r  and
slow the t ransfer  of  heat  f rom the coolant
to  the  a i r .

4 .  Inopera t ive  rad ia to r  cap  wh ich  w i l l  re -
sul t  in loss of  coolant.

Remove Cylinder Head

C e r t a i n  s e r v i c e  o p e r a t i o n s  o n  t h e  e n g i n e
requ i re  remova l  o f  the  cy l inder  head :

1. Remove and instal l  p istons.

2 .  Remove and  ins ta l l  cy l inder  l i ne rs .

3 .  Remove and ins ta l l  exhaust  va lves .

4 .  R e m o v e  a n d  i n s t a l l  e x h a u s t  v a l v e
g u i d e s .

5 .  R e c o n d i t i o n  e x h a u s t  v a l v e s  a n d  v a l v e
seat  inser ts .

6.  Replace fuel  in jector  tubes.

7 .  Ins ta l l  new cy l inder  head gaske ts  and
seals.

R e f e r  t o  F i g u r e  1 1 B - 2 4  o n  p a g e  1 1 B - 1 6
and remove the cyl inder head as fo l lows:

1. Drain the cool ing system.

2 .  D i s c o n n e c t  t h e  e x h a u s t  p i p i n g  a t  t h e
exhaus t mani fo ld. R e m o v e  t h e  c o n -
nect ions from the exhaust manifold to the
turbocharger. Remove the
t u r b o c h a r g e r ,  i f  n e c e s s a r y .

3 .  Remove the  a i r  c leaner  and  the  a i r  i n -
le t  hous ing .

4.  Remove the exhaust manifold.

5 .  D isconnec t  the  fue l  l i nes  a t  the  cy l in -
der head and remove the fuel  f i l ter .

F igure  11B-27 .  Four  Va lve  Cy l inder
Head

6. Remove the thermostat  housing assem-
b l y .

7.  Remove the water mani fo ld.

8 .  C l e a n  a n d  r e m o v e  t h e  v a l v e  r o c k e r
cover  and  the  governor  cover .

9.  Disconnect  the fuel  rod f rom the in jec-
t o r  c o n t r o l  t u b e  l e v e r  a n d  t h e  g o v e r n o r .
Remove the fuel  rod.

10 .  Remove  the  in jec to r  con t ro l  tube  and
brackets as an assembly (see
Figure 11B-28 on page 11B-18.

1 1 .  I f  t h e  c y l i n d e r  h e a d  i s  t o  b e  d i s a s -
sembled  fo r  recond i t ion ing  o f  the  exhaus t
v a l v e s  a n d  v a l v e  s e a t  i n s e r t s  o r  f o r  a
comp le te  overhau l ,  remove  the  fue l  p ipes
and injectors at this t ime (see Subsect ion
11C).

1 2 .  L o o s e n  ( t h r e e  o r  f o u r  t u r n s )  t h e  t w o
b o l t s  d i r e c t l y  b e l o w  e a c h  l i f t e r  b r a c k e t
w h i c h  a t t a c h  t h e  b a l a n c e  w e i g h t  c o v e r
a n d  f l y w h e e l  h o u s i n g  t o  t h e  f r o n t  a n d
r e a r  e n d  p l a t e s .  O t h e r w i s e ,  t h e  t h r e a d -
e d  e n d s  o f  t h e  b o l t s  m a y  i n t e r f e r e  w i t h
removal  of  the cyl inder head.

1 3 .  R e m o v e  t h e  t w o  b o l t s  w h i c h  s e c u r e
t h e  f r o n t  l i f t e r  b r a c k e t  t o  t h e  b a l a n c e
weigh t  cover  and the  two bo l ts  a t tach ing
t h e  r e a r  l i f t e r  b r a c k e t  t o  t h e  f l y w h e e l
hous ing .

1 4 .  C h e c k  t h e  t o r q u e  o n  t h e  c y l i n d e r
h e a d  b o l t s  a n d  s t u d  n u t s  b e f o r e  r e m o v -
i n g  t h e  h e a d .  T h e n  r e m o v e  t h e  b o l t s
a n d  n u t s  a n d ,  u s i n g  l i f t i n g  h o o k s  a n d  a
c h a i n  h o i s t ,  l i f t  t h e  c y l i n d e r  h e a d  f r o m
t h e  c y l i n d e r  b l o c k .  C h e c k i n g  t h e  t o r q u e
before removing the head bol ts and exam-
i n i n g  t h e  c o n d i t i o n  o f  t h e  c o m p r e s s i o n
g a s k e t s  a n d  s e a l s  a f t e r  t h e  h e a d  i s  r e -
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Figure 11B-28. Removing or
I n s t a l l i n g  I n j e c t o r  C o n t r o l  T u b e

m o v e d  m a y  r e v e a l  t h e  c a u s e s  o f  a n y
cy l inder  head  p rob lems.

NOTE

When placing the cyl inder head as-
s e m b l y  o n  a  b e n c h ,  p r o t e c t  t h e
c a m  f o l l o w e r s  a n d  i n j e c t o r  s p r a y
t i p s , i f  t h e  i n j e c t o r s  w e r e  n o t  r e -
moved, b y  r e s t i n g  t h e  v a l v e  s i d e
of the head on 2" thick wood
b locks .

1 5 .  P l a c e  t h e  c y l i n d e r  h e a d  o n  i t s  s i d e
a n d  r e m o v e  t h e  e n g i n e  l i f t  b r a c k e t s  a n d
g a s k e t s .  T h e n  a t t a c h  t h e  c y l i n d e r  h e a d
holding plates J 3087-01 to raise the head
above the work bench (see
F igure  11B-29) .

1 6 .  R e m o v e  a n d  d i s c a r d  t h e  c y l i n d e r
head compress ion  gaske ts ,  o i l  sea ls  and
water seals.

17 .  A f te r  the  cy l inder  head  has  been  re -
moved,  d ra in  the  lub r i ca t ing  o i l  f rom the
e n g i n e .  D r a i n i n g  t h e  o i l  a t  t h i s  t i m e  w i l l
remove any coolant that may have worked
its way to the oi l  pan when the head was
removed.

Disassemble Cylinder Head

I f  complete disassembly of  the cyl inder is
n e c e s s a r y  r e f e r  t o  t h e  i n f o r m a t i o n  l a t e r

11B-18

Figure 11B-29. Cyl inder Head Holding
Plates-J 3087-01

in  th is  subsec t ion  fo r  remova l  o f  the  ex-
haus t  va lve  and  in jec to r  opera t ing  mech-
anism.

Clean Cylinder Head

A f t e r  t h e  c y l i n d e r  h e a d  h a s  b e e n  d i s a s -
semb led  and  a l l  o f  the  p lugs  (excep t  cup
p l u g s )  h a v e  r e m o v e d ,  t h o r o u g h l y  s t e a m
c l e a n  t h e  h e a d .  I f  t h e  w a t e r  p a s s a g e s
are heavi ly coated with scale,  remove the
i n j e c t o r  t u b e s  a n d  w a t e r  n o z z l e s . Then
clean the cyl inder head in the same man-
ner  as  ou t l i ned  fo r  c lean ing  the  cy l inder
b lock .

Clean al l  of  the cyl inder head components
w i t h  f u e l  o i l  a n d  d r y  t h e m  w i t h  c o m -
pressed a i r .

Inspect Cylinder Head

1 .  B e f o r e  a  c y l i n d e r  c a n  b e  r e u s e d ,  i t
m u s t  b e  i n s p e c t e d  f o r  c r a c k s .  F i v e  p r e -
s c r i b e d  m e t h o d s  f o r  c h e c k i n g  a  c y l i n d e r
head for  cracks are as fo l lows:

NOTE

I f  a n y  m e t h o d  r e v e a l s  c r a c k s ,  t h e
cyl inder head should be considered
unacceptable for  reuse.

MAGNETIC PARTICLE METHOD.  The cy l -
i n d e r  h e a d  i s  m a g n e t i z e d  a n d  t h e n  c o v -
e r e d  w i t h  a  f i n e  m a g n e t i c  p o w d e r  o r
s o l u t i o n .  F l a w s  s u c h  a s  c r a c k s ,  f o r m  a
smal l  local  magnet  which cause the mag-
n e t i c  p a r t i c l e s  i n  t h e  p o w d e r  o r  s o l u t i o n
t o  g a t h e r  t h e r e , e f f e c t i v e l y  m a r k i n g  t h e
c r a c k .  T h e  c y l i n d e r  h e a d  m u s t  b e  d e -
magnet ized af ter the test .



Figure 11B-30. Cyl inder Head
Prepared  fo r  Pressure  Tes t

F L U O R E S C E N T  M A G N E T I C  P A R T I C L E
M E T H O D .  T h i s  m e t h o d  i s  s i m i l a r  t o  t h e
m a g n e t i c  p a r t i c l e  m e t h o d ,  b u t  i s  m o r e
s e n s i t i v e  s i n c e  i t  u s e s  f l u o r e s c e n t  m a g -
net ic ,par t i c les  wh ich  g low under  a  "B lack
L i g h t " .  V e r y  f i n e  c r a c k s ,  e s p e c i a l l y  o n
d isco lo red  o r  dark  su r faces ,  tha t  may  be
missed us ing  the  Magnet ic  Par t i c le  Meth-
Light". be disclosed under the Black

F L U O R E S C E N T  P E N E T R A N T  M E T H O D .
A  h i g h l y  f l u o r e s c e n t  l i q u i d  p e n e t r a n t  i s
a p p l i e d  t o  t h e  a r e a  i n  q u e s t i o n . T h e n
t h e  e x c e s s  p e n e t r a n t  i s  w i p e d  o f f  t h e
s u r f a c e  a n d  t h e  p a r t  i s  d r i e d .  A  d e v e l -
op ing  powder  i s  then  app l ied  wh ich  he lps
to  d raw the  penet ran t  ou t  o f  the  f laws  by
c a p i l l a r y  a c t i o n .  I n s p e c t i o n  t o  f i n d  t h e
c r a c k  i s  c a r r i e d  o u t  u s i n g  a  “ B l a c k
L i g h t ” .

NON-FLUORESCENT PENETRANT METH-
O D .  T h e  t e s t  a r e a  b e i n g  i n s p e c t e d  i s
s p r a y e d  w i t h  “ S p o t c h e c k ”  o r  D y e  C h e c k .
A l l o w  o n e  t o  t h i r t y  m i n u t e s  t o  d r y .  R e -
m o v e  t h e  e x c e s s  s u r f a c e  p e n e t r a n t  w i t h
clean cloths premoisened with
c l e a n e r / r e m o v e r .  D O  N O T  f l u s h  s u r f a c e
w i t h  c l e a n e r / r e m o v e r  b e c a u s e  t h i s  w i l l
i m p a i r  s e n s i t i v i t y .  R e p e a t  t h i s  p r o c e -
d u r e  w i t h  a d d i t i o n a l  w i p i n g s  u n t i l

r e s i d u a l  s u r f a c e  p e n e t r a n t  h a s  b e e n  r e -
m o v e d .  S h a k e  d e v e l o p e r  t h o r o u g h l y
u n t i l  a g i t a t o r  r a t t l e s .  I n v e r t  s p r a y  c a n
a n d  s p r a y  s h o r t  b u r s t s  t o  c l e a r  v a l v e .
T h e n  s p r a y  t h i s  d e v e l o p e r  f i l m  e v e n l y
o v e r  t h e  t e s t  a r e a  b e i n g  i n s p e c t e d .  A l -
l o w  d e v e l o p e r  f i l m  t o  d r y  c o m p l e t e l y
b e f o r e  i n s p e c t i n g .  R e c o m m e n d e d  d e v e l -
oping t ime is 5 to 15 minutes.

T h e  a b o v e  f o u r  m e t h o d s  p r o v i d e  b a s i c
i n s t r u c t i o n s .  S p e c i f i c  d e t a i l s  s h o u l d  b e
o b t a i n e d  f r o m  t h e  s u p p l i e r  o f  t h e  e q u i p -
ment or  mater ia l .

P R E S S U R E  C H E C K  M E T H O D .  P r e s s u r e
check the cyl inder head as fo l lows:

A .  To  sea l  o f f  the  wate r  ho les  in  the  cy l -
inder head, assemble tool  set  J 28454
as  fo l lows  (see  F igure  11B-30) :

1) I n s t a l l  t h e  r u b b e r  s t o p p e r s  o n  t h e
b r i d g e .

a)

b .

Large  s toppers  a re  ins ta l led  on
t h e  l o n g  c e n t e r  b r i d g e  f e e t  o p -
p o s i t e  t h e  n o t c h  a n d  o n  t h e
Ion end b r idge  fee t  c loses t  to -
g e t h e r .

Sma l l  s toppers  a re  ins ta l l ed  op-
p o s i t e  t h e  l a r g e  s t o p p e r s  o n
c e n t e r  b r i d g e  a n d  e n d  b r i d g e
fee t  and  on  a l l  shor t  b r idges .

2 ) I n s t a l l  t h e  n e c e s s a r y  p a r t s ,
loose ly ,  on  the  cy l inder  head.

3) T i g h t e n  t h e  h o l d  d o w n  b o l t s  u n t i l
t h e  s t o p p e r s  s t a r t  t o  d i s t o r t .  A  5
l b - f t  ( 7  N m )  t o r q u e  i s  u s u a l l y  s u f -
f i c i e n t .

NOTE

D o  n o t  o v e r t i g h t e n  t h e  h o l d  d o w n
b o l t s .  T h e  r u b b e r  s t o p p e r s  c o u l d
d is to r t  enough to  sea l  bo th  the  in -
n e r  a n d  o u t e r  d i a m e t e r  o f  t h e  w a -
t e r  n o z z l e .  I f  t h e  o u t e r  d i a m e t e r
is sealed,  a leak f rom the outer d i -
ameter would not  be detected.

6 .  I n s t a l l  t h e  a i r  s u p p l y  p l a t e .

NOTE

D o  n o t  h o o k  o n t o  t h e  p r e s s u r e
c h e c k i n g  t o o l ,  o r  a n y  p a r t  o f  i t ,  t o
move the cyl inder f rom one locat ion
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t o  a n o t h e r .  I f  t h i s  i s  d o n e  i t  c o u l d
resu l t  i n  pe rmanen t  damage to  the
tool .

C .  I n s t a l l  s c r a p  o r  d u m m y  i n j e c t o r s  t o
e n s u r e  p r o p e r  s e a t i n g  o f  t h e  i n j e c t o r
tubes .  Dummy in jec to rs  may  be  made
f r o m  o i l  i n j e c t o r  n u t s  a n d  b o d i e s ;  t h e
in jec to r  spray  t ips  a re  no t  necessary .
T i g h t e n  t h e  i n j e c t o r  c l a m p  t o  2 0 - 2 5
lb - f t  (27 -34  Nm)  to rque .

D .  A p p l y  4 0  p s i  ( 2 7 6  k P a )  a i r  p r e s s u r e
t o  t h e  w a t e r  j a c k e t .  T h e n  i m m e r s e
t h e  c y l i n d e r  h e a d  i n  a  t a n k  o f  w a t e r ,
p r e v i o u s l y  h e a t e d  t o  1 8 0 - 2 O O ° F
( 8 2 - 9 3 ° C ) ,  f o r  a b o u t  t w e n t y  m i n u t e s
t o  t h o r o u g h l y  h e a t  t h e  h e a d .  O b -
serve the water in the tank for
bubbles which indicate a leak or
crack. Check for leaks at the top
a n d  b o t t o m  o f  t h e  i n j e c t o r  t u b e s ,  o i l
g a l l e r y ,  e x h a u s t  p o r t s ,  f u e l  m a n i f o l d s
a n d  t h e  t o p  a n d  b o t t o m  o f  t h e  c y l i n -
der  head .

E .  R e l i e v e  t h e  a i r  p r e s s u r e  a n d  r e m o v e
t h e  c y l i n d e r  h e a d  f r o m  t h e  w a t e r
t a n k .  T h e n  r e m o v e  t h e  p l a t e s ,  g a s -
k e t s  a n d  i n j e c t o r s  a n d  d r y  t h e  h e a d
wi th  compressed a i r .

2 .  C h e c k  t h e  b o t t o m  ( f i r e  d e c k )  o f  t h e
cy l inder  head  fo r  f l a tness :

A .  U s e  a  h e a v y ,  a c c u r a t e  s t r a i g h t  e d g e
a n d  f e e l e r  g a u g e s ,  t o o l  J  3 1 7 2 ,  t o
check  fo r  t ransverse  warpage  a t  each
e n d  a n d  b e t w e e n  a l l  c y l i n d e r s .  A l s o
c h e c k  f o r  l o n g i t u d i n a l  w a r p a g e  i n  s i x
p l a c e s  a s  s h o w n  i n  F i g u r e  1 1 B - 3 1 .
T h e  m a x i m u m a l l o w a b l e  t r a n s v e r s e
w a r p a g e  i s  0 . 0 0 4 " ;  l o n g i t u d i n a l  w a r -
page is 0.008".

B. Use the measurement obtained and the
l i m i t s  g i v e n  i n  s t e p  A  a s  a  g u i d e  t o
determine the  adv isab i l i t y  o f  re ins ta l -
l i ng  the  head  on  the  eng ine  o r  o f  re -
f a c i n g  i t . T h e  n u m b e r  o f  t i m e s  a
cy l inder  head  may  be  re faced  w i l l  de -
pend upon the amount of stock
prev ious ly  removed.

C .  I f  t h e  h e a d  i s  t o  b e  r e f a c e d ,  r e m o v e
the  in jec to r  tubes  p r io r  to  mach in ing .
d o  n o t  r e m o v e  m o r e  m e t a l  f r o m  t h e
f i r e  d e c k  o f  a n y  c y l i n d e r  h e a d  b e l o w
t h e  m i n i m u m  d i s t a n c e  o f  3 . 3 5 6 "  ( s e e
Figure 11B-32 on page 11B-21).
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Figure 11B-31. Checking Bottom Face
of Cylinder Head

NOTE

When a cyl inder head has been re-
f a c e d ,  c r i t i c a l  d i m e n s i o n s  s u c h  a s
t h e  p r o t r u s i o n  o f  v a l v e  s e a t  i n -
s e r t s ,  e x h a u s t  v a l v e s ,  i n j e c t o r
t u b e s  a n d  i n j e c t o r  s p r a y  t i p s  m u s t
b e  c h e c k e d  a n d  c o r r e c t e d .  t h e
push rods must also be adjusted to
p r e v e n t  t h e  e x h a u s t  v a l v e s  f r o m
s t r i k i n g  t h e  p i s t o n s  a f t e r  t h e  c y l -
i n d e r  h e a d  i s  r e i n s t a l l e d  o n  t h e
eng ine .

3 .  I n s t a l l  n e w  i n j e c t o r  t u b e s  i f  t h e  o l d
t u b e s  l e a k e d  o r  t h e  c y l i n d e r  h e a d  w a s
refaced.

4 .  Inspect  the  exhaust  va lve  seat  inser ts
and va lve  gu ides .

5 .  Inspec t  the  cam fo l lower  bores  in  the
cy l inder  head  fo r  scor ing  o r  wear . L i g h t
score marks may be c leaned up wi th cro-
c u s  c l o t h  w e t  w i t h  f u e l  o i l .  M e a s u r e  t h e
b o r e  d i a m e t e r s  w i t h  a  t e l e s c o p e  g a u g e
and  mic romete r  and  record  the  read ings .
Measure the diameter of  the cam fol lowers
w i t h  a  m i c r o m e t e r .  R e c o r d  a n d  c o m p a r e
the  read ings  o f  the  fo l lower  and  bores  to
determine the cam fo l lower- to-bore c lear-
a n c e s .  T h e  c l e a r a n c e s  m u s t  n o t  e x c e e d
0 . 0 0 6 ”  w i t h  u s e d  p a r t s .  I f  t h e  b o r e s  a r e
e x c e s s i v e l y  s c o r e d  o r  w o r n ,  r e p l a c e  t h e
cy l inder  head.



Figure 11B-32. Minimum Distance
Between Top and Bottom of Cyl inder

Head

6 .  C h e c k  t h e  w a t e r  h o l e  n o z z l e s  t o  b e
s u r e  t h e y  a r e  n o t  l o o s e .  I f  n e c e s s a r y ,
replace the nozzles as follows:

A .

B.

C.

D.

7.

Remove the old nozzles

Make sure  the  water  in le t  por ts  in  the
c y l i n d e r  h e a d  a r e  c l e a n  a n d  f r e e  o f
sca le .  The  wa te r  ho les  a t  each  end  o f
t h e  h e a d  m a y  b e  c l e a n e d  u p  w i t h  a
1 / 2 "  d r i l l  a n d  t h e  i n t e r m e d i a t e  h o l e s
may be cleaned up wi th a 13/16" dr i l l .
B reak  the  edges  o f  the  ho les  s l igh t l y .

For  the  pos i t ion ing  o f  the  nozz les ,  re -
fer to Figure 11B-33. Press the noz-
z l e s  f l u s h  t o  0 . 0 3 1 2 "  r e c e s s e d  b e l o w
the  sur face  o f  the  cy l inder  head .

C h e c k  t o  m a k e  s u r e  t h e  n o z z l e s  f i t
t i g h t .  I f  n e c e s s a r y ,  u s e  a  w o o d  p l u g
o r  o t h e r  s u i t a b l e  t o o l
nozzles,

t o  e x p a n d  t h e
o r  t i n  t h e  o u t s i d e  d i a m e t e r

w i t h  s o l d e r  t o  p r o v i d e  a  t i g h t  f i t .  I f
so lder  i s  used, make sure the or i f ices
in the nozzles are not c losed with sol-
d e r .

R e p l a c e  b r o k e n  o r  d a m a g e d  s t u d s .
A p p l y  s e a l a n t  t o  t h e  t h r e a d s  o f  n e w
s t u d s  a n d  d r i v e  t h e m  t o  1 0 - 2 5  l b - f t
(14 -34  Nm)  to rque  (wa te r  man i fo ld  cover
s t u d s )  o r  t o  2 5 - 4 0  l b - f t  ( 3 4 - 5 4  N m )  t o r -
que  (exhaus t  man i fo ld  s tuds) .

8 .  P i l o t  s l e e v e s  h a v e  b e e n  a d d e d  t o  t h e
head  moun t ing  bo l t  ho les  a t  each  end  o f
t h e  f o u r - v a l v e  c y l i n d e r  h e a d s .  M a k e
s u r e  t h e  s l e e v e s  a r e  f l u s h  o r  r e c e s s e d
be low the  f i re  deck  o f  the  cy l inder  head .
R e p l a c e  d a m a g e d  s l e e v e s .  T h e  s l e e v e s ,
which act .  as a hol low dowel and the cyl-
i n d e r  h e a d , h e l p  t o  g u i d e  t h e  h e a d  i n
p l a c e  w i t h o u t  d i s t u r b i n g  t h e  s e a l s  a n d
gaskets .

F i g u r e  1 1 B - 3 3 .  C o r r e c t  I n s t a l l a t i o n
of Water Nozzles

9 .  Inspec t  a l l  o the r  componen ts  removed
f rom the  cy l inder  head .

I f  a  s e r v i c e  r e p l a c e  c y l i n d e r  h e a d  i s  t o
b e  i n s t a l l e d ,  i t  m u s t  b e  t h o r o u g h l y  c l e -
a n e d  o f  a l l  r u s t  p r e v e n t a t i v e  c o m p o u n d ,
par t i cu la r l y  ins ide  the  in tegra l  fue l  man i -
f o l d s ,  b e f o r e  i n s t a l l i n g  t h e  p l u g s .  A
s imp le  method  o f  remov ing  the  rus t  p re -
v e n t a t i v e  c o m p o u n d  i s  t o  i m m e r s e  t h e
head in a mineral  spir i ts based solvent or
f u e l  o i l ,  t h e n  s c r u b  t h e  h e a d  a n d  g o
t h r o u g h  a l l  o f  t h e  o p e n i n g s  w i t h  a  s o f t
b r i s t l e  b r u s h .  A  s u i t a b l e  b r u s h  f o r  c l e -
a n i n g  t h e  v a r i o u s  p a s s a g e s  i n  t h e  h e a d
can be made by at taching a 1/8" diameter
b r a s s  r o d  t o  b r u s h  J  8 1 5 2 .  A f t e r  c l e a n -
ing, dry the cylinder head with
compressed air .

A  s e r v i c e  r e p l a c e m e n t  c y l i n d e r  h e a d  i n -
c l u d e s  t h e  e x h a u s t  v a l v e  g u i d e s ,  v a l v e
s e a t  i n s e r t s ,  w a t e r  n o z z l e s ,  i n j e c t o r
t u b e s , p i l o t sleeves, b r i d g e  g u i d e s ,
v a l v e  s p r i n g  s e a t s  a n d  t h e  n e c e s s a r y
p l u g s .  I n  a d d i t i o n ,  s t u d s ,  c o v e r  p l a t e s ,
gaskets , l o c k w a s h e r s  a n d  n u t s  a r e  p r o -
v i d e d  t o  s e a l  t h e  w a t e r  o u t l e t  o p e n i n g s
tha t  a re  no t  requ i red  on  cer ta in  eng ines .
A  leng th  o f  f l ex ib le  fue l  hose  and  f i t t i ngs
are  a lso  inc luded  where  requ i red .

In jec to r  c lamp bo l t s  o r  s tuds  a re  no t  in -
c l u d e d  a n d  i t  i s  n e c e s s a r y  t o  u s e  n e w
p a r t s  o r  t r a n s f e r  t h e  o l d  p a r t s  t o  t h e
n e w  h e a d .  I n j e c t o r  c l a m p  b o l t s  a r e  i n -
te rchangeab le  w i th  the  fo rmer  s tuds  and
nuts ;  the  spec ia l  washer  i s  used w i th  e i -
ther  the  bo l t  o r  s tud .
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Assemble Cylinder Head

A f t e r  c l e a n i n g  a n d  i n s p e c t i o n ,  a s s e m b l e
the cyl inder head as fol lows:

1 .  C o a t  t h e  t h r e a d s  o f  t h e  p l u g s  w i t h
Loc t i te  P ipe  Sea lan t  w i th  Te f lon ,  then  in -
s t a l l  t h e  n e c e s s a r y  p l u g s  a n d  t i g h t e n
t h e m  t o  t h e  s p e c i f i e d  t o r q u e . D r i v e
headless plugs f lush to 0.0625” below the
s u r f a c e  o f  t h e  c y l i n d e r  h e a d .  T h e  3 / 8 "
socke t  head  o i l  ga l le ry  p lug ,  a t  each  end
o f  t h e  h e a d ,  m u s t  n o t  p r o t r u d e  m o r e
than  0 .0625” ,  and  a  0 .2187”  d iamete r  rod
p l a c e d  i n  t h e  v e r t i c a l  o i l  f e e d  h o l e  m u s t
p a s s  t h e  i n n e r  f a c e  o f  t h e  p l u g . Re fe r
t o  t h e  C y l i n d e r  H e a d  P l u g g i n g  C h a r t s
shown as  fo ldou ts  a t  the  end  o f  th is  sec-
t i o n .

2 .  A f te r  the  fo l low ing  par ts  a re  c leaned ,
inspec ted  and  rep laced  i f  necessary ,  re -
i n s t a l l  t h e m  i n  t h e  o l d  c y l i n d e r  h e a d  o r
transfer them to the new head.

A .

B .

C.

D.

E.

E x h a u s t  v a l v e s ,  v a l v e  s e a t  i n s e r t s
a n d  s p r i n g s .

C a m  f o l l o w e r s ,  g u i d e s ,  p u s h  r o d s ,
s p r i n g s ,  r e t a i n e r s ,  r o c k e r  a r m s ,
shaf ts , b r a c k e t s  a n d  o t h e r  r e l a t e d
p a r t s .

Place new washers on the fuel connec-
t o r s .  T h e n  i n s t a l l  t h e  c o n n e c t o r s  a n d
t ighten them to 40-45 lb- f t  (54-61 Nm)
t o r q u e .

T h e  f u e l  i n j e c t o r s ,  f u e l  p i p e s ,  i n j e c -
t o r  c o n t r o l  t u b e  a s s e m b l y  a n d  w a t e r
man i fo ld  can  be  ins ta l led  a t  th i s  t ime
or  a f te r  the  cy l inder  head i s  ins ta l led
on the  eng ine .

A t tach  the  eng ine  l i f te r  b racke ts  tem-
p o r a r i l y  t o  t h e  c y l i n d e r  h e a d ,  w i t h o u t
gaske ts ,  to  permi t  l i f t i ng  the  head in -
t o  p o s i t i o n .  T h e  l i f t e r  b r a c k e t s  m u s t
no t  be  permanent l y  a t tached  un t i l  the
c y l i n d e r  h e a d  a t t a c h i n g  b o l t s  h a v e
b e e n  i n s t a l l e d  a n d  t i g h t e n e d  t o  t h e
spec i f ied  to rque.

Pre-Installation Inspection

Make the  fo l low ing  inspec t ions  jus t  p r io r
t o  i n s t a l l i n g  t h e  c y l i n d e r  h e a d  w h e t h e r
the head was removed to service only the
head or  to  fac i l i ta te  o ther  repa i rs  to  the
eng ine .

11B-22

1 .  C h e c k  t h e  c y l i n d e r  l i n e r  f l a n g e
h e i g h t s  w i t h  r e l a t i o n s h i p  t o  t h e  c y l i n d e r
b lock .

2.  Make sure the piston crowns are clean
and f ree of  foreign mater ia l .

3. Make sure that each push rod is
t h r e a d e d  i n t o  i t s  c l e v i s  u n t i l  t h e  e n d  o f
t h e  p u s h  r o d  p r o j e c t s  t h r o u g h  t h e
c lev is . T h i s  i s  i m p o r t a n t  s i n c e  s e r i o u s
eng ine d a m a g e  w i l l  b e  p r e v e n t e d  w h e n
t h e  c r a n k s h a f t  i s  r o t a t e d  d u r i n g  e n g i n e
t u n e - u p .

4 .  Check  the  cy l inder  b lock  and  cy l inder
h e a d  g a s k e t  s u r f a c e s ,  c o u n t e r b o r e s  a n d
s e a l  g r o o v e s  t o  b e  s u r e  t h e y  a r e  c l e a n
a n d  f r e e  o f  f o r e i g n  m a t e r i a l .  A l s o  c h e c k
t o  e n s u r e  t h a t  t h e r e  a r e  n o  b u r r s  o r
sharp  edges  in  the  coun te rbores .

5 .  Inspec t  the  cy l inder  head bo l t  ho les  in
t h e  b l o c k  f o r  a c c u m u l a t i o n  o f  w a t e r ,  o i l
o r  a n y  f o r e i g n  m a t e r i a l .  C l e a n  t h e  b o l t
ho les  tho rough ly  and  check  fo r  damaged
t h r e a d s .

6 .  C h e c k  f o r  e x t r u d e d  a r e a s  a r o u n d  t h e
s t u d  h o l e s  i n  t h e  t o p  o f  t h e  c y l i n d e r
b l o c k ,  i f  s t u d s  a r e  u s e d .  A l s o  c h e c k  t h e
s tuds  fo r  damaged th reads .

7 .  C h e c k  t h e  f o u r  c o r n e r  p l u g s  o r  d r i v e
p i n s ,  u s e d  t o  p l u g  t h e  v e r t i c a l  o i l  g a l -
le r ies ,  to  ensure  tha t  they  a re  f lush  w i th
o r  b e l o w  t h e  t o p  s u r f a c e  o f  t h e  c y l i n d e r
b lock .

Figure 11B-34. Cyl inder Head Seals
and Gaskets



Install  Cylinder Head

1.  Re fe r  to  F igure  11B-34  and  ins ta l l  the
water  and  o i l  sea l  r ings  and  compress ion
gaskets as fol lows:

NOTE

N e v e r  i n s t a l l  u s e d  c o m p r e s s i o n
gaskets or seals.

A .  P l a c e  a  n e w  c o m p r e s s i o n  g a s k e t  o n
t o p  o f  e a c h  c y l i n d e r  l i n e r .  A  n e w  c y l -
i n d e r  l i n e r  c o m p r e s s i o n  g a s k e t  w i t h
i m p r o v e d  s e a l i n g  c a p a b i l i t i e s  i s  n o w
b e i n g  u s e d  ( s e e  F i g u r e  1 1 B - 3 5 ) .  T h e
compression gasket is  a lso color coded
b l a c k ,  o r a n g e  o r  w h i t e .  T h e  s e r v i c e
g a s k e t  k i t s  w i l l  o n l y  i n c l u d e  a  s i n g l e
co lo r  (b lack  o r  o range) .  On ly  one  co -
lo r  compress ion  gaske ts  (sea l )  can  be
u s e d  u n d e r  a  s i n g l e  c y l i n d e r  h e a d  t o
prov ide  p roper  c lamp ing .

NOTE

The new cy l inder  l i ne r  compress ion
g a s k e t  i s  n o t  i n t e r c h a n g e a b l e  o n
an  eng ine  under  the  same cy l inder
h e a d  w i t h  t h e  f o r m e r  c o m p r e s s i o n
g a s k e t .  M i x i n g  o f  t h e  f o r m e r  g a s -
k e t  w i t h  t h e  n e w  g a s k e t  c o u l d  r e -
su l t  in  uneven load ing .

B .  P l a c e  n e w  s e a l  r i n g s  i n  t h e  c o u n t e r -
bores of  the water and oi l  holes in the
c y l i n d e r  b l o c k .  S i l i c o n e  c o m p o s i t i o n
w a t e r  h o l e  s e a l s  c a n  b e  d a m a g e d  i f
t h e y  m o v e  o u t  o f  p o s i t i o n  i n  t h e  c y l -
i n d e r  b l o c k  c o u n t e r b o r e  d u r i n g
e n g i n e  r e b u i l d . I n  t u r n ,  d a m a g e d
seals can al low engine coolant  to con-
t a m i n a t e  l u b e  o i l  a n d  c a u s e  s e r i o u s
e n g i n e  d a m a g e .  T o  p r e v e n t  t h i s ,  a
s p r a y  a d h e s i v e  m a y  b e  u s e d  t o  h o l d
s e a l s  i n  p l a c e  i f  t h e  f o l l o w i n g  p r e c -
au t ions  a re  taken:

1 )  A t t a c h  a  m a s k  o r  t e m p l a t e  t o  t h e
c y l i n d e r  b l o c k  f i r e  d e c k  t o  m i n i -
mize  overspray .

2 )  U s i n g  a  h i g h  t a c k ,  s p r a y  t u b e  a d -
h e s i v e  s u i t a b l e  f o r  s y n t h e t i c  r u b -
ber seals (3M Company Super-Tack
G a s k e t  A d h e s i v e  8 0 8 2 ,  o r  e q u i v -
a l e n t ) ,  s p r a y  a  l i g h t ,  u n i f o r m  c o a t -
ing of adhesive into the seal
c o u n t e r b o r e s .  K e e p  t h e  a d h e s i v e
o f f  o f  ad jacen t  b lock  su r faces  and

C.

Figure 11B-35. Compression Gasket
Mount ing  in  Cy l inder  B lock

w i p e  o f f  a n y  t h a t  g e t s  o n  t h e  f i r e
deck  o r  l i ne r  bo res .

3 ) Al low the adhesive to dry to a high
t a c k  c o n s i s t e n c y  ( s t i c k n e s s )  b e -
f o r e  i n s t a l l i n g  t h e  s e a l .  T h i s  p e r -
m i t s  t h e  e v a p o r a t i o n  o f  t h e  l i q u i d
prope l lan t  used w i th  the  adhes ive .
D o  n o t  a p p l y  a d h e s i v e  d i r e c t l y  t o
t h e  s e a l .  T h e  a d h e s i v e  w i l l  c o a t
the  inner  d iamete r  o f  the  sea l  and
the  spray  p rope l lan t  may  cause  the
seal  to swel l  temporar i ly .

Ins ta l l  a  new o i l  sea l  in  the  g roove a t
t h e  p e r i m e t e r  o f  t h e  c y l i n d e r  b l o c k .
T h e  s e a l  m u s t  l a y  f l a t  i n  t h e  g r o o v e
a n d  m u s t  n o t  b e  t w i s t e d  o r  s t r e t c h e d
w h e n  i n s t a l l e d .  I n s t a l l i n g  t h e  s e a l
s t r i p  i n  t h e  g r o o v e  w i t h  t h e  c o l o r e d
s t r i p  f a c i n g  a w a y  f r o m  t h e  c y l i n d e r
bores can improve i ts seal ing capabi l i -
t i es .

NOTE

3 M  C o m p a n y  S u p e r  T a c k  G a s k e t
a d h e s i v e  8 0 8 2  o r  e q u i v a l e n t  m a y
also be used to hold the per ipheral
h e a d - t o - b l o c k  o i l  s e a l s  i n  p l a c e
d u r i n g  e n g i n e  r e b u i l d .

2 .  T o  i n s t a l l  t h e  c y l i n d e r  h e a d  o n  t h e
eng ine  w i thout  d is tu rb ing  the  gasket  and
s e a l s ,  i n s t a l l  g u i d e  s t u d s  J  9 6 6 5  i n  t w o
corner  bo l t  ho les  in  the  cy l inder  b lock .
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NOTE

T h e  c y l i n d e r  h e a d s  h a v e  p i l o t i n g
s leeves  ins ta l led  in  the  corner  bo l t
h o l e s  o n  t h e  c a m s h a f t  s i d e  o f  t h e
h e a d .  T h e  s l e e v e s  p r o v i d e  m o r e
a c c u r a t e  a l i g n m e n t  o f  t h e  c y l i n d e r
h e a d  w i t h  t h e  b l o c k  b o r e s .  D o  n o t
i n s t a l l  t h e  g u i d e  s t u d s  i n  t h e  b o l t
h o l e s  w h i c h  l i n e  u p  w i t h  p i l o t i n g
sleeves in the head.

3 .  I n s e r t  t h e  h o o k s  o f  a  c h a i n ,  a t t a c h e d
to  a  ho is t ,  in  the  vent  ho les  o f  the  cy l in -
d e r  h e a d ,  o r  t h e  l i f t e r  b r a c k e t s ,  a n d  l i f t
the  head in to  pos i t ion  above the  cy l inder
b l o c k .

4 .  Make  a  f i na l  v i sua l  check  o f  the  com-
press ion  gaske ts  and  sea ls  to  ensure  tha t
t h e y  a r e  i n  p l a c e b e f o r e  t h e  c y l i n d e r
h e a d  i s  l o w e r e d .  T h i s  i s  a  v e r y  i m p o r -
t a n t  c h e c k .  G a s k e t  a n d  s e a l s  w h i c h  a r e
no t  sea ted  p roper l y  w i l l  cause  leaks  and
“ b l o w - b y ”  a n d  r e s u l t  i n  p o o r  e n g i n e  p e r -
formance and damage to the engine.

5 .  W i p e  t h e  b o t t o m  o f  t h e  c y l i n d e r  h e a d
c l e a n .  T h e n  l o w e r  t h e  h e a d  u n t i l  i t  i s
abou t  1 /2 "  f rom the  su r face  o f  the  cy l in -
d e r  b l o c k .

6 .  A p p l y  a  s m a l l  a m o u n t  o f  I n t e r n a t i o n a l
C o m p o u n d  N o .  2 ,  o r  e q u i v a l e n t ,  t o  t h e
th reads  and  unders ide  o f  the  head  o f  a l l
c y l i n d e r  h e a d  a t t a c h i n g  b o l t s  ( t o  s t u d
th reads  and  head  con tac t  su r face  o f  s tud
nuts, if used). Then install a bolt
t h r o u g h  e a c h  p i l o t i n g  s l e e v e  a t  t h e  c o r -
n e r s  o f  t h e  h e a d  a n d  t h r e a d  t h e m  f i n g e r
t i g h t  i n t o  t h e  c y l i n d e r  b l o c k .  C o n t i n u e
t o  t i g h t e n  t h e s e  b o l t s  ( f i n g e r  t i g h t )  a s
t h e  h e a d  i s  l o w e r e d  i n t o  p o s i t i o n  o n  t h e
c y l i n d e r  b l o c k .  E i t h e r  o n e  o r  t w o  t y p e s
o f  s tud  nu ts  a re  used .  Bo th  faces  o f  one
n u t  a r e  s q u a r e  w i t h  t h e  t h r e a d s . T h e
o t h e r  t y p e  n u t  h a s  a  s h o u l d e r  o n  o n e
face . T h e  s h o u l d e r  s i d e  m u s t  c o n t a c t
the  cy l inder  head.

NOTE

C y l i n d e r  h e a d  b o l t s  a r e  e s p e c i a l l y
d e s i g n e d  f o r  t h i s  p u r p o s e  a n d
m u s t  n o t  b e  r e p l a c e d  b y  o r d i n a r y
bo l ts .

7 .  A f te r  the  head i s  in  p lace ,  remove the
g u i d e  s t u d s  a n d  c h a i n  h o i s t  a n d  i n s t a l l
t h e  r e m a i n i n g  b o l t s ,  r u n n i n g  a l l  b o l t s
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d o w n  s n u g  t i g h t  w i t h  a  s p e e d  w r e n c h
( 1 5 - 2 0  l b - f t o r  2 0 - 2 7  N m  t o r q u e ) .  H o w -
e v e r ,  b e f o r e  t i g h t e n i n g  t h e  l i f t e r
n u t s ) ,  l o o s e n  t h e  l i f t e r
b racke t - to -cy l inder  head  a t tach ing  bo l ts ,
o t h e r w i s e  t h e  h e a d  m a y  b e  p r e v e n t e d
f r o m  s e a t i n g  p r o p e r l y  o n  t h e  c y l i n d e r
b l o c k .  A  s i m i l a r  c o n d i t i o n  c o u l d  e x i s t  i f
t h e  e x h a u s t  m a n i f o l d  i s  a t t a c h e d  t o  t h e
c y l i n d e r  h e a d .  C l e a r a n c e  m u s t  b e  a s -
s u r e d  b e t w e e n  t h e  e x h a u s t  m a n i f o l d  a n d
bosses  on  the  cy l inder  b lock .

8 .  T igh ten  the  bo l t s  (o r  nu ts )  to  175-185
lb - f t  (238-251  Nm)  to rque  in  50  lb - f t  (68
Nm)  inc rements  w i th  a  to rque  wrench ,  in
the  sequence shown in  F igure  11B-36  on
p a g e  1 1 B - 2 5 .  R e p e a t  t h e  t i g h t e n i n g  s e -
q u e n c e  a t  l e a s t  o n c e ,  b e c a u s e  t h e  f i r s t
b o l t s  t i g h t e n e d  i n  t h e  s e q u e n c e  t e n d  t o
l o s e  s i g n i f i c a n t  c l a m p  l o a d  d u r i n g  t i g h t -
e n i n g o f  t h e  r e m a i n i n g  b o l t s .  A p p l y  a
s teady  p ressure  fo r  two  o r  th ree  seconds
a t  t h e  p r e s c r i b e d  t o r q u e  t o  a l l o w  t h e
b o l t s  t o  t u r n  w h i l e  t h e  g a s k e t s  y i e l d  t o
t h e i r  f i n a l  d e s i g n e d  t h i c k n e s s .  B e g i n  o n
the  cam fo l l ower  s ide  o f  the  head  to  take
u p  t e n s i o n i n  t h e  p u s h  r o d  s p r i n g s .
T i g h t e n  t h e  b o l t s  t o  t h e  h i g h  s i d e  o f  t h e
t o r q u e  s p e c i f i c a t i o n ,  b u t  d o  n o t  e x c e e d
the  l im i t  o r  the  bo l ts  may  s t re tch  beyond
t h e i r  e l a s t i c  l i m i t s .  A t t e m p t i n g  t o  t i g h t -
e n  t h e  b o l t s  i n  o n e  s t e p  m a y  r e s u l t  i n
t r o u b l e  a n d  c o n s e q u e n t  l o s s  o f  t i m e  i n
d i a g n o s i s  a n d  c o r r e c t i o n  o f  d i f f i c u l t i e s ,
such  as  compress ion  leaks ,  when the  en-
g ine  is  pu t  in to  opera t ion .

NOTE

T i g h t e n i n g  t h e  c y l i n d e r  h e a d  b o l t s
w i l l  n o t  c o r r e c t  a  l e a k i n g  c o m -
p r e s s i o n  g a s k e t  o r  s e a l .  T h e  h e a d
mus t  be  removed  and  the  damaged
gasket or  seal  replaced.

9 .  T i g h t e n  t h e  t w o  f l y w h e e l  h o u s i n g  a t -
tach ing  bo l ts  d i rec t l y  be low the  rear  l i f t -
e r  b r a c k e t .  I n s t a l l  a  n e w  g a s k e t  a n d
s e c u r e  t h e  r e a r  e n g i n e  l i f t e r  b r a c k e t  t o
the  cy l inder  head  and  the  f l ywhee l  hous-
i n g . T i g h t e n  t h e  b o l t s  t o  5 5 - 6 0  l b - f t
(75-81 Nm) torque (see Figure 11B-37 on
page 11B-25).

1 0 .  A f f i x  a  n e w  g a s k e t  t o  t h e  f r o n t  l i f t e r
b r a c k e t  ( o r  v e n t  c a s t i n g )  a n d  a t t a c h  t h e
bracke t  to  the  cy l inder  head  and  the  ba l -
a n c e  w e i g h t  c o v e r .  T i g h t e n  t h e  b o l t s  i n
the  same sequence  and  to  the  same to r -
que  as  on  the  rear  l i f t e r  b racke t  bo l t s .



Figure  11B-36 .  Cy l inder  Head Bo l t
Tightening Sequence

1 1 .  I f  t h e  f u e l  i n j e c t o r s  w e r e  n o t  p r e v i -
ous ly  ins ta l led ,  ins ta l l  them a t  th is  t ime.

1 2 .  A d j u s t  t h e  e x h a u s t  v a l v e  b r i d g e s  a s
out l ined  la te r  in  th is  subsec t ion .

13 .  T igh ten  the  rocker  a rm b racke t  bo l t s
to  the  spec i f ied  to rque.

1 4 .  A l i g n  t h e  f u e l  p i p e s  a n d  c o n n e c t
t h e m  t o  t h e  i n j e c t o r s  a n d  t h e  f u e l  c o n -
nec to rs .  Use  socke t  J  8932-01  to  t igh ten
the connect ions to 12-15 lb- f t  (16-20 Nm)
t o r q u e .

NOTE

Do no t  bend  the  fue l  p ipes  and  do
n o t  e x c e e d  t h e  s p e c i f i e d  t o r q u e .
E x c e s s i v e  t i g h t e n i n g  w i l l  t w i s t  o r
f rac tu re  the  f l a red  ends  o f  the  fue l
p i p e s  a n d  r e s u l t  i n  l e a k s .  L u b r i -

F i g u r e  1 1 B - 3 7 .  L i f t e r  B r a c k e t  B o l t
Tightening Sequence

c a t i n g  o i l  d i l u t e d  b y  f u e l  o i l  c a n
c a u s e  s e r i o u s  d a m a g e d  t o  t h e  e n -
g ine  bear ings .

1 5 .  S e t  t h e  i n j e c t o r  c o n t r o l  t u b e  a s s e m -
b ly  in  p lace  on  the  cy l inder  head  and  in -
s t a l l  t h e  a t t a c h i n g  b o l t s  f i n g e r  t i g h t .
W h e n  p o s i t i o n i n g  t h e  c o n t r o l  t u b e ,  b e
s u r e  t h e  b a l l  e n d  o f  e a c h  i n j e c t o r  r a c k
con t ro l  l ever  engages  the  s lo t  i n  the  cor -
r e s p o n d i n g  i n j e c t o r  c o n t r o l  r a c k .  W i t h
one e n d  o f  t h e  c o n t r o l  t u b e  r e t u r n
s p r i n g  h o o k e d  a r o u n d  a n  i n j e c t o r  r a c k
c o n t r o l  l e v e r  a n d  t h e  o t h e r  e n d  h o o k e d
a r o u n d  a  c o n t r o l  t u b e  b r a c k e t ,  t i g h t e n
t h e  b r a c k e t  b o l t s  t o  1 0 - 1 2  l b - f t  ( 1 4 - 1 6
N m  t o r q u e .

1 6 .  A f t e r  t i g h t e n i n g  t h e  b o l t s ,  r e v o l v e
t h e  i n j e c t o r  c o n t r o l  t u b e  t o  b e  s u r e  t h e
r e t u r n  s p r i n g  p u l l s  t h e  i n j e c t o r  r a c k s
o u t  ( n o - f u e l  p o s i t i o n )  a f t e r  t h e y  h a v e
been  moved  a l l  t he  way  in  ( fu l l - fue l  pos i -
t i o n ) .  S i n c e  t h e  i n j e c t o r  c o n t r o l  t u b e  i s
m o u n t e d  i n  s e l f - a l i g n i n g  b e a r i n g s ,  t a p -
p i n g  t h e  t u b e  l i g h t l y  w i l l  r e m o v e  a n y
b i n d  t h a t  m a y  e x i s t .  T h e  i n j e c t o r  r a c k s
must  re tu rn  to  the  no- fue l  pos i t i on  f ree ly
b y  a i d  o f  t h e  r e t u r n  s p r i n g  o n l y .  D o  n o t
b e n d  t h e  s p r i n g .  I f  n e c e s s a r y ,  r e p l a c e
t h e  s p r i n g .

17 .  A t tach  the  fue l  rod  to  the  d i f fe ren t ia l
l e v e r  i n  t h e  g o v e r n o r  h o u s i n g .  S e c u r e
t h e  g o v e r n o r  t o  t h e  c y l i n d e r  h e a d  w i t h
bo l t s  and  lockwashers .

18 .  Connec t  the  governor  fue l  rod  to  the
injector control  tube lever. .

19 .  Ins ta l l  the  fue l  f i l t e r  and  connec t  the
fue l  l i nes .

20 .  Ins ta l l  the  exhaus t  man i fo ld .

2 1 .  I n s t a l l  t h e  t e m p e r a t u r e  g a u g e  t h e r -
m o c o u p l e  i n  t h e  a d a p t o r  a t  t h e  r e a r  o f
the  wa te r  man i fo ld .

22 .  Ins ta l l  the  thermos ta t  and  secure  the
thermos ta t  hous ing  to  the  wate r  man i fo ld
w i th  four  bo l t s  and  lockwashers .

23 .  Pos i t ion  the  sea l  and  c lamp be tween
t h e  w a t e r  m a n i f o l d  a n d  t h e  t h e r m o s t a t
h o u s i n g  o n  a  h e a t  e x c h a n g e r  u n i t  a n d
t i g h t e n  t h e  s e a l  c l a m p .  S l i d e  t h e  h o s e
i n t o  p o s i t i o n  o n  t h e  r a d i a t o r  a n d  s e c u r e
i t  w i th  two c lamps.

2 4 .  I n s t a l l  a n y  o t h e r  e q u i p m e n t  o r  p a r t s
tha t  were  prev ious ly  removed.
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2 5 .  R e f e r  t o  S u b s e c t i o n  1 1 H  a n d  f i l l  t h e
coo l ing  sys tem and lubr ica t ion  sys tem.

2 6 .  B e f o r e  s t a r t i n g  t h e  e n g i n e ,  p e r f o r m
a n  e n g i n e  t u n e - u p  a s  o u t l i n e d  i n  S u b -
sect ion 11H.

VALVE AND INJECTOR OPERATING
MECHANISM

Description

Three  rocker  a rms  a re  p rov ided  fo r  each
c y l i n d e r ;  t h e  t w o  o u t e r  a r m s  o p e r a t e  t h e
exhaus t  va lves  and  the  cen te r  a rm oper -
a tes  the  fue l  i n jec to r .

Each set of  three rocker arms pivots on a
s h a f t  s u p p o r t e d  b y  t w o  b r a c k e t s .  A
s i n g l e  b o l t  s e c u r e s  e a c h  b r a c k e t  t o  t h e
top  o f  the  cy l inder  head .  Remova l  o f  the
t w o  b r a c k e t  b o l t s  p e r m i t s  t h e  r o c k  a r m
a s s e m b l y  f o r  o n e  c y l i n d e r  t o  b e  r a i s e d ,
prov id ing  easy  access  to  the  fue l  in jec to r
and the exhaust  va lve  spr ings .

T h e  r o c k e r  a r m s  a r e  o p e r a t e d  b y  t h e
camshaft  through cam fo l lowers and short
p u s h  r o d s  e x t e n d i n g  t h r o u g h  t h e  c y l i n -
der  head .

Each  cam fo l l ower  opera tes  in  a  bo re  in
t h e  c y l i n d e r  h e a d .  A  g u i d e  f o r  e a c h  s e t
o f  t h r e e  c a m  f o l l o w e r  i s  a t t a c h e d  t o  t h e
bo t tom o f  the  cy l inder  head  to  re ta in  the
c a m  f o l l o w e r s  i n  p l a c e  a n d  t o  a l i g n  t h e
c a m  f o l l o w e r  r o l l e r s  w i t h  t h e  c a m s h a f t
lobes.

A  c o i l  s p r i n g ,  i n s i d e  o f  e a c h  c a m
fo l lower ,  ma in ta ins  a  p re -de te rm ined  load
on  the  cam fo l l ower  to  ensure  con tac t  o f
the cam ro l ler  on the camshaf t  lobe at  a l l
t imes .

Lubrication

T h e  v a l v e  a n d  i n j e c t o r  o p e r a t i n g  m e c h -
a n i s m  i s  l u b r i c a t e d  b y  o i l  f r o m  a  l o n g i -
tud ina l  o i l  passage on  the  camshaf t  s ide
o f  t h e  c y l i n d e r  h e a d ,  w h i c h  c o n n e c t s
w i t h  t h e  m a i n  o i l  g a l l e r y  i n  t h e  c y l i n d e r
b lock . O i l  f r o m  t h i s  p a s s a g e  f l o w s
t h r o u g h  d r i l l e d  p a s s a g e s  i n  t h e  r o c k e r
s h a f t  b r a c k e t  b o l t s  t o  t h e  p a s s a g e s  i n
t h e  r o c k e r  a r m  s h a f t  t o  l u b r i c a t e  t h e
rocker  a rms  (see  F igure  11B-38) .

O v e r f l o w  o i l  f r o m  t h e  r o c k e r  a r m s  l u b r i -
c a t e s  t h e  e x h a u s t  v a l v e s ,  v a l v e  b r i d g e s
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Figure  11B-38 .  Lubr ica t ion  o f  Va lve
Operating Mechanism

a n d  c a m  f o l l o w e r s .  T h e  o i l  t h e n  d r a i n s
f r o m  t h e  t o p  d e c k  o f  t h e  c y l i n d e r  h e a d
t h r o u g h  o i l  h o l e s  i n  t h e  c a m  f o l l o w e r s ,
in to  the  camshaf t  pocke ts  in  the  cy l inder
block and back to the oi l  pan.

T h e  c a m  f o l l o w e r  r o l l e r s  a r e  l u b r i c a t e d
w i t h  o i l  f r o m  t h e  c a m  f o l l o w e r s ,  o i l
p i c k e d  u p  b y  t h e  c a m s h a f t  l o b e s  a n d  b y
o i l  e m i t t e d  u n d e r  p r e s s u r e  f r o m  m i l l e d
s l o t s  i n  t h e  c a m s h a f t  i n t e r m e d i a t e  b e a r -
i ngs .

Service

S o m e  s e r v i c e  o p e r a t i o n s  m a y  b e  p e r -
fo rmed on  the  va lve  and  in jec to r  opera t -
i n g  m e c h a n i s m  w i t h o u t  r e m o v i n g  t h e
cy l inder  head:

1 .  Ad jus t  va lve  c learance .

2 .  Rep lace  a  va lve  spr ing .

3 .  R e p l a c e  o r  a d j u s t  a n  e x h a u s t  v a l v e
br idge  o r  rep lace  a  va lve  b r idge  gu ide .

4.  Replace a rocker arm.

5. Replace a rocker arm shaft or
b r a c k e t .

6.  Replace a fuel  in jector .

I t  is also possible to replace a push rod,
p u s h  r o d  s p r i n g ,  t h e  s p r i n g  s e a t s  o r  a
cam fo l lower  w i thou t  remov ing  the  cy l in -
d e r  h e a d .  H o w e v e r ,  t h e s e  p a r t s  a r e
more  eas i l y  changed  f rom the  lower  s ide
when the cyl inder head is of f  the engine.
Both methods are covered in this
sec t ion .



T o  r e p l a c e  t h e  e x h a u s t  v a l v e s ,  v a l v e
g u i d e s  a n d  v a l v e  s e a t  i n s e r t s ,  t h e  c y l i n -
der head must be removed.

Remove Rocker Arms and Shaft

1 .  C l e a n  a n d  r e m o v e  t h e  v a l v e  r o c k e r
c o v e r .

2 .  Remove  the  fue l  p ipes  f rom the  in jec -
to r  and  the  fue l  connec to rs .

NOTE

Immediately af ter  removing the fuel
p i p e s ,  c o v e r  t h e  i n j e c t o r  f u e l  i n l e t
a n d  o u t l e t  o p e n i n g s  w i t h  s h i p p i n g
caps  to  p reven t  d i r t  o r  fo re ign  ma-
te r ia l  f rom en te r ing .

3 .  T u r n  t h e  c r a n k s h a f t ,  o r  c r a n k  t h e
e n g i n e  w i t h  t h e  s t a r t i n g  m o t o r ,  t o  b r i n g
the  in jec to r  and  va lve  rocker  a rms in  l i ne
hor izon ta l l y .

Do not bar the crankshaft in a left
hand d i rect ion of  ro ta t ion  wi th  a
w r e n c h  o r  b a r r i n g  t o o l  o n  t h e
crankshaft bolt, or the bolt may be
loosened.

4. Remove the two bol ts which secure the
rocker  a rm sha f t  b racke ts  to  the  cy l inder
head .  Remove the  b racke ts  and  sha f t .

NOTE

W h e n  r e m o v i n g  t h e  r o c k e r  a r m
s h a f t ,  f o l d  t h e  t h r e e  r o c k e r  a r m s
b a c k  j u s t  f a r  e n o u g h  s o  t h e  s h a f t
c a n  b e  r e m o v e d .  D o  n o t  f o r c e  t h e
r o c k e r  a r m s  a l l  t h e  w a y  b a c k  w i t h
t h e  s h a f t  i n  p l a c e  a s  t h i s  m a y  i m -
p o s e  a  l o a d  t h a t  c o u l d  b e n d  t h e
p u s h  r o d s .

5 .  L o o s e n  t h e  l o c k  n u t s  a t  t h e  u p p e r
e n d s  o f  t h e  p u s h  r o d s ,  n e x t  t o  t h e  c l e v -
ies, a n d  u n s c r e w  t h e  r o c k e r  a r m s  f r o m
t h e  p u s h  r o d s .

NOTE

I f  t he  rocker  a rms  and  sha f t s  f rom
two o r  more  cy l inder  a re  to  be  re -
moved, t a g  t h e m  s o  t h e y  m a y  b e

r e i n s t a l l e d  i n  t h e i r  o r i g i n a l  p o s i -
t i ons .

Inspection

W a s h  t h e  r o c k e r  a r m s ,  s h a f t ,  b r a c k e t s
and  bo l t s  w i th  c lean  fue l  o i l .  Use  a  sma l l
w i re  to  c lean  ou t  the  d r i l l ed  o i l  passages
i n  t h e  r o c k e r  a r m s  a n d  r o c k e r  s h a f t
b o l t s .  D r y  t h e  p a r t s  w i t h  c o m p r e s s e d
a i r .

I n s p e c t  t h e  r o c k e r  a r m  s h a f t  a n d  r o c k e r
a r m  b u s h i n g s  f o r  w e a r .  A  m a x i m u m
s h a f t  t o  b u s h i n g  c l e a r a n c e  o f  0 . 0 0 4 "  i s
a l l o w a b l e  w i t h  u s e d  p a r t s .  S e r v i c e  r e -
p l a c e m e n t  b u s h i n g s  m u s t  b e  r e a m e d  t o
s ize  a f te r  ins ta l la t ion .

I n s p e c t  t h e  r o c k e r  a r m s  f o r  g a l l i n g  o r
w e a r  o n  t h e  p a l l e t s  ( v a l v e  o r  i n j e c t o r
c o n t a c t  s u r f a c e s ) .  I f  w o r n ,  t h e  s u r f a c e
m a y  b e  r e f a c e d  u p  t o  a  m a x i m u m  o f
0 . 0 1 0 " .  H o w e v e r ,  p r o c e e d  w i t h  c a u t i o n
when sur face  gr ind ing  to  avo id  overheat -
i n g  t h e  r o c k e r  a r m .  M a i n t a i n  t h e  r a d i u s
and f in ish as close to the or iginal  surface
a s  p o s s i b l e .  A l s o  i n s p e c t  t h e  v a l v e
b r i d g e s  f o r  w e a r .

Remove Cam Follower and Push Rod
(with Cylinder Head on Engine)

When removing the cam fo l lowers and as-
soc ia ted  par ts , tag  them so  they  may  be
re ins ta l led  in  the i r  o r ig ina l  loca t ion .

T o  r e m o v e  a  p u s h  r o d ,  s p r i n g ,  s p r i n g
s e a t s  a n d  c a m  f o l l o w e r s  f r o m  t h e  t o p  o f
the  cy l inder  head ,  p roceed  as  fo l lows :

1 .  R e m o v e  t h e  r o c k e r  a r m  s h a f t  a n d
b r a c k e t s  a s  o u t l i n e d  u n d e r  “ R e m o v e
Rocker  A rms  and  Sha f t . ”

2 .  L o o s e n  t h e  l o c k  n u t  a n d  u n s c r e w  t h e
r o c k e r  a r m  f r o m  t h e  p u s h  r o d  t o  b e  r e -
moved .  Remove  the  lock  nu t .

3 .  Ins ta l l  remover  J  3092-01 ,  a  f l a t  wash-
e r  a n d  t h e  l o c k  n u t  o n  t h e  p u s h  r o d ,
w i th  the  lower  end  o f  the  too l  res t ing  on
t h e  u p p e r  s p r i n g  s e a t .

4 .  T h r e a d  t h e  n u t  d o w n  t o  c o m p r e s s  t h e
s p r i n g .

5 .  R e m o v e  t h e  s p r i n g  s e a t  r e t a i n e r  f r o m
t h e  g r o o v e  i n  t h e  c y l i n d e r  h e a d  ( s e e
F igure  11B-39  on  page  11B-28) .
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Figure 11B-39. Removing Push Rod
from Upper Side of  Cyl inder Head

6 .  U n s c r e w  t h e  l o c k  n u t  t o  r e l e a s e  t h e
s p r i n g .  T h e n  r e m o v e  t h e  n u t ,  f l a t
washer  and  too l  f rom the  push  rod .

7 .  P u l l  t h e  p u s h  r o d ,  s p r i n g ,  s p r i n g
s e a t s  a n d  c a m  f o l l o w e r  o u t  o f  t h e  c y l i n -
der head.

Remove Cam Follower and Push Rod
(Cylinder Head Removed)

When removing the cam fo l lowers and as-
soc ia ted  par ts ,  tag  them so  they  may be
re ins ta l led  in  the i r  o r ig ina l  loca t ions .

1 .  R e s t  t h e  c y l i n d e r  h e a d  o n  i t s  s i d e
(F igu re  11B-40)  and  remove  the  cam fo l -
lower  gu ide .

2 .  R e m o v e  t h e  c a m  f o l l o w e r  o u t  o f  t h e
cy l inder  head.

3 .  Remove  the  fue l  p ipes  f rom the  in jec -
to rs  and  the  fue l  connec to rs .

NOTE

Immediately af ter  removing the fuel
p ipes, c o v e r  t h e  i n j e c t o r  i n l e t  a n d
o u t l e t  o p e n i n g s  w i t h  s h i p p i n g  c a p s
t o  p r e v e n t  d i r t  o r  f o r e i g n  m a t e r i a l
f r o m  e n t e r i n g .

4 .  Loosen  the  push  rod  lock  nu t  and  un-
s c r e w  t h e  p u s h  r o d  f r o m  t h e  r o c k e r  a r m
clev is .
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Figure 11B-40. Cam Followers and
Guides

5 .  Pu l l  the  push  rod  and  spr ing  assembly
f rom the  bo t tom o f  the  cy l i nder  head .

6 .  R e m o v e  t h e  p u s h  r o d  l o c k  n u t ,  s p r i n g
and  spr ing  sea ts  f rom the  push  rod .

I f  t h e  c y l i n d e r  h e a d  i s  t o  b e  r e p l a c e d ,
r e m o v e  t h e  s p r i n g  r e t a i n e r s  a n d  i n s t a l l
them in the new head.

Inspection

Proper  inspec t ion  and  serv ice  o f  the  cam
fo l lower  i s  necessary  to  ob ta in  con t inued
e f f i c i e n t  e n g i n e  p e r f o r m a n c e . When any
a p p r e c i a b l e  c h a n g e  i n  i n j e c t o r  t i m i n g  o r
e x h a u s t  v a l v e  c l e a r a n c e  o c c u r s  d u r i n g
eng ine  opera t ion , remove the cam fo l low-
e r s  a n d  t h e i r  r e l a t e d  p a r t s  a n d  i n s p e c t
t h e m  f o r  e x c e s s i v e  w e a r .  T h i s  c h a n g e  i n
i n j e c t o r  t i m i n g  o r  v a l v e  c l e a r a n c e  c a n
usua l ly  be  detec ted by  excess ive  no ise  a t
id le speed.

W a s h  t h e  c a m  f o l l o w e r s  w i t h  l u b r i c a t i n g
o i l  o r  C i n d o l  1 7 0 5  a n d  w i p e  d r y .  D o  n o t
u s e  f u e l  o i l .  F u e l  o i l  w o r k i n g  i t s  w a y  i n
b e t w e e n  t h e  c a m  r o l l e r  b u s h i n g  a n d  p i n
m a y  c a u s e  s c o r i n g  o n  i n i t i a l  s t a r t  u p  o f
the  eng ine  s ince  fue l  o i l  does  no t  p rov ide
a d e q u a t e  l u b r i c a t i o n .  T h e  p u s h  r o d s ,
spr ings  and spr ing  seats  may be  washed
w i t h  c l e a n  f u e l  o i l  a n d  d r i e d  w i t h  c o m -
pressed a i r .

Examine the cam fo l lower ro l lers for  scor-
i n g ,  p i t t i n g  o r  f l a t  s p o t s .  t h e  r o l l e r
m u s t  t u r n  f r e e l y  o n  t h e i r  p i n s .  M e a s u r e



Figure 11B-42. Push Rod and Lower Spring Seat

Figure 11B-41.  Cam Rol ler  Clearance

t h e  t o t a l  d i a m e t r i c  c l e a r a n c e  a n d  s i d e
clearance. Ins ta l l  a  new ro l le r  and  p in  i f
the  c learances  exceed those  spec i f ied  in
F igu re  11B-41  on  page  11B-29 .  Cam fo l -
lowers  s tamped w i th  the  le t te r  "S"  on  the
pin, roller and follower body are
equ ipped w i th  an  overs ize  p in  and  ro l le r .
T h e  s a m e  c l e a r a n c e s  a p p l y  t o  e i t h e r  a
standard or oversize cam fol lower assem-
b l y .

Examine  the  camshaf t  l obes  fo r  scor ing ,
p i t t i n g  o r  f l a t  s p o t s .  R e p l a c e  t h e  c a m -
shaf t  i f  necessary .

M e a s u r e  t h e  c a m  f o l l o w e r  b o r e s  i n  t h e
cyl inder head with a telescope gauge and
m i c r o m e t e r  a n d  r e c o r d  t h e  r e a d i n g .
Measure the diameter of  the cam fol lower
w i t h  a  m i c r o m e t e r .  R e c o r d  t h e  r e a d i n g s
and  compare  the  read ings  o f  the  fo l l ow-
e r s a n d  b o r e s  t o  d e t e r m i n e  t h e  c a m
fol lower- to bore c learances.

I n s p e c t  t h e  p u s h  r o d s  a n d  s p r i n g  s e a t s
f o r  w e a r .  T h e  p u s h  r o d s  h a v e  m i l l e d

w r e n c h  f l a t s  a n d  a  b r i g h t  “ t u r n e d ”  f i n i s h
a n d  t h e  l o w e r  s p r i n g  s e a t s  a r e  s e r r a t e d
a long  the  push  rod  con tac t  su r faces  (see
F igure  11B-42) .

E x a m i n e  t h e  c a m  f o l l o w e r  s p r i n g s  f o r
w e a r  o r  d a m a g e  a n d  c h e c k  t h e  s p r i n g
l o a d .  R e p l a c e  a  s p r i n g  w h e n  a  l o a d  o f
less then 172 Ibs (765 N) wi l l  compress i t
t o  a  l e n g t h  o f  2 . 1 2 5 " .  U s e  s p r i n g  t e s t e r
J  22738-02  to  check  the  sp r ing  load  (see
F igure  11B-43) .

Replace Cam Roller and Pin

To  rep lace  a  cam ro l l e r  and  p in ,  p roceed
as fol lows:

Figure 11B-43. Test ing Cam Fol lower
Spr ing
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NOTE

Do not at tempt to bore out the legs
o f  a  s t a n d a r d  c a m  f o l l o w e r  f o r  a n
overs ize  p in .

1 .  C lamp f i x tu re  J  5640-01  secure ly  in  a
v i s e  a s  s h o w n  i n  F i g u r e  1 1 B - 4 4 .  T h e n
p l a c e  t h e  c a m  f o l l o w e r  i n  t h e  g r o o v e  i n
t h e  t o p  o f  t h e  f i x t u r e ,  w i t h  t h e  f o l l o w e r
p i n  r e s t i n g  o n  t o p  o f  t h e  c o r r e s p o n d i n g
s ize  p lunger  in  the  f i x tu re .

2 .  D r i v e  t h e  p i n  f r o m  t h e  r o l l e r  w i t h  a
s u i t a b l e  d r i f t .  E x e r c i s e  c a u t i o n  i n  r e -
mov ing  the  cam fo l l ower  body  and  ro l l e r
f rom the  f i x tu re  as  the  ro l le r  p in  i s  sea t -
ed  on  a  spr ing  loaded p lunger  in  the  f i x -
t u r e .

3 .  B e f o r e  i n s t a l l i n g  t h e  n e w  r o l l e r  a n d
p i n ,  r e m o v e  t h e  p r e s e r v a t i v e  b y  w a s h i n g
t h e  p a r t s  w i t h  c l e a n  l u b r i c a t i n g  o i l  o r
C i n d o l  1 7 0 5  a n d  w i p e  d r y .  D o  n o t  u s e
f u e l  o i l .  A f t e r  w a s h i n g  t h e  p a r t s ,  l u b r i -
cate the rol ler  and pin wi th Cindol  1705.

4 .  P o s i t i o n  t h e  c a m  f o l l o w e r  b o d y  i n  t h e
g r o o v e  o f  t h e  f i x t u r e ,  w i t h  t h e  s m a l l
p l u n g e r  e x t e n d i n g  t h r o u g h  t h e  r o l l e r  p i n
h o l e  i n  t h e  l o w e r  l e g  o f  t h e  f o l l o w e r
b o d y .

5.  Posi t ion the new cam rol ler  in the cam
fo l lower  body .  When  re leased  the  p lung-
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F igure  11B-44 .  Remov ing  o r  Ins ta l l i ng  Cam Fo l lower  Ro l le r

e r  w i l l  ex tend  in to  the  ro l le r  bush ing  and
a l i g n  t h e  r o l l e r  w i t h  t h e  c a m  f o l l o w e r
b o d y .

6 .  S t a r t  t h e  n e w  p i n  i n  t h e  c a m  f o l l o w e r
b o d y ,  t h e n  c a r e f u l l y  t a p  i t  i n  u n t i l  i t  i s
centered in the cam fol lower body.

7 .  Remove  the  cam fo l l ower  f rom the  f i x -
t u r e  a n d  c h e c k  t h e  s i d e  c l e a r a n c e  ( s e e
F i g u r e  1 1 B - 4 1  o n  p a g e  1 1 B - 2 9 ) .  T h e
clearance must be 0.011” to 0.023”.

Install Cam Follower and Push Rod

I f  new cam fo l l ower  assemb l ies  a re  to  be
i n s t a l l e d ,  r e m o v e  t h e  p r e s e r v a t i v e  b y
w a s h i n g  w i t h  C i n d o l  1 7 0 5  a n d  w i p e  d r y .
Do not use fuel oil.

B e f o r e  c a m  f o l l o w e r s  a r e  i n s t a l l e d ,  i m -
merse  then  in  c lean  C indo l  1705  (hea ted
to 100-125°F or 38-52°C) for  at  least  one
h o u r  t o  e n s u r e  i n i t i a l  l u b r i c a t i o n  o f  t h e
c a m  r o l l e r  p i n s  a n d  b u s h i n g s .  R o t a t e
the  cam ro l le rs  dur ing  the  soak ing  per iod
t o  p u r g e  a n y  a i r  f r o m  t h e  b u s h i n g - r o l l e r
a r e a .  T h e  h e a t e d  C i n d o l  o i l  r e s u l t s  i n
b e t t e r  p e n e t r a t i o n  a s  i t  i s  l e s s  v i s c o u s
than engine oi l  and f lows more easi ly be-
t w e e n  t h e  c a m  r o l l e r  b u s h i n g  a n d  p i n .
Af ter  the cam fo l lowers are removed f rom
t h e  h e a t e d  C i n d o l  1 7 0 5 ,  t h e  c o o l i n g  a c -
t i o n  o f  a n y  a i r  t r a p p e d  i n  t h e  b u s h i n g



a n d  p i n  a r e a  w i l l  t e n d  t o  p u l l  t h e  l u b r i -
cant  in to  the cav i ty .

NOTE

Heat the Cindol 1705 in a small pail
w i t h  a  s c r e e n  i n s e r t .  T h e  s c r e e n
w i l l  p reven t  the  cam fo l l owers  f rom
touching the bottom of the pai l .  and
a v o i d  t h e  p o s s i b i l i t y  o f  c o n t a m -
inat ion.

Ins ta l l  used  cam fo l l owers  and  push  rods
i n  t h e i r  o r i g i n a l  l o c a t i o n s .  R e f e r  t o
Figure 11B-45 and proceed as fo l lows:

F igure  11B45.  Va lve  Opera t ing
Mechanism

C Y L I N D E R  H E A D  O N  E N G I N E .  U s e  t h e
f o l l o w i n g  p r o c e d u r e  i f  t h e  c y l i n d e r  h e a d
h a s  n o t  b e e n  r e m o v e d  f r o m  t h e  c y l i n d e r
b lock

1 .  No te  the  o i l  ho le  in  the  bo t tom o f  the
c a m  f o l l o w e r .  W i t h  t h e  o i l  h o l e  d i r e c t e d
a w a y  f r o m  t h e  e x h a u s t  ( F i g u r e  1 1 B - 4 6 ) ,
s l i d e  t h e  c a m  f o l l o w e r  i n  p o s i t i o n  i n  t h e
cy l inder  head.

F igure  11B-46 .  Ins ta l la t ion  o f  Cam
Fol lowers

2 .  A s s e m b l e  t h e  s e r r a t e d  l o w e r  s p r i n g
s e a t  ( F i g u r e  1 1 B - 4 2  o n  p a g e  1 1 B - 2 9 ) ,
s p r i n g  a n d  u p p e r  s p r i n g  s e a t  o n  t h e
p u s h  r o d .

3 .  P l a c e  a  f l a t  w a s h e r  o v e r  t h e  u p p e r
spr ing  sea t  and  s ta r t  the  lock  nu t  on  the
p u s h  r o d .  P l a c e  t o o l  J  3 0 9 2 - 0 1  o n  t h e
p u s h  r o d  b e t w e e n  t h e  w a s h e r  a n d  t h e
u p p e r s p r i n g  s e a t  a n d  p l a c e  t h e  p u s h
rod  assemb ly  in  the  cam fo l l ower . Then
th read  the  lock  nu t  on  the  push  rod  un t i l
t h e  s p r i n g  i s  c o m p r e s s e d  s u f f i c i e n t l y  t o
permit the spring retainer to be
i n s t a l l e d .  I n s t a l l  t h e  r e t a i n e r  w i t h  t h e
t a n g s  f a c i n g  t h e  n o t c h  i n  t h e  c y l i n d e r
head.

4 .  Remove the  nu t ,  f l a t  washer  and  too l .
T h e n  r e i n s t a l l  t h e  l o c k  n u t  a n d  t h r e a d  i t
as far as possible on the push rod.

CYLINDER HEAD REMOVED FROM EN-
G I N E .  I f  t h e  c y l i n d e r  h e a d  h a s  b e e n  r e -
m o v e d  f r o m  t h e  e n g i n e ,  p r o c e e d  a s
fo l lows  (see  F igure  11B-45) :

1 .  A s s e m b l e  t h e  s e r r a t e d  l o w e r  s p r i n g
s e a t  ( F i g u r e  1 1 B - 4 2  o n  p a g e  1 1 B - 2 9 ) ,
s p r i n g , u p p e r  s p r i n g  s e a t  a n d  l o c k  n u t
on  the  push  rod .

2 .  W i t h  t h e  s p r i n g  r e t a i n e r  i n  p l a c e  i n
the  cy l inder  head,  s l ide  the  push  rod  as-
sembly  in  pos i t i on  f rom the  bo t tom o f  the
head.
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3.  No te  the  o i l  ho le  in  the  bo t tom o f  the
c a m  f o l l o w e r .  W i t h  t h e  o i l  o i l  d i r e c t e d
away from the exhaust valves
( F i g u r e  1 1 B - 4 6 ) ,  s l i d e  t h e  c a m  f o l l o w e r
in posi t ion f rom the bottom of the head.

4 .  A t tach  the  fo l lower  gu ide  to  the  cy l in -
de r  head  to  ho ld  the  g roup  o f  th ree  cam
f o l l o w e r s  i n  p l a c e .  T i g h t e n  t h e  g u i d e
b o l t s  t o  1 2 - 1 5  l b - f t  ( 1 6 - 2 0  N m )  t o r q u e .
Check  to  be  sure  there  i s  a t  leas t  0 .005"
c lea rance  be tween  the  cam fo l l ower  l egs
and the cam follower guide (see
Figure 11B-47) If there is insufficient
c learance ,  loosen  the  gu ide  bo l t s  s l igh t l y
a n d  t a p  e a c h  c o r n e r  o f  t h e  g u i d e  w i t h  a
brass rod (see Figure 11B-48). Then
r e t i g h t e n  t h e  b o l t s  t o  t h e  s p e c i f i e d  t o r -
q u e .

NOTE

I t  i s  i m p o r t a n t  t o  u s e  t h e  c o r r e c t
b o l t s  a s  p r e s c r i b e d  i n  t h e  p a r t s
manua l .  The  ha rdened  bo l t  i s  nec -
e s s a r y  t o  o b t a i n  t h e  p r o p e r  t o r q u e
a n d  t o  w i t h s t a n d  t h e  s t r e s s  i m -
p o s e d  o n  i t  d u r i n g  e n g i n e  o p e r a -
t i o n .

Install  Rocker Arms and Shaft

N o t e  t h a t  t h e  i n j e c t o r  r o c k  a r m  ( c e n t e r
a r m  o f  t h e  g r o u p )  i s  s l i g h t l y  d i f f e r e n t
f r o m  t h e  e x h a u s t  v a l v e  r o c k e r  a r m s ;  t h e
b o s s  f o r  t h e  s h a f t  o n  t h e  l e f t  a n d  r i g h t
h a n d  v a l v e  r o c k  a r m s  a r e  l o n g e r  o n  o n e
s i d e .  T h e  e x t e n d e d  b o s s  o f  e a c h  v a l v e
rocker  a rm mus t  face  toward  the  in jec to r
rocke r  a rm.

1 .  T h r e a d  e a c h  r o c k e r  a r m  o n  i t s  p u s h
rod until the end of the push rod is
f lush  w i th  o r  above the  inner  s ide  o f  the
c l e v i s  y o k e .  T h i s  w i l l  p r o v i d e  s u f f i c i e n t
i n i t i a l  c l e a r a n c e  b e t w e e n  t h e  e x h a u s t
va lve  and the  p is ton  when the  c rankshaf t
i s  t u r n e d  d u r i n g  t h e  v a l v e  c l e a r a n c e  a d -
jus tmen t  p rocedure .

2 .  I f  r e m o v e d ,  i n s t a l l  t h e  c y l i n d e r  h e a d
on the  eng ine .

3 .  L u b r i c a t e  t h e  v a l v e  b r i d g e  g u i d e  w i t h
s u l p h u r i z e d  o i l  ( E . P .  t y p e )  a n d  p o s i t i o n
the  va lve  b r idges  in  p lace  on  the  gu ides .
R e f e r  t o  E x h a u s t  V a l v e  B r i d g e  A d j u s t -
ment ,  and  ad jus t  the  va lve  b r idges .

4 .  I f  removed,  ins ta l l  the  fue l  in jec to rs .
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Figure 11B-47. Checking Cam Fol lower
to Guide Clearance

5 .  A p p l y  c l e a n  e n g i n e  o i l  t o  t h e  r o c k e r
a rm sha f t  and  s l ide  the  sha f t  th rough  the
r o c k e r  a r m s .  T h e n  p l a c e  a  b r a c k e t  o v e r
e a c h  e n d  o f  t h e  s h a f t ,  w i t h  t h e  f i n i s h e d
f a c e  o f  t h e  b r a c k e t  n e x t  t o  t h e  r o c k e r
a rm.

6 .  I n s e r t  t h e  r o c k e r  a r m  b r a c k e t  b o l t s
t h r o u g h  t h e  b r a c k e t s  a n d  t h e  s h a f t .
T igh t  the  bo l ts  to  the  spec i f ied  to rque.

7 .  A l ign  the  fue l  p ipes  and  connec t  them
t o  t h e  i n j e c t o r s a n d  f u e l  c o n n e c t o r s .
T i g h t e n  t h e  f u e l  p i p e  n u t s  t o  1 2 - 1 5  l b - f t
( 1 6 - 2 0  N m )  t o r q u e  u s i n g  s o c k e t  J
8932-01.

Figure 11B-48. Adjust ing Cam
fo l lower  Gu ide



NOTE

Do no t  bend  the  fue l  p ipes  and  do
n o t  e x c e e d  t h e  s p e c i f i e d  t o r q u e .
E x c e s s i v e  t i g h t e n i n g  w i l l  t w i s t  o r
f r a c t u r e  t h e  f l a r e d  e n d  o f  t h e  f u e l
p i p e s  a n d  r e s u l t  i n  l e a k s . L u b r i -
c a t i n g  o i l  d i l u t e d  b y  f u e l  o i l  c a n
cause ser ious damage to the engine
b e a r i n g s .

8 .  F i l l  the  coo l ing  sys tem.

9 .  A d j u s t  t h e  e x h a u s t  v a l v e  c l e a r a n c e
and t ime the in jectors.

10 .  I f  necessary ,  per fo rm an  eng ine  tune
u p .

EXHAUST VALVES

Description

Four  exhaust  va lves  are  p rov ide  fo r  each
c y l i n d e r  ( s e e  F i g u r e  1 1 B - 4 9 ) .  T h e  v a l v e
heads  a re  hea t  t rea ted  and  g round  to  the
p r o p e r  s e a t  a n g l e  a n d  d i a m e t e r .  T h e
va lve  s tems are  g round to  s ize  and  hard-
e n e d  a t  t h e  e n d  w h i c h  c o n t a c t s  t h e  e x -
haust  va lve  br idge.

T h e  e x h a u s t  v a l v e  s t e m s  a r e  c o n t a i n e d
w i t h i n  e x h a u s t  v a l v e  g u i d e s  w h i c h  a r e
pressed in to  the  cy l inder  head.

Exhaust valve seat inserts
(Figure 11B-50 on page 11B-341,
p r e s s e d  i n t o  t h e  c y l i n d e r  h e a d  p e r m i t
a c c u r a t e  s e a t i n g  o f  t h e  e x h a u s t  v a l v e
u n d e r  v a r y i n g  c o n d i t i o n s  o f  t e m p e r a t u r e
and  mate r ia l l y  p ro long  the  l i f e  o f  the  cy l -
i n d e r  h e a d .  T h e  e x h a u s t  v a l v e s  a r e
g r o u n d  t o  a  3 0 °  s e a t i n g  a n g l e  w h i l e  t h e
e x h a u s t  v a l v e  s e a t  i n s e r t s  a r e  g r o u n d  t o
a 31° seat ing angle.

T h e  e x h a u s t  v a l v e  s p r i n g s  a r e  h e l d  i n
p l a c e  b y  t h e  v a l v e  s p r i n g  c a p s  a n d  t a -
pered  two-p iece  va lve  locks .

Excess  o i l  f rom the  rocker  a rms  lub r i ca te
t h e  e x h a u s t  v a l v e  s t e m s .  T h e  v a l v e s  a r e
coo led  by  the  f l ow o f  a i r  f rom the  b lower
p a s t  t h e  v a l v e s  e a c h  t i m e  t h e  a i r  i n l e t
por ts  a re  uncovered .

F igure  11B-49.  Locat ion  o f  Exhaust
Valves

Exhaust Valve Maintenance

E f f i c i e n t  c o m b u s t i o n  i n  t h e  e n g i n e  r e -
q u i r e s  t h a t  t h e  e x h a u s t  v a l v e s  b e  m a i n -
t a i n e d  i n  g o o d  o p e r a t i n g  c o n d i t i o n .
Va lve  sea ts  must  be  t rue  and unp i t ted  to
assure l e a k p r o o f  s e a t i n g ,  v a l v e  s t e m s
must  work  f ree ly  and  smooth ly  w i th in  the
va lve  gu ides  and  the  cor rec t  va lve  c lear -
ance must be maintained.

Proper  ma in tenance  and  opera t ion  o f  the
e n g i n e  i s  i m p o r t a n t  t o  l o n g  v a l v e  l i f e .
Eng ine  opera t ing  tempera tu res  shou ld  be
maintained between 160-185°F (71-85°C).
Low opera t ing  tempera tu res  (usua l l y  due
to  ex tended per iods  o f  id l ing  o r  l i gh t  en-
gine loads) result in incomplete
c o m b u s t i o n ,  f o r m a t i o n  o f  e x c e s s i v e  c a r -
bon  depos i ts  and  fue l  lacquers  on  va lves
a n d  r e l a t e d  p a r t s , and  a  g rea te r  tenden-
cy  fo r  lubr i ca t ing  o i l  to  s ludge.

Unsui table fuels may also cause format ion
o f  d e p o s i t s  o n  t h e  v a l v e s ,  e s p e c i a l l y
when opera t ing  a t  low tempera tu res .

W h e n  c a r b o n  d e p o s i t s ,  d u e  t o  p a r t i a l l y
b u r n e d  f u e l ,  b u i l d  u p  a r o u n d  t h e  v a l v e
s t e m s  a n d  e x t e n d  t o  t h a t  p o r t i o n  o f  t h e
s t e m  w h i c h  o p e r a t e s  i n  t h e  v a l v e  g u i d e ,
s t i c k i n g  v a l v e s  w i l l  r e s u l t .  T h u s ,  t h e
v a l v e s  c a n n o t  s e a t  p r o p e r l y  a n d  p i t t e d
a n d  b u r n e d  v a l v e  a n d  v a l v e  s e a t s  a n d
loss of  compression wi l l  resul t .

L u b r i c a t i n g  o i l  a n d  o i l  f i l t e r  s h o u l d  b e
changed per iodical ly to avoid the accumu-
lat ion of  s ludge.
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Valve  s t i ck ing  may a lso  resu l t  f rom va lve
s t e m s  w h i c h  h a v e  b e e n  s c o r e d  d u e  t o
f o r e i g n  m a t t e r  i n  t h e  l u b r i c a t i n g  o i l ,
l e a k a g e  o f  a n t i f r e e z e  ( g l y c o l )  i n t o  t h e
l u b r i c a t i n g  o i l  w h i c h  f o r m s  a  s o f t  s t i c k y
c a r b o n  a n d  g u m s  t h e  v a l v e  s t e m s ,  a n d
b e n t  o r  w o r n  v a l v e  g u i d e s .  S t i c k i n g
v a l v e s  m a y  e v e n t u a l l y  b e  s t r u c k  b y  t h e
piston and become bent or  broken.

I t  i s  h igh ly  impor tan t  tha t  in jec to r  t im ing
and  va lve  c lea rance  be  accura te  ad jus ted
a n d  c h e c k e d  p e r i o d i c a l l y .  I m p r o p e r l y
t imed in jec to rs  o r  t igh t l y  ad jus ted  va lves
w i l l  h a v e  a d v e r s e  e f f e c t s  u p o n  c o m -
b u s t i o n .

Remove Exhaust Valve Spring (Cylinder
Head Installed)

An exhaust valve spring may be
r e m o v e d ,  w i t h o u t  r e m o v i n g  t h e  c y l i n d e r
head from the engine,  as fo l lows:

1 .  C l e a n  a n d  r e m o v e  t h e  v a l v e  r o c k e r
c o v e r .

2 .  C r a n k  t h e  e n g i n e  o v e r  t o  b r i n g  t h e
v a l v e  a n d  i n j e c t o r  r o c k e r  a r m s  i n  l i n e
hor izon ta l l y .

NOTE

When using a wrench on the
c r a n k s h a f t  b o l t  a t  t h e  f r o n t  o f  t h e
e n g i n e ,  d o  n o t  t u r n  t h e  c r a n k s h a f t
in  a  le f t  hand d i rec t ion  o f  ro ta t ion
or the bol t  may loosen.

3. Disconnect and remove the fuel pipes
from the injector and the fuel
connec to rs .

Figure 11B-50. Assembly of Exhaust
Valves and Guides
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NOTE

Immediately af ter  removing the fuel
p ipes ,  cover  each  in jec to r  open ing
wi th  a  sh ipp ing  cap to  prevent  d i r t
o r  o the r  fo re ign  mat te r  f rom en te r -
ing  the  in jec to r .

4 .  R e m o v e  t h e  t w o  b o l t s  h o l d i n g  t h e
rocker  a rm sha f t  b racke ts  to  the  cy l inder
h e a d .  T h e n  r e m o v e  t h e  b r a c k e t s  a n d
s h a f t .

5 .  Remove the  exhaust  va lve  br idge.

6 .  R e m o v e  t h e  c y l i n d e r  b l o c k  a i r  b o x
c o v e r  s o  t h a t  p i s t o n  t r a v e l  m a y  b e  o b -
s e r v e d ,  t h e n  t u r n  t h e  c r a n k s h a f t  u n t i l
the  p is ton  is  a t  the  top  o f  i t s  s t roke.

7 .  T h r e a d  t h e  v a l v e  s p r i n g  c o m p r e s s o r
a d a p t o r  J  7 4 5 5 - 1  i n t o  o n e  o f  t h e  r o c k e r
a r m  b r a c k e t  b o l t  h o l e s  i n  t h e  c y l i n d e r
h e a d  ( s e e  F i g u r e  1 1 B - 5 1  o n  p a g e
1 1 B - 3 5 ) .  T h e n  c o m p r e s s  t h e  v a l v e
spr ing  and  remove the  two  p iece  tapered
va lve  lock .

8 .  Re lease  the  too l  and  remove the  va lve
s p r i n g  c a p ,  v a l v e  s p r i n g  a n d  s p r i n g
seat.

Remove Exhaust Valves and Valve
Springs (Cylinder Head Removed)

With  the  cy l inder  head  removed  f rom the
e n g i n e ,  r e m o v e  t h e  e x h a u s t  v a l v e  a n d
springs as fol lows:

1 .  Suppor t  the  cy l inder  on  2 ”  th ick  wood
blocks to keep the cam fo l lowers c lear  of
the  bench .

2 .  Remove  the  fue l  p ipes  f rom the  in jec -
to rs  and  the  fue l  connec to rs .

NOTE

Immediately af ter  removing the fuel
p ipes ,  cover  each  in jec to r  open ing
wi th  a  sh ipp ing  cap to  prevent  d i r t
o r  o the r  fo re ign  mat te r  f rom en te r -
ing  the  in jec to r .

3 .  R e m o v e  t h e  t w o  b o l t s  h o l d i n g  t h e
rocker  a rm sha f t  b racke ts  to  the  cy l inder
h e a d .  T h e n  r e m o v e  t h e  b r a c k e t s  a n d
s h a f t .



4. Remove the fuel  in jectors.

5 .  Remove the  exhaust  va lve  br idges .

6.  Place a block of  wood under the cyl in-
der  head to  suppor t  the  exhaust  va lves .

7 .  T h r e a d  t h e  v a l v e  s p r i n g  c o m p r e s s o r
a d a p t o r  J  7 4 5 5 - 1  i n t o  o n e  o f  t h e  r o c k e r
a r m  b r a c k e t  b o l t  h o l e s  i n  t h e  c y l i n d e r
h e a d  ( s e e  F i g u r e  1 1 B - 5 1 ) .  T h e n  c o m -
p r e s s  t h e  v a l v e  s p r i n g  a n d  r e m o v e  t h e
two piece tapered valve lock.

8 .  Re lease  the  too l  and  remove the  va lve
s p r i n g  c a p ,  v a l v e  s p r i n g  a n d  s p r i n g
seat.

9 .  T u r n  t h e  c y l i n d e r  h e a d  o v e r ,  u s i n g
c a r e  t o  k e e p  t h e  v a l v e s  f r o m  f a l l i n g  o u t
o f  t h e  h e a d .  I f  t h e  v a l v e s  a r e  t o  b e  r e -
used ,  number  each  va lve  to  fac i l i t a te  re -
i n s t a l l a t i o n  i n  t h e  s a m e  l o c a t i o n .  T h e n
w i t h d r a w  t h e  v a l v e s  f r o m  t h e  c y l i n d e r
head.

10 .  Remove  the  cam fo l l owers  and  push
rod assembl ies as out l ined under Remove
C a m  F o l l o w e r  a n d  P u s h  R o d  A s s e m b l y
(Cyl inder Head Removed from Engine).

Inspection

Clean the  spr ings  w i th  fue l  o i l ,  d ry  them
w i t h  c o m p r e s s e d  a i r  a n d  i n s p e c t  t h e m .
Rep lace  a  p i t ted  o r  f rac tu red  spr ing .

Use spr ing tester J 22738-02 to check the
s p r i n g  l o a d  ( s e e  F i g u r e  1 1 B - 5 2  o n  p a g e
1 1 B - 3 6 ) .  T h e  e x h a u s t  v a l v e  s p r i n g  h a s

Figure 11B-51. Removing Exhaust
Valve Spring

0 . 9 5 3 " .  R e p l a c e  t h i s  s p r i n g  w h e n  a  l o a d
a n  o u t s i d e  d i a m e t e r  o f  a p p r o x i m a t e l y

o f  l ess  than  25  pounds  (111  N)  w i l l  com-
press  i t  to  1 .80"  ( ins ta l led  leng th ) .

I n s p e c t  t h e  v a l v e  s p r i n g  s e a t s  a n d  c a p s
for wear. If worn, replace with new
p a r t s .

E x a m i n e  t h e  c o n t a c t  s u r f a c e s  o f  t h e  e x -
h a u s t  v a l v e  b r i d g e ,  g u i d e s ,  b r i d g e s  a n d
a d j u s t i n g  s c r e w s  f o r  w e a r  o r  g a l l i n g .
Rep lace excess ive ly  worn  par ts .

Carbon on the face of  a valve could indi-
ca te  b low-by  due  to  a  fau l t seat. Black
carbon depos i ts  ex tend ing  f rom the  va lve
seats to the valve guides may resul t  f rom
c o l d  o p e r a t i o n  d u e  t o  l i g h t  l o a d s  o r  t h e
u s e  o f  t o o  h e a v y  a  g r a d e  o f  f u e l .  R u s t y
b r o w n  v a l v e  h e a d s  w i t h  c a r b o n  d e p o s i t s
fo rm ing n a r r o w  c o l l a r s  n e a r  t h e  v a l v e
g u i d e s  i s  e v i d e n c e  o f  h i g h  o p e r a t i n g
t e m p e r a t u r e s .  H i g h  o p e r a t i n g  t e m p e r -
a t u r e s  a r e  n o r m a l l y  d u e  t o  o v e r l o a d s ,
i n a d e q u a t e  c o o l i n g  o r  i m p r o p e r  t i m i n g
w h i c h  r e s u l t s  i n  c a r b o n i z a t i o n  o f  t h e  l u -
br ica t ing  o i l .

C l e a n  t h e  c a r b o n  f r o m  t h e  v a l v e  s t e m s
a n d  w a s h  t h e  v a l v e s  w i t h  f u e l  o i l .  T h e
va lve  s tems mus t  be  f ree  f rom sc ra tches
or  scu f f  marks  and  the  va lve  faces  mus t
b e  f r e e  f r o m  r i d g e s ,  c r a c k s  o r  p i t t i n g .
I f  necessary ,  re face  the  va lves  o r  ins ta l l
n e w  v a l v e s .  I f  t h e  v a l v e  h e a d s  a r e
warped,  rep lace  the  va lves .

I f  there  i s  ev idence o f  eng ine  o i l  runn ing
down the exhaust  va lve  s tem in to  the  ex-
h a u s t  c h a m b e r ,  c r e a t i n g  a  h i g h  o i l  c o n -
sumpt ion  cond i t ion  because o f  excess ive
i d l i n g  a n d  r e s u l t a n t  l o w  e n g i n e  e x h a u s t
b a c k  p r e s s u r e ,  r e p l a c e  t h e  v a l v e  g u i d e
o i l  s e a l s  o r ,  i f  n o t  p r e v i o u s l y  u s e d ,  i n -
stal l  valve guide oi l  seals.

C l e a n  t h e  i n s i d e  d i a m e t e r  o f  t h e  v a l v e
g u i d e s  w i t h  b r u s h  J  5 4 3 7  ( s e e
Figure 11B-53 on page 11B-36). This
b rush  w i l l  r emove  a l l  gum o r  ca rbon  de -
p o s i t s  f r o m  t h e  v a l v e  g u i d e s ,  i n c l u d i n g
the  sp i ra l  g rooves .

I n s p e c t  t h e  v a l v e  g u i d e s  f o r  f r a c t u r e s ,
c h i p p i n g ,  s c o r i n g  o r  e x c e s s i v e  w e a r .
M e a s u r e  t h e  v a l v e  g u i d e  i n s i d e  d i a m e t e r
w i t h  a  p i n  g a u g e  o r  i n s i d e  m i c r o m e t e r
a n d  r e c o r d  t h e  r e a d i n g s .  A f t e r  i n s p e c t -
i n g  a n d  c l e a n i n g  t h e  e x h a u s t  v a l v e s ,
measure the outside diameter of  the valve
s t e m s  w i t h  a  m i c r o m e t e r  a n d  r e c o r d  t h e
r e a d i n g s .  C o m p a r e  t h e  r e a d i n g s  t o  o b -
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Figure  11B-52.  Tes t ing  Exhaust  Va lve
Spring

t a i n  t h e  v a l v e - t o - g u i d e  c l e a r a n c e .  I f  t h e
c l e a r a n c e  e x c e e d s  0 . 0 0 5 " ,  r e p l a c e  t h e
va lve gu ides.

Replace Exhaust Valve Guide

R e m o v e  a n  e x h a u s t  v a l v e  g u i d e  a s
fo l lows :

1 .  S u p p o r t  t h e  c y l i n d e r ,  b o t t o m  s i d e  u p ,
on  3"  th i ck  wood b locks .

2 .  D r i v e  t h e  v a l v e  g u i d e  o u t  o f  t h e  c y l -
i n d e r  h e a d  w i t h  v a l v e  g u i d e  r e m o v e r  J
6569 shown in Figure 11B-54 on page
11B-37.

P lace  the  cy l inder  head r igh t  s ide  up  on
the  bed  o f  an  a rbor  p ress  and  ins ta l l  the
valve guide as follows (see
Figure 11B-55 on page 11B-37):

1 .  I n s e r t  t h e  i n t e r n a l l y  t h r e a d e d  e n d  o f
t h e  v a l v e  g u i d e  i n  v a l v e  g u i d e  i n s t a l l a -
t i o n  t o o l  J  2 1 5 2 0 .  B e  s u r e  t o  u s e  t h e
cor rec t  too l  to  avo id  damage to  the  va lve
g u i d e , a n d  t o  l o c a t e  t h e  v a l v e  g u i d e  t o
the  p roper  d imens ion .

2 .  P o s i t i o n  t h e  v a l v e  g u i d e  s q u a r e l y  i n
t h e  b o r e  i n  t h e  c y l i n d e r  h e a d  a n d  p r e s s
t h e  i n s t a l l i n g  t o o l  g e n t l y  t o  s t a r t  t h e
guide in place (see Figure 11B-56 on
page 11B-37). Then press the guide in
un t i l  the  too l  con tac ts  the  cy l inder  head.

11B-36

Figure 11B-53. Cleaning Valve Guide

NOTE

D o  n o t  u s e  t h e  v a l v e  g u i d e s  a s  a
means  o f  tu rn ing  the  cy l inder  head
o v e r  o r  i n  h a n d l i n g  t h e  c y l i n d e r
head.

S e r v i c e  r e p l a c e m e n t  v a l v e  g u i d e s are
completely f in ish reamed dur ing manufac-
t u r e  a n d ,  t h e r e f o r e ,  d o  n o t  r e q u i r e
reaming  a f te r  ins ta l la t ion .

Remove Exhaust Valve Bridge Guide

R e m o v e  t h e  p r e s s - f i t  v a l v e  b r i d g e  g u i d e
with tool J 7091-01 as follows (see
Figure 11B-57 on page 11B-37):

1 .  F i l e  o r  g r i n d  t w o  d i a m e t r i c a l l y  o p p o -
si te notches 1/16" deep in the side of the
g u i d e ,  a p p r o x i m a t e l y  1 - 1 / 4 "  t o  1 - 1 / 2 "
f rom the  upper  end .

2.  Place spacer J 7091-3 over the guide.
T h e n  s l i d e  g u i d e  r e m o v e r  J  7 0 9 1 - 5  o v e r
t h e  g u i d e  a n d  a l i g n  t h e  s e t  s c r e w s  w i t h
t h e  n o t c h e s  i n  t h e  g u i d e .  T i g h t e n  t h e
set screws to hold the tool  securely.

3 .  P lace  spacer  J  7091-4  over  the  gu ide
r e m o v e r .  T h r e a d  t h e  n u t  o n  t h e  g u i d e



Figure 11B-54. Removing Exhaust
Valve Guide

r e m o v e r  a n d  t u r n  i t  c l o c k w i s e  t o  w i t h -
d raw the  gu ide  f rom the  cy l inder  head .

T o  r e m o v e  a  b r o k e n  v a l v e  b r i d g e  d r i l l  a
h o l e  a p p r o x i m a t e l y  1 / 2 "  d e e p  i n  t h e  e n d
o f  the  gu ide  w i th  a  No.  3  (0 .2130" )  d r i l l
T h e n  t a p  t h e  g u i d e  w i t h  a  1 / 4 " - 2 8  b o t -
t o m i n g  t a p .  T h r e a d  r e m o v e r  J  7 4 5 3  i n t o
t h e  g u i d e  a n d  a t t a c h  s l i d e  h a m m e r  J
2 6 1 9 - 0 1  t o  t h e  r e m o v e r  t o o l .  O n e  o r  t w o
s h a r p  b l o w s  w i t h  t h e  p u l l e r  w e i g h t  w i l l
remove the broken guide (see
Figure 11B-58 on page 11B-38).

Figure 11B-55. Valve Guide

Install  Exhaust Valve Bridge Guide

I n s t a l l  t h e  p r e s s - f i t  b r i d g e  g u i d e  a s  f o l -
lows:

F i g u r e  1 1 B - 5 6 .  I n s t a l l i n g  V a l v e
Guide

Figure 11B-57. Removing Press-Fit  Exhaust Valve Bridge Guide

Engine (Less Major Assemblies) 11B-37



Figure 11B-58. Removing Broken Exhaust Valve Bridge

1 .  S t a r t  t h e  g u i d e  ( u n d e r c u t  e n d  f i r s t )
in to  the  cy l inder  head.

2 .  P l a c e  t h e  i n s t a l l e r  J  7 4 8 2  o v e r  t h e
g u i d e  a n d  d r i v e  i t  i n t o  p l a c e .  T h e  i n -
s ta l le r  w i l l  p roper ly  pos i t ion  the  gu ide  to
t h e  c o r r e c t  h e i g h t  i n  t h e  c y l i n d e r  h e a d
( 2 . 0 4 0 " ) .

Inspect Exhaust Valve Seat Insert

A new exhaust valve insert is
p r e - g r o u n d  a n d  o n l y  n e e d s  t o  b e
c h e c k e d  f o r  c o n c e n t r i c i t y  a f t e r  i n s t a l l a -
t i o n .  d o  n o t  g r i n d  a  n e w  i n s e r t  u n l e s s
the  runout  exceeds  0 .002" .

Inspect  the  va lve  seat  inser ts  fo r  exces-
s i v e  w e a r ,  p i t t i n g ,  c r a c k i n g  o r  a n  i m -
p r o p e r  s e a t  a n g l e .  T h e  p r o p e r  a n g l e  f o r
t h e  s e a t i n g  f a c e  o f  t h e  v a l v e  i s  3 0 °  a n d
the  ang le  fo r  the  inser t  i s  31° .

Remove Exhaust Valve Seat Insert

T h e  v a l v e  s e a t  i n s e r t s  a r e  p r e s s e d  i n t o
the cyl inder and must be removed as out-
l i ned  in  the  fo l low ing  p rocedure  to  avo id
damage to the cyl inder head:

1 .  P lace  the  cy l inder  head on  i t s  s ide  as
shown in Figure 11B-59 on page 11B-39.

2. Place the collet of tool J 6567-02 inside
o f  t h e  v a l v e  s e a t  i n s e r t  s o  t h a t  t h e  b o t -

tom o f  the  co l le t  i s  f l ush  w i th  the  bo t tom
of  the  inser t .

3 .  Ho ld  the  co l l e t  hand le  and  tu rn  the  T
H a n d l e  t o  e x p a n d  t h e  c o l l e t  c o n e  u n t i l
the  inser t  i s  he ld  secure ly  by  the  too l .

4. Insert the drive bar of the tool
th rough the  va lve  gu ide .

5 .  T a p  t h e  d r i v e  b a r  o n c e  o r  t w i c e  t o
m o v e  t h e  i n s e r t  a b o u t  1 / 1 6 "  a w a y  f r o m
i ts  seat  in  the  cy l inder  head.

6 .  Tu rn  the  T  hand le  to  l oosen  the  co l l e t
c o n e  a n d  m o v e  t h e  t o o l  i n t o  t h e  i n s e r t
s l igh t l y  so  the  nar row f lange  a t  the  bo t -
tom o f  the  co l le t  i s  be low the  va lve  sea t
i n s e r t .

7 .  T i g h t e n  t h e  c o l l e t  c o n e  a n d  c o n t i n u e
t o  d r i v e  t h e  i n s e r t  o u t  o f  t h e  c y l i n d e r
head.

Figure 11B-59. Removing Valve Seat
I n s e r t

11B-38



NOTE

I n  p lace  o f  the  above  p rocedure  a
new cam operated insert  remover J
23479-15 and col let  J  23479-10 can
b e  u s e d  t o  r e m o v e  t h e  e x h a u s t
va lve  sea t  inser t  f rom the  cy l inder
head.

Install  Exhaust Valve Seat Insert

1 .  C l e a n  t h e  v a l v e  s e a t  i n s e r t  c o u n t e r -
b o r e s  i n  t h e  c y l i n d e r  h e a d  w i t h  t r i c h l o -
r o e t h y l e n e  o r  o t h e r  s u i t a b l e  s o l v e n t .
A lso  wash the  va lve  seat  inser ts  w i th  the
s a m e  s o l v e n t .  D r y  t h e  c o u n t e r b o r e s  a n d
the  inser ts  w i th  compressed a i r .

2 .  I n s p e c t  t h e  c o u n t e r b o r e s  i n  t h e  c y l i n -
d e r  h e a d  f o r  c l e a n l i n e s s ,  c o n c e n t r i c i t y ,
f l a t n e s s  a n d  c r a c k s .  T h e  c o u n t e r  b o r e s
have a diameter of  1.260" to 1.261" and a
d e p t h  o f  0 . 3 3 8 "  t o  0 . 3 5 2 " .  T h e  c o u n t e r -
b o r e s  m u s t  b e  c o n c e n t r i c  w i t h  t h e  v a l v e
gu ides  w i th in  0 .003”  to ta l  ind ica to r  read-
i n g .  V a l v e  s e a t  i n s e r t s  w h i c h  a r e  0 . 0 1 0 "
o v e r s i z e  o n  t h e  o u t s i d e  d i a m e t e r  a r e
ava i lab le ,  i f  requ i red .

3 .  Immerse  the  cy l inder  head  fo r  a t  l eas t
t h i r t y  m i n u t e s  i n  w a t e r  h e a t e d  t o
180-200°F (82-93°C).

4 .  R e s t  t h e  c y l i n d e r  h e a d ,  b o t t o m  s i d e
u p ,  o n  a  b e n c h  a n d  p l a c e  a n  i n s e r t  i n
the counterbore valve seat side up I n -
s ta l l  the  inser t  in  the  cy l inder  head-wh i le
t h e  h e a d  i s  s t i l l  h o t  a n d  t h e  i n s e r t  i s  a t
r o o m  t e m p e r a t u r e ,  o t h e r w i s e  i n s t a l l a t i o n
w i l l  b e  d i f f i c u l t  a n d  t h e  p a r t s  m a y  b e
damaged.

5 .  Dr ive  the  inser t  in  p lace  w i th  ins ta l le r
J  6568 as  shown in  F igure  11B-60 un t i l  i t
sea ts  so l id ly  in  the  cy l inder  head.

6 .  C h e c k  t h e  v a l v e  s e a t  i n s e r t s  f o r  c o n -
c e n t r i c i t y  i n  r e l a t i o n  t o  t h e  v a l v e  g u i d e s
as out l ined below.

Recondition Exhaust Valve and Valve
Seat

A n  e x h a u s t  v a l v e  w h i c h  i s  t o  b e  r e u s e d
m a y  b e  r e f a c e d ,  i f  n e c e s s a r y  ( s e e
Figure 11B-62 on page 11B-40). To
p r o v i d e  s u f f i c i e n t  v a l v e  s t r e n g t h  a n d
s p r i n g  t e n s i o n ,  t h e  e d g e  o f  t h e  v a l v e  a t

F i g u r e  1 1 B - 6 0 .  I n s t a l l i n g  V a l v e  S e a t

t h e  v a l v e  h e a d  m u s t  n o t  b e  l e s s  t h e
0 . 0 3 1 "  i n  t h i c k n e s s  a n d  m u s t  s t i l l  b e
w i t h i n  t h e  s p e c i f i c a t i o n s  s h o w n  i n
F igure  11B-61  a f te r  re fac ing .

F igure  11B-61 .  Re la t ionsh ip  o f  New
Valve ,  Inser t  and  Cy l inder  Head

NOTE

T h e  s e a t i n g  a r e a  o f  t h e  e x h a u s t
v a l v e  i s  a l u m i n i z e d ,  w h i c h  g i v e s
t h e  v a l v e  s e a t  a  d u l l  f i n i s h .  D o
n o t  r e m o v e  t h e  a l u m i n u m  c o a t i n g
o n  a  n e w  v a l v e .  H o w e v e r ,  a  u s e d
valve may be refaced i f  necessary.

Before  e i ther  a  new or  used va lve  is  in -
s t a l l e d ,  e x a m i n e  t h e  v a l v e  s e a t  i n s e r t  i n
t h e  c y l i n d e r  h e a d  f o r  p r o p e r  v a l v e  s e a t -
i n g .  T h e  p r o p e r  a n g l e  f o r  t h e  s e a t i n g
face  o f  the  va lve  i s  30°  and fo r  the  va lve
seat  inser t  i t  i s  31° .

Engine (Less Major Assemblies) 11B-39



Figure 11B-62. Refacing Exhaust
Valve

W h e n  a  n e w  v a l v e  i n s e r t  i s  i n s t a l l e d  o r
a n  o l d  i n s e r t  i s  r e c o n d i t i o n e d ,  t h e  w o r k
m u s t  d o n e  w i t h  a  g r i n d i n g  w h e e l  ( s e e
Figure 11B-63 on page 11B-40).

T h e  e c c e n t r i c  g r i n d i n g  m e t h o d  f o r  r e -
cond i t ion ing  va lve  seat  inser ts  i s  recom-
m e n d e d .  T h i s  m e t h o d  p r o d u c e s  a  f i n e r ,
more  accura te  f in i sh  s ince  on ly  one  po in t
o f  t h e  g r i n d i n g  w h e e l  i s  i n  c o n t a c t  w i t h
the  va lve  sea t  a t  any  t ime.  A  mic rometer
f e e d  p e r m i t s  f e e d i n g  t h e  g r i n d i n g  w h e e l
into the work 0.001" at  a t ime.

Eccent r i c  va lve  sea t  g r inder  se t  J  7040,
w h i c h  i n c l u d e s  t h e  g r i n d e r ,  d r e s s  s t a n d
a n d  p i l o t ,  a n d  d i a l  g a u g e ,  i s  u s e d  t o
g r i n d  t h e  i n s e r t s .  A n  a d a p t o r  s e t  w h i c h
inc ludes  the  g r ind ing  whee ls  and p i lo t  i s
used w i th  the  gr inder .

A d a p t o r  s e t  J  6 3 9 0 - 0 2 ,  c o n s i s t s  o f  t h e
fo l low ing :

1. Pilot, tool J 7659-1

2. Grinding wheel (15°),  tool  J 6390-2

3 .  Gr ind ing  whee l  (31° ) ,  too l  J  6390-3

4 .  Gr ind ing  whee l  (60° ) ,  too l  J  6390-4

Gr ind  the  inser ts  as  fo l lows:

1 .  F i r s t  a p p l y  t h e  3 1 °  g r i n d i n g  w h e e l  o n
the va lve  seat  inser t .

2 .  U s e  t h e  6 0 °  g r i n d i n g  w h e e l  t o  o p e n
the  th roa t  o f  the  inser t .

3 .  G r i n d  t h e  t o p  s u r f a c e  o f  t h e  i n s e r t
w i th  the  15°  whee l  to  nar row the  w id th  o f
t h e  s e a t  t o  t h e  d i m e n s i o n s  s h o w n  i n
F igure  11B-61  on  page  11B-39 .  The  31°
face  o f  the  inser t  may  be  ad jus ted  re la -
t i v e  t o  t h e  c e n t e r  o f  t h e  v a l v e  f a c e  w i t h
the 15° and 60° gr inding wheels.

11B-40

Figure  11B-63.  Recond i t ion ing  Va lve
S e a t  I n s e r t

NOTE

D o  n o t  p e r m i t  t h e  g r i n d i n g  w h e e l
t o  c o n t a c t  t h e  c y l i n d e r  h e a d  w h e n
g r i n d i n g  t h e  i n s e r t .  W h e n  a n  i n -
ser t  has  been ground to  the  ex ten t
t h a t  t h e  g r i n d i n g  w h e e l  w i l l  c o n -
t a c t  t h e  c y l i n d e r  h e a d ,  i n s t a l l  a
new inser t .

T h e  m a x i m u m  a m o u n t  t h e  e x h a u s t  v a l v e
s h o u l d  p r o t r u d e  b e y o n d  t h e  c y l i n d e r
head (when the  va lve  i s  c losed)  and  s t i l l
m a i n t a i n  t h e  p r o p e r  p i s t o n - t o - v a l v e
c l e a r a n c e  i s  s h o w n  i n  F i g u r e  1 1 B - 6 1  o n
page 11B-39. Grinding will reduce the
t h i c k n e s s  o f  t h e  v a l v e  s e a t  i n s e r t  a n d
c a u s e  t h e  v a l v e  t o  r e c e d e d  i n t o  t h e  c y l -
i n d e r  h e a d .  I f ,  a f t e r  s e v e r a l  g r i n d i n g
opera t ions ,  the  va lve  recedes  beyond the
specified Iimits, replace the valve seat
i n s e r t .

W h e n  o c c a s i o n  r e q u i r e s ,  t h e  g r i n d i n g
wheel may be dressed to maintain the de-
s i r e  s e a t  a n g l e  w i t h  t h e  d r e s s i n g  t o o l
p r o v i d e d  w i t h  t h e  g r i n d e r  s e t  ( s e e
Figure 11B-64 on page 11B-41).

4 .  A f t e r  g r i n d i n g  h a s  b e e n  c o m p l e t e d ,
c l e a n  t h e  v a l v e  s e a t  i n s e r t  t h o r o u g h l y
w i t h  f u e l  o i l  a n d  d r y  i t  w i t h  c o m p r e s s e d
a i r .  S e t  t h e  d i a l  i n d i c a t o r  J  8 1 6 5 - 2  i n



p o s i t i o n  a s  s h o w n  i n  F i g u r e  1 1 B - 6 5  o n
p a g e  1 1 B - 4 1  a n d  r o t a t e  i t  t o  d e t e r m i n e
t h e  c o n c e n t r i c i t y  o f  e a c h  v a l v e  s e a t  i n -
s e r t  r e l a t i v e  t o  t h e  v a l v e  g u i d e .  I f  t h e
r u n o u t  e x c e e d s  0 . 0 0 2 ” ,  c h e c k  f o r  a  b e n t
va lve  gu ide  be fore  regr ind ing  the  inser t .

Figure 11B-64. Grinding Wheel
Dressing Tool

A f t e r  t h e  v a l v e  s e a t  i n s e r t  h a s  b e e n
g r o u n d ,  d e t e r m i n e  t h e  p o s i t i o n  o f  t h e
c o n t a c t  a r e a  b e t w e e n  t h e  v a l v e  a n d  t h e
valve seat insert  as fol lows:

A .  A p p l y  a  l i g h t  c o a t  o f  P r u s s i a n  b l u e ,
or a similar paste, to the valve
i n s e r t .

B .  L o w e r  t h e  s t e m  o f  t h e  v a l v e  i n  t h e
v a l v e  g u i d e  a n d  “ b o u n c e ”  t h e  v a l v e
o n  t h e  s e a t .  D o  n o t  r o t a t e  t h e  v a l v e .
T h i s  p r o c e d u r e  w i l l  s h o w  t h e  a r e a  o f
c o n t a c t  o n  t h e  v a l v e  f a c e .  T h e  m o s t
desirable area of  contact is at  the cyl-
inder  o f  the  va lve  face .

NOTE

The use of  valve lapping compound
is not recommended.

A f t e r  t h e  v a l v e  s e a t  i n s e r t s  h a v e  b e e n
g r o u n d  a n d  c h e c k e d ,  c l e a n  t h e  c y l i n d e r
head be fore  ins ta l l i ng  the  va lves .

Install  Exhaust Valves and Springs

Ins ta l l  the  exhaust  va lve  as  fo l lows:

Figure 11B-65. Determining
C o n c e n t r i c i t y  o f  V a l v e  S e a t  I n s e r t

1 .  C lean the  va lve  gu ides .

2 .  L u b r i c a t e  t h e  v a l v e  s t e m s  w i t h  s u l -
p h u r i z e d  o i l  ( E . P .  t y p e )  a n d  s l i d e  t h e
va lve  a l l  the  way in to  the  gu ides .

I f  recondi t ioned va lves are  used
install them in the same relative lo-
c a t i o n  f r o m  w h i c h  t h e y  w e r e  r e -
moved.

3 .  H o l d  t h e  v a l v e  i n  p l a c e  t e m p o r a r i l y
w i t h  a  s t r i p  o f  m a s k i n g  t a p e .  T h e n  t u r n
t h e  c y l i n d e r  h e a d  r i g h t  s i d e  u p  o n  t h e
w o r k  b e n c h .  P l a c e  a  b o a r d  u n d e r  t h e
h e a d  t o  s u p p o r t  t h e  v a l v e s  a n d  t o  p r o -
v ide c learance between the cam fol lowers
and  the  bench .

4 .  Ins ta l l  the  va lve  spr ing  seats .

5 .  I n s t a l l  t h e  v a l v e  s p r i n g s  a n d  v a l v e
spr ing  caps .

6 .  Thread  the  va lve  spr ing  compressor  J
7 4 5 5  i n t o  o n e  o f  t h e  r o c k e r  s h a f t  b o l t
h o l e s  i n  t h e  c y l i n d e r  h e a d  ( s e e
Figure 11B-51 on page 11B-35).

7 .  A p p l y  p r e s s u r e  t o  t h e  f r e e  e n d  o f  t h e
t o o l  t o  c o m p r e s s  t h e  v a l v e  s p r i n  a n d  i n -
s t a l l  t h e  t w o  p i e c e  t a p e r e d valve lock.
E x e r c i s e  c a r e  t o  a v o i d  s c o r i n g  t h e  v a l v e
s tem w i th  the  va lve  cap  when compress-
i n g  t h e  s p r i n g .
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N O T E

I f  v a l v e  g u i d e  o i l  s e a l s  a r e  u s e d ,
compress the valve spring only
enough to  permi t  i ns ta l la t ion  o f  the
v a l v e  l o c k s .  C o m p r e s s i n g  t h e
spr ings  too  fa r  may  resu l t  i n  dam-
a g e  t o  t h e  o i l  s e a l .

8 .  Re lease  the  too l  and  ins ta l l  the  va lve
locks  on  the  remain ing  exhaust  va lves  in
t h e  s a m e  m a n n e r .

9 .  C h e c k  t h e  p o s i t i o n  o f  t h e  e x h a u s t
v a l v e s  ( s e e  F i g u r e  1 1 B - 6 1  o n  p a g e
1 1 B - 3 9 ) .  S u p p o r t  t h e  c y l i n d e r  h e a d  a t
e a c h  e n d  w i t h  w o o d  b l o c k s  a n d  r e m o v e
t h e  m a s k i n g  t a p e  s o  t h a t  t h e  e x h a u s t
v a l v e  a r e  f r e e . Then g ive  the  end  o f  the
v a l v e  s t e m  a  s h a r p  t a p  w i t h  a  p l a s t i c
h a m m e r  t o  s e a t  t h e  v a l v e  l o c k s .  T h i s
w i l l  a i d  i n  t h e  p r o p e r  s e a t i n g  o f  t h e
v a l v e  l o c k s  a n d  r e d u c e s  t h e  c h a n c e s  o f
f a i l u r e .

1 0 .  W i t h  e x h a u s t  v a l v e s  i n s t a l l e d  i n  t h e
c y l i n d e r  h e a d ,  u s  s p r i n g  c h e c k i n g  g a u g e
J  2 5 0 7 6 - 0 1  a n d  n o t e  t h e  g a u g e  r e a d i n g
t h e  m o m e n t  t h e  e x h a u s t  v a l v e  s t a r t s  t o
o p e n  ( s e e  F i g u r e  1 1 B - 6 6 ) .  T h e  m i n i m u m
a l l o w a b l e  p r e s s u r e  r e q u i r e d  t o  s t a r t  t o
open the  exhaus t  va lve  must  no t  be  less
then 20 pounds (89 N).

11. I n s t a l l  t h e  i n j e c t o r s ,  r o c k e r  a r m s ,
s h a f t s ,  b r a c k e t s  a n d  a n y  o t h e r  p a r t s
p r e v i o u s l y  r e m o v e d  f r o m  t h e  c y l i n d e r
h e a d .

12. Install the cylinder. Refer to
P r e - I n s t a l l a t i o n  I n s p e c t i o n  a n d  I n s t a l l
C y l i n d e r  H e a d .  A d j u s t  t h e  e x h a u s t
va lve  br idges as out l ined below.

Exhaust Valve Bridge Adjustment

The exhaust  va lve  br idge assembly  i s  ad-
justed and the adjustment screw is
l o c k e d  s e c u r e l y  a f t e r  t h e  c y l i n d e r  h e a d
i s  i n s t a l l e d  o n  t h e  e n g i n e .  U n t i l  w e a r
o c c u r s ,  o r  t h e  c y l i n d e r  h e a d  i s  r e c o n d i -
t ioned ,  no  fu r ther  ad jus tment  i s  requ i red
o n  t h e  v a l v e  b r i d g e .  A  c o m p l e t e  v a l v e
b r i d g e  a d j u s t m e n t  i s  p e r f o r m e d  a s
fol lows:

1 .  P l a c e  t h e  v a l v e  b r i d g e  i n  a  v i s e  o r
br idge holding f ixture J 21772 and loosen
t h e  l o c k  n u t  o n  t h e  b r i d g e  a d j u s t i n g
screw.

11B-42

Figure 11B-66. Checking Pressure
Requ i red  to  Open Exhaust  Va lve

N O T E

L o o s e n i n g  o r  t i g h t e n i n g  t h e  l o c k
n u t  w i t h  t h e  b r i d g e  i n  p l a c e  m a y
r e s u l t  i n  a  b e n t  b r i d g e  g u i d e  o r
ben t  rear  va lve  s tem.

2 .  I n s t a l l  t h e  v a l v e  b r i d g e  o n  t h e  v a l v e
b r i d g e  g u i d e .

3 .  Whi le  f i rm ly  p ress ing  s t ra igh t  down on
t h e  p a l l e t  s u r f a c e  o f  t h e  v a l v e  b r i d g e ,
t u r n  t h e  a d j u s t i n g  s c r e w  c l o c k w i s e  u n t i l
i t  j u s t  t o u c h e s  t h e  v a l v e  s t e m . Then
t u r n  t h e  s c r e w  a n  a d d i t i o n a l  1 / 8  t o  1 / 4
t u r n  c l o c k w i s e  a n d  t i g h t e n  t h e  l o c k  n u t
finger tight (see Figure 11B-67 on page
11B-43.

4 .  R e m o v e  t h e  v a l v e  b r i d g e  a n d  p l a c e  i t
i n  a  v i s e .  U s e  a  s c r e w d r i v e r  t o  h o l d  t h e
ad jus tment  sc rew f rom tu rn ing  and  t igh t -
en the lock nut  to 20-25 lb- f t  (27-34 Nm)
t o r q u e .

5 .  L u b r i c a t e  t h e  v a l v e  b r i d g e  g u i d e  a n d
the va lve  br idge w i th  eng ine  o i l .

6 .  R e i n s t a l l  t h e  v a l v e  b r i d g e  i n  i t s  o r i -
g ina l  pos i t ion .

7.  Place a 0.0015” feeler  gauge (J 23185)
u n d e r  e a c h  e n d  o f  t h e  v a l v e  b r i d g e  o r
use  a  nar row s t r ip  cu t  f rom 0 .0015”  fee l -
e r  s t o c k  t o  f i t  i n  t h e  b r i d g e  l o c a t i n g
g r o o v e  o v e r  t h e  i n n e r  e x h a u s t  v a l v e .
Whi le pressing down on the pal let  surface



Figure  11B-67.  Va lve  Br idge
Adjustment

v a l v e  s t e m s .  T h i s  p r e c a u t i o n  i s  n e c e s -
sary to prevent valve damage due to mis-
l o c a t e d  v a l v e  b r i d g e s .  T i g h t e n  t h e
r o c k e r  a r m  s h a f t  b r a c k e t  b o l t s  t o  t h e
t o r q u e  s p e c i f i e d  a t  t h e  e n d  o f  t h i s  s u b -
sec t ion .

A f t e r  t h e  c y l i n d e r  h e a d  i s  i n s t a l l e d  a n d
t h e  v a l v e  b r i d g e s  a d j u s t e d ,  p r o c e e d  a s
fo l lows :

1 .  Ins ta l l  the  fue l  p ipes .

2. Fi l l  the cool ing system.

3 .  A d j u s t  t h e  e x h a u s t  v a l v e  c l e a r a n c e
a n d  t i m e  t h e  i n j e c t o r s .  S e e  S u b s e c t i o n
11H.

4 .  S t a r t  t h e  e n g i n e  a n d  c h e c k  f o r  l e a k s
i n  t h e  f u e l ,  c o o l i n g  a n d  l u b r i c a t i o n  s y s -
tems.

5 .  Per fo rm a  comp le te  eng ine  tune  up  as
out l ined  in  Subsec t ion  11H.

o f  t h e  v a l v e  b r i d g e ,  b o t h  f e e l e r  g a u g e s
m u s t  b e  t i g h t .  I f  b o t h  o f  t h e  f e e l e r

ENGINE LIFTER BRACKETS

g a u g e s  a r e  n o t  t i g h t ,  r e a d j u s t  t h e  a d -
j u s t i n g  s c r e w . Description

8.  Remove the  va lve  b r idge  and  re ins ta l l
i t  in  i ts  or ig ina l  pos i t ion .

T h e  e n g i n e  l i f t e r  b r a c k e t s  n o t  o n l y  p r o -
vide a means of  l i f t ing the engine assem-

9 .  A d j u s t  t h e  r e m a i n i n g  v a l v e  b r i d g e s  i n
b l y ,  t h e  c y l i n d e r  h e a d  o r  t h e  f l y w h e e l

the same manner.
hous ing ,  bu t  a lso  serve  as  a  vent  fo r  the
crankcase  vapors .

1 0 .  S w i n g  t h e  r o c k e r  a r m  a s s e m b l y  i n t o
p o s i t i o n ,  m a k i n g  s u r e  t h e  v a l v e  b r i d g e s

L i f t e r  b r a c k e t s  r e q u i r e  n o  s e r v i c i n g  o t h -

a r e  p r o p e r l y  p o s i t i o n e d  o v e r  t h e  r e a r
e r  than  remova l  dur ing  o ther  se rv ice  op-
era t ions .

T h e  l i f t e r  b r a c k e t s  m u s t  n o t  b e
p e r m a n e n t l y  a t t a c h e d  u n t i l  a l l  o f
t h e  c y l i n d e r  h e a d  s t u d  n u t s  o r  r e -
t a i n i n g  b o l t s  h a v e  b e e n  t i g h t e n  t o
the i r  spec i f ied  to rque.

Install  Engine Lifter Brackets

1 .  R e m o v e  a l l  t r a c e s  o f  t h e  o l d  g a s k e t
mater ia l .

2 .  A f f i x  a  n e w  g a s k e t  t o  t h e  f r o n t  l i f t e r
b r a c k e t .

3 .  A t t a c h  t h e  l i f t e r  b r a c k e t  a n d  g a s k e t
to  the  cy l inder  head w i th  two bo l ts .

NOTE

F i g u r e  1 1 B - 6 8 .  L i f t e r  B r a c k e t  B o l t
Tightening Sequence
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4 .  I n s t a l l  t h e  b o l t s  f i n g e r  t i g h t ,  d r a w
t h e m  d o w n  s n u g  a n d  t h e n  t i g h t e n  t o  t h e
s p e c i f i e d  t o r q u e .  D r a w  t h e  b o l t s  d o w n
i n  t h e  p r o p e r  s e q u e n c e  ( F i g u r e  1 1 B - 6 8 )
fo r  each  o f  these  s teps  to  d raw the  mat -
ing parts together evenly, thus
p r o v i d i n g  a  g o o d  s e a l .  T i g h t e n  t h e  b o l t s
to  55 -60  lb - f t  (75 -81  Nm)  to rque .

5 .  I n s t a l l  t h e  r e a r  l i f t e r  b r a c k e t  t o  t h e
c y l i n d e r  h e a d  a n d  f l y w h e e l  h o u s i n g  i n  a
simi lar  manner.

VALVE ROCKER COVER

Description

T h e  v a l v e  r o c k e r  c o v e r  a s s e m b l y
( F i g u r e  1 1 B - 6 9  o n  p a g e  1 1 B - 4 5 )  c o m -
p l e t e l y  e n c l o s e s  t h e  v a l v e  a n d  i n j e c t o r
rocke r  a rm compar tmen t  a t  t he  top  o f  t he
c y l i n d e r  h e a d .  t h e  t o p  o f  t h e  c y l i n d e r
h e a d  i s  s e a l e d  a g a i n s t  o i l  l e a k a g e  b y  a
gaske t  loca ted  in  the  g roove  o f  the  lower
ra i l  o f  the  cover .

T h e  r o c k e r  c o v e r  i s  h e l d  i n  p l a c e  b y
3 / 8 ” - 1 6  t w e l v e  p o i n t  h e a d  s h o u l d e r  b o l t s
w i th  a  s tee l  washer  and s i l i cone iso la to r .
The  bo l t s  have  a  shou lder  wh ich  bo t toms
o u t  a g a i n s t  t h e  c y l i n d e r  h e a d .  T h e  i s o -
lators and gasket use low
c o m p r e s s i o n - s e t  m a t e r i a l s  w h i c h  p r o v i d e
long s e a l i n g  l i f e  a n d  m i n i m i z e  e n g i n e
n o i s e  l e v e l s .  T i g h t e n  t h e  b o l t s  t o  1 5 - 2 0
lb - f t  (20 -27  Nm)  to rque .

T h e  s h o r t e r  r o c k e r  c o v e r  b o l t ,
w h i c h  t h r e a d s  i n t o  t h e  t h r o t t l e  d e -
l a y  b r a c k e t ,  c a n  c r a c k  t h e  b r a c k e t
i f  o v e r t i g h t e n e d .  A l s o ,  t h e  r o c k e r
c o v e r  b o l t  i s  e s p e c i a l l y  d e s i g n e d
f o r  t h i s  p u r p o s e  a n d  m u s t  n o t  b e
rep laced w i th  an  o rd inary  bo l ts .

T h e  v a l v e  r o c k e r  c o v e r  a s s e m b l y  i n -
c l u d e s :  a  b r e a t h e r  a s s e m b l y  a n d  a n  o i l
f i l l e r .

Remove and Install  Valve Rocker Cover

C l e a n  t h e  v a l v e  r o c k e r  c o v e r  b e f o r e  r e -
m o v i n g  i t  f r o m  t h e  e n g i n e  t o  a v o i d  d u s t

o r  d i r t  f r o m  e n t e r i n g  t h e  v a l v e  m e c h -
an ism.  Then  loosen  the  bo l t s  and  l i f t  the
c o v e r  s t r a i g h t  u p  f r o m  t h e  c y l i n d e r
h e a d .  U s e  a  n e w  g a s k e t  w h e n  r e i n s t a l -
l i n g  t h e  c o v e r .

B e f o r e  t h e  c o v e r  i s  i n s t a l l e d  o n  a  c y l i n -
der  head,  i t  i s  impor tan t  tha t  the  s i l i cone
gasket  be  p roper ly  ins ta l led  in  i t s  g roove
i n  t h e  r o c k e r  c o v e r .

1 .  C l e a n  a n d  b l o w  o u t  t h e  g r o o v e  i n  t h e
r o c k e r  c o v e r  w i t h  c o m p r e s s e d  a i r .  O i l  i n
t h e  g r o o v e  o r  o n  t h e  s i l i c o n e  g a s k e t  w i l l
make  i t  d i f f i cu l t  to  ins ta l l .

2. Press the stem side of the new Y
s h a p e d  g a s k e t  d o w n  i n t o  t h e  g r o o v e  a t
t h e  f o u r  c o r n e r s  o f  t h e  c o v e r  f i r s t .
T h e n  p r e s s  t h e  r e m a i n d e r  o f  t h e  g a s k e t
into place in the groove (see
F i g u r e  1 1 B - 6 9  o n  p a g e  1 1 B - 4 5 ) .  B e  s u r e
t h e  s t e m  o f  t h e  e n t i r e  g a s k e t  b o t t o m s  i n
t h e  g r o o v e .

NOTE

W h e n  t h e  g a s k e t  i s  c o m p l e t e l y
s t a l l e d  i n  t h e  g r o o v e  i t  s h o u l d
fa l l  ou t .

i n -
n o t

3 .  B e f o r e  i n s t a l l i n g  t h e  r o c k e r c o v e r ,
l u b r i c a t e  t h e  c y l i n d e r  h e a d  r a i l  a n d  t h e
f la t  su r face  o f  the  gaske t  w i th  a  th in  f i lm
o f  e n g i n e  o i l .  T h i s  w i l l  k e e p  t h e  g a s k e t
f rom s t i ck ing  to  the  cy l inder  head ra i l .

C R A N K S H A F T

Description

The c ranksha f t  i s  a  one-p iece  s tee l  fo rg -
i n g ,  h e a t  t r e a t e d  t o  e n s u r e  s t r e n g t h  a n d
d u r a b i l i t y .  A l l  m a i n  a n d  c o n n e c t i n g  r o d
b e a r i n g  j o u r n a l  s u r f a c e s  a r e  i n d u c t i o n
h a r d e n e d .

C o m p l e t e  s t a t i c  a n d  d y n a m i c  b a l a n c e  o f
t h e  c r a n k s h a f t  h a s  b e e n  a c h i e v e d  b y
c o u n t e r w e i g h t s  i n c o r p o r a t e d  i n  t h e
c r a n k s h a f t .  T h e  c r a n k s h a f t  e n d  p l a y  i s
c o n t r o l l e d  b y  t h r u s t  w a s h e r s  l o c a t e d  a t
the  rear  ma in  bear ing  cap  o f  the  eng ine .
F u l l  p r e s s u r e  l u b r i c a t i o n  t o  a l l  c o n n e c t -
ing  rod  and main  bear ings  is  p rov ided by
d r i l l e d  p a s s a g e s  w i t h i n  t h e  c r a n k s h a f t
and  cy l inder  b lock .
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Figure 11B-69. Valve Rocker Cover Assembly

Remove Crankshaft

E x t r e m e  c a u t i o n  s h o u l d  b e  u s e d
w h e n  r e m o v i n g  a  f l y w h e e l  b y  e i -
t h e r  l e a v i n g  o n e  o r  t w o  b o l t s  i n
the f lywheel,  or install ing two sui-
t a b l e  g u i d e  p i n s  t o  s u p p o r t  t h e
flywheel until a lifting tool or some
other suitable safe Iifting device is
attached to the flywheel.

When remova l  o f  t he  c ranksha f t  becomes
n e c e s s a r y ,  f i r s t  r e m o v e  t h e  t o r q u e  c o n -
ver te r ,  then  p roceed as  fo l lows :

1 .  C lean the  ex te r io r  o f  the  eng ine .

2 .  Dra in  the  coo l ing  sys tem.

3 .  Dra in  the  eng ine  c rankcase .

E a c h  m a i n  b e a r i n g  j o u r n a l  i s  3 - 1 / 2 "  i n
d iamete r  and  each  connec t ing  rod  jou rna l
i s  2 -3 /4"  in  d iameter .

4 .  R e m o v e  a l l  e n g i n e  t o  b a s e  a t t a c h i n g
b o l t s .  T h e n ,  w i t h  a  c h a i n  h o i s t  a n d
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s l i n g  a t t a c h e d  t o  t h e  l i f t e r  b r a c k e t s  a t
e a c h  e n d  o f  t h e  e n g i n e ,  r e m o v e  t h e  e n -
gine from i ts base.

5 .  Remove a l l  o f  the  accessor ies  and  as -
s e m b l i e s  w i t h  t h e i r  a t t a c h i n g  p a r t s  a s
n e c e s s a r y  t o  p e r m i t  t h e  e n g i n e  t o  b e
mounted  on  an  overhau l  s tand .

6 .  M o u n t  t h e  e n g i n e  o n  a n  o v e r h u a l
s t a n d  a n d  f a s t e n  i t  s e c u r e l y  t o  t h e
m o u n t i n g  p l a t e  ( s e e  F i g u r e  1 1 B - 5  o n
page  11B-3) .

B e  a b s o l u t e l y  s u r e  t h e engine is
securely attached to the stand be-
f o r e  r e l e a s i n g  t h e  l i f t i n g  s l i n g .
Severe injury to personnel and de-
st ruct ion of  engine  par ts  wi l l  re -
s u l t  i f  t h e  e n g i n e  b r e a k s  a w a y
from the stand.

7. Remove the oi l  pan.

8 .  Remove the  lub r i ca t ing  o i l  pump.

9 .  R e m o v e  t h e  f l y w h e e l  a n d  f l y w h e e l
h o u s i n g .

10 .  Remove  the  c ranksha f t  cap  o r  pu l ley .

11 .  Remove the  v ib ra t ion  damper .

12 .  Remove the  f ron t  eng ine  suppor t .

13 .  Remove the  c ranksha f t  f ron t  cover .

1 4 .  R e m o v e  t h e  v i b r a t i o n  d a m p e r  i n n e r
cone.

15. Remove the cyl inder head.

1 6 .  R e m o v e  t h e  c o n n e c t i n g  r o d  b e a r i n g
caps .

17. Remove the main bear ing caps.

20 .  Remove the  c ranksha f t ,  i nc lud ing  the
t im ing  gear  and  o i l  pump dr i ve  gear .

18.  Remove the thrust  washers f rom each
side of  the rear main bear ing.

19 .  Remove the  p is tons ,  connec t ing  rods
and l iners .

2 1 .  R e f e r  t o  t h i s  s u b s e c t i o n  f o r  r e m o v a l
o f  t h e  c r a n k s h a f t  t i m i n g  g e a r  a n d  S u b -
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s e c t i o n  1 1 E  f o r  t h e  p r o c e d u r e  c o v e r i n g
removal  of  the oi l  pump dr ive gear.

Inspection

A f t e r  t h e  c r a n k s h a f t  h a s  b e e n  r e m o v e d ,
c l e a n  a n d  i n s p e c t  i t  t h o r o u g h l y  b e f o r e
re ins ta l l ing  i t  in  the  eng ine .

R e m o v e  t h e  p l u g s  a n d  c l e a n  o u t  t h e  o i l
p a s s a g e s  t h o r o u g h l y  w i t h  a  s t i f f  w i r e
b r u s h .  C l e a n  t h e  c r a n k s h a f t  w i t h  f u e l
o i l  a n d  d r y  i t  w i t h  c o m p r e s s e d  a i r .  T h e n
re ins ta l l  the  p lugs .

I n s p e c t  t h e  k e y w a y s  f o r  e v i d e n c e  o f
c r a c k s  o r  w e a r .  R e p l a c e  t h e  c r a n k s h a f t ,
i f  necessary .

I f  t h e  c r a n k s h a f t  s h o w s  e v i d e n c e  o f  e x -
c e s s i v e  o v e r h e a t i n g ,  r e p l a c e  t h e  c r a n k -
s h a f t  s i n c e  t h e  h e a t  t r e a t m e n t  h a s
probab ly  been des t royed.

U s e d  c r a n k s h a f t s  w i l l  s o m e t i m e s  s h o w  a
c e r t a i n  a m o u n t  o f  r i d g i n g  c a u s e d  b y  t h e
g r o o v e i n  t h e  u p p e r  m a i n  b e a r i n g  s h e l l
o r  l o w e r  c o n n e c t i n g  r o d  b e a r i n g  s h e l l
(see Figure 11B-70 on page 11B-47).
R i d g e s  e x c e e d i n g  0 . 0 0 0 2 ”  m u s t  b e  r e -
m o v e d .  I f  t h e  r i d g e s  a r e  n o t  r e m o v e d ,
l o c a l i z e d  h i g h  u n i t  p r e s s u r e s  o n  n e w
b e a r i n g  s h e l l s  w i l l  r e s u l t  d u r i n g  e n g i n e
opera t ion .

T h e  r i d g e s  m a y  b e  r e m o v e d  b y  w o r k i n g
c r o c u s  c l o t h ,  w e t  w i t h  f u e l  o i l ,  a r o u n d
t h e  c i r c u m f e r e n c e  o f  t h e  c r a n k s h a f t
j o u r n a l .  I f  t h e  r i d g e s  a r e  g r e a t e r  t h a n
0 .0005" ,  f i r s t  use  120  g r i t  emery  c lo th  to
c l e a n  u p  t h e  r i d g e ,  2 4 0  g r i t  e m e r y  c l o t h
f o r  f i n i s h i n g  a n d  w e t  c r o c u s  c l o t h  f o r
p o l i s h i n g .  U s e  o f  a  p i e c e  o f  r a w h i d e  o r
o t h e r  s u i t a b l e  r o p e  w r a p p i n g  a r o u n d  t h e
e m e r y  c l o t h  o r  c r o c u s  c l o t h  a n d  d r a w n
back  and  fo r th  w i l l  m in im ize  the  poss ib i l -
i t y  o f  a n  o u t - o f - r o u n d  c o n d i t i o n
d e v e l o p i n g  ( k e e p  t h e  s t r a n d s  o f  r a w h i d e
a p a r t  t o  a v o i d  b i n d ) .  I f  r a w h i d e  o r  r o p e
is  no t  used ,  the  c ranksha f t  shou ld  be  ro -
t a t e d  a t  i n t e r v a l s .  I f  t h e  r i d g e s  a r e
g r e a t e r  t h a n  0 . 0 0 1 " ,  t h e  c r a n k s h a f t  m a y
have  to  be  reground.

C a r e f u l l y  i n s p e c t  t h e  r e a r  o f  t h e  c r a n k -
s h a f t  i n  t h e  a r e a  o f  t h e  o i l  s e a l  c o n t a c t
s u r f a c e  f o r  e v i d e n c e  o f  a  r o u g h  o r
g r o o v e d  c o n d i t i o n .  A n y  i m p e r f e c t i o n s  o f
the  o i l  sea l  con tac t  su r face  w i l l  resu l t  i n
oi l  leakage at this point.



Figure  11B-70 .  R idg ing  o f  Cranksha f t

S l i g h t  r i d g e s  o n  t h e  c r a n k s h a f t  o i l  s e a l
c o n t a c t  s u r f a c e  m a y  b e  c l e a n e d  u p  w i t h
emery  c lo th  and  c rocus  c lo th  in  the  same
m a n n e r  a s  d e t a i l e d  f o r  t h e  c r a n k s h a f t
j o u r n a l s .  I f  t h e  c r a n k s h a f t  c a n n o t  b e
c leaned up  sa t i s fac to r i l y ,  the  o i l  sea l  may
b e  r e p o s i t i o n e d  i n  t h e  f l y w h e e l  h o u s i n g
as out l ined in  th is  subsect ion .

C h e c k  t h e  c r a n k s h a f t  t h r u s t  s u r f a c e s  f o r
e x c e s s i v e  w e a r  o r  g r o o v i n g .  I f  o n l y
s l i g h t l y  w o r n ,  t h e  s u r f a c e s  m a y  b e
d r e s s e d  w i t h  a  s t o n e .  O t h e r w i s e  w i l l
b e  n e c e s s a r y  t o  r e g r i n d  t h e  t h r u s t  s u r -
faces.

C h e c k  t h e  o i l  p u m p  d r i v e  g e a r  a n d  t h e
c r a n k s h a f t  t i m i n g  g e a r  f o r  w o r n  o r
c h i p p e d  t e e t h .  R e p l a c e  t h e  g e a r s ,  i f  n e -
cessary .

C h e c k  t h e  c r a n k s h a f t  d o w e l  e x t e n s i o n .
D o w e l s  e x t e n d  1 / 2 "  f r o m  t h e  c r a n k s h a f t .
Check  to  make  su re  the  dowe ls  DO NOT
e x t e n d  m o r e  t h a n  1 / 2 " ,  o t h e r w i s e  i n t e r -
f e r e n c e  w i t h  t h e  t o r q u e  c o n v e r t e r  f l y -
whee l  w i l l  resu l t .

Inspec t  the  c ranksha f t  fo r  c racks  as  ou t -
l i ned  under  Inspec t ion  fo r  Cracks .

Crankshaft Measurements

S u p p o r t  t h e  c r a n k s h a f t  o n  i t s  f r o n t  a n d
r e a r  j o u r n a l s  o n  V - b l o c k s  o r  i n  a  l a t h e
a n d  c h e c k  t h e  a l i g n m e n t  a t  t h e  a d j a c e n t
in te rmed ia te  ma in  journa ls  w i th  a  d ia l  i n -
d i c a t o r .

When  the  runou t  on  the  ad jacen t  j ou rna ls
i s  i n  o p p o s i t e  d i r e c t i o n s ,  t h e  s u m  m u s t
not exceed 0.003" totaI indicator

r e a d i n g .  W h e n  t h e  r u n  o u t  o n  t h e  a d j a -
c e n t  j o u r n a l s  i s  i n  t h e  s a m e  d i r e c t i o n ,
the  d i f fe rence  mus t  no t  exceed  0 .003"  to -
t a l  i n d i c a t o r  r e a d i n g .  I f  t h e  r u n o u t  l i m i t
i s  g rea te r  than  0 .002"  a t  the  No.  2  and  4
j o u r n a l , o r  0 . 0 0 4 "  a t  t h e  N o .  3  j o u r n a l ,
the  c ranksha f t  mus t  be  rep laced .

M e a s u r e  a l l  o f  t h e  m a i n  a n d  c o n n e c t i n g
r o d  b e a r i n g  j o u r n a l s  ( s e e  F i g u r e  1 1 B - 7 3
o n  p a g e  1 1 B - 4 9 ) .  M e a s u r e  t h e  j o u r n a l s
at  several  p laces on the c i rcumference so
t h a t  t a p e r ,  o u t - o f - r o u n d  a n d  b e a r i n g
c l e a r a n c e s  c a n  b e  d e t e r m i n e d .  I f  t h e
c r a n k s h a f t  i s  w o r n  s o  t h a t  t h e  m a x i m u m
j o u r n a l - t o - b e a r i n g  s h e l l  c l e a r a n c e  ( w i t h
n e w  s h e l l s )  e x c e e d s  0 . 0 0 4 4 " ,  t h e  c r a n k -
s h a f t  m u s t  b e  r e g r o u n d .  M e a s u r e m e n t s
o f  t h e  c r a n k s h a f t  s h o u l d  b e  a c c u r a t e  t o
t h e  n e a r e s t  0 . 0 0 0 2 " .  A l s o ,  i f  t h e  j o u r n a l
t a p e r  o f  a  u s e d  c r a n k s h a f t  e x c e e d s
0 . 0 0 1 5 "  o r  t h e  o u t - o f - r o u n d  i s  g r e a t e r
t h a n  0 . 0 0 1 " ,  t h e  c r a n k s h a f t  m u s t  b e  r e -
g r o u n d .

A l s o  m e a s u r e  t h e  c r a n k s h a f t  t h r u s t  s u r -
faces (see Figure 11B-75 on page
11B-50) .

Inspection for Cracks

C a r e f u l l y  c h e c k  t h e  c r a n k s h a f t  f o r  c r a c k
w h i c h  s t a r t  a t  a n  o i l  h o l e  a n d  f o l l o w  t h e
jou rna l  su r face  a t  an  ang le  o f  45°  to  the
a x i s .  A n y  c r a n k s h a f t  w i t h  s u c h  c r a c k s
m u s t  b e  r e j e c t e d .  S e v e r a l  m e t h o d s  o f
d e t e r m i n i n g  t h e  p r e s e n c e  o f  m i n u t e
cracks  no t  v is ib le  to  the  eye  are  ou t l ined
below.

M A G N E T I C  P A R T I C L E  M E T H O D . T h e
par t  i s  magnet ized  and then  covered  w i th
a  f i n e  m a g n e t i c  p o w d e r  o r  s o l u t i o n .
Flaws,  such as cracks,  form a smal l  local
magnet  wh ich  causes  the  magnet i c  par t i -
c l e s  i n  t h e  p o w d e r  o r  s o l u t i o n  t o  g a t h e r
t h e r e ,  e f f e c t i v e l y  m a r k i n g  t h e  c r a c k .
T h e  c r a n k s h a f t  m u s t  b e  d e - m a g n e t i z e d
af te r  the  tes t .

FLUORESCENT MAGNETIC PARTICLE
M E T H O D .  T h i s  m e t h o d  i s  s i m i l a r  t o  t h e
m a g n e t i c  p a r t i c l e  m e t h o d ,  b u t  i s  m o r e
sens i t i ve  s ince  i t  employs  magnet ic  par t i -
c l e s  w h i c h  a r e  f l u o r e s c e n t  a n d  g l o w  u n -
d e r  “ b l a c k  l i g h t ” .  V e r y  f i n e ,  c r a c k s  t h a t
m a y  b e  m i s s e d  u n d e r  t h e  f i r s t  m e t h o d ,
e s p e c i a l l y  o n  d i s c o l o r e d  o r  d a r k
s u r f a c e s ,  w i l l  b e  d i s c l o s e d  u n d e r  t h e
“ b l a c k  l i g h t ” .
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F L O U R E S C E N T  P E N E T R A N T  M E T H O D .
T h i s  i s  a  m e t h o d  w h i c h  m a y  b e  u s e d  o n
b o t h  n o n - m a g n e t i c  a n d  m a g n e t i c
m a t e r i a l s .  A  h i g h l y  f l u o r e s c e n t  l i q u i d
p e n e t r a n t  i s  a p p l i e d  t o  t h e  p a r t .  T h e n
the  excess  penet ran t  i s  removed f rom the
s u r f a c e  a n d  t h e  p a r t  i s  d r i e d .  A  d e v e l -
op ing  powder  i s  then  app l ied  wh ich  he lps
to  d raw the  penet ran t  ou t  o f  the  f laws  by
c a p i l l a r y  a c t i o n .  I n s p e c t i o n  i s  c a r r i e d
o u t  u n d e r  “ b l a c k  l i g h t ” .

A  m a j o r i t y  o f  i n d i c a t i o n s  r e v e a l e d  b y  t h e
above  inspec t ion  methods  a re  norma l  and
harmless  and  on ly  i n  a  sma l l  pe rcen tage
of  cases  is  re l iab i l i t y  o f  the  par t  impa i red
when i n d i c a t i o n s  a r e  f o u n d .  S i n c e  i n -
spec t ion  revea ls  the  harmless  ind ica t ions
w i t h  t h e  s a m e  i n t e n s i t y  a s  t h e  h a r m f u l
o n e s ,  d e t e c t i o n  o f  t h e  i n d i c a t i o n s  i s  b u t
a  f i r s t  s t e p  i n  t h e  p r o c e d u r e .  I n t e r p r e -
t a t i o n  o f  t h e  i n d i c a t i o n s  i s  t h e  m o s t
impor tan t  s tep .

A l l  c r a n k s h a f t s  a r e  m a g n e t i c  p a r t i c l e  i n -
s p e c t e d  a f t e r  m a n u f a c t u r e  t o  e n s u r e
a g a i n s t  a n y  s h a f t s  w i t h  h a r m f u l  i n d i -
c a t i o n s  g e t t i n g  i n t o  t h e  o r i g i n a l  e q u i p -
ment  o r  fac to ry  par ts  s tock .

C r a n k s h a f t  f a i l u r e s  a r e  r a r e  a n d  w h e n
o n e  c r a c k s  o r  b r e a k  c o m p l e t e l y ,  i t  i s
v e r y  i m p o r t a n t  t o  m a k e  a  t h o r o u g h  i n -
s p e c t i o n  f o r  c o n t r i b u t o r y  f a c t o r s .  U n -
l e s s  a b n o r m a l  c o n d i t i o n s  a r e  d i s c o v e r e d
a n d  c o r r e c t e d ,  t h e r e  w i l l  b e  a  r e p e t i t i o n
o f  the  fa i l u re .

There  a re  two  types  o f  loads  imposed  on
a  c r a n k s h a f t  i n  s e r v i c e - - a  b e n d i n g  f o r c e
a n d  a  t w i s t i n g  f o r c e .  T h e  d e s i g n  o f  t h e
s h a f t  i s  s u c h  t h a t  t h e s e  f o r c e s  p r o d u c e
p r a c t i c a l l y  n o  s t r e s s  o v e r  m o s t  o f  t h e
s u r f a c e .  C e r t a i n  s m a l l  a r e a s ,  d e s i g n a t e d
as  c r i t i ca l  a reas ,  sus ta in  mos t  o f  the  load
(see  F igure  11B-71) .

B e n d i n g  f a t i g u e  f a i l u r e s  r e s u l t  f r o m
b e n d i n g  o f  t h e  c r a n k s h a f t  w h i c h  t a k e
p lace  once  per  revo lu t ion .

T h e  c r a n k s h a f t  i s  s u p p o r t e d  b e t w e e n
e a c h  o f  t h e  c y l i n d e r s  b y  a  m a i n  b e a r i n g
a n d  t h e  l o a d  i m p o s e d  b y  t h e  g a s  p r e s -
s u r e  o n  t o p  o f  t h e  p i s t o n  i s  d i v i d e d  b e -
t w e e n  t h e  a d j a c e n t  b e a r i n g s .  A n
a b n o r m a l  b e n d i n g  s t r e s s  i n  t h e  c r a n k -
s h a f t , p a r t i c u l a r l y  i n  t h e  c r a n k  f i l l e t ,
m a y  b e  a  r e s u l t  o f  m i s a l i g n m e n t  o f  t h e
m a i n  b e a r i n g  b o r e s ,  i m p r o p e r l y  f i t t e d
b e a r i n g s ,  b e a r i n g  f a i l u r e s ,  a  l o o s e  o r
b r o k e n  b e a r i n g  c a p ,  o r  u n b a l a n c e d  p u l -
l e y s .  A l s o ,  d r i v e  b e l t s  w h i c h  a r e  t o o
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F i g u r e  1 1 B - 7 1 .  C r i t i c a l  C r a n k s h a f t
Loading Zones

t ight may impose a bending load upon the
c r a n k s h a f t .

F a i l u r e  r e s u l t i n g  f r o m  b e n d i n g s t a r t  a t
t h e  p i n  f i l l e t  a n d  p r o g r e s s  t h r o u g h o u t
the  c rank  cheek ,  somet imes  ex tend ing  in -
t o  t h e  j o u r n a l  f i l l e t .  I f  m a i n  b e a r i n g s
are replaced due to one or  more damaged
b e a r i n g s , a  c a r e f u l  i n s p e c t i o n  m u s t  b e
m a d e  t o  d e t e r m i n e  i f  a n y  c r a c k s  h a v e
s t a r t e d  i n  t h e  c r a n k s h a f t .  T h e s e  c r a c k s
are  mos t  l i ke ly  to  occur  on  e i ther  s ide  o f
the  damaged bear ing .

T o r s i o n a l  f a t i g u e f a i l u r e s  r e s u l t  f r o m
t o r s i o n a l  v i b r a t i o n  w h i c h  t a k e s  p l a c e  a t
h i g h  f r e q u e n c y .

A combinat ion of  abnormal  speed and load
c o n d i t i o n s  m a y  c a u s e  t h e  t w i s t i n g  f o r c e s
t o  s e t  u p  a  v i b r a t i o n ,  r e f e r r e d  t o  a s  t o r -
s i o n a l  v i b r a t i o n ,  w h i c h  i m p o s e s  h i g h
s t r e s s e s  a t  t h e  l o c a t i o n s  s h o w n  i n
F igure  11B-71 .

T o r s i o n a l  s t r e s s e s  m a y  p r o d u c e  a  f r a c -
t u r e  i n  e i t h e r  t h e  c o n n e c t i n g  r o d  j o u r n a l
o r  t h e  c r a n k  c h e e k .  C o n n e c t i n g  r o d
j o u r n a l  f a i l u r e s  a r e  u s u a l l y  a t  t h e  f i l l e t
a t  45°  to  the  ax is  o f  the  shaf t .

A  l o o s e , d a m a g e  o r  d e f e c t i v e  v i b r a t i o n
damper ,  a  loose  f l ywhee l  o r  the  in t roduc-
t i o n  o f  i m p r o p e r  o r  a d d i t i o n a l  p u l l e y s  o r
c o u p l i n g s  a r e  u s u a l  c a u s e s  o f  t h i s  t y p e
o f  f a i l u r e .  A l s o ,  o v e r s p e e d i n g  o f  t h e
e n g i n e  o r  r e s e t t i n g  t h e  g o v e r n o r  a t  a
different speed than intended for the
e n g i n e  a p p l i c a t i o n  m a y  b e  c o n t r i b u t o r y
f a c t o r s .



As prev ious ly  ment ioned,  most  o f  the  in -
d i c a t i o n s  f o u n d  d u r i n g i n s p e c t i o n  o f  t h e
c ranksha f t  a re  ha rm less . T h e  t w o  t y p e s
o f  i n d i c a t i o n s  t o  l o o k  f o r  a r e  c i r c u m f e r -
e n t i a l  f i l l e t  c r a c k s  a t  t h e  c r i t i c a l  a r e a s
a n d  4 5 °  c r a c k s  ( 4 5 °  w i t h  t h e  a x i s  o f  t h e
s h a f t )  s t a r t i n g  f r o m  e i t h e r  t h e  c r i t i c a l
f i l l e t  l o c a t i o n s  o r  t h e  c o n n e c t i n g  r o d
journa l  ho les  as  shown in  F igure  11B-72 .
R e p l a c e  t h e  c r a n k s h a f t  w h e n  c r a c k s  o f
th is  na tu re  a re  found.

Crankshaf t  Gr inding

In  add i t ion  to  the  s tandard  s ize  ma in  and
c o n n e c t i n g  r o d  b e a r i n g s ,  0 . 0 0 2 ” ,  0 . 0 1 0 ” ,
0 .020”  and  0 .030”  unders ize  bear ings  a re
ava i lab le .

NOTE

T h e  0 . 0 0 2 ”  u n d e r s i z e  b e a r i n g s  a r e
used  on ly  to  compensa te  fo r  s l i gh t
w e a r  o n  c r a n k s h a f t s  o n  w h i c h  r e -
g r i n d i n g  i s  u n n e c e s s a r y .

I f  t h e  c r a n k s h a f t  i s  t o  b e  r e g r o u n d ,  p r o -
ceed as fo l lows:

1 .  Compare  the  c ranksha f t  j ou rna l  meas-
u r e m e n t s  t a k e n  d u r i n g  i n s p e c t i o n  w i t h
the  d imens ions  in  F igure  11B-73  and  de-
te rmine  the  s ize  to  wh ich  the  journa ls  a re
t o  b e  r e g r o u n d .

2 .  I f  o n e  o r  m o r e  m a i n  c o n n e c t i n g  r o d
j o u r n a l s  r e q u i r e  g r i n d i n g ,  t h e n  g r i n d  a l l
of  the main journals or  a l l  of  the connect-
i n g
size.

r o d  j o u r n a l s  t o  t h e  s a m e  r e q u i r e d

3 .  A l l  j o u r n a l  f i l l e t s  m u s t  h a v e  a  0 . 1 3 0 ”
to  0 .160”  rad ius  be tween the  c rank  cheek
a n d  t h e  j o u r n a l  a n d  m u s t  n o t  h a v e  a n y
sharp  g r ind  marks  (see  F igure  11B-74  on
p a g e  1 1 B - 5 0 ) . T h e  f i l l e t  m u s t  b l e n d
s m o o t h l y  i n t o  t h e  j o u r n a l  a n d  t h e  c r a n k
c h e e k  a n d  m u s t  b e  f r e e  o f  s c r a t c h e s .
T h e  r a d i u s  m a y  b e  c h e c k e d  w i t h  a  f i l l e t
gauge .

4 .  C a r e  m u s t  b e  t a k e n  t o  a v o i d  l o c a l i z e d
h e a t i n g  w h i c h  o f t e n  p r o d u c e s  g r i n d i n g
c r a c k s .
i n g ,

C o o l  t h e  c r a n k s h a f t  w h i l e  g r i n d -
u s i n g  c o o l a n t  g e n e r o u s l y . D o  n o t

c r o w d  t h e  g r i n d i n g  w h e e l  i n t o  t h e  w o r k .

5 .  P o l i s h  t h e  g r o u n d  s u r f a c e s  t o  8 - 1 2
RMS f i n i sh . T h e  r e g r o u n d  j o u r n a l s  w i l l
be  sub jec t  to  excess ive  wear  un less  po l -
ished smooth.

F igure  11B-72 .  Crankshaf t  Fa t igue
Cracks

6 .  I f  t h e  t h r u s t  s u r f a c e s  o f  t h e  c r a n k -
shaft (Figure 11B-76 on page 11B-50)
a r e  w o r n  o r  g r o o v e d  e x c e s s i v e l y ,  t h e y
m u s t  b e  r e g r o u n d  a n d  p o l i s h e d . Care
must be taken to leave a 0.130” to 0.160”

Figure 118-73. Dimension of
Cranksha f t  Journa ls
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F igure  11B-74 .  Cranksha f t  Journa l
F i l l e t s

r a d i u s  b e t w e e n  e a c h  t h r u s t  s u r f a c e  a n d
the  bear ing  jou rna l .

7 .  S t o n e  t h e  e d g e  o f  a l l  o i l  h o l e s  i n  t h e
j o u r n a l  s u r f a c e s  s m o o t h  t o  p r o v i d e  a  r a -
d ius  o f  approx imate ly  3 /32” .

8 .  A f t e r  g r i n d i n g has  been  comp le ted ,
i n s p e c t  t h e  c r a n k s h a f t  b y  t h e  m a g n e t i c
p a r t i c l e m e t h o d  t o  d e t e r m i n e  w h e t h e r
c r a c k s  h a s  o r i g i n a t e d  d u e  t o  t h e  g r i n d -
ing  opera t ion .

9 .  Demagnet i ze  the  c ranksha f t .

1 0 .  R e m o v e  t h e  p l u g s  a n d  c l e a n  t h e
c r a n k s h a f t  a n d  o i l  p a s s a g e  t h o r o u g h l y
w i t h  f u e l  o i l . D r y  t h e  s h a f t  w i t h  c o m -
pressed  a i r  and  re ins ta l l  the  p lugs .

Install  Crankshaft

I f  a  n e w  c r a n k s h a f t  i s  t o  b e  i n s t a l l e d ,
steam clean i t  to remove the rust  preven-
t a t i v e , b l o w  o u t  t h e  o i l  p a s s a g e s  w i t h
compressed  a i r  and  ins ta l l  the  p lugs .

NOTE

A  n e w  o r  r e m a n u f a c t u r e d  c r a n k -
s h a f t  r e c e i v e s  a  r o l l i n g  p r o c e s s  i n
t h e  f i l l e t  a r e a  f o r  a d d e d  s t r e n g t h .
O f t e n t i m e s  t h i s  l e a v e s  a  s l i g h t l y
raised area at  each end of  the f i l let
( s e e  F i g u r e  1 1 B - 7 5 ) . T h i s  i s  a n
a c c e p t a b l e  s h a f t  a n d  m u s t  n o t  b e
c o n f u s e d  w i t h  o u t s i d e r e g r o u n d
s h a f t s  t h a t  a r e  l e f t  w i t h  a  n o t c h
r a t h e r  t h a n  a  r e q u i r e d  b l e n d  a s
o u t l i n e d  u n d e r  “ C r a n k s h a f t  G r i n d -
ing” on page 11B-49.

Then  ins ta l l  t he  c ranksha f t  as  fo l l ows :

1 .  A s s e m b l e  t h e  c r a n k s h a f t  t i m i n g  g e a r
a n d  t h e  o i l  p u m p  d r i v e  g e a r  o n  t h e
cranksha f t  ( re fe r  to  Subsec t ion  11E) .

11B-50

Figure 11B-75. New or Remanufactured
Cranksha f t

2 .  Re fe r  to  th is  subsec t ion  fo r  ma in  bear -
i n g de ta i l s  and  ins ta l l  the  upper  g rooved
m a i n  b e a r i n g  s h e l l  i n  t h e  b l o c k . I f  t h e
o ld  bear ing  she l l s  a re  to  be  used  aga in ,
ins ta l l t h e m  i n  t h e  s a m e  l o c a t i o n s  f r o m
w h i c h they  were  removed.

NOTE

When a new or reground crank-
sha f t  i s  ins ta l led ,  a l l  new ma in  and
c o n n e c t i n g  r o d  ( u p p e r  a n d  l o w e r )

Figure 11B-76. Standard Dimensions
a t  Cranksha f t  Thrus t  Sur faces



b e a r i n g  s h e l l s  a n d  n e w  t h r u s t
washers must also be instal led.

3 .  A p p l y  c l e a n  e n g i n e  o i l  t o  a l l  c r a n k -
s h a f t  j o u r n a l s  a n d  i n s t a l l  t h e  c r a n k s h a f t
in  p lace  so  tha t  the  t im ing  marks  on  the
c ranksha f t  t im ing  gear  and  the  id le r  gear
match. R e f e r  t o  t h i s  s u b s e c t i o n  f o r  t h e
cor rec t  method  o f  t im ing  gear  t ra in .

4 .  I n s t a l l  t h e  u p p e r  h a l v e s  o f  t h e  c r a n k -
sha f t  th rus t  washers  on  each  s ide  o f  the
r e a r  m a i n  b e a r i n g  s u p p o r t  a n d  t h e  d o w -
e l e d  l o w e r  h a l v e s  o n  e a c h  s i d e  o f  t h e
r e a r  m a i n b e a r i n g  c a p .  T h e  g r o o v e d
s ide  o f  the  th rus t  washers  mus t  face  to -
w a r d  t h e  c r a n k s h a f t  t h r u s t  s u r f a c e s .

NOTE

I f  t h e  c r a n k s h a f t  t h r u s t  s u r f a c e s
w e r e  r e g r o u n d , i t  m a y  b e  n e c e s -
s a r y  t o i n s t a l l  o v e r s i z e  t h r u s t
washers  on  one  o r  bo th  o f  the  rear
m a i n  b e a r i n g  j o u r n a l . R e f e r  t o
Figure 11B-76 on page 11B-50.

5 .  Ins ta l l  the  lower  bear ing  she l l s  (no  o i l
g r o o v e s )  i n  t h e  b e a r i n g  c a p s .  I f  t h e  o l d
b e a r i n g  s h e l l s  a r e  t o  b e  u s e d  a g a i n ,  i n -
s ta l l  t hem in  the  same bear ing  caps  f rom
which  they  were  removed.

6 .  I n s t a l l  t h e  b e a r i n g  c a p s  a n d  l o w e r
b e a r i n g  s h e l l s  a s  o u t l i n e d  u n d e r  “ I n s t a l l
Main B e a r i n g  S h e l l s
Place)”  on page 11B-60.

( C r a n k s h a f t  i n

NOTE

I f  the  bear ings  have  been ins ta l led
p r o p e r l y , t h e  c r a n k s h a f t  w i l l  t u r n
f r e e l y  w i t h  a l l  o f  t h e  m a i n  b e a r i n g
c a p  b o l t s  d r a w n  t o  t h e  s p e c i f i e d
t o r q u e .

7 .  C h e c k  t h e  c r a n k s h a f t  e n d  p l a y  b y
m o v i n g  t h e  c r a n k s h a f t  t o w a r d  t h e  g a u g e
( F i g u r e  1 1 B - 7 7 )  w i t h  a  p r y  b a r .  K e e p  a
cons tan t  p ressure  on  the  p ry  bar  and  se t
t h e  d i a l  i n d i c a t o r  t o  z e r o .  t h e m  r e m o v e
a n d  i n s e r t  t h e  p r y  b a r  o n  t h e  o t h e r  s i d e
o f  t h e  b e a r i n g  c a p . F o r c e  t h e  c r a n k -
s h a f t  i n  t h e  o p p o s i t e  d i r e c t i o n  a n d  n o t e
t h e  a m o u n t  o f  e n d  p l a y  o n  t h e  d i a l .  T h e
end p lay  shou ld  be  0 .004”  to  0 .011”  w i th
n e w  p a r t s  o r  a  m a x i m u m  o f  0 . 0 1 8 ”  w i t h
u s e d  p a r t s . Insu f f i c ien t  end  p lay  can  be
to  resu l t  o f  a  m isa l igned  rear  ma in  bear -

Figure 11B-77. Checking Crankshaft
End P lay

ing  o r  a  bur r  o r  d i r t  on  the  inner  face  o f
one or more of  the thrust  washers.

8 .  I n s t a l l  t h e  c y l i n d e r  l i n e r ,  p i s t o n  a n d
connect ing rod assembl ies.

9 .  Ins ta l l  the  cy l inder  head.

10 .  Ins ta l l  the  f l ywhee l  hous ing ,  then  in -
s ta l l  the  f l ywhee l .

1 1 .  I n s t a l l  t h e  c r a n k s h a f t  f r o n t  c o v e r
and  gaske t .

NOTE

Ins ta l l  the  o i l  sea l  spacer  o r  inner
c o n e  a f t e r  t h e  c r a n k s h a f t  f r o n t
c o v e r  i s  i n  p l a c e  t o  a v o i d  d a m a g e
to the oi l  seal  l ip.

12 .  Ins ta l l  the  eng ine  f ron t  suppor t .

1 3 .  I n s t a l l  t h e  v i b r a t i o n  d a m p e r  i n n e r
cone.

14 .  Ins ta l l t h e v i b ra t i on damper
assembly.

15 .  Ins ta l l  the  c ranksha f t  cap  o r  pu l ley .

1 6 .  I n s t a l l  t h e  l u b r i c a t i n g  o i l  p u m p  a s -
sembly.

1 7 .  C h e c k  t h e  c r a n k s h a f t  f o r  d i s t o r t i o n
a t  the  rea r  connec t ing  rod  jou rna l  coun-
te rwe igh ts  be fo re  and  a f te r  ins ta l l i ng  the
t o r q u e c o n v e r t e r . A n  i m p r o p e r l y  i n -
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s t a l l e d  t o r q u e  c o n v e r t e r  c a n  d i s t o r t  t h e
c r a n k s h a f t  a n d  c a u s e  a  c r a n k s h a f t  f a i l -
u re

C h e c k  t h e  c r a n k s h a f t  d i s t o r t i o n  a s  f o l -
lows:

A .  R o t a t e  t h e  c r a n k s h a f t  c l o c k w i s e  u n t i l
t h e  c r a n k s h a f t  c o u n t e r w e i g h t s  a t  t h e
rear  connec t ing  rod  jou rna l  a re  in  the
s ix  o ’c lock  pos i t ion .

B. Center punch a hole in the inside face
of each c o u n t e r w e i g h t  c h e e k , one
quar te r  o f  an  inch  f rom the  lower  end
of  each  counte rwe igh t ,  to  suppor t  the
gauge.

C .  I n s t a l l  a  g a u g e  ( S t a r r e t  C o .  N o .  6 9 6
d i a l  g a u g e  o r  e q u i v a l e n t )  i n  t h e  c e n -
t e r  p u n c h  h o l e s  i n  t h e  c h e e k  o f  e a c h
c o u n t e r w e i g h t as shown in
F igure  11B-78 .

D .  S e t  t h e  d i a l  i n d i c a t o r  a t  z e r o ,  t h e n
r o t a t e  t h e  c r a n k s h a f t  a p p r o x i m a t e l y
9 0 °  i n  b o t h  d i r e c t i o n s .  D o  n o t  a l l o w
t h e  g a u g e  t o  c o n t a c t  t h e  c o n n e c t i n g
r o d  c a p s  o r  b o l t s . N o t e  a n d  r e c o r d
the  d ia l  ind ica to r  read ings  a t  the  3 ,  6
a n d  9  o ’ c l o c k  c r a n k s h a f t  c o u n t e r -
w e i g h t pos i t ions. T h e maximum
al lowab le  var ia t ion  i s  0 .0045”  to ta l  in -
d ica to r  read ing .

NOTE

R e m o v e  t h e  t o o l  t h a t  w a s  u s e d  t o
r o t a t e  t h e  c r a n k s h a f t  w h e n  t a k i n g
the  d ia l  ind ica to r  read ings .

E .  I f  t h e  r e a d i n g  o n  t h e  g a u g e  e x c e e d s
0 . 0 0 4 5 " ,  c h e c k  t h e  t o r q u e  c o n v e r t e r
f o r  i m p r o p e r  i n s t a l l a t i o n  a n d  r e a l i g n
as necessary.

1 8 .  A f f i x  a  n e w  g a s k e t  t o  t h e  o i l  p a n
f lange and instal l  the oi l  pan.

19 .  Use a  cha in  ho is t  and  s l ing  a t tached
to  the  l i f t i ng  b racke ts  a t  each  end  o f  the
eng ine a n d  r e m o v e  t h e  e n g i n e  f r o m  t h e
overhau l  s tand .

2 0 .  I n s t a l l  a l l  o f  t h e  a c c e s s o r i e s  t h a t
were removed.

21 .  A f te r  the  eng ine  has  been  comple te ly
reassembled refer  to Sect ion 11H and re-
f i l l  t h e  c r a n k c a s e  t o  t h e  p r o p e r  l e v e l  o n
t h e  d i p  s t i c k .

11B-52

Figure  11B-78 .  Crankshaf t  D is to r t ion
Gauge Mounted on Crankshaft

2 2 .  C l o s e  a l l  o f  t h e  d r a i n s  a n d  f i l l  t h e
cool ing system.

23 .  A f te r  rep lac ing  the  ma in  o r  connec t -
i n g  r o d  b e a r i n g s  o r  i n s t a l l i n g  a  n e w  o r
r e g r o u n d  c r a n k s h a f t ,  o p e r a t e  t h e  e n g i n e
as  ou t l ined  in  the  run- in  schedu le  a t  the
end of the sect ion.

CRANKSHAFT OIL SEALS

Description

An oil seal is used at each end of the
crankshaf t  to  re ta in  the  lubr ica t ing  o i l  i n
t h e  c r a n k c a s e . T h e  s e a l i n g  l i p s  o f  t h e
o i l  s e a l s  a r e  h e l d  f i r m l y ,  b u t  n o t  t i g h t ,
a g a i n s t  t h e  c r a n k s h a f t  s e a l i n g  s u r f a c e s
by  a  co i l  spr ing .

T h e  f r o n t  o i l  s e a l  i s  p r e s s e d  i n t o  t h e
c r a n k s h a f t  f r o n t  c o v e r ,  a n d  t h e  l i p  o f
the seal bears against a vibrat ion damper
inner  cone  on  the  end  o f  the  c ranksha f t ,
n e x t  t o  t h e  l u b r i c a t i n g  o i l  p u m p  d r i v e
gear (see Figure 11B-79 on page 11B-53
and Figure 11B-80 on page 11B-53).

A  s i n g l e  l i p  o i l  s e a l  i s  u s e d  a t  t h e  r e a r
e n d  o f  t h e  e n g i n e . The  rear  o i l  sea l  i s
p r e s s e d  i n t o  t h e  f l y w h e e l  h o u s i n g  ( s e e
Figure 11B-81 on page 11B-53).

O i l  l e a k s  i n d i c a t e  w o r n  o r  d a m a g e d  o i l
s e a l s .  O i l  s e a l s  m a y  b e c o m e  w o r n  o r
d a m a g e d  d u e t o  i m p r o p e r  i n s t a l l a t i o n ,
e x c e s s i v e  m a i n b e a r i n g  c l e a r a n c e s ,  e x -
c e s s i v e  f l y w h e e l  h o u s i n g  b o r e  r u n o u t  o r
g r o o v e d  s e a l i n g  s u r f a c e s  o n  t h e  c r a n k -
s h a f t  o r  o i l  s e a l  s p a c e r s . T o  p r e v e n t  a
r e p e t i t i o n  o f  a n y  o i l  s e a l  l e a k s ,  t h e s e



Figure  11B-79 .  Cranksha f t  F ron t  O i l
Seal

c o n d i t i o n s  m u s t  b e  c h e c k e d  a n d  c o r -
rec ted .

Remove Crankshaft Oil Seals

R e m o v e  t h e  c r a n k s h a f t  f r o n t  c o v e r  a n d
t h e  f l y w h e e l  h o u s i n g  a n d  r e m o v e  t h e  o i l
seals as follows:

1 .  S u p p o r t  t h e  f o r w a r d  f a c e  o f  t h e  f r o n t
c o v e r  o r  t h e  r e a r  f a c e  o f  t h e  f l y w h e e l
housing on wood blocks.

2 .  D r i v e  t h e  o i l  s e a l  o u t  a n d  c l e a n  t h e
s e a l  b o r e  i n  t h e  f r o n t  c o v e r  o r  f l y w h e e l
h o u s i n g . Discard the oi l  seal .

When necessary , a n  o i l  s e a l  m a y  b e  r e -
m o v e d  w i t h o u t  r e m o v i n g  t h e  f r o n t  c o v e r
o r  f l y w h e e l  h o u s i n g . Th is  may  be  done
by  dr i l l i ng  d iamet r i ca l l y  oppos i te  ho les  in
t h e  s e a l  c a s i n g  a n d  t h r e a d i n g  m e t a l
s c r e w s ,  b a c k e d  b y  f l a t  w a s h e r s ,  i n t o  t h e
cas ing . R e m o v e  t h e  s e a l  b y  p r y i n g
aga ins t  the  washers  w i th  pry  bars .

Inspection

I n s p e c t  t h e  r e a r  e n d  o f  t h e  c r a n k s h a f t
fo r  wear  caused by  the  rubb ing  ac t ion  o f
t h e  o i l  s e a l ,  d i r t  b u i l d  u p  o r  f r e t t i n g  b y
t h e  a c t i o n  o f  t h e  f l y w h e e l . T h e  c r a n k -
s h a f t  s u r f a c e  m u s t  b e  c l e a n  a n d  s m o o t h
to  p reven t  damag ing  the  sea l  l i p  when a
n e w  o i l  s e a l  i s  i n s t a l l e d . S l i g h t  r i d g e s

F igure  11B-80 .  Cranksha f t  F ron t  O i l
Seal Mounting

m a y  b e  r e m o v e d  f r o m  t h e  c r a n k s h a f t  a s
descr ibed  ear l ie r .

The  max imum runou t  o f  the  o i l  sea l  bo re
i n  t h e  f l y w h e e l  h o u s i n g  i s  0 . 0 0 8 ” .  T h e
bore may be checked with a dial  indicator
mounted  on  the  end  o f  the  c ranksha f t  i n
a  m a n n e r  s i m i l a r  t o  t h e  p r o c e d u r e  f o r
c h e c k i n g  t h e  f l y w h e e l  h o u s i n g  c o n c e n -
t r i c i t y  a s o u t l i n e d la te r in th i s
subsect ion . T h i s  c h e c k  m u s t  b e  m a d e
wi th  the  f l ywhee l  hous ing  in  p lace  on  the
engine and the oi l  seal  removed.

I f  the  c ranksha f t  rear  o i l  sea l  su r face  i s
g r o o v e d  e x c e s s i v e l y ,  a n  o i l  s e a l  s p a c e r

Figure 11B-81. Crankshaft  Rear Oi l
Seal
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(F igure  11B-83 on page 11B-55) may be
i n s t a l l e d  b e t w e e n  t h e  c o u n t e r b o r e  i n  t h e
f l y w h e e l  h o u s i n g  a n d  t h e  o i l  s e a l .  T h e
spacer c h a n g e s  t h e  r e l a t i v e  p o s i t i o n  o f
t h e  s e a l  a n d  e s t a b l i s h e s  a  n e w  c o n t a c t
su r face .

When the oi l  seal  spacer can no longer be
used, an  o i l  sea l  s leeve  (F igure  11B-83
on page 11B-55) may be installed on the
c ranksha f t  to  p rov ide  a  rep laceab le  wear
s u r f a c e  a t  t h e  p o i n t  o f  c o n t a c t  w i t h  t h e
rear  o i l  sea l . The oi l  seal  s leeve may be
used in  con junc t ion  w i th  the  sea l  spacer .
However , a n  o v e r s i z e  o i l  s e a l  m u s t  b e
used with the sleeve.

Install an oil seal sleeve as follows:

1 .  S tone  the  h igh  spo ts  f rom the  o i l  sea l
con tac t  su r face  o f  the  c ranksha f t .

2 .  C o a t  t h e  a r e a  o f  t h e  s h a f t  w h e r e  t h e
s l e e v e  w i l l  b e  p o s i t i o n e d  w i t h  s h e l l a c  o r
an equivalent sealant.

3 .  Dr ive  the  s leeve square ly  on  the  shaf t
with oi l  seal  s leeve instal ler J 4194.

4. Wipe off  any excess sealant.

5 .  C o a t  t h e o u t s i d e  d i a m e t e r  o f  t h e
sleeve with engine oi l .

T o  r e m o v e  a  w o r n  s l e e v e ,  p e e n  t h e  o u t -
s i d e  d i a m e t e r  u n t i l  t h e  s l e e v e  s t r e t c h e s
s u f f i c i e n t l y  s o  i t  c a n  b e  s l i p p e d  o f f  t h e
end  o f  the  c ranksha f t .

Oil Seals

Oil  seals are made of an oi l  resistant syn-
t h e t i c  r u b b e r  w h i c h  i s  p r e - l u b r i c a t e d
w i t h  a  s p e c i a l  l u b r i c a n t . Do  no t  remove
t h i s  l u b r i c a n t . Keep  the  sea l ing  l i p  c le -
an and f ree f rom scratches. I n  a d d i t i o n ,
a  p las t i c  coa t ing  wh ich  ac ts  as  a  sea lan t
has  been  app l ied  to  the  ou te r  su r face  o f
the  cas t ing . Do not remove this coat ing.

The rear oi l  seal  may have ei ther an open
o r closed back . Both t y p e s are
s e r v i c e d .

Install  Crankshaft Front Oil  Seal

1.  I f  the  o i l  sea l  i s  no t  p re -coa ted ,  app ly
a  non-harden ing  sea lan t  to  the  per iphery
of  the metal  casing.

Figure 11B-82. Crankshaft  Rear Oi l
Seal Mounting

2 .  Coat  the  l ip  o f  the  new o i l  sea l  l i gh t l y
w i t h  g r e a s e  o r v e g e t a b l e  s h o r t e n i n g .
Then pos i t ion  the  sea l  in  the  f ron t  cover
w i t h  t h e  l i p  o f  t h e  s e a l  p o i n t e d  t o w a r d
the  inner  face  o f  the  cover .

NOTE

T h e  v i b r a t i o n  d a m p e r  i n n e r  c o v e r
m u s t  b e  r e m o v e d  b e f o r e  i n s t a l l i n g
the oi l  seal .

3 .  D r i v e  t h e  s e a l  i n t o  t h e  f r o n t  c o v e r
w i th  ins ta l le r  J  9783,  wh ich  seats  the  o i l
sea l  in  the  bore . T h e  i n s t a l l e r  p r e v e n t s
damage to the seal  by exert ing force only
on the outer edge of  the seal  casing.

4 .  R e m o v e  a n y  e x c e s s  s e a l a n t  f r o m  t h e
cover and seal .

5 .  Ins ta l l  the  c ranksha f t  f ron t  cover .

6 .  I n s t a l l  t h e  v i b r a t i o n  d a m p e r  i n n e r
c o v e r  a f t e r  t h e  f r o n t  c o v e r  a n d  s e a l  a s -
sembly is in place.

Install  Crankshaft Rear Oil  Seal

1.  Suppor t  the  inner  face  o f  the  f l ywhee l
housing on a f lat  surface.

2 .  I n s t a l l  t h e  r e a r  o i l  s e a l  s p a c e r ,  i f
u s e d .  I n s t a l l  t h e  s p a c e r  a g a i n s t  t h e
shou lde r in  the  f l ywhee l  hous ing  o i l  sea l
bore .
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Figure 11B-83. Use of  Rear Oi l  Seal

3 .  I f  the  new sea l  i s  no t  p re -coa ted ,  ap-
p l y  a  n o n - h a r d e n i n g  s e a l a n t  t o  t h e  p e -
r i p h e r y o f  t h e  m e t a l cas ing . T h e n
p o s i t i o n  t h e  s e a l  w i t h  t h e  l i p  p o i n t e d  t o -
w a r d  t h e  i n n e r  f a c e  ( o r  s h o u l d e r  i n  t h e
coun te rbore )  o f  the  hous ing .

4 .  Coat  the  l ip  o f  the  o i l  sea l  l i gh t l y  w i th
e n g i n e  o i l . D o  n o t  s c r a t c h  o r  n i c k  t h e
seal ing edge of  the oi l  seal .

5 .  D r i v e  t h e  s e a l  i n t o  t h e  h o u s i n g  w i t h
instal ler  J 9727 and handle J 3154-1 (see
F i g u r e  1 1 B - 8 4 )  u n t i l  i t  i s  s e a t e d  a g a i n s t
the seal spacer (if used) or on the
s h o u l d e r  i n  t h e  h o u s i n g  b o r e . T h e  i n -
s t a l l e r  p r e v e n t s  d a m a g e  t o  t h e  s e a l  b y
e x e r t i n g  f o r c e  o n l y  o n  t h e  o u t e r  e d g e  o f
the seal casing.

I f  i t  i s  n e c e s s a r y  t o  i n s t a l l  t h e  o i l  s e a l
w i th  the  f l ywhee l  hous ing  on  the  eng ine ,
place oi l  seal  expander J 22425 (standard
s i z e  s e a l )  o r  e x p a n d e r  J  4 1 9 5 - 0 1  w i t h
hand le  J8092 (overs ize  sea l )  aga ins t  the
e n d  o f  t h e  c r a n k s h a f t . T h e n , w i t h  t h e
l ip of  the seal  pointed toward the engine,
s l i d e  t h e  s e a l  o v e r  t h e  t o o l  a n d  o n  t h e
c r a n k s h a f t . R e m o v e  t h e  s e a l  e x p a n d e r
and dr ive  the  sea l  in  p lace  w i th  ins ta l le r
J 9727 and handle J 3154-1.

6 .  R e m o v e  a n y  e x c e s s  s e a l a n t  f r o m  t h e
f lywheel housing and the seal .

7 .  Ins ta l l  the  f l ywhee l  hous ing .

NOTE

I f  the  o i l  sea l  i s  o f  the  type wh ich
incorpora tes a  b r a s s  r e t a i n e r  i n
t h e  i n n e r  d i a m e t e r  o f  t h e  s e a l ,  b e
sure  the  re ta iner  i s  in  p lace  on  the
s e a l  b e f o r e  i n s t a l l i n g  t h e  f l y w h e e l

Spacer or Sleeve on Grooved Crankshaft

h o u s i n g  o n  t h e  e n g i n e .  I f  t h e  r e -
t a i n e r  i s  l e f t  o u t  o i l  l e a k a g e  w i l l
r e s u l t .

CRANKSHAFT CAP

A  o n e  p i e c e  c r a n k s h a f t  c a p
( F i g u r e  1 1 B - 8 5  o n  p a g e  1 1 B - 5 6 )  i s  i n -
s t a l l e d  o n  t h e  f r o n t  e n d  o f  t h e  c r a n k -
sha f t  on  eng ines  wh ich  a re  no t  equ ipped
w i t h  a  c r a n k s h a f t  p u l l e y . T h e  c r a n k -
s h a f t  c a p  s e r v e s  t o  s e c u r e l y  f a s t e n  t h e
v ib ra t ion  damper  assembly  to  the  c rank-
s h a f t . The cap is a t t a c h e d  t o  t h e
cranksha f t  by  a  spec ia l  bo l t  and  washer .

T igh ten  the  c ranksha f t  cap  re ta in ing  bo l t
as fo l lows:

F i g u r e  1 1 B - 8 4 .  I n s t a l l i n g  O i l  S e a l
in Flywheel Housing
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Figure 11B-85. Crankshaft  Cap
Mounting

1 .  T igh ten  the  bo l t  t o  180  lb - f t  (244  Nm)
t o r q u e .

2 .  S t r i k e  t h e  e n d  o f  t h e  b o l t  a  s h a r p
blow with a 2 to 3 pound lead hammer.

3 .  T igh ten  the  bo l t  t o  300  lb - f t  (407  Nm)
to rque and s t r i ke  aga in .

4 .  T i g h t e n  t h e  b o l t  t o  2 9 0 - 3 1 0  l b - f t
(393-421 Nm) torque.

NOTE

D o  n o t  s t r i k e  t h e  b o l t  a f t e r  f i n a l
torque has been appl ied.

Figure 11B-86. Main  Bear ing  She l l ,
Caps and Thrust Washers

11B-56

The hex  head  o f  the  c ranksha f t  bo l t  may
b e  u s e d  t o  b a r  o r  t u r n  t h e  c r a n k s h a f t .
However , t h e  b a r r i n g  o p e r a t i o n  s h o u l d
ALWAYS be  per fo rmed in  a  c lockw ise  d i -
rec t ion . I t  i s  v e r y  i m p o r t a n t  t o  m a k e
c e r t a i n  t h a t  t h e  b o l t  h a s  n o t  b e e n  l o o s -
e n e d  d u r i n g  t h e  b a r r i n g  o p e r a t i o n .
Otherwise ser ious engine damage may re-
s u l t i f  t h e  v i b r a t i o n  d a m p e r  i s  n o t
secure ly  fas tened  to  the  c ranksha f t .

CRANKSHAFT MAIN BEARINGS

Description

T h e  c r a n k s h a f t  m a i n b e a r i n g  s h e l l s
( F i g u r e  1 1 B - 8 6 )  a r e  p r e c i s i o n  m a d e  a n d
a r e  r e p l a c e a b l e  w i t h o u t  m a c h i n i n g .  T h e y
cons is t  o f  an  upper  bear ing  she l l  sea ted
in  each  cy l inder  b lock  ma in  bear ing  sup-
por t  and  a  lower  bear ing  she l l  sea ted  in
e a c h  m a i n  b e a r i n g  c a p . T h e  b e a r i n g
she l l s  a re  p reven ted  f rom endwise  o r  ra -
d i a l  m o v e m e n t  b y  a  t a n g  a t  t h e  p a r t i n g
l i n e  a t  o n e  e n d  o f  e a c h  b e a r i n g  s h e l l .
The  tangs  on  the  lower  bear ing  she l l  a re
o f f - c e n t e r  a n d  t h e  t a n g s  o n  t h e  u p p e r
bear ing shel ls are centered to aid correct
ins ta l la t ion .

V a r i o u s  t y p e s  o f  b e a r i n g s  h a v e  b e e n
used. C u r r e n t l y mu l t i p le l a y e r
copper - lead  cop la ted  o r  a luminum t r i p la t -
ed  bear ings  a re  in  use . These  bear ings
h a v e  a n  i n n e r  s u r f a c e ,  c a l l  t h e  m a t r i x ,
o f  copper - l ead  o r  a lum inum. A  t h i n  d e -
p o s i t  o f  b a b b i t t  i s  t h e n  p l a t e d  o n t o  t h e
m a t r i x . T h i s  b a b b i t t  o v e r l a y  h a s  e x c e l -
l e n t  r e s i s t a n c e  t o  f r i c t i o n ,  c o r r o s i o n  a n d
scor ing  tendenc ies  wh ich ,  combined w i th
t h e  m a t e r i a l  o f  t h e  m a t r i x ,  p r o v i d e s  i m -
p r o v e d  l o a d  c a r r y i n g  c h a r a c t e r i s t i c s .
These bear ings  are  iden t i f ied  by  the  sa t -
i n  s i l v e r  s h e e n  o f  t h e  b a b b i t t  w h e n  n e w
and a  du l l  g ray  a f te r  be ing  in  serv ice .

A n  o i l  h o l e  i n  t h e  g r o o v e  o f  e a c h  u p p e r
bear ing  she l l , m idway be tween the  par t -
i n g  l i n e s ,  r e g i s t e r s  w i t h  a  v e r t i c a l  o i l
p a s s a g e  i n  t h e  c y l i n d e r  b l o c k .  L u b r i c a t -
ing  o i l , under  p ressure ,  passes  f rom the
c y l i n d e r  b l o c k  o i l  g a l l e r y  b y  w a y  o f  t h e
bear ing  she l l s  to  the  d r i l l ed  passages  in
t h e  c r a n k s h a f t ,  t h e n  t o  t h e  c o n n e c t i n g
rods  and  connec t ing  rod  bear ings .

The lower main bear ing shel ls have no oi l
g r o o v e s ;  t h e r e f o r e ,  t h e  u p p e r  a n d  l o w e r
bear ing shel ls must not be interchanged.



T h r u s t w a s h e r s  ( F i g u r e  1 1 B - 8 6 ) ,  o n
each  s ide  o f  the  rear  ma in  bear ings ,  ab-
s o r b  t h e  c r a n k s h a f t  t h r u s t . T h e  l o w e r
halves of the two-piece washers are dow-
e l e d  t o  t h e  b e a r i n g cap; t h e  u p p e r
halves are not doweled.

M a i n  b e a r i n g  t r o u b l e  i s  o r d i n a r i l y  i n d i -
c a t e d  b y  l o w  o r  n o  o i l  p r e s s u r e . A l l  o f
t h e  m a i n  b e a r i n g  l o a d  i s  c a r r i e d  o n  t h e
l o w e r  b e a r i n g s ; t h e r e f o r e ,  w e a r  w i l l  o c -
c u r  o n  t h e  l o w e r  b e a r i n g  s h e l l  f i r s t .
The  cond i t ion  o f  the  lower  bear ing  she l l s
m a y  b e  o b s e r v e d  b y  r e m o v i n g  t h e  m a i n
bear ing  caps .

I f  ma in  bear ing  t roub le  i s  suspec ted ,  re -
m o v e  t h e  o i l  p a n ,  t h e n  r e m o v e  t h e  m a i n
b e a r i n g  c a p s , one  a t  a  t ime,  as  ou t l ined
below and examine the bear ing shel ls.

Remove Main Bearing Shells (Crankshaft
in Place)

The bear ing  caps  a re  numbered  1 ,  2 ,  3 ,
e t c . , i n d i c a t e  t h e i r  r e s p e c t i v e  p o s i t i o n
and when removed,  mus t  a lways  be  re in -
s ta l led  in  the i r  o r ig ina l  pos i t ion .

A l l  c ranksha f t  ma in  bear ing  jou rna ls ,  ex -
c e p t  t h e  r e a r  j o u r n a l ,  a r e  d r i l l e d  f o r  a n
o i l  p a s s a g e . T h e r e f o r e ,  t h e  p r o c e d u r e
f o r  r e m o v i n g t h e  u p p e r  b e a r i n g  s h e l l s
w i th  the  c rankshaf t  in  p lace  i s  somewhat
d i f f e r e n t  o n  t h e  d r i l l e d  j o u r n a l s  t h a n  o n
the  rea r  j ou rna l .

Remove t h e  m a i n  b e a r i n g  s h e l l s  a s
fol lows:

1 .  D r a i n  a n d  r e m o v e  t h e  o i l  p a n  t o  e x -
pose the main bear ing caps.

2 .  Remove the  o i l  pump and  the  o i l  i n le t
and out let  p ipe assembl ies.

NOTE

I f  s h i m s  a r e  u s e d  b e t w e e n  t h e  o i l
p u m p  a n d  t h e  m a i n  b e a r i n g  c a p s ,
save the shims so that they may be
re ins ta l led  in  exac t l y  the  same lo -
ca t ion .

3.  Remove one main bear ing cap at  a t ime
(F igure  11B-87) and inspec t ,  the  bear ing
s h e l l  a s  o u t l i n e d  u n d e r "Inspection" .
Re ins ta l l  each  bear ing  she l l  and  bear ing
c a p  b e f o r e  r e m o v i n g  a n o t h e r  b e a r i n g
cap :

Figure 11B-87. Removing Main Bearing
Cap

A .  T o  r e m o v e  a l l  e x c e p t  t h e  r e a r  m a i n
bear ing  she l l , i n s e r t  a  1 / 4 ”  x  1 ”  b o l t
w i t h  a  1 / 2 ”  d i a m e t e r  a n d  1 / 1 6 ”  t h i c k
head  (made  f rom a  s tandard  bo l t )  i n to
t h e  c r a n k s h a f t  j o u r n a l  o i l  h o l e .  T h e n
r e v o l v e  t h e  s h a f t  t o  t h e  r i g h t  ( c l o c k -
w ise)  and  ro l l  the  bear ing  she l l  ou t  o f
pos i t ion  as  shown in  F igure  11B-88 on
p a g e  1 1 B - 5 8 . T h e  h e a d  o f  t h e  b o l t
m u s t  n o t  e x t e n d  b e y o n d  t h e  o u t s i d e
diameter of  the bear ing shel l .

B .

C.

R e m o v e  t h e  r e a r  m a i n  b e a r i n g  u p p e r
s h e l l  b y  t a p p i n g  o n  t h e  e d g e  o f  t h e
b e a r i n g  w i t h  a  s m a l l  c u r v e d  r o d ,  r e -
v o l v i n g  t h e  c r a n k s h a f t  a t  t h e  s a m e
t i m e  t o  r o l l  t h e  b e a r i n g  s h e l l  o u t  a s
shown in Figure 11B-89 on page
11B-58.

T h e  l o w e r  h a l v e s  o f  t h e  c r a n k s h a f t
th rus t  washers  w i l l  be  removed a long
w i t h  t h e  r e a r  m a i n  b e a r i n g  c a p . T h e
u p p e r  h a l v e s  o f  t h e  w a s h e r s  c a n  b e
removed fo r  inspec t ion  by  push ing  on
the  ends  o f  the  washers  w i th  a  sma l l
r o d ,  f o r c i n g  t h e m  a r o u n d  a n d  o u t  o f
the  ma in  bear ing  suppor t .

Inspection

B e a r i n g  f a i l u r e s  m a y  r e s u l t  f r o m  d e t e r i -
o ra t ion  (ac id  fo rmat ion)  o r  con tamina t ion
o f  t h e  o i l  o r  l o s s  o f  o i l . A n  a n a l y s i s  o f
the  lubr i ca t ing  o i l  may  be  requ i red  to  de-
te rmine  i f  co r ros ive  ac id  and  su lphur  a re
p r e s e n t  w h i c h  c a u s e  a c i d  e t c h i n g ,  f l a k -
i n g  a n d  p i t t i n g . Bearing seizure may be
due to low oil or no oil.

Check  the  o i l  f i l t e r  e lements  and  rep lace
t h e m  i f  n e c e s s a r y . A l s o ,  c h e c k  t h e  o i l
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Figure 11B-88. Removing Upper Main
Bear ing Shel l

b y - p a s s  v a l v e  t o  m a k e  s u r e  i t  i s  o p e r a t -
i n g  f r e e l y .

A f t e r  r e m o v a l , c l e a n  t h e  b e a r i n g s  a n d
inspect them f o r scor ing , p i t t i n g ,

of overheating (see Figure 11B-90).
f l a k i n g ,  e t c h i n g ,  l o s s  o f  b a b b i t t  o r  s i g n s

T h e  l o w e r  b e a r i n g  s h e l l s ,  w h i c h  c a r r y
the  load ,  w i l l  no rma l l y  show s igns  o f  d is -
t r e s s  b e f o r e  t h e  u p p e r  b e a r i n g  s h e l l s .
However , b a b b i t t  p l a t e d  b e a r i n g s  m a y
d e v e l o p  m i n u t e  c r a c k s  o r  s m a l l  i s o l a t e d
cav i t ies o n  t h e  b e a r i n g  s u r f a c e  d u r i n g
eng ine  opera t ion . These  a re  charac te r -
i s t i c s  o f  a n d  a r e  n o t  d e t r i m e n t a l  t o  t h i s
t y p e  o f  b e a r i n g . They  shou ld  no t  be  re -
p laced f o r these minor su r face
imper fec t ions  s ince  func t ion  o f  the  bear -

Figure 11B-89. Removing Upper Rear
Main Bearing Shel l

i n g s  i s  i n  n o  w a y  i m p a i r e d  a n d  t h e y  w i l l
g i v e  m a n y  a d d i t i o n a l  h o u r s  o f  t r o u b l e
f ree  opera t ion .

I n s p e c t  t h e  b a c k s  o f  t h e  b e a r i n g  s h e l l s
fo r  b r igh t  spots  wh ich  ind ica te  they  have
been moving in the bear ing caps or bear-
ing supports. If such spots a re
present ,  d iscard  the  bear ing  she l l s .

M e a s u r e  t h e  t h i c k n e s s  o f  t h e  b e a r i n g
s h e l l s  a t  p o i n t  “ C ” , 90°  f rom the  par t ing

Figure 11B-90. Comparison of  Main Bearing Shel ls
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Figure 11B-91. Main Bearing
Measurements

line, as shown in Figure 11B-91 on page
1 1 B - 5 9  a n d  F i g u r e  1 1 B - 9 2  o n  p a g e
11B-59. Tool  J 4757, p laced between the
bear ing  she l l  and  a  m ic romete r ,  w i l l  g i ve
an  accura te  measurement . T h e  b e a r i n g
s h e l l  t h i c k n e s s  w i l l  b e  t o t a l  t h i c k n e s s  o f
the  s tee l  ba l l  i n  the  too l  and  the  bear ing
she l l ,  l ess  the  d iamete r  o f  the  ba l l .  Th is
i s  the  on ly  p rac t i ca l  method  fo r  measur -
i n g  t h e  b e a r i n g  t h i c k n e s s , u n l e s s  a
s p e c i a l  m i c r o m e t e r  i s  a v a i l a b l e  f o r  t h i s
p u r p o s e . T h e  m i n i m u m  t h i c k n e s s  o f  a
w o r n s t a n d a r d  m a i n  b e a r i n g  s h e l l  i s
0 .1530” and,  i f  any  o f  the  bear ing  she l l s
a r e  t h i n n e r  t h a n  t h i s  d i m e n s i o n ,  r e p l a c e
a l l  o f  the  bear ing  she l l s . T h e  t h i c k n e s s
o f  n e w  a n d  u n d e r s i z e  b e a r i n g  s h e l l s  a r e
g iven in  F igure  11B-91.

In add i t ion t o t h e t h i c k n e s s
measurement, c h e c k  t h e  c l e a r a n c e  b e -
t w e e n  t h e  m a i n  b e a r i n g s  a n d  t h e  c r a n k -
s h a f t  j o u r n a l s . T h i s  c l e a r a n c e  m a y  b e
d e t e r m i n e d  w i t h  t h e  c r a n k s h a f t  i n  p l a c e
b y  m e a n s  o f  a  s o f t  p l a s t i c  m e a s u r i n g
s t r i p w h i c h  i s  s q u e e z e d  b e t w e e n  t h e
j o u r n a l  a n d  t h e  b e a r i n g  ( r e f e r  t o  “ S h o p
N o t e  -  T r o u b l e s h o o t i n g ”  o n  p a g e
11B-122) . W i t h  t h e  c r a n k s h a f t  r e m o v e d
measure t h e  o u t s i d e  d i a m e t e r  o f  t h e
c ranksha f t  ma in  bear ing  jou rna ls  and  the
inside diameter of  the main bear ing shel ls
w h e n  i n s t a l l e d  i n  p l a c e  w i t h  t h e  p r o p e r
t o r q u e  o n  t h e  b e a r i n g  c a p  b o l t s .  W h e n
ins ta l led , t h e  b e a r i n g  s h e l l s  a r e  0 . 0 0 1 ”
l a r g e r  i n  d i a m e t e r  a t  t h e  p a r t i n g  l i n e
than  90°  f rom the  par t ing  l i ne .

T h e  b e a r i n g  s h e l l s  d o  n o t  f o r m  a  t r u e
c i r c le when not ins ta l led . When
ins ta l led , t h e  b e a r i n g s h e l l s  h a v e  a
squeeze  f i t  i n  the  ma in  bear ing  bore  and
m u s t  b e  t i g h t  w h e n  t h e  b e a r i n g  c a p  i s
d r a w n  d o w n .
un i fo rm

This  c rush  assures  a  t igh t

shel l
c o n t a c t  b e t w e e n  t h e  b e a r i n g

a n d  b e a r i n g  s e a t . Bear ing  she l l s
tha t  do  no t  have  su f f i c ien t  c rush  w i l l  no t
have un i fo rm contac t ,  as  shown by  sh iny
spots on the back, and must be
replaced. I f  t h e  c l e a r a n c e  b e t w e e n  a n y
cranksha f t  j ou rna l  and  i t s  bear ing  she l l s
exceeds 0 .0060” , a l l  of  the bear ing shel ls
m u s t  b e  d i s c a r d e d  a n d  r e p l a c e d . T h i s
c learance  i s  0 .0014”  to  0 .0044”  w i th  new
p a r t s .

B e f o r e  i n s t a l l i n g  n e w  r e p l a c e m e n t  b e a r -
i ngs , i t  i s  v e r y  i m p o r t a n t  t o  t h o r o u g h l y
inspect
o f t e n ,

t h e  c r a n k s h a f t  j o u r n a l s . V e r y
a f te r  p ro longed  eng ine  opera t ion ,

a r i d g e is  fo rmed  on  the  c ranksha f t  j ou r -
n a l s  i n  l i n e  w i t h  t h e  j o u r n a l  o i l  h o l e s .  I f
t h i s  r i d g e  i s n o t  r e m o v e d  b e f o r e  n e w
b e a r i n g s  a r e  i n s t a l l e d ,  t h e n ,  d u r i n g  e n -
g i n e opera t ion , localized h i g h u n i t
p ressures  in  the  cen te r  a rea  o f  the  bear -
ing  she l l  w i l l  cause  p i t t ing  o f  the  bear ing
sur face . A l s o ,  d a m a g e d  b e a r i n g s  m a y
cause b e n d i n g  f a t i g u e  a n d  r e s u l t a n t
c racks  in  the  c ranksha f t .

D o  n o t  r e p l a c e  o n e  m a i n  b e a r i n g  s h e l l
alone. I f  o n e  b e a r i n g  s h e l l  r e q u i r e s  r e -
p lacement, instal l  a l l  new upper and low-
e r  b e a r i n g  s h e l l s . A lso , if a new or
r e g r o u n d  c r a n k s h a f t  i s  t o  b e  u s e d ,  i n -
stal l  a l l  new bear ing shel ls.

B e a r i n g  s h e l l s  a r e  a v a i l a b l e  i n  0 . 0 1 0 ”
0 . 0 2 0 ”  a n d  0 . 0 3 0 ”  u n d e r s i z e  f o r  s e r v i c e
w i t h  r e g r o u n d  c r a n k s h a f t s . T o  d e t e r -
mine  the  s ize  bear ings  requ i red ,  re fe r  to

Figure 11B-92. Measuring Thickness
o f  Bear ing  She l l
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“ C r a n k s h a f t  G r i n d i n g ”  o n  p a g e  1 1 B - 4 9 .
Bear ings  wh ich  a re  0 .002”  unders ize  a re
ava i lab le  to  compensa te  fo r  s l i gh t  j ou rna l
w e a r  w h e r e  i t  i s  u n n e c e s s a r y  t o  r e g r i n d
t h e  c r a n k s h a f t .

NOTE

Bear ing  she l l s  a re  NOT reworkab le
f rom one  unders ize  to  ano ther  un -
der  any  c i rcumstances .

I n s p e c t  t h e  c r a n k s h a f t  t h r u s t  w a s h e r s .
I f  the  washers  a re  scored  or  worn  exces-
s i v e l y  o r  t h e  c r a n k s h a f t  e n d  p l a y  i s  e x -
cess ive, t h e y must be replaced,
I m p r o p e r  c l u t c h  a d j u s t m e n t  c a n  c o n t r i b -
u t e  t o  e x c e s s i v e  w e a r  o n  t h e  t h r u s t
washers . I n s p e c t  t h e  c r a n k s h a f t  t h r u s t
sur faces . R e f e r  t o “ I n s t a l l  C r a n k s h a f t ”
o n  p a g e  1 1 B - 5 0 . I f ,  a f t e r  d r e s s i n g  o r
r e g r i n d i n g t h e  t h r u s t  s u r f a c e s , new
standard  s ize  th rus t  washers  do  no t  ho ld
the  c rankshaf t  end  p lay  w i th in  the  spec i -
f i e d  l i m i t s , i t  may be necessary to instal l
o v e r s i z e  t h r u s t  w a s h e r s  o n  o n e  o r  b o t h
s i d e s  o f  t h e  r e a r  m a i n  b e a r i n g . A  n e w
standard  s ize  th rus t  washer  i s  0 .1190”  to
0 . 1 2 2 0 ”  t h i c k . T h r u s t washers are
avai lable in 0.005” and 0.010” oversize.

Install  Main Bearing Shells (Crankshaft
in Place)

M a k e  s u r e  a l l  o f  t h e  p a r t s  a r e  c l e a n .
Then a p p l y  c l e a n eng ine oil to each
c r a n k s h a f t  j o u r n a l  a n d  i n s t a l l  t h e  u p p e r
m a i n  b e a r i n g  s h e l l s  b y  r e v e r s i n g  t h e  s e -
quence  o f  opera t ions  g iven  fo r  remova l .

The  upper  and  lower  ma in  bear ing  she l l s
a r e  n o t  a l i k e ;  t h e  u p p e r  b e a r i n g  s h e l l  i s
g rooved  and  d r i l l ed  fo r  lub r i ca t ion  - -  the
l o w e r  b e a r i n g  s h e l l  i s  n o t . B e  s u r e  t o
i n s t a l l  t h e  g r o o v e d  a n d  d r i l l e d  b e a r i n g
she l l s  in  the  bear ing  caps ,  o therw ise  the
o i l  f l ow to  the  bear ings  and  to  the  upper
end o f  t h e  c o n n e c t i n g rods w i l l  b e
b l o c k e d  o f f . U s e d  b e a r i n g  s h e l l s  m u s t
b e  r e i n s t a l l e d  o n  t h e  s a m e  j o u r n a l  f r o m
which  they  were  removed.

1 .  When ins ta l l i ng  an  upper  ma in  bear ing
s h e l l  w i t h  t h e  c r a n k s h a f t  i n  p l a c e ,  s t a r t
the  p la in  end  o f  the  bear ing  she l l  a round
t h e  c r a n k s h a f t  j o u r n a l  s o  t h a t ,  w h e n  t h e
bear ing  i s  in  p lace , t h e  t a n g  w i l l  f i t  i n t o
the  groove in  the  bear ing  suppor t .

F igure  11B-93 .  Cranksha f t  Thrus t
Washer in Place

2 .  Ins ta l l  the  lower  ma in  bear ing  she l l  so
tha t  the  tang on  the  bear ing  f i t s  in to  the
groove in  the  bear ing  cap .

3 .  A s s e m b l e  t h e  c r a n k s h a f t  t h r u s t  w a s h -
e r  ( F i g u r e  1 1 B - 9 3 )  b e f o r e  i n s t a l l i n g  t h e
r e a r m a i n  b e a r i n g  c a p . C l e a n  b o t h
h a l v e s  o f  e a c h  t h r u s t  w a s h e r  c a r e f u l l y
a n d  r e m o v e  a n y  b u r r s  f r o m  t h e  w a s h e r
s e a t s - - t h e  s l i g h t e s t  b u r r  o r  p a r t i c l e  o f
d i r t  may  decrease  the  c lea rance  be tween
t h e  w a s h e r s  a n d  t h e  c r a n k s h a f t  b e y o n d
t h e  s p e c i f i e d  l i m i t . S l i d e  t h e  u p p e r
h a l v e s  o f  t h e  t h r u s t  w a s h e r s  i n t o  p l a c e .
Then  assemble  the  lower  ha lves  over  the
dowel pins in the bearing cap.

NOTE

T h e  m a i n  b e a r i n g  c a p s  a r e  b o r e d
i n  p o s i t i o n  a n d  s t a m p e d  1 ,  2 ,  3 ,
e tc . ( s e e  F i g u r e  1 1 B - 9 4  o n  p a g e
11B-61) . T h e y  m u s t  b e  i n s t a l l e d
i n  t h e i r  o r i g i n a l  p o s i t i o n s  w i t h  t h e
marked s ide of  each cap toward the
b lower  s ide  o f  the  cy l inder  b lock .

4 .  Wi th  the  lower  ma in  bear ing  she l l s  in -
stal led in the bear ing caps, apply a smal l
q u a n t i t y  o f  I n t e r n a t i o n a l  C o m p o u n d  N o .
2 ,  o r  e q u i v a l e n t ,  t o  t h e  b o l t  o r  s t u d  a n d
n u t  t h r e a d s  a n d  t h e  b o l t  h e a d  ( o r  n u t )
c o n t a c t  a r e a . I n s t a l l  t h e  b e a r i n g  c a p s
a n d  d r a w  t h e  b o l t s  ( o r  n u t s )  u p  s n u g .
T h e n  r a p  t h e  c a p s  s h a r p l y  w i t h  a  s o f t
hammer  to  sea t  them proper l y  and  t i gh t -
e n  a l l  b o l t s  t o  4 5 - 5 5  l b - f t  ( 6 1 - 7 5  N m )
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Figure 11B-94. Main Bearing Cap
Marking

t o r q u e . T u r n  a l l  b o l t s  ( e x c e p t  t h e  r e a r
main bearing bolts) an additional
1 1 0 ° - 1 3 0 °  o f  b o l t  h e a d ro ta t ion s t a r t i n g
w i t h  t h e  c e n t e r  b e a r i n g  c a p  b o l t s  a n d
w o r k i n g  a l t e r n a t e l y  t o w a r d s  b o t h  e n d s  o f
the  b lock .

NOTE

A n  a c c u r a t e  w a y  t o  d e t e r m i n e  b o l t
head ro ta t ion  i s  to  pa in t  o r  perma-
n e n t l y s c r i b e  t h e  s o c k e t s  u s e d
w i t h  t w o  m a r k s  1 2 0 °  a p a r t  ( s e e
F igure  11B-95) .
bo l t s  to  45 -55  lb - f t

A f t e r  t o r q u i n g
(61-75 Nm) put

a  p e n c i l  l i n e  o p p o s i t e  t h e  f i r s t
m a r k  o n  t h e  s o c k e t . T h e n  r o t a t e
the  bo l t  un t i l  the  nex t  socke t  mark
l ines  up  w i th  the  penc i l  l i ne .

S t r i k e  b o t h  e n d s  o f  t h e  c r a n k s h a f t  t w o
or  th ree  sharp  b lows  w i th  a  so f t  hammer
t o  i n s u r e  p r o p e r  p o s i t i o n i n g  o f  t h e  r e a r
m a i n  b e a r i n g  c a p  i n  t h e  b l o c k  s a d d l e .
T u r n  t h e  r e a r  m a i n  b e a r i n g  c a p  b o l t s  a n
additional 110°-130° of bolt head
r o t a t i o n . I f  s t u d s  a n d  n u t s  a r e  u s e d ,
t i g h t e n  a l l  n u t s  ( e x c e p t  t h e  r e a r  m a i n
b e a r i n g  n u t s  t o  1 5 5 - 1 8 5  l b - f t  ( 2 1 1 - 2 5 1
N m )  t o r q u e , s t a r t i n g  w i t h  t h e  c e n t e r
bear ing  cap  nu ts  and  work ing  a l te rna te ly
t o w a r d  b o t h  e n d s  o f  t h e  b l o c k .  T i g h t e n
the  rear  ma in  bear ing  nu ts  to  40-50  lb - f t
(54 -68  Nm)  to rque . S t r i k e  b o t h  e n d s  o f
t h e  c r a n k s h a f t  t w o  o r  t h r e e  s h a r p  b l o w s
wi th  a  so f t  hammer  to  insure  p roper  pos i -
t i o n i n g  o f  t h e  r e a r  m a i n  b e a r i n g  c a p  i n
t h e  b l o c k  s a d d l e . Re- to rque  a l l  bear ing
nuts to 155-185 lb- f t  (211-251 Nm).

NOTE

I f  b e a r i n g s h a v e  b e e n  i n s t a l l e d
p r o p e r l y ,  t h e  c r a n k s h a f t  w i l l  t u r n
f r e e l y  w i t h  a l l  o f  t h e  m a i n  b e a r i n g
c a p  b o l t s  o r  n u t s  d r a w n  t o  t h e
spec i f ied  to rque.

5 .  Check  the  c ranksha f t  end  p lay  as  ou t -
l i n e d  u n d e r
11B-50.

" Instal l  Crankshaft"  on page

6 .  i n s t a l l  t h e  l u b r i c a t i n g  o i l  p u m p  a n d
the oi l  in let  and out let  pipe assembl ies.

NOTE

I f  s h i m s  w e r e  u s e d  b e t w e e n  t h e
pump and  the  bear ing  caps ,  ins ta l l
t h e m  i n  t h e i r  o r i g i n a l  p o s i t i o n s .
T h e n  c h e c k  t h e  o i l  p u m p  g e a r
c learance.

7. Install the oil pan, using a new
g a s k e t .

8 .  F i l l  t h e  c r a n k c a s e  t o  t h e  p r o p e r  l e v e l
o n  t h e  d i p s t i c k  w i t h  h e a v y  d u t y  l u b r i c a t -
i n g  o i l  o f  t h e  r e c o m m e n d e d  g r a d e  a n d
v i s c o s i t y  ( r e f e r  t o  S e c t i o n  1 1 H ) .

9 .  A f t e r  i n s t a l l i n g  n e w  b e a r i n g  s h e l l s ,
o p e r a t e  t h e  e n g i n e  o n  a  r u n - i n  s c h e d u l e
as  out l ined in  th is  sec t ion .

CRANKSHAFT FRONT COVER

Figure  11B-95 .  Ma in  Bear ing  Cap bo l t
Turn Torque Method
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Description

T h e  c r a n k s h a f t  f r o n t  c o v e r  i s  m o u n t e d
a g a i n s t  t h e  c y l i n d e r  b l o c k  e n d  p l a t e  a t
t h e  l o w e r  f r o n t  e n d  o f  t h e  e n g i n e  ( s e e
F igure  11B-96) . T h e  e n g i n e  i s  s u p -
p o r t e d  a t  t h e  f r o n t  e n d  b y  e n g i n e  s u p -
por ts  a t tached to  the  f ron t  cover .

I t  w i l l  be  necessary  to  remove the  c rank-
s h a f t  f r o n t  c o v e r  t o  r e m o v e  a n d  i n s t a l l
the  c rankshaf t  o r  when the  eng ine  i s  ov -
e rhau led .

Remove Crankshaft  Front Cover

1. Drain the oi l  and remove the oi l  pan.

2 .  Remove the  v ib ra t ion  damper  and  any
other accessor ies that  may be mounted on
the  f ron t  o f  the  c ranksha f t .

3 .  R e m o v e  t h e  v i b r a t i o n  d a m p e r  i n n e r
cone or oil seal spacer.

4 .  Remove the  cover  a t tach ing  bo l ts  and
washers  (see  F igure  11B-97) .

5 .  S t r i ke  the  rear  face  o f  the  ears  on  the
cover wi th a sof t  hammer to f ree the cov-
e r  f r o m  t h e  d o w e l s . P u l l  t h e  c o v e r
s t ra igh t  o f f  the  end  o f  the  c ranksha f t .

6.  Remove the cover gasket.

7.  Remove and inspect the oi l  s l inger.

8. Replace the oil seal

Install  Crankshaft Front Cover

1.  Ins ta l l  the  o i l  s l inger  in  p lace  nex t  to
t h e  o i l  p u m p  d r i v e  g e a r  w i t h  t h e  d i s h e d
oute r  d iameter  o f  the  s l inger  fac ing  away
from the gear.

2 .  S h e l l a c  a  n e w  g a s k e t  t o  t h e  b o l t i n g
f lange  o f  the  c ranksha f t  f ron t  cover .

3 .  Coat  the  l ip  o f  the  o i l  sea l  l i gh t l y  w i th
cup grease.

4 .  A t tach  the  cover  to  the  cy l inder  b lock
f ron t  end  p la te  w i th  bo l t s  and  lockwash-
ers  in  add i t ion  to  lockwashers  on  a lumi -
num covers.

5 .  T i g h t e n  t h e  c o v e r  a t t a c h i n g  b o l t s  b y
f o l l o w i n g  t h e  t i g h t e n i n g  s e q u e n c e  i n d i -
ca ted  in  F igure  11B-98  on  page 11B-63 .
F o l l o w  t h i s  s e q u e n c e  a s  t h e  b o l t s  a r e

11B-62

Figure  11B-96 .  Cranksha f t  F ron t
Cover Mounting

d r a w n  u p  a n d  t h e n  t i g h t e n e d  t o  t h e i r
p r o p e r  t o r q u e  t o  e f f e c t  a  g o o d  s e a l  b e -
t w e e n  t h e  m a t i n g  p a r t s . T i g h t e n  t h e
3 / 8 ” - 2 4  b o l t s  t o  2 5 - 3 0  l b - f t  ( 3 4 - 4 1  N m )
a n d  t h e  1 / 2 ” - 1 3  b o l t s  t o  8 0 - 9 0  l b - f t
(108-122 Nm) torque.

6. Install the oil pan, using a new
gasket .

7. Refer to Section 11H and refill the
c rankcase  w i th  o i l  to  the  p roper  leve l  on
t h e  d i p s t i c k .

CRANKSHAFT VIBRATION DAMPER

Description

T h i s  e n g i n e  u s e s  a  v i b r a t i o n  d a m p e r  t o
reduce  the  c ranksha f t  s t resses  to  a  sa fe
va lue .

T h e  v i s c o u s  ( f l u i d )  t y p e  d a m p e r  i s  e m -
p l o y e d  w h e n t h e  e q u i p m e n t  t h e  e n g i n e

Figure 11B-97. Front Cover Parts



Figure 11B-98. Front Cover
Tightening Sequence

powers  requ i res  f requen t  speed  and  load
changes . T h e  v i s c o u s  d a m p e r  p r o v i d e s
faster response to load and speed chang-
es and high temperatures have a less ad-
v e r s e  e f f e c t  t h a n  o n  t h e  r u b b e r  t y p e
damper.

The  v iscous  damper  assembly  cons is ts  o f
a  s e a l e d  o u t e r  s h e l l ,  a n d  i n t e r n a l  f l y -
w h e e l  a n d  a  q u a n t i t y  o f  h i g h l y  v i s c o u s
f l u i d  ( s e e  F i g u r e  1 1 B - 9 9 ) . T h e  s m a l l
c l e a r a n c e  b e t w e e n  t h e  f l y w h e e l  a n d  t h e
o u t e r  s h e l l  i s  f i l l e d  w i t h  t h e  f l u i d  w h i c h
c a u s e s  t h e  f l y w h e e l  t o  b e  d r i v e n  u p o n
acce le ra t ion  and  permi ts  i t  to  “ f reewhee l ”
upon decelerat ion.

D u r i n g  o p e r a t i o n , t h e  o u t e r  s h e l l ,  w h i c h
i s  f i r m l y  a t t a c h e d  t o  t h e  c r a n k s h a f t ,
t u r n s  a t  t h e  s a m e  s p e e d  a s  t h e  c r a n k -
sha f t ,  i t s  mot ion  be ing  t rans fe r red  to  the
f l y w h e e l  t h r o u g h  t h e  f l u i d  w i t h i n  t h e
shel l . Inasmuch as  “ f lu id -d r i ve ”  i s  more
o r  l e s s  i n e f f i c i e n t  w i t h  f r e q u e n t  s p e e d
changes , c o n s i d e r a b l e  s l i p p a g e  o f  t h e
f l ywhee l  w i l l  t ake  p lace  as  the  power  im-
pulses are t r a n s m i t t e d t h r o u g h t h e
c r a n k s h a f t . I n  t h i s  t y p e  o f  o p e r a t i o n ,
the  s l ippage i s  des i rab le  s ince  the  acce l -
e r a t i o n  a n d  d e c e l e r a t i o n  o f  t h e  f l y w h e e l
i n  t h e  d a m p e r  l e s s e n s  t h e  a m p l i t u d e  o f
t h e  v i b r a t i o n s , t h e r e b y  r e d u c i n g  t h e i r
e f f e c t s  t o  a  p o i n t  w h e r e  t h e y  a r e  n o t
harmful  to the engine.

T h e  v i b r a t i o n  d a m p e r  m u s t  b e  r e m o v e d
w h e n e v e r  t h e  c r a n k s h a f t , c r a n k s h a f t
f ron t  cover  o r  c ranksha f t  f ron t  o i l  sea l  i s
removed or  replaced.

Figure 11B-99. Removing Vibrat ion
Damper Assembly

Remove Vibration Damper from Crank-
shaft

1 .  Remove the  c ranksha f t  pu l ley  bo l t .

2 .  Remove the  c ranksha f t  pu l ley .

3 .  R e i n s t a l l  t h e  p u l l e y  c r a n k s h a f t  b o l t
a n d  i n s t a l l  a  p u l l e r  a s  s h o w n  i n
F i g u r e  1 1 B - 9 9   a n d  F i g u r e  1 1 B - 1 0 0  o n
p a g e  1 1 B - 6 4  t o  l o o s e n  t h e  o u t e r  c o n e
w e d g e d  b e t w e e n  t h e  c r a n k s h a f t  a n d  t h e
d a m p e r  h u b . A f t e r  l o o s e n i n g  t h e  c o n e ,
i t  m a y  b e  “ f i s h e d ”  f r o m  t h e  i n n e r  d i a m -
e t e r  o f  t h e  d a m p e r  h u b  w i t h  t w o  t h i n
s h a n k  s c r e w d r i v e r s .

NOTE

Pound ing  w i th  a  hammer  o r  p ry ing
w i t h  o t h e r  t o o l s  m u s t  n o t  b e  r e -
s o r t e d  t o  i n  r e m o v i n g  t h e  v i s c o u s
t y p e  d a m p e r  f r o m  t h e  c r a n k s h a f t ,
s ince  the  ou te r  she l l  may  be  den t -
e d  a n d  c a u s e  t h e  f l y w h e e l  t o  t u r n
a t  t h e  s a m e  s p e e d  a s  t h e  o u t e r
she l l , t h u s  r e n d e r i n g  t h e  d a m p e r
i n e f f e c t i v e . The damper cannot  be
repa i red .

4 .  S l i d e  t h e  v i b r a t i o n  d a m p e r  a s  a n  a s -
s e m b l y  o f f  t h e  e n d  o f  t h e  c r a n k s h a f t  b y
hand.

5 .  S l i d e  t h e  i n n e r  c o n e  f r o m  t h e  c r a n k -
s h a f t .

Engine (Less Major Assemblies) 11B-63



Inspect Vibration Damper

Af te r  Remova l ,  c lean  the  v ib ra t ion  damp-
er  in  fue l  o i l  and  d ry  i t  w i th  compressed
a i r .

E x a m i n e  t h e  v i s c o u s  t y p e  d a m p e r  f o r
d e n t s ,  n i c k s , f l u id  leakage  o r  bu lges  in
t h e  o u t e r  c a s i n g  o f  t h e  d a m p e r .  A n y  i n -
d i c a t i o n s  o f  t h e  a b o v e  a r e  s u f f i c i e n t
cause  fo r  rep lac ing  the  damper . Due  to
the c lose c learances between the internal
f l y w h e e l  a n d  o u t e r  c a s i n g ,  d e n t s  m a y
r e n d e r  t h e  d a m p e r  i n e f f e c t i v e .  B u l g e s
o r  s p l i t s  i n d i c a t e  t h e  f l u i d  h a s  i g n i t e d
and expans ion  o f  the  resu l tan t  gases  has
b u l g e d  o r  f o r c e d  t h e  c a s i n g  o p e n  a t  i t s
cr imped edges.

Since the viscous type damper is a preci-
s i o n  b u i l t  c l o s e l y  f i t t e d  a n d  s e a l e d
dev ice ,  i t  i s  no t  poss ib le  to  repa i r  i t .

Regard less  o f  cond i t ion ,  the  v iscous  type
d a m p e r  s h o u l d  b e  r e p l a c e d  a t  t i m e  o f
normal per iodic major  engine overhaul .

I f  damage to  the  v ib ra t ion  damper  i s  ex-
t ens i ve , i n s p e c t  t h e  c r a n k s h a f t .  A  l o o s e
o r  d e f e c t i v e  v i b r a t i o n  d a m p e r ,  a f t e r  e x -
t e n d e d  o p e r a t i o n ,  m a y  r e s u l t  i n  a
c racked  c ranksha f t .

I n s p e c t  t h e  d a m p e r  s p a c e r  c o n e s ,  h u b ,
s leeve  and  the  end  o f  the  c ranksha f t  fo r
g a l l i n g  o r  b u r r s . S l i g h t  s c r a t c h e s  o r
bur rs  may  be  removed w i th  emery  c lo th .
I f  s e r i o u s l y  d a m a g e d ,  t h e  p a r t s  s h o u l d

Figure 11B-100. Loosen ing  V ibra t ion
Damper Outer Cone

11B-64

b e  r e p l a c e d  a n d  t h e  e n d  o f  t h e  c r a n k -
s h a f t re f in ished. C h e c k  t h e  o u t s i d e
d i a m e t e r  o f  t h e  i n n e r  c o n e  f o r  w e a r  a t
the  c ranksha f t  f ron t  o i l  sea l  con tac t  su r -
face. I f  w o r n , rep lace  the  o i l  sea l  and
cone.

A  loose  eng ine  moun t  cou ld  damage  the
v i b r a t i o n  d a m p e r  b y  a l l o w i n g  t h e  e n g i n e
t o move s l i g h t l y d u r i n g opera t ion .
T h e r e f o r e , i t  i s  good prac t ice  to  per iod-
i c a l l y  i n s p e c t  t h e  e n g i n e  m o u n t s  t o  b e
sure they are not loose, cracked or dete-
r i o r a t e d .

Install  Vibration Damper on Crankshaft

Refer to Figure 11B-99 on page 11B-63
fo r  re la t i ve  loca t ion  o f  the  par ts  and  as-
semble as follows:

1.  Coat the l ip of  the oi l  seal  in the front
c o v e r  l i g h t l y  w i t h  c u p  g r e a s e  o r  v e g e t a -
b l e  s h o r t e n i n g  a n d  l u b r i c a t e  t h e  s l e e v e
and spacer  i f  used,  w i th  eng ine  o i l .

2 .  S l i d e  t h e  s l e e v e ,  i f  u s e d ,  o v e r  t h e
l a r g e  d i a m e t e r o f  t h e  c r a n k s h a f t  a n d
a g a i n s t  t h e  o i l  s l i n g e r ,  b e i n g  s u r e  t h e
s l i n g e r i s  t i g h t  a g a i n s t  t h e  o i l  p u m p
dr ive  gear ;  then  s l ide  the  spacer  aga ins t
the sleeve.

3 .  W i t h  t h e  W o o d r u f f  k e y s  ( i f  u s e d )  i n
p l a c e ,  s l i d e  t h e  i n n e r  c o n e ,  w i t h  t h e  t a -
p e r e d  e n d  p o i n t i n g  t o  t h e  f r o n t  o f  t h e
c r a n k s h a f t , n e x t  t o  t h e  o i l  s l i n g e r  o r
aga ins t  the  spacer ,  i f  used.

NOTE

W h e n  t h e  v i b r a t i o n  d a m p e r  a n d
c r a n k s h a f t  p u l l e y  a r e  b o l t e d  t o -
g e t h e r  a n d  m o u n t e d  o n  t h e  f r o n t
end of t h e c r a n k s h a f t (see
F i g u r e  1 1 B - 1 0 1  o n  p a g e  1 1 B - 6 5 ) ,
e x t r a  p r e c a u t i o n  s h o u l d  b e  t a k e n
t o  b e  c e r t a i n  t h a t  t h e  i n n e r  c o n e
does  no t  p rematu re ly  c lamp to  the
c r a n k s h a f t .

4 .  S l i d e  t h e  d a m p e r  a n d  h u b  a s  a n  a s -
s e m b l y - - l o n g  e n d  o f  t h e  h u b  f a c i n g  t h e
c r a n k s h a f t  c o v e r - - i n t o  p o s i t i o n .

NOTE

D o  n o t  h i t  a  v i s c o u s  t y p e  d a m p e r
with a hammer to posi t ion i t  on the
c r a n k s h a f t .



Figure 11B-101. Vibrat ion Damper and
Pul ley  Mount ing

5 .  I n s t a l l  t h e  c r a n k s h a f t  p u l l e y  a n d  v i -
b ra t ion  damper  assembly  w i th  the  damper
a s s e m b l y  s i d e  o f  t h e  p u l l e y  f a c i n g  t h e
c r a n k s h a f t  f r o n t  c o v e r .

6 .  S l i d e  t h e  o u t e r  c o n e  o v e r  t h e  c r a n k -
s h a f t  a n d  i n t o  t h e  h u b  o f  t h e  v i b r a t i o n
d a m p e r  ( o r  t h e  c r a n k s h a f t  p u l l e y ) .

7 .  I n s t a l l  t h e  c r a n k s h a f t  c a p  ( o r  c r a n k -
s h a f t  p u l l e y ) .

8. Thread the crankshaft cap (or pulley)
retaining washer, if used, into the
crankshaf t  and  t ig ’h ten  i t  as  fo l lows :

A .

B .

C .

D .

T igh ten  to  180  lb - f t  (244  Nm)  to rque .

S t r i k e  t h e  e n d  o f  t h e  b o l t  a  s h a r p
blow wi th a 2 to 3 pound lead hammer.

T i g h t e n  t o  3 0 0  l b - f t  ( 4 0 7  N m )  t o r q u e
and s t r i ke  the  bo l t  aga in .

T igh ten  to  290-310  lb - f t  (393-421  Nm)
t o r q u e .

NOTE

D o  n o t  s t r i k e  t h e  b o l t  a f t e r  f i n a l
to rque  has  been  app l ied .

T h e  h e x  h e a d  o f  t h e  c r a n k s h a f t  b o l t  m a y
be used to bar, or turn, the crankshaft.
H o w e v e r ,  t h e  b a r r i n g  o p e r a t i o n  s h o u l d
a lways  be  per fo rmed in  a  c lockw ise  d i rec -
t i o n . I t  i s  v e r y  i m p o r t a n t  t o  m a k e  c e r -
t a i n  t h a t  t h e  b o l t  h a s  n o t  b e e n  l o o s e n e d
d u r i n g  t h e  b a r r i n g  o p e r a t i o n .  O t h e r w i s e
s e r i o u s  e n g i n e  d a m a g e  m a y  r e s u l t  i f  t h e

v ib ra t ion  damper  o r  pu l ley  i s  no t  secure-
l y  fas tened to  the  c ranksha f t .

NOTE

The  damper  assemb ly  mus t  be  se -
c u r e l y  f a s t e n e d  t o  t h e  c r a n k s h a f t .
W h e n  t h e  b o l t  i s  d r a w n  u p  t o  t h e
s p e c i f i e d  t o r q u e , t h e  c o n e s  w i l l
ho ld  the  damper  r ig id l y  in  p lace .

CRANKSHAFT PULLEY

Description

T h e  c r a n k s h a f t  p u l l e y  i s  k e y e d  t o  t h e
c r a n k s h a f t  a n d  s e c u r e d  w i t h  a  s p e c i a l
washer  and  bo l t .

The  new c ranksha f t  bo l t s  a re  now lub r i te
coa ted  to  p reven t  poss ib le  damage (ga l l -
i n g )  t o  t h e  b o l t  t h r e a d s  a n d  t o  i n c r e a s e
the  c lamp load  to  the  f ron t  end  s tack  up
( c r a n k s h a f t  p u l l e y ,
e t c . ) .

v i b r a t i o n  d a m p e r ,
A lso  the  new washer  ( re ta iner )  i s

now case hardened.

The new bo l ts  and  washers  can  be  iden t i -
f i ed  by  the i r  b lack  co lo r .

Remove Crankshaft Pulley

T h e  d i f f e r e n c e  i n  t h e  d e s i g n  o f  p u l l e y s
dictates the use of var ious pul ler tools as
ou t l ined  be low:

1. Remove the bol t  and washer.

2 .  I n s t a l l  t h e  p u l l e y  b o l t  i n  t h e  e n d  o f
the crankshaft  and use pul ler  J 24420.

Install  Crankshaft Pulley

Refer  to  F igure  11B-102  on  page  11B-66
a n d  i n s t a l l  t h e  c r a n k s h a f t  p u l l e y  a s  f o l -
lows:

1 .  P l a c e  t h e  W o o d r u f f  k e y s  i n  t h e  k e y
s l o t s  i n  t h e  f r o n t  e n d  o f  t h e  c r a n k s h a f t ,
i f  they  were  removed.

2 .  S l i d e  t h e  p u l l e y  o v e r  t h e  e n d  o f  t h e
c r a n k s h a f t .

3 .  P l a c e  t h e  w a s h e r  o n  t h e  b o l t  a n d
thread the bolt into the end of the
c r a n k s h a f t , d r a w i n g  t h e  p u l l e y  t i g h t
aga ins t  the  o i l seal  spacer.

Engine (Less Major Assemblies) 11B-65



4 .  T h e  e n g i n e i s  e q u i p p e d  w i t h  a  v i -
b r a t i o n  d a m p e r  a n d  t h e  p u l l e y  m u s t  b e
drawn t igh t  aga ins t  the  ou ter  cone.

5 .  T i g h t e n  t h e  c r a n k s h a f t  p u l l e y  r e t a i n -
ing bol t  as fol lows:

F igure  11B-102 .  Cranksha f t  Pu l ley
D e t a i l s

A .  T igh ten  the  bo l t  to  180  lb - f t  (244  Nm)
t o r q u e .

B .  S t r i k e  t h e  e n d  o f  t h e  b o l t  a  s h a r p
blow with a 2 to 3 pound lead hammer.

C .  T igh ten  the  bo l t  t o  300  lb - f t  (407  Nm)
to rque  and  s t r i ke  the  bo l t  aga in .

D .  T i g h t e n  t h e  b o l t  t o  2 9 0 - 3 1 0  l b - f t
(393-421 Nm) torque.

NOTE

D o  n o t  s t r i k e  t h e  b o l t  a f t e r  f i n a l
torque has been appl ied.

The  hex  head  o f  the  c ranksha f t  bo l t  may
b e  u s e d  t o  b a r ,  o r  t u r n ,  t h e  c r a n k s h a f t .
However , t h e  b a r r i n g  o p e r a t i o n  s h o u l d
always be performed in a c lockwise direc-
t i o n . I t  i s  v e r y  i m p o r t a n t  t o  m a k e  c e r -
t a i n  t h a t  t h e  b o l t  h a s  n o t  b e e n  l o o s e n e d
d u r i n g  t h e  b a r r i n g  o p e r a t i o n .  O t h e r w i s e
s e r i o u s  e n g i n e d a m a g e  m a y  r e s u l t  i f  t h e
v ib ra t ion  damper  o r  pu l ley  i s  no t  secure-
l y  fas tened to  the  c ranksha f t .

FLYWHEEL

Description

T h e  f l y w h e e l ( F i g u r e  1 1 B - 1 0 3 )  i s  a t -
tached  to  the  rear  end  o f  the  c ranksha f t
w i t h  s i x  s e l f  l o c k i n g  b o l t s . Two dowels
in  the  end  o f  the  c ranksha f t  a id  f l ywhee l
a l i g n m e n t  a n d  p r o v i d e  s u p p o r t  w h e n  t h e
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Figure  11B-103.  Typ ica l  F lywhee l
Assembly

f l y w h e e l  b o l t s  a r e  r e m o v e d . A  s c u f f
p l a t e  i s  u s e d  b e t w e e n  t h e  f l y w h e e l  a n d
the  bo l t  heads  to  p reven t  the  bo l t  heads
f rom scor ing  the  f l ywhee l  su r face .

A  s t e e l  r i n g  g e a r , which meshes with the
s t a r t i n g  m o t o r  p i n i o n ,  i s  s h r u n k  o n t o  t h e
r im of  the f lywheel .

A s p l i t t u b e t y p e r e t a i n e r
(F igure  11B-104) i s  d r i v e n  i n  t h e  e n d  o f
t h e  c r a n k s h a f t  t o  p r e v e n t  t h e  p i l o t  b e a r -
ing  f rom en ter ing  the  c rankshaf t  cav i ty .

The  f l ywhee l  i s  mach ined  to  p rov ide  t rue
a l ignment  w i th  the  c lu tch  and  the  cen te r
bore  p rov ides  fo r  ins ta l la t ion  o f  a  c lu tch
p i lo t  bear ing . T h e  c l u t c h  d r i v i n g  r i n g  i s
bo l ted  to  the  f l ywhee l .

A n  o i l  s e a l  r i n g , w h i c h  p r o v i d e s  a n  o i l
t i g h t  c o n n e c t i o n  b e t w e e n  t h e  c r a n k s h a f t
and  the  f l ywhee l , i s  f i t t e d  i n t o  a  g r o o v e
on the  f l ywhee l .

F igure  11B-104.  P i lo t  Bear ing
Reta iner



T h e  f l y w h e e l  m u s t  b e  r e m o v e d  f o r  s e r -
v i c e  o p e r a t i o n s  s u c h  a s  r e p l a c i n g  t h e
s t a r t e r  r i n g  g e a r ,  c r a n k s h a f t  o r  f l y w h e e l
h o u s i n g . O n  t o r q u e  c o n v e r t e r  u n i t s ,  t h e
f l y w h e e l  i s  p a r t  o f  t h e  t o r q u e  c o n v e r t e r
a s s e m b l y  a n d  i s  c o v e r e d  i n  S u b s e c t i o n
4 C .

FLYWHEEL HOUSING

Description

T h e  f l y w h e e l  h o u s i n g  ( F i g u r e  1 1 B - 1 0 5 )
i s  a  o n e  p i e c e  c a s t i n g ,  m o u n t e d  a g a i n s t
t h e  r e a r  c y l i n d e r  b l o c k  e n d  p l a t e ,  w h i c h
p r o v i d e s  a  c o v e r  f o r  t h e  g e a r  t r a i n  a n d
the  f l ywhee l . I t  also serves as a support
f o r  t h e  s t a r t i n g  m o t o r  a n d  t o r q u e  c o n -
v e r t e r .

T h e  c r a n k s h a f t  r e a r  o i l  s e a l ,  w h i c h  i s
p r e s s e d  i n t o  t h e  h o u s i n g ,  m a y  b e  r e -
m o v e d  o r  i n s t a l l e d  w i t h o u t  r e m o v i n g  t h e
h o u s i n g .

Remove Flywheel Housing

1 .  M o u n t  t h e  e n g i n e  o n  a n  o v e r h a u l
stand as outlined earlier (see
F igure  11B-5  on  page  11B-3) .

2 .  R e m o v e  t h e  s t a r t i n g  m o t o r ,  o i l  p a n ,
f l ywhee l  and  any  accessor ies  a t tached to
the  f l ywhee l  hous ing .

3 .  Remove the  two  bo l ts  secur ing  the  en-
g i n e  l i f t e r  b r a c k e t  t o  t h e  c y l i n d e r  h e a d .
Th is  w i l l  l eave  the  l i f te r  b racke t  a t tached
t o  t h e  f l y w h e e l  h o u s i n g  f o r  c o n v e n i e n c e
in  hand l ing .

4 .  Remove the  twe lve  a t tach ing  bo l ts  in -
s i d e  o f  t h e  f l y w h e e l  h o u s i n g  b e l l  w h i c h
a t t a c h  t h e  h o u s i n g  t o  t h e  i d l e  g e a r  h u b ,
s p a c e r  a n d  c y l i n d e r  b l o c k . Remove the
t w e l v e  r e m a i n i n g  b o l t s  a r o u n d  t h e  u p p e r
p o r t i o n  o f  t h e  h o u s i n g  a n d  t h e  t w o  b o l t s
wh ich  go  th rough  the  rea r  end  p la te  f rom
t h e  f r o n t  a n d  t h r e a d  i n t o  t h e  h o u s i n g
(see  F igure  11B-105) .

NOTE

W h e n  r e m o v i n g  t h e  f l y w h e e l  h o u s -
i n g  b o l t s , no te  the  loca t ion  o f  the
v a r i o u s  b o l t s  a n d  w a s h e r s  s o  t h e y
m a y  b e  r e i n s t a l l e d  i n  t h e i r  p r o p e r
locat ion.

Figure 11B-105. Flywheel Housing
Mounting

5 .  T o  g u i d e  t h e  f l y w h e e l  h o u s i n g  u n t i l  i t
c l e a r s  t h e  e n d  o f  t h e  c r a n k s h a f t ,  t h r e a d
four  p i lo t  s tuds  J  1927-01  in to  the  cy l in -
d e r  b l o c k  ( s e e  F i g u r e  1 1 B - 1 0 6  o n  p a g e
11B-68) .

6 .  W i t h  t h e  f l y w h e e l  h o u s i n g  s u p p o r t e d
b y  a  c h a i n  h o i s t , a t t a c h e d  t o  t h e  l i f t e r
b r a c k e t , s t r i k e  t h e  f r o n t  f a c e  o f  t h e
h o u s i n g  a l t e r n a t e l y  o n  e a c h  s i d e  w i t h  a
sof t  hammer to work i t  of f  the dowels and
a w a y  f r o m  t h e  c y l i n d e r  b l o c k  r e a r  e n d
plate.

Inspection

Clean the  f l ywhee l  hous ing  and  inspec t  i t
for  cracks or  any other damage.

I t  i s  v e r y  i m p o r t a n t  t h a t  a l l  o l d  g a s k e t
mate r ia l  be  tho rough ly  removed  f rom the
f l ywhee l  hous ing  and  the  end  p la te ,  o th -
e rw ise  runou t  o f  the  p i lo t  and  the  face  o f
t h e  h o u s i n g  m a y  b e  a f f e c t e d  w h e n  t h e
housing is instal led on the engine.

R e m o v e  a n d  d i s c a r d  t h e  c r a n k s h a f t  r e a r
oil seal. Install a new oil seal.

Install Flywheel Housing

1 .  L u b r i c a t e  t h e  g e a r  t r a i n  w i t h  c l e a n
engine oi l .
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2.  A f f i x  a  new hous ing- to -end p la te  gas-
ke t  to  the  f l ywhee l  hous ing .

3 .  Coat  the  l ip  o f  the  o i l  sea l  l i gh t l y  w i th
e n g i n e  o i l . D o  n o t  s c r a t c h  o r  n i c k  t h e
sealing edge of the oil seal.

4 .  Thread  four  p i lo t  s tuds  J  1927-01  in to
t h e  c y l i n d e r  b l o c k  t o  g u i d e  t h e  h o u s i n g
i n  p l a c e  ( s e e  F i g u r e  1 1 B - 1 0 6 ) .  U s e  o i l
s e a l  e x p a n d e r  J 2 2 4 2 5  ( s t a n d a r d  s i z e
seal)  or  expander J 4195-01 and handle J
8 0 9 2  ( o v e r s i z e  s e a l )  o n  t h e  e n d  o f  t h e
c r a n k s h a f t  t o  p i l o t  t h e  o i l  s e a l  o n  t h e
c r a n k s h a f t .

5 .  W i t h  t h e  h o u s i n g  s u i t a b l y  s u p p o r t e d ,
p o s i t i o n  i t  o v e r  t h e  c r a n k s h a f t  a n d ,  u p
aga ins t  the  cy l inder  b lock  rear  end  p la te
and gaske t . Remove the oi l  seal  expand-
e r .

6 .  R e f e r t o  F i g u r e  1 1 B - 1 0 5  o n  p a g e
1 1 B - 6 7  a n d  i n s t a l l  t h e  s i x  3 / 8 ” - 1 6  b o l t s
w i t h  f l a t  w a s h e r s  i n  t h e  t a p p e d  h o l e s  o f
t h e  i d l e r  g e a r  h u b  a n d  i d l e r  g e a r  h o l e
spacer , f i n g e r  t i g h t . R e m o v e  t h e  p i l o t
s t u d s .

Figure 11B-106. Removing or
Ins ta l l ing  F lywhee l  Hous ing
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A se l f  l ock ing  type  bo l t  and  s tee l  washer
a r e  c u r r e n t l y  b e i n g  u s e d  t o  a t t a c h  t h e
f l y w h e e l  h o u s i n g  t o  t h e  i d l e r  g e a r  h u b
and  ho le  spacer . Wi th  th is  type o f  bo l t ,
t h e  a d d i t i o n a l  o p e r a t i o n  o f  s e c u r i n g  t h e
b o l t s  w i t h  l o c k  w i r e  i s  e l i m i n a t e d ,  i n a s -
much as  the  head  o f  the  bo l t  i s  des igned
t h a t  i t  w i l l  l o c k  i t  i t s e l f  t o  t h e  a t t a c h i n g
member  when the  spec i f i ed  to rque  i s  ap-
p l ied .

NOTE

T h e  s e l f  l o c k i n g  b o l t s  m u s t  b e
used in sets of three.

7 .  I n s t a l l  t h e  s i x  1 / 2 ” - 1 3  h o u s i n g  t o
b l o c k  b o l t s  w i t h  l o c k  w a s h e r s ,  f i n g e r
t i g h t .

8 .  Ins ta l l  the  remain ing  f l ywhee l  hous ing
a t t a c h i n g  b o l t s  a n d  w a s h e r s ,  f i n g e r
t i g h t .

9 .  R e f e r to Figure 11B-107 on page
11B-69  fo r  the  bo l t  t i gh ten ing  sequence .
S t a r t  a t  n u m b e r  1  a n d ,  u s i n g  t h e  p r o p e r
sequence, br ing  a l l  bo l ts  to  w i th in  10-15
l b - f t  ( 1 4 - 2 0  N m )  o f  t h e i r  s p e c i f i e d
to rque ,  d rawing  the  mat ing  par ts  toge th -
e r  e v e n l y .

NOTE

When t igh ten ing  the  id le r  gear  hub
b o l t s ,  t u r n  t h e  c r a n k s h a f t  t o  p r e -
v e n t  a n y  b i n d  o r  b r i n e l l i n g  o f  t h e
i d l e r  g e a r  b e a r i n g .  T h e  c r a n k -
s h a f t  m u s t  b e  r o t a t e d  f o r  t h e  f l y -
whee l  hous ing  be l l  t i gh ten ing  a lso .

1 0 .  R e f e r  t o  F i g u r e  1 1 B - 1 0 8  o n  p a g e
1 1 B - 6 9  f o r  t h e  f i n a l  b o l t  t i g h t e n i n g  s e -
quence  and ,  s ta t ing  a t  number  1 ,  t i gh ten
a l l  o f  t h e  b o l t s  t o  t h e  s p e c i f i e d  t o r q u e .
Tighten the 3/8”-16 idler gear hub and
hole s p a c e r  s e l f  l o c k i n g  b o l t s  t o  4 0 - 4 5
l b - f t  5 4 - 6 1  N m )  t o r q u e .  T i g h t e n  a l l  o t h -
e r  3 / 8 ” - 1 6  a n d  3 / 8 ” - 2 4  b o l t s  t o  2 5 - 3 0
lb - f t  (34 -41  Nm)  to rque ,  and  the  1 /2 ” -13
b o l t s  t o  9 0 - 1 0 0  l b - f t  ( 1 2 2 - 1 3 6  N m )
t o r q u e . Be  sure  to  ro ta te  the  c ranksha f t
w h e n  t i g h t e n i n g  t h e  i d l e r  g e a r  h u b  b o l t s
and  f l ywhee l  hous ing  be l l .

11 .  Ins ta l l  the  f l ywhee l .

1 2 .  C h e c k  t h e  f l y w h e e l  h o u s i n g  c o n c e n -
t r i c i t y  a n d  b o l t i n g  f l a n g e  f a c e  w i t h  t o o l
set J 9737-01 as follows:



Figure 11B-107. Flywheel Housing
Tightening Sequence (Operat ion 1)

A.

B.

R e f e r  t o  F i g u r e  1 1 B - 1 0 9  o n  p a g e
1 1 B - 6 9  a n d  t h r e a d  t h e  b a s e  p o s t  J
9 7 3 7 - 3  t i g h t l y  i n t o  o n e  o f  t h e  t a p p e d
h o l e s  i n  t h e  f l y w h e e l .  T h e n  a s s e m b l e
the dial  indicators on the base post.

P o s i t i o n  t h e  d i a l  i n d i c a t o r s  s t r a i g h t
a n d  s q u a r e  w i t h  t h e  f l y w h e e l  h o u s i n g
be l l  f ace  and  ins ide  bore  o f  the  be l l .
Make sure each indicator has adequate
t rave l  in  each d i rec t ion .

NOTE

I f  the  f l ywhee l  ex tends  beyond the
h o u s i n g  b e l l , t h e  b o r e  a n d  f a c e
m u s t  b e  c h e c k e d  s e p a r a t e l y . Use
t h e  s p e c i a l  a d a p t o r  i n  t h e  t o o l  s e t
to  check  the  hous ing  bore .

C .  P r y  t h e  c r a n k s h a f t  t o w a r d  o n e  e n d  o f
the  b lock  to  ensure  the  end  p lay  i s  in
one d i rec t ion  on ly .

D .  Ad jus t  each  d ia l  i nd ica to r  to  read  ze-

T h e n  r o t a t e  t h e  c r a n k s h a f t  o n e  f u l l
r o  a t  t h e  t w e l v e  o ’ c l o c k  p o s i t i o n

r e v o l u t i o n ,  t a k i n g  r e a d i n g s  a t  4 5 °  i n -
t e r v a l s  ( 8  r e a d i n g s  e a c h  f o r  t h e  b o r e
a n d  t h e  b o l t i n g  f l a n g e  f a c e ) . S top
a n d  r e m o v e  t h e  w r e n c h  o r  c r a n k i n g
b a r  b e f o r e  r e c o r d i n g  e a c h  r e a d i n g  t o
e n s u r e  a c c u r a c y . The maximum tota l

Figure 11B-108. Flywheel Housing
Tightening Sequence (Operat ion 2)

i n d i c a t o r read ing m u s t  n o t  e x c e e d
0 .013”  fo r  e i the r  the  bore  o r  the  face .

E .  I f  t h e  r u n o u t  e x c e e d s  t h e  m a x i m u m
l imi ts ,
and

r e m o v e  t h e  f l y w h e e l  h o u s i n g
check f o r d i r t  o r

mate r ia l ,
f o r e i g n

such  as  o ld  gaske t  mate r ia l ,

Figure 11B-109. Checking Flywheel
Hous ing  Concent r ic i ty
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between the end plate,  f ly  wheel hous-
i n g  a n d  t h e  n e w  g a s k e t and between
the  end  p la te  and  the  cy l inder  b lock ) .

F.

13.

R e - i n s t a l l  t h e  f l y w h e e l  h o u s i n g  a n d
the  f l ywhee l  and  t igh ten  the  a t tach ing
b o l t s  i n  t h e  p r o p e r  s e q u e n c e  a n d  t o
t h e s p e c i f i e d  t o r q u e . T h e n  r e c h e c k
t h e  r u n o u t . I f  necessary ,  rep lace  the
f l ywhee l  hous ing .

R e m o v e  t h e  b o l t s  h o l d i n g  t h e  l i f t e r
b r a c k e t  t o  t h e  f l y w h e e l  h o u s i n g .  A f f i x  a
n e w  g a s k e t  t o  t h e  b r a c k e t ,  t h e n  a l t e r -
n a t e l y  t i g h t e n t h e  b r a c k e t - t o - f l y w h e e l
hous ing and t h e  b r a c k e t - t o - c y l i n d e r
h e a d  b o l t s ,  t h u s  d r a w i n g  t h e  b r a c k e t  i n -
t o  t h e  c o r n e r  f o r m e d  b y  t h e  c y l i n d e r
head and  hous ing .

14 .  Ins ta l l  the  o i l  pan .

15 .  Remove  the  eng ine  f rom the  overhau l
s t a n d  a n d  c o m p l e t e  a s s e m b l y  o f  t h e  e n -
g i n e .

CROSS-HEAD PISTON

Description

T h e  c r o s s - h e a d  p i s t o n  ( F i g u r e  1 1 B - 1 1 0
and Figure 11B-111 on page 11B-71) is a
t w o  p i e c e  p i s t o n  c o n s i s t i n g  o f  a  c r o w n
a n d  s k i r t . A  meta l  o i l  sea l  r ing  i s  used
b e t w e e n  t h e  c r o w n  a n d  s k i r t  w h i c h  a r e
h e l d  t o g e t h e r  b y  t h e  p i s t o n  p i n .  R i n g
grooves are machined in the piston crown
for a fire ring a n d  t w o  c o m p r e s s i o n
r i n g s . T h e  c r o w n  i s  a l s o  m a c h i n e d  t o
accept  a  150°  s l ipper  t ype  bush ing  (bear -
i n g ) . T h e  p i s t o n  s k i r t  i n c o r p o r a t e s  t w o
o i l  con t ro l  r ing  g rooves ,  p is ton  p in  ho les
a n d  p i s t o n  p i n r e t a i n e r  c o u n t e r b o r e s .
Equal ly spaced drain holes are located in
the  o i l  r ing  g roove area  to  permi t  excess
o i l , s c r a p e d  f r o m  t h e  c y l i n d e r  w a l l s ,  t o
r e t u r n  t o  t h e  c r a n k c a s e . A  l u b r i c a t i n g
o i l  t u b e  a n d  f l o a t i n g  n u t  a r e  c o n t a i n e d
i n s i d e  o f  t h e  p i s t o n  p i n . T w o  b o l t s  a n d
s p a c e r s  a r e  u s e d  t o  a t t a c h  t h e  c o n n e c t -
i n g  r o d  t o  t h e  f l o a t i n g  n u t  i n  t h e  p i s t o n
p i n .

I n t e r n a l  p a r t s  o f  t h e  p i s t o n  a r e  l u b r i -
ca ted  and  coo led  by  the  eng ine  lub r i ca t -
i n g o i l . Oil is pressure fed up the
d r i l l e d  p a s s a g e  i n  t h e  c o n n e c t i n g  r o d ,
t h r o u g h  t h e  o i l  t u b e  i n  t h e  p i s t o n  p i n ,

Figure 11B-110. Piston and
Connecting Rod Assembly

t h e n  t h r o u g h  t h e  c e n t e r  h o l e  i n  t h e
b u s h i n g  t o  t h e  u n d e r s i d e  o f  t h e  p i s t o n
c r o w n . A  p o r t i o n  o f  t h e  o i l  f l o w s  a l o n g
t h e  g r o o v e s  i n  t h e  b u s h i n g  t o  l u b r i c a t e
the p is ton p in .

Dur ing  eng ine  opera t ion ,  gas  loads  push-
i n g  d o w n  o n  t h e  p i s t o n  c r o w n  a r e  t a k e n
d i r e c t l y  b y  t h e  p i s t o n  p i n  a n d  b u s h i n g .
T h e  p i s t o n  s k i r t ,  b e i n g  s e p a r a t e ,  i s  f r e e
f rom ver t i ca l  l oad  d is to r t ion ;  the rma l  d is -
t o r t i o n  i s a l s o  r e d u c e d  a s  t h e  p i s t o n
c r o w n  e x p a n d s . A s  t h e  c o n n e c t i n g  r o d
s w i n g s  t o  o n e  s i d e  d u r i n g  d o w n w a r d
t rave l  o f  the  p is ton ,  the  ma jo r  por t ion  o f
t h e  s i d e  l o a d  i s  t a k e n  b y  t h e  p i s t o n
s k i r t .

T h e  t u r b o c h a r g e d  e n g i n e s  u s e  a  1 7  :  1
compression r a t i o  p i s t o n .
tification of a piston, refer to

T o  a i d  i d e n -

Figure 11B-112 on page 11B-71. F i t  t h e
end  o f  the  gauge  be tween the  top  o f  the
p is ton  c rown and  the  mach ined  s tep  be-
l o w  t h e  t h i r d  c o m p r e s s i o n  r i n g  g r o o v e .
A “GO”  check  ident i f ies  a  p is ton  used in
a  t u r b o c h a r g e d  e n g i n e . A  space  o f  ap -
p r o x i m a t e l y  0 . 0 3 0 ”  ( “ N O - G O ” )  i d e n t i f i e s
a  p i s t o n  u s e d  i n  a  n a t u r a l l y  a s p i r a t e d
eng ine .

NOTE

C r o s s - h e a d  p i s t o n s  a n d  t r u n k - t y p e
p i s t o n s  m u s t  n o t  b e  u s e d  t o g e t h e r
i n  a n  e n g i n e . T h e  d i f f e r e n c e  i n
w e i g h t  o f  t h e  p i s t o n s  w i l l  a f f e c t
engine balance.
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Figure 11B-111. Piston and
Connecting Rod Components

Inspect Piston Rings

W h e n  a n  e n g i n e  i s  h a r d  t o  s t a r t ,  r u n s
r o u g h  o r  l a c k s  p o w e r ,  w o r n  o r  s t i c k i n g
compression rings may be the cause
R e p l a c i n g  t h e  r i n g s  w i l l  a i d  i n  r e s t o r i n g
engine operat ion to normal.

The  compress ion  r ings  may  be  inspec ted
t h r o u g h  t h e  p o r t s  i n  t h e  c y l i n d e r  l i n e r s
a f t e r  t h e  a i r  b o x  c o v e r s  h a v e  b e e n  r e -
moved. I f  the r ings are f ree and are not
w o r n  t o  t h e  e x t e n t  t h a t  t h e  p l a t i n g  o r
g rooves  a re  gone ,  compress ion  shou ld  be
wi th in  opera t ing  spec i f i ca t ions .

Remove Piston and Connecting Rod

1.  Dra in  the  coo l ing  sys tem.

2. Drain the oi l  and remove the oi l  pan.

3 .  R e m o v e  t h e  o i l  p u m p  a n d  i n l e t  a n d
out le t  p ipes ,  i f  necessary .

4 .  Remove the  cy l inder  head .

5 .  Remove the  carbon  depos i ts
u p p e r  i n n e r  s u r f a c e  o f  t h e  c y l i n d e r
l i n e r .

f r o m  t h e

6 .  Remove the  bear ing  cap  and the  lower
b e a r i n g  s h e l l  f r o m  t h e  c o n n e c t i n g  r o d .
T h e n  p u s h  t h e  p i s t o n  a n d  r o d  a s s e m b l y
o u t  t h r o u g h  t h e  t o p  o f  t h e  c y l i n d e r
b lock . T h e  p i s t o n  c a n n o t  b e  r e m o v e d
f rom the  bo t tom o f  the  cy l i nder  b lock .

7.  Reassemble the bear ing cap and lower
bear ing  she l l  to  the  connec t ing  rod .

Disassemble Piston and Connecting Rod

N o t e  t h e  c o n d i t i o n  o f  t h e  p i s t o n  a n d
r i n g s . T h e n  r e m o v e  t h e  r i n g s  a n d  d i s -
assemble the piston as fol lows:

1 .  S e c u r e  t h e  c o n n e c t i n g  r o d  i n  a  v i s e
e q u i p p e d  w i t h  s o f t  j a w s  a n d  r e m o v e  t h e
p is ton  r ings  w i th  too l  J  8128 as  shown in
Figure 11B-113 on page 11B-72.

2 .  P u n c h  a  h o l e  t h r o u g h  t h e  c e n t e r  o f
o n e  o f  t h e  p i s t o n  p i n  r e t a i n e r s  w i t h  a
n a r r o w  c h i s e l  o r  p u n c h  a n d  p r y  t h e  r e -
t a i n e r  f r o m  t h e  p i s t o n ,  b e i n g  c a r e f u l  n o t
t o  d a m a g e  t h e  p i s t o n  o r  b u s h i n g . Re-
m o v e  t h e  o p p o s i t e  r e t a i n e r  i n  t h e  s a m e
manner.

3 .  Loosen the  two bo l ts  wh ich  secure  the
c o n n e c t i n g  r o d  t o  t h e  p i s t o n  p i n . Then
remove the rod and piston assembly f rom
t h e  v i s e  a n d  p l a c e  t h e  a s s e m b l y  o n  t h e
bench . Remove the two bol ts and spacer
and  remove  the  connec t ing  rod .

4 .  Wi thdraw the  p is ton  p in .

5 .  Separa te  the  p is ton  sk i r t  f rom the  p is -
t o n  c r o w n .

6 .  R e m o v e  t h e  m e t a l  s e a l  r i n g  f r o m  t h e
p is ton  c rown.

7 .  Remove the  p is ton  p in  bush ing .
Figure 11B-112. Piston

Ident i f i ca t ion  us ing  Gauge J  25397

Engine (Less Major Assemblies) 11B-71



Figure 11B-113. Removing or
I n s t a l l i n g  P i s t o n  R i n g s

Cleaning

Clean  the  p is ton  components  w i th  fue l  o i l
a n d  d r y  w i t h  c o m p r e s s e d  a i r . I f  fuel  o i l
does not remove the carbon deposi ts,  use
a  chemica l  so lven t  tha t  w i l l  no t  ha rm the
t in -p la te  on  the  p is ton .

T h e  p i s t o n  c r o w n ,  i n c l u d i n g  t h e  c o m -
p r e s s i o n  r i n g  g r o o v e s , i s  n o t  t i n - p l a t e d
a n d  m a y  b e  w i r e  b r u s h e d  t o  r e m o v e  a n y
hard  ca rbon . Do no t  w i re  b rush  the  p is -
t o n  s k i r t . C lean the  r ing  g rooves  w i th  a
s u i t a b l e  t o o l  o r  a  p i e c e  o f  a n  o l d  c o m -
p r e s s i o n  r i n g  t h a t  h a s  b e e n  g r o u n d  t o  a
bevel  edge.

C l e a n  t h e  i n s i d e  s u r f a c e s  o f  t h e  p i s t o n
c r o w n  a n d  s k i r t  a n d  t h e  o i l  d r a i n  h o l e s
i n  t h e  l o w e r  h a l f  o f  t h e  p i s t o n  s k i r t .
Exerc ise c a r e  t o  a v o i d  e n l a r g i n g  t h e
holes whi le c leaning them.

Glass beading can be used to c lean a pis-
t o n  c r o w n . Mico Bead Glass  Shot  MS-M
( 0 . 0 0 2 9 ” - 0 . 0 0 5 8 ” )  i s  r e c o m m e n d e d .  A l -
l o w a b l e  a i r  p r e s s u r e  i s  8 0 - 1 0 0  p s i
( 5 5 3 - 6 8 9  k P a ) .  A f t e r  c l e a n i n g ,  d o  n o t
leave glass beads in the piston crown.

11B-72

NOTE

Do no t  a t tempt  to  c lean  the  p is ton
s k i r t  b y  g l a s s  b e a d i n g ,  a s  i t  w i l l
remove the  t in -p la t ing .

Inspection

I f  t h e  t i n - p l a t e  o n  t h e  p i s t o n  s k i r t  a n d
t h e  o r i g i n a l  g r o o v e s  i n  t h e  p i s t o n  r i n g s
a r e  i n t a c t  ( n o  v i s i b l e  w e a r  s t e p  o n  t h e
lower  g roove  land) , i t  i s  an ind ica t ion  o f
v e r y  l i t t l e  w e a r .

Excessive ly w o r n  o r scored p is ton
s k i r t s , r i n g s  o r  c y l i n d e r  l i n e r s  m a y  b e
an  ind ica t ion  o f  abnorma l  ma in tenance  o r
o p e r a t i n g c o n d i t i o n s  w h i c h  s h o u l d  b e
cor rec ted  to  avo id  recur rence  o f  the  fa i l -
u r e . T h e  u s e  o f  t h e  c o r r e c t  t y p e  a n d
proper  ma in tenance  o f  the  lub r i ca t ing  o i l
f i l t e r s  a n d  a i r  c l e a n e r  w i l l  r e d u c e  t o  a
minimum the amount of  abrasive dust  and
f o r e i g n  m a t e r i a l  i n t r o d u c e d  i n t o  t h e  c y l -
inders and wi l l  reduce the rate of  wear.

L o n g  p e r i o d s  o f  o p e r a t i o n  a t  i d l e  s p e e d
and the  use  o f  improper  lub r i ca t ing  o i l  o r
fue l  must  be  avo ided,  o therw ise  a  heavy
format ion of  carbon may resul t  and cause
t h e  r i n g s  t o  s t i c k .

Keep the  lub r i ca t ing  o i l  and  eng ine  coo l -
an t  a t  the  p roper  leve ls  to  p revent  over -
heat ing of the engine.

E x a m i n e  t h e  p i s t o n  s k i r t  a n d  c r o w n  f o r
s c o r e  m a r k s ,  c r a c k s ,  d a m a g e d  r i n g
g r o o v e  l a n d s  o r  i n d i c a t i o n s  o f  o v e r h e a t -
i n g . A n y  p i s t o n  t h a t  h a s  b e e n  s e v e r e l y
s c o r e d  o r  o v e r h e a t e d  m u s t  b e  r e p l a c e d .
Ind icat ions o f  o v e r h e a t i n g o r  b u r n e d
spots  may  be  the  resu l t  o f  an  obs t ruc t ion
in the connect ing rod oi l  passage.

Check  the  tapered  f i re  r ing  g roove  w id th
in  the  p is ton  c rown w i th  too l  J  24599 as
s h o w n  i n  F i g u r e  1 1 B - 1 1 4  o n  p a g e
11B-73. S l ide  the  “NO-GO”  w i re  (0 .106"
d i a m e t e r )  o f  t h e  t o o l  c o m p l e t e l y  a r o u n d
t h e  f i r e  r i n g  g r o o v e .  S h o u l d  t h e  w i r e  b e
b e l o w  f l u s h  a t  a n y  o n e  a r e a ,  t h e  p i s t o n
c rown mus t  be  rep laced . T h e  “ G O ’  w i r e
(0 .100”  d iamete r )  shou ld  be  f l ush  o r  p ro -
t rude  s l igh t l y  f rom the  f i re  r ing  g roove .

C h e c k  t h e  c y l i n d e r  l i n e r  a n d  b l o c k  b o r e
f o r  e x c e s s i v e  o u t - o f - r o u n d ,  t a p e r  o r
h i g h  s p o t s  w h i c h  c o u l d  c a u s e  f a i l u r e  o f
the  p is ton .



Figure 11B-114. Checking Fire Ring
Groove Using J 24599

I n s p e c t i o n  o f  t h e  c o n n e c t i n g  r o d ,  p i s t o n
p i n  a n d  p i s t o n  p i n  b u s h i n g  a r e  c o v e r e d
in  th is  subsect ion .

Other  fac to rs  tha t  may  con t r ibu te  to  p is -
ton fai lure include oi l  leakage into the air
b o x ,  o i l  p u l l - o v e r  f r o m  t h e  a i r  c l e a n e r ,
d r i b b l i n g  i n j e c t o r s ,  c o m b u s t i o n  b l o w - b y
a n d  l o w  o i l  p r e s s u r e  ( d i l u t i o n  o f  t h e  l u -
b r i c a t i n g  o i l ) .

Assemble Piston

1 .  I n s t a l l  t h e  b e a r i n g  ( b u s h i n g )  i n  t h e
p i s t o n  c r o w n . I t  s h o u l d  s l i d e  i n t o  t h e
p i s t o n  c r o w n  w i t h o u t  f o r c e . Wi th  new
p a r t s ,  t h e r e  i s  0 . 0 0 0 5 ”  t o  0 . 0 1 0 5 ”  c l e a r -
a n c e  b e t w e e n  t h e  e d g e  o f  t h e  b u s h i n g
and the  groove in  the  p is ton  c rown.

NOTE

T h e  b e a r i n g  m u s t  b e  i n s t a l l e d  b e -
f o r e  a s s e m b l i n g  t h e  p i s t o n  s k i r t
and  c rown.

2 .  L u b r i c a t e  t h e  m e t a l  s e a l  r i n g
(F igure  11B-115)  w i th  eng ine  o i l  and  in -
s t a l l  i t  w i t h  t h e  c h a m f e r  o r  c o u n t e r b o r e
d i rec ted  toward  the  bo t tom o f  the  p is ton .

NOTE

T h e  s e a l  r i n g s  a r e  m a d e o f  c a s t
i r o n a n d  a r e  i d e n t i f i e d
t i n - p l a t i n g  o n

b y  t h e
t h e outs ide

d iamete r , a  b l a c k  o x i d e  f i n i s h ,  o r
a dul l  cast  i ron color . These  r ings
c a n  b e  m i x e d  i n  a n  e n g i n e . T h e
f o r m e r  s t e e l  r i n g s ,  i d e n t i f i e d  b y  a
v e r y  s h i n y  a p p e a r a n c e ,  m u s t  n o t
be  used fo r  serv ice .

F i g u r e  1 1 B - 1 1 5 .  I n s t a l l i n g  S e a l  R i n g

3 .  Compress  the  sea l  r ing  w i th  r ing  com-
p r e s s o r  J  2 3 4 5 3  a n d  p u s h  t h e  s k i r t  i n t o
pos i t ion  on  the  p is ton  c rown.

NOTE

B e f o r e  c o m p l e t e l y  a s s e m b l i n g  t h e
p i s t o n , c h e c k  t o  m a k e  s u r e  t h e
sea l  r ing  does  no t  s t i ck  in  the  r ing
g r o o v e . I t  i s  imperat ive  fo r  sa t is -
f a c t o r y  e n g i n e  o p e r a t i o n  t h a t  t h e
s e a l  r i n g is free in the piston
c r o w n  g r o o v e . Check the fu l l  360°
c i r c u m f e r e n c e  o f  t h e  g r o o v e  t o  b e
sure that are no tight spots.
W h e n  t h e  p i s t o n  c r o w n ,  s e a l  r i n g
a n d  p i s t o n  s k i r t  a r e  a s s e m b l e d ,
t h e  s k i r t  s h o u l d  s p i n  f r e e l y  o n  t h e
c rown
b e n c h ) .

( c r o w n  t o p  d o w n  o n  t h e
I f  t h e  s e a l  r i n g  s t i c k s ,

r e m o v e  h i g h  s p o t s  o r  n i c k s  i n  t h e
g r o o v e  w i t h  a  f l a t  f i l e . I f  t h i s
d o e s  n o t  r e l i e v e  s t i c k i n g ,  r e p l a c e
the  p is ton  c rown.
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F i g u r e  1 1 B - 1 1 6 .  I n s t a l l i n g  P i s t o n
Pin

4 .  L u b r i c a t e  t h e  p i s t o n  p i n  w i t h  c l e a n
e n g i n e  o i l  a n d  i n s t a l l  i t  a s  s h o w n
Figure 11B-116 on page 11B-74.

NOTE

L i n e  u p  t h e  p i s t o n  p i n  o p e n i n g  i n
t h e  p i s t o n  s k i r t  w i t h  t h e  b e a r i n g
( b u s h i n g )  o p e n i n g  i n  t h e  p i s t o n
c r o w n  t o  p r e v e n t  d a m a g e  t o  t h e
p in  o r  bush ing .

5. Install the spacers on the two
7/16”-20 x 2” connecting rod to piston
p in  a t tach ing  bo l ts .

6 .  App ly  a  sma l l  amount  o f  In te rna t iona l
Compound  No . 2 ,  o r  e q u i v a l e n t ,  t o  t h e
b o l t  t h r e a d s  a n d  b o l t  h e a d  c o n t a c t  s u r -
faces.

7 .  i n s t a l l  a n d  t i g h t e n  t h e  b o l t s  f i n g e r
t i g h t . Then  c lamp the  connec t ing  rod  in
a  v i s e  a n d  t i g h t e n  t h e  b o l t s  t o  5 5 - 6 0
lb-ft (75-81 Nm) torque (see
F i g u r e  1 1 B - 1 1 7 ) .  D o  n o t  e x c e e d  t h i s
t o r q u e .

8 .  P lace  a  new p is ton  p in  re ta iner  in  po-
s i t i on . T h e n  p l a c e  t h e  c r o w n e d  e n d  o f
ins ta l le r  J  23762 aga ins t  the  re ta iner  and
s t r i k e  t h e  t o o l  j u s t  h a r d  e n o u g h  t o  d e -
f l e c t  t h e  r e t a i n e r  a n d  s e a t  i t  e v e n l y  i n
the  p is ton  (see  F igure  11B-118) .

9 .  I n s t a l l  t h e  s e c o n d  p i s t o n  p i n r e t a i n e r
in the same manner.

11B-74

Figure  11B-117.  T igh ten ing
Connect ing  Rod to  P is ton  P in  Bo l ts

NOTE

Due to  the  s ize  o f  the  coun te rbore
i n  t h e  p i s t o n  s k i r t ,  b e  c a r e f u l  w i t h
i n s t a l l i n g  t h e  p i s t o n  p i n  r e t a i n e r s
a n d  i n s p e c t  t h e m  t o  b e  s u r e  t h e y
a r e  n o t  b u c k l e d  a n d  t h a t  a r e  f u l l y
s e a t e d  i n  t h e  c o u n t e r b o r e . T h e
w i d t h  o f  t h e  l a n d  s h o u l d  b e  e v e n
around the  re ta iner .

1 0 .  O n  i m p o r t a n t  f u n c t i o n  o f  t h e  p i s t o n
p i n  r e t a i n e r  i s  t o  p r e v e n t  t h e  o i l ,  w h i c h
coo ls  the  unders ide  o f  the  p is ton  and  lu -
b r i c a t e s  t h e  p i s t o n  p i n  b u s h i n g ,  f r o m
r e a c h i n g  t h e  c y l i n d e r  w a l l s .  C h e c k  e a c h
re ta iner  fo r  p roper  sea l ing  w i th  leak  de-

F i g u r e  1 1 B - 1 1 8 .  I n s t a l l  P i s t o n
Reta iner

Pin



Figure 11B-119. Checking Piston Pin
Reta iner  fo r  Proper  Sea l ing

t e c t o r  J  2 3 9 8 7 - 0 1  ( F i g u r e  1 1 B - 1 1 9  o n
p a g e  1 1 B - 7 5 ) . P l a c e  t h e  s u c t i o n  c u p
o v e r  t h e  r e t a i n e r  a n d  h a n d  o p e r a t e  t h e
l e v e r  t o  p u l l  a  v a c u u m  o f  t e n  i n c h e s  o n
the  gauge. A  d rop  in  the  gauge read ing
indicates air  leakage at the retainer.

Fitting Piston

Measure t h e p i s t o n s k i r t d iameter
l e n g t h w i s e  a n d  c r o s s w i s e  o f  t h e  p i s t o n
p i n  b o r e . Measurements should be taken
at room temperature (70°F or  21°C).

T h e  p i s t o n - t o - l i n e r  c l e a r a n c e ,  w i t h  n e w
p a r t s , w i l l  v a r y  w i t h  t h e  p a r t i c u l a r  p i s -
t o n  a n d  c y l i n d e r  l i n e r . A  m a x i m u m
clearance of  0.012” is a l lowable wi th used
p a r t s .

W i t h  t h e  c y l i n d e r  l i n e r  i n s t a l l e d  i n  t h e
c y l i n d e r  b l o c k ,  h o l d  t h e  p i s t o n  s k i r t  u p -
s i d e  d o w n  i n  t h e  l i n e r  a n d  c h e c k  t h e
c l e a r a n c e  i n  f o u r  p l a c e s  9 0 °  a p a r t  ( s e e
Figure 11B-120 on page 11B-76).

Use  fee le r  gauge  J  5438-01  to  check  the
clearance. The  spr ing  sca le ,  a t tached  to
the  p roper  fee le r  gauge ,  i s  used  to  mea-
s u r e  t h e  f o r c e  i n  p o u n d s  r e q u i r e d  t o
w i thdraw the  fee le r  gauge.

S e l e c t  a  f e e l e r  g a u g e  w i t h  a  t h i c k n e s s
t h a t  w i l l  r e q u i r e  a  p u l l  o f  s i x  p o u n d s  t o
remove. T h e  c l e a r a n c e  w i l l  b e  0 . 0 0 1 ”
g r e a t e r  t h a n  t h e  t h i c k n e s s  o f  t h e  f e e l e r
g a u g e  u s e d ,  i . e . , a  0 .004”  fee le r  gauge
wi l l  indicate a c learance of  0.005” when i t
i s  w i t h d r a w n  w i t h  a  p u l l  o f  s i x  p o u n d s .
T h e  f e e l e r  g a u g e  m u s t  b e p e r f e c t l y  f l a t
and free of  n icks and bends.

Figure 11B-120. Measuring
P is ton- to -L iner  C learance

I f  a n y  b i n d  o c c u r s  b e t w e e n  t h e  p i s t o n
a n d  t h e  l i n e r ,
l i n e r  f o r  b u r r s .

e x a m i n e  t h e  p i s t o n  a n d
R e m o v e  b u r r s  w i t h  a

f i n e  h o n e  ( a  f l a t  o n e  i s  p r e f e r a b l e )  a n d
recheck the c learance.

Fitt ing Piston Rings

Each p is ton is  f i t ted  w i th  a  f i re  r ing ,  two
compression r i n g s  a n d  t w o  o i l  c o n t r o l
r i n g s (see
11B-76) .

F i g u r e  1 1 B - 1 2 1  o n page

T h e  t o p  ( f i r e )  r i n g  a n d  t h e  u p p e r  c o m -
press ion r i n g (second a r e
p r e - s t r e s s e d .

g r o o v e )
B o t h  a r e  i d e n t i f i e d  b y  a

s m a l l  i n d e n t a t i o n  m a r k  o n  t h e  t o p  s i d e .
A  t w o - p i e c e  o i l  c o n t r o l  r i n g  i s  u s e d  i n
both  o i l  r ing  grooves in  the  p is tons .

A l l  n e w  p i s t o n r i n g s  m u s t  b e  i n s t a l l e d
w h e n e v e r  a  p i s t o n  i s  r e m o v e d ,  r e g a r d -
l e s s  o f  w h e t h e r  a  n e w  o r  u s e d  p i s t o n  o r
c y l i n d e r  l i n e r  i s  i n s t a l l e d . Re fe r  to  the
par ts  manua l  to  se lec t  the  cur ren t  p is ton
r i n g s .

I n s e r t  o n e  r i n g  a t  a  t i m e  i n s i d e  o f  t h e
cy l inder  l i ne r  and  fa r  enough down to  be
w i t h i n  t h e  n o r m a l  a r e a  o f  r i n g  t r a v e l .
Use a  p is ton  sk i r t  to  push the  r ing  down
t o  b e  s u r e  i t  i s  p a r a l l e l  w i t h  t h e  t o p  o f
t h e  l i n e r . T h e n  m e a s u r e  t h e  r i n g  g a p
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Figure  11B-121.  P is ton  R ing  Locat ion

with a feeler guage as shown in
Figure 11B-122 on page 11B-76.

I f  t h e  g a p  o n  a  c o m p r e s s i o n  r i n g  i s  i n -
s u f f i c i e n t , i t  m a y  b e  i n c r e a s e d  b y  f i l i n g
o r  s t o n i n g  t h e  e n d s  o f  t h e  r i n g . F i le  o r
s t o n e  b o t h  e n d s  o f  t h e  r i n g  s o  t h e  c u t -
t i n g  a c t i o n  i s  f r o m  t h e  o u t e r  s u r f a c e  t o
t h e  i n n e r  s u r f a c e . T h i s  w i l l  p r e v e n t  a n y
c h i p p i n g  o r  p e e l i n g  o f  t h e  c h r o m e  p l a t e

Figure 11B-122. Measuring Piston
Ring Gap

11B-76

o n  t h e  r i n g . T h e  e n d s  o f  t h e  r i n g  m u s t
remain square a n d  t h e  c h a m f e r  o n  t h e
o u t e r m u s t  b e approx imate ly
0 . 0 1 5 ” .

edge

C h e c k  t h e  r i n g  s i d e  c l e a r a n c e  a s  s h o w n
in Figure 11B-123 on page 11B-77.

Install  Piston Rings

NOTE

Lubr ica te  the  p is ton  r ings  and p is -
t o n  w i t h  e n g i n e  o i l  b e f o r e  i n s t a l -
l i n g  t h e  r i n g s .

S t a r t i n g  w i t h  t h e  b o t t o m  r i n g ,  i n s t a l l
the  compress ion  r ings  w i th  too l  J  8128
as s h o w n  i n  F i g u r e  1 1 B - 1 1 3  o n  p a g e
11B-72. T o  a v o i d  b r e a k i n g  o r  o v e r -
s t r e s s i n g  t h e  r i n g s ,  d o  n o t  s p r e a d
them any  more  than  necessary  to  s l ip
them o v e r  t h e  p i s t o n . R e f e r  t o
F i g u r e  1 1 B - 1 2 4  o n  p a g e  1 1 B - 7 7  f o r
r i n g  i d e n t i f i c a t i o n .

1 .  S tagger  the  r ing  gaps  a round the  p is -
t o n .

2 .  R e f e r to Figure 11B-124 on page
11B-77  fo r  the  type  and  loca t ion and in -
stal l  the oi l  control  r ings as fo l lows:

A .  l n s t a l l  t h e  r i n g  e x p a n d e r s  i n  t h e  o i l
c o n t r o l  r i n g  g r o o v e s  i n  t h e  p i s t o n
s k i r t . When ins ta l l i ng  the  o i l  con t ro l
r i n g s , u s e  c a r e  t o  p r e v e n t  o v e r l a p -
p i n g  t h e  e n d s  o f  r i n g  e x p a n d e r s .  A n
over lapped expander  w i l l  cause  the  o i l

Figure 11B-123. Measuring Pi ston
Ring Side Clearance



Figure  11B-124.  P is ton  R ing
I n s t a l l a t i o n  I n s t r u c t i o n s

r ing  to  p ro t rude  beyond  a l lowab le  l im-
i t s  a n d  w i l l  r e s u l t  i n  b r e a k a g e  w h e n
t h e  p i s t o n i s  i n s e r t e d  i n  t h e  r i n g
c o m p r e s s o r  d u r i n g  i n s t a l l a t i o n  i n  t h e
c y l i n d e r  l i n e r . D o  n o t  c u t  o r  g r i n d
t h e  e n d s  o f  t h e  e x p a n d e r s  t o  p r e v e n t
o v e r l a p p i n g .
ends

C u t t i n g  o r  g r i n d i n g  t h e
w i l l  d e c r e a s e  t h e  e x p a n d i n g

f o r c e  o n  t h e  o i l  c o n t r o l  r i n g s  a n d  r e -
s u l t in h i g h l u b r i c a t i n g oi l
consumpt ion .

B .  I n s t a l l  t h e  o i l  c o n t r o l  r i n g s  b y  h a n d .
S t a r t  w i t h  t h e  u p p e r  h a l f  o f  t h e  t o p

o i l  r i n g  a n d  a l i g n  t h e  g a p s  a s  i n d i -
ca ted  in  F igure  11B-124.

NOTE

The sc raper  edges  o f  a l l  o i I  con t ro l
r i n g s  m u s t  f a c e  d o w n w a r d  ( t o w a r d
t h e  b o t t o m  o f  t h e  p i s t o n )  f o r  p r o p -
e r  o i l  con t ro l .

Ins ta l l  the  p is ton  and  connec t ing  rod  as-
sembly  in  the  eng ine .

CONNECTING ROD

Description

T h e  c o n n e c t i n g  r o d  ( F i g u r e  1 1 B - 1 2 5  o n
p a g e  1 1 B - 7 8 )  i s  f o r g e d  t o  a n " I "  s e c t i o n
w i t h  a n  o p e n  o r  s a d d l e  t y p e  c o n t o u r  a t
t h e  u p p e r  e n d  a n d  a  b e a r i n g  c a p  a t  t h e
l o w e r  e n d . T h e  b e a r i n g  c a p  a n d  c o n -
n e c t i n g  r o d  a r e  f o r g e d  i n  o n e  p i e c e  a n d
bored  p r io r  to  separa t ion .

T h e  u p p e r  e n d  o f  t h e  c o n n e c t i n g  r o d  i s
mach ined  to  match  the  con tour  o f  the  p is -
t o n  p i n . T h e  p i s t o n  p i n  i s  s e c u r e d  t o
t h e  c o n n e c t i n g  r o d  w i t h  t w o  s e l f - l o c k i n g
b o l t s  a n d  s p a c e r s . T h e  b e a r i n g  c a p  i s
s e c u r e d  t o  t h e  c o n n e c t i n g r o d  b y  t w o
spec ia l l y  mach ined  bo l t s  and  nu ts .

L u b r i c a t i n g  o i l  i s  f o r c e d  t h r o u g h  a
d r i l l e d  o i l  p a s s a g e  i n  t h e  c o n n e c t i n g  r o d
to  the  p is ton  p in  and bush ing .

A  s e r v i c e  c o n n e c t i n g  r o d  i n c l u d e s  t h e
b e a r i n g  c a p  a n d  t h e  a t t a c h i n g  b o l t s  a n d
n u t s .

Disassemble Connecting Rod from Piston

W i t h  t h e  r o d  a n d  p i s t o n  a s s e m b l y  r e -
m o v e d  f r o m  t h e  e n g i n e ,  d i s a s s e m b l e  t h e
p i s t o n a n d  c o n n e c t i n g r o d  a s  o u t l i n e d
u n d e r  “ D i s a s s e m b l e  P i s t o n  a n d  C o n n e c t -
ing Rod” on page 11B-71.

Inspection

C l e a n  t h e  c o n n e c t i n g  r o d  a n d  p i s t o n  p i n
wi th  a  su i tab le  so lvent  and dry  them wi th
c o m p r e s s e d  a i r . B l o w  c o m p r e s s e d  a i r
th rough the  o i l  passage in  the  connec t ing
rod  to  be  sure  i t  i s  c lear  o f  obs t ruc t ions .
U s e  c r o c u s  c l o t h ,  w e t  w i t h  f u e l  o i l ,  t o
r e m o v e  a n y  t r a c e  o f  f r e t t i n g  a n d / o r  c o r -
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Figure 11B-125. Connect ing Rod
D e t a i l s

r o s i o n  o n  t h e  c o n n e c t i n g  r o d  s a d d l e  a n d
p i s t o n  p i n  c o n t a c t  s u r f a c e  w i t h  t h e  r o d
be fo re  reassembly .

NOTE

N e v e r  u s e  c r o c u s  c l o t h  o n  t h e
bear ing  s ide  o f  the  p in .

C o n n e c t i n g  r o d s  b e i n g  r e m o v e d  f r o m  a n
o r i g i n a l  b u i l d  e n g i n e  c a n  b e  r e u s e d  a s
is ,  a f te r  cons ider ing  the  fo l low ing :

1 .  Check  fo r  v i sua l  damage (ben t ) .

2 .  A  p r e v i o u s  b e a r i n g ( s )  o r  r e l a t e d  f a i l -
u r e .

3 .  I s  t h e  c o n n e c t i n g  r o d  b l u e  a t  t h e  t o p
or bot tom?

4.  Fre t t ing  a t  sp l i t  l i ne  be tween the  con-
nec t ing  rod  and  cap .

5 .  Excess i ve p o u n d - i n  o f  t h e  b o l t  h e a d
o r  n u t .

I f  the  connec t ing  rod  has  been  sub jec ted
t o  a n y o f  t h e  a b o v e , i t s h o u l d  b e
scrapped .

In  qua l i f y ing  a  used  connec t ing  rod  f rom
a  s o u r c e  o t h e r  t h a n  a n  o r i g i n a l  e n g i n e ,
t h e  f o l l o w i n g  c h e c k s  s h o u l d  b e  m a d e  i n
add i t ion  to  the  above.

1 .  C h e c k  f o r  c r a c k s  ( F i g u r e  1 1 B - 1 2 6  o n
p a g e  1 1 B - 7 9 )  b y  t h e  m a g n e t i c  p a r t i c l e
m e t h o d  a s  o u t l i n e d  i n “ I n s p e c t i o n  f o r
Cracks” on page 11B-47.

2 .  D e t e r m i n e  b o r e  d i a m e t e r  o f  t h e  r o d ,
u s i n g  a  d i a l  b o r e  g a u g e  a n d  m a s t e r  r i n g
a s  f o l l o w s  ( s e e  F i g u r e  1 1 B - 1 2 7  o n  p a g e
11B-80) .

11B-78

A .  I n s t a l l  t h e  c o n n e c t i n g  r o d  c a p  o n  t h e
c o n n e c t i n g  r o d  a n d  t i g h t e n  t h e  b o l t
n u t s  t o 6 0 - 7 0  l b - f t  ( 8 1 - 9 5  N m )
t o r q u e .

NOTE

D o  n o t  o v e r  t o r q u e  t h e  c o n n e c t i n g
r o d  b o l t  n u t s . O v e r  t o r q u e  m a y
permanent l y  d is to r t  the  connec t ing
rod cap.

B .  M e a s u r e  d i a m e t e r  A  a n d  B  a s  s h o w n
in Figure 11B-127 on page 11B-80.

C .  O b t a i n  a v e r a g e  o f  A  a n d  B  t o  o b t a i n
size at spl i t  l ine.

A + B = X Average of A + B

2

D.  Measure  C. The  d i f fe rence  in  the  re -
s u l t s  o f  t h e  m e a s u r e m e n t  X  a n d  C
g i v e s  b o r e  o u t - o f  r o u n d  a n d  c a n  b e
0.005” maximum.

E .  A d d  C  w i t h  X  a n d  a v e r a g e  t o  o b t a i n
average bore size.

C + X = Average  d iamete r  o f  bo re

2

Specif icat ions :  3.2495” to 3.2515”.

NOTE

I f  t h e  c r o s s - h e a d  c o n n e c t i n g  r o d
b o r e  i s  n o t  t o  s p e c i f i c a t i o n s ,  t h e
r o d  m u s t  b e  s c r a p p e d  a n d  c a n n o t
be machined.

3 .  De te rmine t a p e r  a s fo l lows (see
Figure 11B-127 on page 11B-80):

A .  S u b t r a c t  D 1  f r o m  D 2  t o  f i n d  t h e  d i f -
f e r e n c e .

B .  T h e  d i f f e r e n c e  c a n  b e  0 . 0 0 0 5 ”  m a x i -
mum.

4 .  D e t e r m i n e  l e n g t h  b y  f i n d i n g  t h e  d i s -
tance b e t w e e n  E 1 and E2 (see
Figure 11B-127 on page 11B-80).

Spec i f i ca t ions :  10 .121”  to  10 .126” .



F i g u r e  1 1 B - 1 2 6 .  M a g n e t i c  P a r t i c l e  I n s p e c t i o n  L i m i t s  f o r  C o n n e c t i n g  R o d

NOTE

The  leng th  o f  t he  rod  can  be  mea-
s u r e d  o n  c o n n e c t i n g  r o d  m e a s u r e -
m e n t  f i x t u r e s  m a r k e t e d  b y  B . K .
S w e e n e y ,  T o b i n  A r p  o r  e q u i v a l e n t .

Remove  any  n icks  o r  bu r rs  f rom the  con-
n e c t i n g r o d  b o l t  h o l e s  w i t h  r e a m e r  J
28460. The  reamer  i nc ludes  a  60°  ang le
t o  c l e a n  u p  t h e  c h a m f e r  a t  t h e  b o l t  h o l e
t o  e n s u r e  p r o p e r  s e a t i n g  o f  t h e  u n d e r -
side of  the bol t  head.

I f  a  n e w  s e r v i c e  c o n n e c t i n g  r o d  i s  r e -
q u i r e d , s t a m p  t h e  c y l i n d e r  n u m b e r  o n
the  connec t ing  rod  and  cap .

Clean the rust preventative from a
service replacement connecting rod
and b low compressed a i r  through
the drilled oil passage to be sure it
is clear o f  o b s t r u c t i o n s . Also
m a k e  s u r e  t h e  s p l i t  l i n e  ( c a p  t o
rod) is thoroughly cleaned to avoid
t rapped c o n t a m i n a n t s  f r o m  a d -
verse ly
“crush”.

a f f e c t i n g  b e a r i n g  s h e l l

I n s p e c t  t h e  b e a r i n g  ( b u s h i n g )  f o r  i n d i -
c a t i o n s  o f  s c o r i n g ,
damage.

o v e r h e a t i n g  o r  o t h e r
M e a s u r e  t h e  t h i c k n e s s  o f  t h e

b u s h i n g  a l o n g  t h e  c e n t e r .
b u s h i n g

Rep lace  the
if it is damaged or worn to a

t h i c k n e s s  o f  0 . 0 8 6 ”  o r  l e s s .  A  n e w  b u s h -
ing  is  0 .087”  to  0 .088”  th ick .

I n s p e c t  t h e  p i s t o n  p i n  f o r  s i g n s  o f  f r e t -
t i n g . W h e n  r e u s i n g  a  p i s t o n  p i n ,  t h e
h igh ly  po l i shed  and  lapped  sur face  o f  the
p i n  m u s t  n o t  i n  a n y  w a y  b e  r e f i n i s h e d .
P o l i s h i n g  o r  r e f i n i s h i n g  t h e  p i s t o n  p i n  i s
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Figure 11B-127. Dimensional  Inspect ion of  Connect ing Rods

11B-80



n o t  r e c o m m e n d e d  a s  i t  c o u l d  r e s u l t  i n
v e r y  r a p i d  b u s h i n g  w e a r . A  n e w  p i s t o n
p in  has  a  d iameter  o f  1 .4996”  to  1 .5000” .
R e p l a c e  t h e  p i s t o n  p i n  i f  i t  i s  w o r n  t o  a
diameter of  1.4980” or  less.

Assemble the Connecting Rod Piston

R e f e r  t o  “ A s s e m b l e  P i s t o n ”  o n  p a g e
1 1 B - 7 3  f o r  a s s e m b l y  o f  t h e  c o n n e c t i n g
rod  to  the  p is ton .

CONNECTING ROD BEARINGS

Description

T h e connec t ing rod b e a r i n g shel ls
(F igure  11B-128)  a re  p rec is ion  made and
are replaceable w i t h o u t shim
ad jus tments .
b e a r i n g

T h e y  c o n s i s t  o f  a n  u p p e r
s h e l l  s e a t e d  i n  t h e  c o n n e c t i n g

r o d  a n d  a  l o w e r  b e a r i n g  s h e l l  s e a t e d  i n
t h e  c o n n e c t i n g  r o d  c a p . T h e  b e a r i n g
she l l s  a re  p reven ted  f rom endwise  o r  ra -
d i a l  m o v e m e n t  b y  a  t a n g  a t  t h e  p a r t i n g
l ine at  one end of  each bear ing shel l .

V a r i o u s  t y p e s  o f  b e a r i n g s  h a v e  b e e n
used. C u r r e n t l y , mu l t i p le l a y e r
c o p p e r - l e a d  c o p l a t e  o r  a l u m i n u m  t r i p l a t e
b e a r i n g s  a r e  i n  u s e . T h e s e  b e a r i n g s
h a v e  a n  i n n e r  s u r f a c e  c a l l e d  t h e  m a t r i x ,
o f  copper - l ead  o r  a lum inum. A  t h i n  d e -
p o s i t i o n  o f  b a b b i t t  i s  t h e n  p l a t e d  o n t o
t h e  m a t r i x . T h i s  b a b b i t t  o v e r l a y  h a s  e x -
c e l l e n t  r e s i s t a n c e  t o  f r i c t i o n ,  c o r r o s i o n
a n d  s c o r i n g  t e n d e n c i e s  w h i c h ,  c o m b i n e d
w i t h  t h e  m a t e r i a l s  o f  t h e  m a t r i x ,  p r o -
vides improved load carrying
c h a r a c t e r i s t i c s . These b e a r i n g s a r e
i d e n t i f i e d  b y  t h e  s a t i n  s i l v e r  s h e e n  o f
the  babb i t t  when new and  a  du l l  g ray  a f -
te r  be ing in  serv ice .

T h e  u p p e r  a n d  l o w e r  c o n n e c t i n g  r o d
b e a r i n g  s h e l l s  a r e  d i f f e r e n t  a n d  a r e  n o t
in te rchangeab le . T h e  u p p e r  b e a r i n g
s h e l l  i s  g r o o v e d  m i d w a y  b e t w e e n  t h e
b e a r i n g  e d g e s , p a r t  w a y  u p  f r o m  e a c h
p a r t i n g  l i n e , w i th  an  o i l  ho le  th rough the
s h e l l  a t  t h e  t e r m i n a t i o n  o f  e a c h  g r o o v e .
The  lower  bear ing  she l l  has  a  con t inuous
r e g i s t r y  w i t h  t h e  o i l  h o l e  i n  t h e  c r a n k -
s h a f t  c o n n e c t i n g r o d  j o u r n a l ,  t h e r e b y
p r o v i d i n g  a  c o n s t a n t  s u p p l y  o f  l u b r i c a t -
i n g  o i l  t o  t h e  c o n n e c t i n g  r o d  b e a r i n g s ,
p i s t o n  p i n  b u s h i n g s  a n d  s p r a y  n o z z l e
th rough the  o i l  passage in  the  connec t ing
r o d .

Figure 11B-128. Connect ing Rod and
Bear ing  She l l s

Remove Bearing Shells

T h e  c o n n e c t i n g  r o d  b e a r i n g  c a p s  a r e
n u m b e r e d  1 ,  2 ,  3 ,  e t c . ,  w i t h  m a t c h i n g
numbers s t a m p e d  o n
rods . When  removed ,

t h e  c o n n e c t i n g
each  bear ing  cap

and the bear ing shel ls must always be re-
ins ta l led  on  the  o r ig ina l  connec t ing  rod .

R e m o v e  t h e  c o n n e c t i n g  r o d  b e a r i n g s  a s
fo l lows :

1.  Drain the oi l  and remove the oi l  pan.

2 .  R e m o v e  t h e  l u b r i c a t i n g  o i l  p u m p  a n d
pump in le t  and  ou t le t  p ipes .

NOTE

I f  s h i m s  a r e  u s e d  b e t w e e n  t h e  o i l
p u m p  b o d y  a n d  t h e  m a i n  b e a r i n g
caps , s a v e  t h e  s h i m s  s o  t h e y  m a y
b e  r e i n s t a l l e d  w h e n  i n s t a l l i n g  t h e
oi l  pump.

3 .  R e m o v e  o n e  c o n n e c t i n g  r o d  b e a r i n g
cap . P u s h  t h e  p i s t o n  a n d  r o d  a s s e m b l y
u p  i n t o  t h e  c y l i n d e r  l i n e r  f a r  e n o u g h  t o
p e r m i t r e m o v a l  o f  t h e  u p p e r
shel l .

b e a r i n g
D o  n o t  p o u n d  o n  t h e  e d g e  o f  t h e

bear ing  she l l  w i th  a  sharp  too l .
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4 .  I n s p e c t  t h e  u p p e r  a n d  l o w e r  b e a r i n g
s h e l l s  a s  o u t l i n e d  u n d e r  “ I n s p e c t i o n ”  o n
page 11B-82.

5 .  I n s t a l l  t h e  b e a r i n g  s h e l l s  a n d  b e a r i n g
caps  be fo re  ano ther  connec t ing  rod  bear -
ing  is  removed.

Inspection

B e a r i n g  f a i l u r e s  m a y  r e s u l t  f r o m  d e t e r i -
o ra t ions ( a c i d  f o r m a t i o n )  o r  c o n t a m -
ination of the oil or loss of oil. An
ana lys is  o f  the  lubr ica t ing  o i l  may  be  re -
q u i r e d  t o  d e t e r m i n e  i f  c o r r o s i v e  a c i d  a n d
s u l p h u r  a r e  p r e s e n t  w h i c h  c a u s e  a c i d
e t c h i n g , f l a k i n g  a n d  p i t t i n g . B e a r i n g
seizure may be due to low oi l  or  no oi l .

A f t e r  r e m o v a l , c l e a n  t h e  b e a r i n g s  a n d
i n s p e c t them f o r s c o r i n g , p i t t i n g ,
f l a k i n g , c h i p p i n g ,  c r a c k i n g ,  l o s s  o f  b a b -
b i t t  o r  s i g n s  o f  o v e r h e a t i n g . I f  a n y  o f
t h e s e  d e f e c t s  a r e  p r e s e n t ,  t h e  b e a r i n g s
m u s t  b e  d i s c a r d e d . H o w e v e r ,  b a b b i t t
p la ted b e a r i n g s m a y  d e v e l o p  m i n u t e
c r a c k s  o r  s m a l l  i s o l a t e d  c a v i t i e s  o n  t h e
b e a r i n g  s u r f a c e  d u r i n g  e n g i n e  o p e r a t i o n .
T h e s e  a r e  c h a r a c t e r i s t i c  o f  a n d  a r e  N O T
d e t r i m e n t a l  t o  t h i s  t y p e  o f  b e a r i n g .  T h e
b e a r i n g s s h o u l d  n o t  b e  r e p l a c e d  f o r
t h e s e  m i n o r  s u r f a c e  i m p e r f e c t i o n s . t h e
u p p e r b e a r i n g  s h e l l s , w h i c h  c a r r y  t h e
load ,  w i l l  norma l l y  show s igns  o f  d is t ress
be fo re  the  lower  bear ing  she l l s  do .

I n s p e c t  t h e  b a c k s  o f  t h e  b e a r i n g  s h e l l s
f o r  b r i g h t  s p o t s  w h i c h  i n d i c a t e  t h e y  h a v e
b e e n  s h i f t i n g  i n  t h e i r  s u p p o r t s .  I f  s u c h
spots a r e  p r e s e n t ,  d i s c a r d  t h e  b e a r i n g
shel ls. A l s o  i n s p e c t  t h e  c o n n e c t i n g  r o d
b e a r i n g bore f o r b u r r s , f o r e i g n
p a r t i c l e s ,  e t c . .

M e a s u r e  t h e  t h i c k n e s s  o f  t h e  b e a r i n g
she l l s , u s i n g a  m i c r o m e t e r  a n d  a t t a c h -
m e n t  J  4 7 5 7 , a s  d e s c r i b e d  u n d e r  “ I n -
s p e c t i o n ”  o n  p a g e  1 1 B - 5 7 .  T h e  m i n i m u m
t h i c k n e s s  o f  a  w o r n  s t a n d a r d  c o n n e c t i n g
rod  bear ing  she l l  shou ld  no t  be  less  than
0 . 1 5 3 0 ”  a n d , i f  e i t h e r  b e a r i n g  s h e l l  i s
th inner  than  th is  d imens ion ,  rep lace  bo th
b e a r i n g  s h e l l s . A  n e w  s t a n d a r d  b e a r i n g
s h e l l  h a s  a  t h i c k n e s s  o f  0 . 1 5 4 8 ”  t o
0 .1553” . T h e  d i m e n s i o n s  o f  u n d e r s i z e
b e a r i n g s  a r e  s h o w n  i n  t h e  f o l l o w i n g
tab le .

In a d d i t i o n t o t h e t h i c k n e s s
measurement, c h e c k  t h e  c l e a r a n c e  b e -
t w e e n  t h e  c o n n e c t i n g  r o d  b e a r i n g  s h e l l s
a n d  t h e  c r a n k s h a f t  j o u r n a l . T h i s  c l e a r -
ance  may  be  checked  by  means  o f  a  so f t
p las t i c  measur ing  s t r ip  wh ich  i s  squeezed
b e t w e e n  t h e  j o u r n a l  a n d  b e a r i n g  ( r e f e r
t o “ S h o p  N o t e -  T r o u b l e s h o o t i n g ”  o n
page  11B-121) . The maximum connect ing
r o d  b e a r i n g - t o - j o u r n a l  c l e a r a n c e  w i t h
used par ts  i s  0 .006” .

B e f o r e  i n s t a l l i n g  t h e  b e a r i n g s ,  i n s p e c t
t h e  c r a n k s h a f t  j o u r n a l s .

Do  no t  rep lace  one  connec t ing  rod  bear -
ing  she l l  a lone . I f  one  bear ing  she l l  re -
q u i r e s replacement, i n s t a l l  b o t h  n e w
u p p e r  a n d  l o w e r  b e a r i n g  s h e l l s .  A l s o ,  i f
a  n e w  o r  r e g r o u n d  c r a n k s h a f t  i s  t o  b e
used ,  ins ta l l  a l l  new bear ing  she l l s .

B e a r i n g  s h e l l s  a r e  a v a i l a b l e  i n  0 . 0 1 0 ” ,
0 . 0 2 0 ”  a n d  0 . 0 3 0 ”  u n d e r s i z e  f o r  s e r v i c e
w i t h  r e g r o u n d  c r a n k s h a f t s . T o  d e t e r -
m i n e  t h e  s i z e  b e a r i n g s  r e q u i r e d ,  r e f e r  t o
“ C r a n k s h a f t  G r i n d i n g ”  o n  p a g e  1 1 B - 4 9 .
Bear ings  wh ich  a re  0 . ,002”  unders ize  a re
ava i lab le  to  compensa te  fo r  s l i gh t  j ou rna l
w e a r  w h e r e  i t  i s  u n n e c e s s a r y  t o  r e g r i n d
t h e  c r a n k s h a f t .

NOTE

Bear ing  she l l s  a re  NOT reworkab le
f r o m  o n e  u n d e r s i z e  t o  a n o t h e r  u n -
der  any  c i rcumstances .

Install  Connecting Rod Bearing Shells

W i t h  t h e  c r a n k s h a f t  a n d  t h e  p i s t o n  a n d
connec t ing  rod  assembly  in  p lace ,  ins ta l l
the  connec t ing  rod  bear ings  as  fo l lows :

1 .  R o t a t e  t h e  c r a n k s h a f t  u n t i l  t h e  c o n -
nec t ing  rod  journa l  i s  a t  the  bo t tom o f  i t s
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t r a v e l ,  t h e n  w i p e  t h e  j o u r n a l  c l e a n  a n d
lubr ica te  i t  w i th  c lean  eng ine  o i l .

2 .  I n s t a l l  t h e  u p p e r  b e a r i n g  s h e l l - - t h e
one w i th  the  shor t  g roove  and o i l  ho le  a t
e a c h  p a r t i n g  l i n e - - i n  t h e  c o n n e c t i n g  r o d .
B e  s u r e  t h e  t a n g  o n  t h e  b e a r i n g  s h e l l
f i t s  in  the  groove in  the  connect ing  rod .

3 .  Pu l l  the  p is ton  and  rod  assembly  down
u n t i l  t h e  u p p e r  r o d  b e a r i n g  s e a t s  f i r m l y
on  the  c ranksha f t  j ou rna l .

4 .  No te  the  numbers  s tamped on  the  con-
n e c t i n g  r o d  a n d  t h e  b e a r i n g  c a p  a n d  i n -
s t a l l  t h e  l o w e r  b e a r i n g  s h e l l - - t h e  o n e
w i t h  t h e  c o n t i n u o u s  o i l  g r o o v e - - i n  t h e
b e a r i n g  c a p , w i t h  t h e  t a n g  o n  t h e  b e a r -
i n g s h e l l  i n  t h e  g r o o v e  i n  t h e  b e a r i n g
cap .

5 .  I n s t a l l  t h e  b e a r i n g  a n d  c a p  a n d  t i g h t -
e n  t h e  c o n n e c t i n g  r o d  b o l t  n u t s  t o  6 0 - 7 0
l b - f t  ( 8 1 - 9 5  N m )  t o r q u e  ( l u b r i t e  n u t )  o r
6 5 - 7 5  l b - f t  ( 8 8 - 1 0 2  N m )  t o r q u e  ( c a s t e l -
l a t e d  n u t ) .

NOTE

B e  s u r e  t h e  c o n n e c t i n g  r o d  b o l t
h a s  n o t  t u r n e d  i n  t h e  c o n n e c t i n g
rod  be fo re  to rque  i s  app l ied  to  the
n u t .

6 .  I n s t a l l  t h e  l u b r i c a t i n g  o i l  p u m p  a n d
the  o i l  i n le t  and  ou t le t  p ipes .

NOTE

I f  sh ims were  used be tween the  o i l
p u m p  b o d y  a n d  t h e  m a i n  b e a r i n g
caps , i n s t a l l  t h e  s h i m s  i n  e x a c t l y
t h e  s a m e  l o c a t i o n  f r o m  w h i c h  t h e y
were  removed.

7. Install the oil pan, using a new
g a s k e t .

8. Refer to Section 11H and fill the
c rankcase  to  the  p roper  leve l  on  the  d ip -
s t i c k .

I f  n e w  b e a r i n g s  w e r e  i n s t a l l e d ,  o p e r a t e
t h e  e n g i n e  o n  t h e  r u n - i n  s c h e d u l e  o u t -
l ined in  th is  subsect ion .

C Y L I N D E R  L I N E R

Description

T h e replaceable c y l i n d e r l i ne r
(F igure  11B-129 on page 11B-84) is ac-
c u r a t e l y  m a c h i n e d  a n d  h e a t  t r e a t e d  t o
p r o v i d e  a  l o n g  w e a r  s c u f f  r e s i s t a n t  s u r -
face. T h e  f l a n g e  a t  t h e  t o p  f i t s  i n t o  a
c o u n t e r b o r e  i n  t h e  c y l i n d e r  b l o c k  a n d
r e s t s  o n  a  r e p l a c e a b l e  c a s t  i r o n  i n s e r t
w h i c h  p e r m i t s  a c c u r a t e  a l i g n m e n t  o f  t h e
c y l i n d e r  l i n e r .

A  l o n g  o v a l  p o r t  c y l i n d e r  l i n e r  i s  u s e d
w i t h  p i s t o n s e q u i p p e d  w i t h  t h r e e  c o m -
p r e s s i o n  r i n g s  a n d  a  f i r e  r i n g  ( t o p  r i n g
g r o o v e ) .

T h e  l i n e r  i s  c o o l e d  b y  m e a n s  o f  a  w a t e r
j a c k e t  i n  t h e  c y l i n d e r  b l o c k  a n d  b y  t h e
s c a v e n g i n g  a i r  i n t r o d u c e d  i n t o  t h e  c y l i n -
d e r  t h r o u g h  t h e  a i r  i n l e t  p o r t s  a r o u n d
t h e l i n e r  ( F i g u r e  1 1 B - 1 2 9  o n  p a g e
11B-84) . T h e  a i r  i n l e t  p o r t s a re  ma-
c h i n e d  a t  a n  a n g l e  t o  c r e a t e  a  u n i f o r m
swi r l ing  mot ion  to  the  a i r  as  i t  en ters  the
c y l i n d e r . T h i s  m o t i o n  p e r s i s t  t h r o u g h -
ou t  the  compress ion  s t roke  and  fac i l i ta tes
scaveng ing  and  combust ion .

The wear  on  a  l iner  and  p is ton  i s  d i rec t -
l y  re la ted  to  the  amount  o f  abras ive  dus t
a n d  d i r t  i n t r o d u c e d  i n t o  t h e  e n g i n e  c o m -
b u s t i o n  c h a m b e r  t h r o u g h  t h e  a i r  i n t a k e .
T h i s  d u s t , c o m b i n e d  w i t h  l u b r i c a t i n g  o i l
o n  a  c y l i n d e r  w a l l , f o rms  a  l app ing  com-
p o u n d  a n d  w i l l  r e s u l t  i n  r a p i d  w e a r .
T h e r e f o r e ,  t o  a v o i d  p u l l i n g  c o n t a m i n a t e d
a i r  i n t o  t h e  c y l i n d e r , t h e  a i r  c l e a n e r
m u s t  b e  s e r v i c e d  r e g u l a r l y  a c c o r d i n g  t o
t h e  s u r r o u n d i n g s  i n  w h i c h  t h e  e n g i n e  i s
o p e r a t i n g .

Remove Cylinder Liner

It is very i m p o r t a n t  t h a t  t h e  p r o p e r
method  i s  fo l l owed when remov ing  a  cy l -
i n d e r  l i n e r . D o  n o t  a t t e m p t  t o  p u s h  t h e
l i n e r  o u t  b y  i n s e r t i n g  a  b a r  i n  t h e  l i n e r
p o r t s  a n d  r o t a t i n g  t h e  c r a n k s h a f t ,  o t h -
e rw ise  the  p is ton  may  be  damaged o r  the
upper  r ing  g roove  may  co l lapse .

Remove a cyl inder l iner f rom the block as
fo l lows :

1 .  Remove the  p is ton  and  connec t ing  rod
a s s e m b l y  a s  o u t l i n e d  i n  “ R e m o v e  P i s t o n
and  Connec t ing  Rod”  on  page  11B-71 .

2 .  R e m o v e  t h e  c y l i n d e r  l i n e r  w i t h  t o o l  J
1918-02 as follows:
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Figure  11B-129.  Cy l inder  L iner

A .  S l i p  t h e  l o w e r  p u l l e r  c l a m p  u p  o n  t h e
p u l l e r  r o d  a n d  o f f  t h e  t a p e r e d  s e a t .
C o c k  t h e  c l a m p  s o  i t  w i l l  s l i d e  d o w n
t h r o u g h  t h e  l i n e r . T h e  c l a m p  w i l l
d rop  back  on  the  tapered  sea t  a f te r  i t
c l e a r s  t h e  b o t t o m  o f  t h e  l i n e r . T h e n
s l i d e  t h e  u p p e r  p u l l e r  c l a m p  d o w n
aga ins t  the  top  edge o f  the  l ine r .

B .  W i t h  t h e  t o o l  i n  p l a c e ,  s t r i k e  t h e  u p -
se t  head  on  the  upper  end  o f  the  pu l -
l e r  r o d  a  s h a r p  b l o w  w i t h  t h e  p u l l e r
w e i g h t , t h u s  r e l e a s i n g  t h e  l i n e r  ( s e e
F igure  11B-130) .

C .  R e m o v e  t h e  t o o l  f r o m  t h e  l i n e r .  T h e n
remove the l iner  f rom the block.

D .  R e m o v e  t h e  l i n e r  i n s e r t  a n d  s h i m s  ( i f
u s e d )  f r o m  t h e  c o u n t e r b o r e  i n  t h e
b lock .

E .  Tag the  l iner ,  inser t  and  sh ims.

I f  t o o l  J  1 9 1 8 - 0 2  i s  u n a v a i l a b l e ,  t a p  t h e
l i n e r  o u t  w i t h  a  h a r d w o o d  b l o c k  a n d
hammer.

Inspect Used Cylinder Liner

W h e n  t h e  c y l i n d e r  l i n e r  i s  r e m o v e d  f r o m
t h e  c y l i n d e r  b l o c k , i t  mus t  be  thorough ly
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Figure 11B-130. Removing Cyl inder
L i n e r

c leaned and then checked for :

Cracks
Scor ing
Poor contact  on outer surface
F lange i r regu la r i t i es
Ins ide  d iameter
Outs ide  d iameter
O u t - o f - r o u n d
T a p e r

Figure 11B-131. High and Low
Pressure Contact Areas on Cyl inder

L i n e r



A  c r a c k e d  o r  e x c e s s i v e l y  s c o r e d  l i n e r
m u s t  b e  d i s c a r d e d . A  s l i g h t l y  s c o r e d
l iner may be c leaned up and reused.

E x c e s s i v e  l i n e r - t o - b l o c k  c l e a r a n c e  o r
b l o c k  b o r e  d i s t o r t i o n  w i l l  r e d u c e  h e a t
t r a n s f e r  f r o m  t h e  l i n e r  t o  t h e  b l o c k  a n d
t o  t h e  e n g i n e  c o o l a n t . Poor  con tac t  be -
t w e e n  t h e  l i n e r  a n d  t h e  b l o c k  b o r e  m a y
b e  i n d i c a t e d  b y  s t a i n s  o r  l o w  p r e s s u r e
a r e a s  o n  t h e  o u t e r  s u r f a c e  o f  t h e  l i n e r
(see Figure 11B-131 on page 11B-84).

Examine  the  ou ts ide  d iameter  o f  the  l iner
f o r  f r e t t i n g . F r e t t i n g  i s  t h e  r e s u l t  o f  a
s l igh t  movement  o f  the  l i ne r  in  the  b lock
b o r e  d u r i n g  e n g i n e  o p e r a t i o n ,  w h i c h
c a u s e  m a t e r i a l  f r o m  t h e  b l o c k  t o  a d h e r e
t o  t h e  l i n e r . These  meta l  pa r t i c les  may
be  removed  f rom the  su r face  o f  the  l i ne r
w i th  a  coarse ,  f la t  s tone .

The  l i ne r  f l ange  mus t  be  smoo th  and  f l a t
o n  b o t h  t h e  t o p  a n d  b o t t o m  s u r f a c e s .
C h e c k  f o r  c r a c k s  a t  t h e  f l a n g e .  T h e  l i n -
e r  i nser t  mus t  a l so  be  smooth  and  f l a t  on
t h e  t o p  a n d  b o t t o m  s u r f a c e s . Replace
t h e  i n s e r t  i f  t h e r e  i s  e v i d e n c e  o f  b r i n e l l -
i n g .

A  u s e d  c y l i n d e r  l i n e r  m u s t  b e  h o n e d  f o r
the  fo l low ing  reasons :

1. Break  the  g laze  (F igu re  11B-132)  due
t o t h e  r u b b i n g  a c t i o n  o f  t h e  p i s t o n  r i n g s

NOTE

Do no t  mod i fy  the  sur face  f in ish  in
a  new serv ice  l iner . S ince  the  l in -
e r  i s  p r o p e r l y  f i n i s h e d  a t  t h e  f a c -
t o r y ,  a n y c h a n g e  w i l l  a d v e r s e l y
a f fec t  sea t ing  o f  the  p is ton  r ings .

Figure 11B-132. Glaze Surface of
C y l i n d e r  L i n e r

w h i c h  r e s u l t  a f t e r  l o n g  p e r i o d s  o f  o p e r a -
t i o n . U n l e s s  t h i s  g l a z e  i s  r e m o v e d ,  t h e
t i m e  r e q u i r e d  t o  s e a t  n e w  p i s t o n  r i n g s
w i l l  be  leng thened .

2 .  R e m o v e  t h e  r i d g e  ( F i g u r e  1 1 B - 1 3 3  o n
page 11B-86) formed at the top by the
p i s t o n  r i n g  t r a v e l . O t h e r w i s e ,  i n t e r f e r -
ence  w i th  the  t rave l  o f  the  new compres-
s ion  r ings  may resu l t  in  r ing  b reakage.

T h e r e f o r e , e v e n  t h o u g h  t h e  t a p e r  a n d
o u t - o f - r o u n d  a r e  w i t h i n  s p e c i f i e d  l i m i t s ,
t h e  g l a z e  a n d  r i d g e  m u s t  b e  r e m o v e d  b y
w o r k i n g a  h o n e  u p  a n d  d o w n  t h e  f u l l
length of  the l iner a few t imes.

P l a c e  t h e  l i n e r  i n  a  f i x t u r e  ( a  s c r a p  c y l -
i n d e r  b l o c k  m a k e s  a n  e x c e l l e n t  h o n i n g
f i x t u r e ) .  H o w e v e r , i f  i t  i s  n e c e s s a r y  t o
hone a  l ine r  in  the  cy l inder  b lock  tha t  i s
to  be  used in  bu i ld ing  up  the  eng ine ,  the
eng ine  mus t  be  d ismant led  and  then ,  a f -
t e r  h o n i n g ,  t h e  c y l i n d e r  b l o c k  a n d  o t h e r
p a r t s  m u s t  b e  t h o r o u g h l y  c l e a n e d  t o  e n -
s u r e t h a t all a b r a s i v e mater ia l is
removed.

T h e  h o n e  J 5 9 0 2 - 0 1 ,  e q u i p p e d  w i t h  1 2 0
g r i t  s t o n e s  J  5 9 0 2 - 1 4 ,  s h o u l d  b e  w o r k e d
u p  a n d  d o w n  t h e  f u l l  l e n g t h  o f  t h e  l i n e r
a  f e w  t i m e s  i n  a  c r i s s  c r o s s  p a t t e r n  t h a t
produces hone marks at  a 45° axis.

A f t e r  t h e  l i n e r  h a s  b e e n  h o n e d ,  r e m o v e
i t  f rom the  f i x tu re  and  c lean  i t  thorough-
l y . Then dry  i t  w i th  compressed a i r  and
c h e c k  t h e  e n t i r e  s u r f a c e  f o r  b u r r s .

A f t e r  h o n i n g , t h e  l i n e r  m u s t  c o n f o r m  t o
t h e same limits on t a p e r and
o u t - o f - r o u n d  a s  a  n e w  l i n e r  a n d  t h e  p i s -
t o n - t o - l i n e r  c l e a r a n c e  m u s t  b e  w i t h i n  t h e
spec i f ied  l im i ts .

Liner Measurement

M e a s u r e  t h e  b l o c k  b o r e  a n d  t h e  o u t s i d e
diameter of the liner. If the
l i n e r - t o - b l o c k clearance (w i t h used
p a r t s )  e x c e e d s  0 . 0 0 2 5 ”  o r  0 . 0 0 1 ”  p r e s s
f i t ,  i t  w i l l  be  necessary  to  bore  the  b lock
fo r  an  overs ize  l iner .

Ins ta l l  the  l i ne r  in  the  p roper  bore  o f  the
c y l i n d e r  b l o c k . Measure the inside diam-
e t e r  o f  t h e  l i n e r  a t  t h e  v a r i o u s  p o i n t s
shown in F i g u r e  1 1 B - 1 3 4  o n page
11B-86. U s e  c y l i n d e r  b o r e  g a u g e  J
5 3 4 7 - 0 1 ,  w h i c h  h a s  a  d i a l  i n d i c a t o r  c a l i -
b r a t e d  i n  0 . 0 0 0 1 ”  i n c r e m e n t s .  S e t  t h e
c y l i n d e r  b o r e  g a u g e  o n  z e r o  i n  m a s t e r
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Figure  11B-133.  Cy l inder  L iner  R idge
Due to Wear

r ing  gauge  J  5580-1 .  A lso  check  the  l i n -
e r  f o r  t a p e r  a n d  o u t - o f - r o u n d . I t  i s  no t
necessary  to  measure  the  ins ide  d iameter
o r  taper  o f  a  new l ine r .

NOTE

D i a l  b o r e  g a u g e  m a s t e r  r i n g  f i x -
t u r e  J 2 3 0 5 9 - 0 1  m a y  b e  u s e d  i n
place of  the master r ing gauge.

The  p is ton  l i ne r  c learance  mus t  be  w i th in
s p e c i f i e d  l i m i t s .  A l s o ,  t h e  t a p e r  m u s t
n o t  e x c e e d  0 . 0 0 2 ”  a n d  t h e  o u t - o f - r o u n d
must  no t  exceed 0 .0025”  on  a  used  l ine r .
I f  t h e  o u t - o f - r o u n d  e x c e e d s  0 . 0 0 2 5 ” ,  r o -
t a t e  t h e  l i n e r  9 0 °  i n  t h e  b l o c k  b o r e  a n d
recheck .

C y l i n d e r  l i n e r s  a r e  a v a i l a b l e  i n  0 . 0 0 1 ” ,
0 . 0 0 5 ” ,  0 . 0 1 0 ” , 0 . 0 2 0 ”  a n d  0 . 0 3 0 ”  o v e r -
s i z e  o n  t h e  o u t s i d e  d i a m e t e r . When an
overs ize l i n e r  i s ins ta l led , s t a m p  t h e
amount  o f  overs ize  on  top  o f  the  cy l inder
bore  ad jacen t  to  the  l i ne r  coun te rbore .

Selection of New Cylinder Liner

T h e  c y l i n d e r b o r e s  i n  a  n e w  c y l i n d e r
b lock  a re  c lass i f i ed  as  No.  1 ,  2  o r  3  des-
igna t ing  the  spec i f i c  s ize  range fo r  each
b o r e  a n d  t h e  a p p r o p r i a t e  c y l i n d e r  l i n e r
t h a t  m a y  b e  f i t t e d  t o  e a c h  b o r e . t h e
c l a s s i f i c a t i o n  n u m b e r  i s  s t a m p e d  o n  t h e
f i r e  d e c k  o f  t h e  c y l i n d e r  b l o c k  a d j a c e n t
to  each  cy l inder  bore .

A  new s tandard  s ize  cy l inder  l iner  i s  a lso
c l a s s i f i e d  a s  N o .  1 ,  2  o r  3  a s  i l l u s t r a t e d

11B-86

Figure  116-134.  Cy l inder  L iner
Measurement Diagram

in Figure 11B-135 on page 11B-87 and
the  tab le .

A l t h o u g h  t h e  b l o c k  b o r e s  a n d  l i n e r s
shou ld  be  measured  to  de te rm ine  the  l i n -
e r - t o - b o r e  c l e a r a n c e ,  t h e  s e l e c t i o n  o f  a
l i n e r  i s  n a r r o w e d  d o w n  t o  o n l y  t h o s e  i n
the  appropr ia te  c lass i f i ca t ion  or  poss ib ly
a  0 .001”  overs ize  l iner .

B e f o r e  i n s t a l l i n g  a  l i n e r  i n  a  u s e d  c y l i n -
d e r  b l o c k  a l w a y s  l i g h t l y  h o n e  t h e  b l o c k
bore .

A f t e r  h o n i n g  t h e  b l o c k  b o r e ,  c h e c k  t h e
b o r e  m e a s u r e m e n t s  t o  d e t e r m i n e  i f  a
s t a n d a r d  l i n e  o r  p o s s i b l y  a  0 . 0 0 1 ”  o v e r -
s i z e  l i n e r  c a n  b e  u s e d  ( r e f e r  t o  t h e  f o l -
l o w i n g  t a b l e s ) . A  p u s h  f i t  b e t w e e n  t h e
l i n e r  a n d  t h e  b l o c k  i s  d e s i r a b l e . I f  a n
a d e q u a t e  p u s h  f i t  c a n n o t  b e  o b t a i n e d ,  i t
m a y  b e  n e c e s s a r y  t o  b o r e  t h e  b l o c k  t o
rece ive  an  overs ize  l iner .

When i t  becomes necessary  to  ins ta l l  an
overs ize  l iner ,  the  same care  in  se lec t i ve
t o l e r a n c e  f i t t i n g m u s t  b e  a d h e r e d  t o .
However , i t  may  be  more  d i f f i cu l t  to  se -
l e c t  a n  o v e r s i z e  l i n e r  s i n c e t h e  s i z e



range is  no t  b roken down in to  c lass i f i ca -
t i o n s .

I n  d e c i d i n g  w h e t h e r  b o r i n g  i s  n e c e s s a r y
o r  n o t , keep  in  m ind  tha t  each  bore  in  a
u s e d  b l o c k  m u s t  n o t  b e  o u t - o f - r o u n d  o r
t a p e r e d  m o r e  t h a n  0 . 0 0 2 ” . I f  t h e  a v e r -
age  b lock  bore  i s  over  4 .6285”  the  cy l in -
der  b lock  shou ld  be  bored  overs ize .

T o  d e t e r m i n e  w h a t  s i z e  t o  r e - b o r e  t h e
cy l inder  b lock  fo r  an  overs ize  l i ne r ,  each
s e r v i c e  l i n e r  u s e d  m u s t  b e  m e a s u r e d  o n
t h e  o u t s i d e  d i a m e t e r  f o r  s i z e  i n  t h r e e
p l a c e s  ( u n d e r  t h e  f l a n g e ,  b e t w e e n  t h e
f l a n g e  a n d  t h e  p o r t s ,  a n d  a b o v e  t h e
p o r t s ) . T h e  c y l i n d e r  b o r e  s i z e  w i l l  b e
d e t e r m i n e d  b y  t h e  a v e r a g e  l i n e r  m e a s -
urement  taken  a t  the  th ree  pos i t ions

F i g u r e  1 1 B - 1 3 5 .  C y l i n d e r  L i n e r
C l a s s i f i c a t i o n

T h e n ,  4 . 6 2 8 5 ” +  0 .001”  bor ing  to le rance
will allow a bore s i z e  o f  4 . 6 2 8 5 ”  t o
4 . 6 2 9 5 ”  a n d a  p o s s i b l e  l i n e r - t o - b l o c k
c l e a r a n c e  o f  0 . 0 0 0 5 ”  t o  0 . 0 0 1 5 ” . T h e
c l e a r a n c e  t o l e r a n c e i s  t h e  d i m e n s i o n a l
d i f f e r e n c e  b e t w e e n  t h e  l i n e r  O . D .  a n d
t h e  b l o c k  b o r e  I . D . .

Fi t t ing Cyl inder  L iner  in  Block Bore

1.  Wipe  the  ins ide  and ou ts ide  o f  the  l in -
e r  c l e a n  a n d  m a k e  s u r e  t h e  b l o c k  b o r e
and  coun te rbore  a re  c lean .

2 .  P l a c e  a  s t a n d a r d  s i z e  c y l i n d e r  l i n e r
i n s e r t  ( 0 . 1 7 9 5 ” - 0 . 1 8 0 0 ”  t h i c k )  i n  t h e
b l o c k  c o u n t e r b o r e ( s e e  F i g u r e  1 1 B - 1 3 6
on  page  11B-89) .

3 .  P u s h  t h e  c y l i n d e r  l i n e r  i n t o  t h e  c y l i n -
d e r  b l o c k  u n t i l  t h e  l i n e r  f l a n g e  r e s t s  o n
t h e  i n s e r t . D o  n o t  u s e  e x c e s s i v e  f o r c e
t o  i n s t a l l  t h e  l i n e r . T h e  l i n e r  s h o u l d
s l i d e  s m o o t h l y  i n  p l a c e  w i t h  h a n d  p r e s -
s u r e . I f  a  new l iner  cannot  be  pushed in
p lace ,  l i gh t  hon ing  o f  the  b lock  bore  may
be necessary  to  ob ta in  the  des i red  f i t  fo r
b e s t  h e a t  t r a n s f e r .
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4 .  I n s t a l l  a c y l i n d e r l i n e r  h o l d - d o w n
c l a m p  a s s h o w n  i n Figure 11B-137 on
page 11B-89.

5 .  M e a s u r e  t h e  d i s t a n c e  f r o m  t h e  t o p  o f
t h e  l i n e r  t o  t h e  t o p  o f  t h e  b l o c k  w i t h  a
dial indicator (see Figure 11B-137 on
page  11B-89) . The  l i ne r  f l ange  mus t  be
0 .045”  to  0 .050”  be low the  su r face  o f  the
b lock . However , even  th rough  a l l  o f  the
l i n e r s  a r e  w i t h i n  t h e s e  s p e c i f i c a t i o n s ,
there  mus t  no t  be  over  0 .002”  d i f fe rence
in  dep th  be tween any  two ad jacent  l i ners
when measured  a long  the  cy l inder  long i -
tud ina l  cen te r  l i ne .

11B-88

NOTE

A 0 .002”  th ick  sh im is  ava i lab le  fo r
a d j u s t i n g  t h e  l i n e r  h e i g h t . T h e
sh im mus t  be  ins ta l led  undernea th
t h e  l i n e r  i n s e r t . D o  n o t  c u t  t h e
sh im fo r  ins ta l la t ion . L i n e r  i n s e r t s
w h i c h  a r e  0 . 0 0 1 5 ”  t h i c k e r  o r  t h i n -
n e r  t h a n  s t a n d a r d  a r e  a l s o  a v a i l -
a b l e  f o r  s e r v i c e . I n  a d d i t i o n ,  t h e
0 . 0 0 4 ”  a n d  0 . 0 0 8 ”  t h i n n e r  i n s e r t s ,
w h i c h  a r e  p r o v i d e d  f o r  u s e  w i t h
resur faced  cy l i nder  b locks ,  can  a l -
so be used to adjust the liner
h e i g h t .

6 .  M a t c h m a r k  t h e  l i n e r  a n d  t h e  c y l i n d e r
b lock  w i th  a  fe l t  pen  so  the  l i ne r  may  be
r e i n s t a l l e d  i n  t h e  s a m e  p o s i t i o n  i n  t h e



Figure  11B-136.  Cy l inder  L iner
Mount ing  in  B lock

same block bore. the matchmarks should
be toward the blower side of  the engine.

7 .  Remove  the  ho ld -down c lamp and  the
cylinder liner.

Do not remove the  l iner  inser t .

NOTE

Ins ta l l  P is ton  and Connec t ing  Rod As-
sembly

1 .  Wi th  the  p is ton  assembled  to  the  con-

n e c t i n g
place,

r o d  a n d  t h e  p i s t o n r i n g s in

t o n ,
app ly  c lean  eng ine  o i l  to  the  p is -

r i n g s  a n d  t h e  i n s i d e  s u r f a c e  o f  t h e
piston r ing compressor J 3272-03.

NOTE

I n s p e c t  t h e  r i n g  c o m p r e s s o r  f o r
n i c k s  o r  b u r r s , e s p e c i a l l y  a t  t h e
n o n - t a p e r e d  i n s i d e  d i a m e t e r  e n d .
N icks  o r  bur rs  on  the  ins ide  d iam-
e t e r  o f  t h e  c o m p r e s s o r  w i l l  r e s u l t
in damage to the piston r ings.

2 .  P lace  the  p is ton  r ing  compressor  on  a
w o o d  b l o c k ,  w i t h  t h e  t a p e r e d  e n d  o f  t h e
compressor  fac ing  up .

3 .  Pos i t ion  (s tagger )  the  p is ton  r ing  gaps
p r o p e r l y  o n  t h e  p i s t o n . M a k e  s u r e  t h e
e n d s  o f  t h e  o i l  c o n t r o l  r i n g  e x p a n d e r s
are  no t  over lapped .

4 .  S tar t  the  top  o f  the  p is ton  s t ra igh t  in -
t o  t h e  r i n g  c o m p r e s s o r .  T h e n  p u s h  t h e
p i s t o n  d o w n  u n t i l  i t  c o n t a c t s  t h e  w o o d
b lock  (opera t ion  1  o f  F igure  11B-138) .

Figure 11B-137. Checking Distance of
Liner Flange Below Top Face of  Block

F i g u r e  1 1 B - 1 3 8 .  I n s t a l l i n g  P i s t o n  i n
C y l i n d e r  L i n e r
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5. Place the r ing compressor and the pis-
t o n  a n d  c o n n e c t i n g  r o d  a s s e m b l y  o n  t h e
l ine r  so  the  numbers  on  the  rod  and  cap
a r e  a l i g n e d  w i t h  t h e  m a t c h m a r k s  o n  t h e
liner (operation 2 of Figure 11B-138 on
page  11B-89) .

NOTE

T h e  n u m b e r s  o n  t h e  s i d e  o f  t h e
connec t ing rod and cap (
F i g u r e  1 1 B - 1 3 9 )  i d e n t i f y  t h e  r o d
w i t h  t h e  c a p  a n d  i n d i c a t e  t h e  p a r -
t i c u l a r  c y l i n d e r  i n  w h i c h  t h e y  a r e
used. I f  a  new serv ice  connect ing
r o d  i s  t o  b e  i n s t a l l e d ,  t h e  s a m e
ident i f i ca t ion numbers m u s t  b e
stamped in the same locat ion as on
t h e  c o n n e c t i n g r o d  t h a t  w a s  r e -
placed.

6 .  P u s h  t h e  p i s t o n  a n d  c o n n e c t i n g  r o d
assembly  down in to  the  l iner  un t i l  the  p i -
s ton  i s  f ree  o f  the  r ing  compressor .

NOTE

D o  n o t  f o r c e  t h e  p i s t o n  i n t o  t h e
l i n e r . T h e  p e r i p h e r a l  a b u t m e n t
t y p e  e x p a n d e r s  a p p l y  c o n s i d e r a b l y
more  fo rce  on  the  o i l  r i ng  than  the
s t a n d a r d e x p a n d e r . T h e r e f o r e ,
e x t r a  c a r e  m u s t  b e  t a k e n  d u r i n g
t h e  l o a d i n g  o p e r a t i o n  t o  p r e v e n t
r ing  b reakage .

7 .  R e m o v e  t h e  c o n n e c t i n g  r o d  c a p  a n d
t h e  r i n g  c o m p r e s s o r .  T h e n  p u s h  t h e  p i -
s t o n  d o w n  u n t i l  t h e  c o m p r e s s i o n  r i n g s
pass  the  cy l inder  l iner  por ts .

I n s t a l l  C y l i n d e r  L i n e r ,  P i s t o n  a n d  C o n -
nec t ing  Rod

A f t e r  t h e  p i s t o n  a n d  c o n n e c t i n g  r o d  a s -
s e m b l y  h a v e  b e e n  i n s t a l l e d  i n  t h e  c y l i n -
d e r  l i n e r , i n s t a l l  t h e  e n t i r e  a s s e m b l y  i n
the engine as fol lows:

1 .  I f  a n y  o f  t h e  p i s t o n s  a n d  l i n e r s  a r e
a l r e a d y  i n  t h e  e n g i n e ,  u s e  h o l d - d o w n
c lamps  to  re ta in  the  l i ne rs  in  p lace  when
the  c rankshaf t  i s  ro ta ted .

2 .  R o t a t e  t h e  c r a n k s h a f t  u n t i l  t h e  c o n -
nec t ing  rod  jou rna l  o f  the  par t i cu la r  cy l -
inder being worked on is at  the bottom of
i t s  t r a v e l . W i p e  t h e  j o u r n a l  c l e a n  a n d
lubr ica te  i t  w i th  c lean  eng ine  o i l .

11B-90

Figure 11B-139. Connect ing Rod
Markings

3 .  I n s t a l l  t h e  u p p e r  b e a r i n g  s h e l l ,  t h e
one w i th  a  shor t  o i l  g roove  a t  each  par t -
i n g  l i n e r , in  the  connec t ing  rod . L u b r i -
c a t e  t h e  b e a r i n g  s h e l l  w i t h  c l e a n  e n g i n e
o i l .

4 .  P o s i t i o n  t h e  p i s t o n ,  r o d  a n d  l i n e r  a s -
s e m b l y  i n  l i n e  w i t h  t h e  b l o c k  b o r e  ( s e e
F i g u r e  1 1 B - 1 4 0  o n  p a g e  1 1 B - 9 1 )  s o  t h e
iden t i f i ca t ion  number  on  the  rod  i s  fac ing
t h e  b l o w e r  s i d e  o f  t h e  e n g i n e  a n d  t h e
m a t c h m a r k s  o n  t h e  l i n e r  a n d  t h e  b l o c k
a r e  i n  a l i g n m e n t . G u i d e  t h e  e n d  o f  t h e
c o n n e c t i n g  r o d  t h r o u g h  t h e  b l o c k  b o r e
care fu l l y  to  avo id  damag ing  o r  d is lodg ing
t h e  b e a r i n g shel l . T h e n s l i d e  t h e
p i s t o n , r o d  a n d  l i n e r  a s s e m b l y  s t r a i g h t
i n t o  t h e  b l o c k  b o r e  u n t i l  t h e  l i n e r  r e s t s
a g a i n s t  t h e  i n s e r t  i n  t h e  c o u n t e r b o r e  i n
the  b lock .

5 .  P u s h  o r  p u l l  t h e  p i s t o n  a n d  c o n n e c t -
i n g r o d  i n t o  t h e  l i n e r  u n t i l  t h e  u p p e r
b e a r i n g s h e l l  i s  f i r m l y  s e a t e d  o n  t h e
c r a n k s h a f t  j o u r n a l .

6 .  P lace  the  lower  bear ing  she l l ,  the  one
w i t h  t h e  c o n t i n u o u s  o i l  g r o o v e  f r o m  o n e
par t ing  l ine  to  the  o ther ,  in  the  connec t -
i n g  r o d  c a p , w i t h  t h e  t a n g  o n  t h e  b e a r -
i n g  s h e l l  i n  t h e  n o t c h  i n  t h e  c o n n e c t i n g
r o d  b e a r i n g  c a p . L u b r i c a t e  t h e  b e a r i n g
shel l  wi th c lean engine oi l .

7 .  I n s t a l l  t h e  b e a r i n g  c a p  a n d  t h e  b e a r -
i n g  s h e l l  o n  t h e  c o n n e c t i n g  r o d  w i t h  t h e
i d e n t i f i c a t i o n  n u m b e r s  o n  t h e  c a p  a n d
rod  ad jacen t  to  each  o ther . T i g h t e n  t h e
c o n n e c t i n g  r o d  b o l t  n u t s  t o  6 0 - 7 0  l b - f t



ENGINE BALANCE AND BALANCE
WEIGHTS

F i g u r e  1 1 B - 1 4 0 .  I n s t a l l i n g  C y l i n d e r
L i n e r  i n  C y l i n d e r  B l o c k

(81-95  Nm)  to rque  ( lub r i te  nu t )  o r  65 -75
l b - f t  ( 8 8 - 1 0 2  N m )  t o r q u e  ( c a s t e l l a t e d
n u t ) .

NOTE

B e  s u r e  t h e  c o n n e c t i n g  r o d  b o l t
h a s  n o t  t u r n e d  i n  t h e  c o n n e c t i n g
rod  be fo re  to rque  i s  app l ied  to  the
n u t .

8 .  C h e c k  t h e  c o n n e c t i n g  r o d  s i d e  c l e a r -
ance. T h e  c l e a r a n c e  m u s t  b e  0 . 0 0 6 ”  t o
0 .012” .

9 .  Ins ta l l  the  remain ing  l iner ,  p is ton  and
rod assembl ies in the same manner. Use
h o l d - d o w n  c l a m p s  t o  h o l d  e a c h  l i n e r  i n
place.

1 0 .  A f t e r  a l l  o f  t h e  l i n e r s  a n d  p i s t o n s
have been instal led, remove t h e
hold-down c lamps.

11 .  Ins ta l l  new compress ion  gaske ts  and
water  and  o i l  sea ls  as  ou t l ined  in  “Cy l in -
d e r  H e a d ”  o n  p a g e  1 1 B - 1 4 .  T h e n  i n s t a l l
t h e  c y l i n d e r  h e a d  a n d  a n y  o t h e r  p a r t s
which were removed from the engine.

12 .  A f te r  the  eng ine  has  been  comple te ly
reassembled, r e f e r  t o  S e c t i o n  1 1 H  a n d
r e f i l l  t h e  c r a n k c a s e  t o  t h e  p r o p e r  l e v e l
o n  t h e  d i p s t i c k .

1 3 .  C l o s e  a l l  o f  t h e  d r a i n s  a n d  f i l l  t h e
cool ing system.

1 4 .  I f  n e w  p a r t s  s u c h  a s  p i s t o n ,  r i n g s ,
cylinder liners or bearings were
instal led, operate the engine o n  t h e
run- in  schedu le  g iven in  th is  subsec t ion .

Description

B o t h  r o t a t i n g a n d  r e c i p r o c a t i n g  f o r c e s
are  comp le te ly  ba lanced  in  the  eng ines .
T h e  e c c e n t r i c  r o t a t i n g  m a s s e s  o f  t h e
c r a n k s h a f t  a n d  c o n n e c t i n g  r o d s  a r e  b a l -
a n c e d  b y  c o u n t e r w e i g h t s  o n  t h e  c r a n k -
sha f t  cheeks .

The  rec ip roca t ing  masses  ( the  p is ton  and
upper  end  o f  the  rod )  p roduce  an  unba l -
a n c e d  c o u p l e  b y  v i r t u e  o f  a n  a r r a n g e -
m e n t  o n t h e c r a n k s h a f t in wh ich
r e c i p r o c a t i n g  m a s s e s ,  t h o u g h  e q u a l ,  a r e
n o t  o p p o s i t e . T h i s  u n b a l a n c e  c o u p l e ,
wh ich  tends  to  rock  the  eng ine  f rom end
to  end ,  i s  ba lanced  by  an  a r rangement  o f
r o t a t i n g  c o u n t e r w e i g h t s ,  m o u n t e d  a t  t h e
f ron t  and  rea r  ends  o f  the  camsha f t  and
b a l a n c e  s h a f t ,  w h i c h  p r o d u c e s  a  c o u p l e
e q u a l  a n d  o p p o s i t e  i n  m a g n i t u d e . Con-
s e q u e n t l y t h e eng ine wi l l opera te
s m o o t h l y  a n d  i n  b a l a n c e  t h r o u g h o u t  i t s
en t i re  speed range.

E a c h  s e t  o f  w e i g h t s  ( w e i g h t s  o n  o n e
shaf t  compr ise  a  se t )  ro ta tes  in  an  oppo-
s i t e  d i r e c t i o n  w i t h  r e s p e c t  t o  t h e  o t h e r .
W h e n  t h e  t w o  w e i g h t s  a t  e i t h e r  e n d  o f
t h e  e n g i n e  a r e  i n  a  v e r t i c a l  p l a n e ,  t h e i r
cen t r i fuga l  fo rces  a re  in  the  same d i rec -
t i o n  a n d  o p p o s e  t h e  u n b a l a n c e  c o u p l e ;
w h e n  t h e y  a r e  i n  a  h o r i z o n t a l  p l a n e ,  t h e
c e n t r i f u g a l f o r c e s  o f t h e s e  b a l a n c e
w e i g h t s  a r e  o p p o s i t e  a n d  a r e  t h e r e f o r e
cancel led. The  f ron t  ba lance  we igh ts  a re
e c c e n t r i c  i n  a  d i r e c t i o n  o p p o s i t e  t o  t h e
rear  ba lance  we igh ts . T h e r e f o r e ,  r o t a -
t i o n  w i l l  r e s u l t  i n  t h e  d e s i r e  c o u p l e
e f fec t i ve  on ly  in  a  ver t i ca l  p lane .

T h e  b a l a n c e  w e i g h t s  c o n s i s t  o f  t w o  e c -
c e n t r i c weights a t  e a c h end of the
eng ine .

T h e  f r o n t  b a l a n c e  w e i g h t s  a r e  k e y e d  t o
the f ront  end of  the camshaft  and the ba-
lance s h a f t  ( F i g u r e  1 1 B - 1 4 1  o n  p a g e
11B-92) . B a l a n c e  w e i g h t s  a r e  o f  o n e
p iece  cons t ruc t ion .

Remove Front Balance Weights

1. Remove the balance weight cover.
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Figure 11B-141. Front Balance Weight
Mounting

2.  Place a block of  wood between the bal-
a n c e  w e i g h t s  t o  p r e v e n t  r o t a t i o n  ( s e e
Figure 11B-142 on page 11B-92).

3 .  L o o s e n  t h e  b a l a n c e  w e i g h t  r e t a i n i n g
n u t  o n  t h e  c a m s h a f t  a n d  b a l a n c e  s h a f t
w i t h  a  1 - 1 / 2 ”  s o c k e t  w r e n c h  a n d  r e m o v e
the  nu ts  and  in te rna l  too th  lock  washers .

4 .  F o r c e  t h e  b a l a n c e  w e i g h t  o f f  t h e  e n d
o f  e a c h  s h a f t  w i t h  t w o  h e a v y  s c r e w d r i v -
e rs  o r  p ry  bars  be tween the  heads  o f  the
b e a r i n g r e t a i n i n g  b o l t  a n d  t h e  b a l a n c e
weigh t  (see  F igure  11B-143) .

Inspection

C l e a n  a l l  o f  t h e  p a r t s  t h o r o u g h l y  w i t h
f u e l  o i l  a n d  d r y  t h e m  w i t h  c o m p r e s s e d
a i r .

I f  t h e  t h r u s t  s u r f a c e  ( s i d e  f a c i n g  t h e
c a m s h a f t )  o f  t h e  b a l a n c e  w e i g h t  h u b  i s

Figure 11B-142. Loosen Nut on
Camshaft  or  Balance Shaft

11B-92

Figure 11B-143. Removing Balance
Weight Assembl ies

d a m a g e d  o r  t h e  b u s h i n g  i s  w o r n ,  i t  w i l l
be necessary to instal l  a pair  of  new bal-
ance we igh ts .

The  c lea rance  be tween  a  ba lance  we igh t
b u s h i n g  a n d  t h e  b a l a n c e  w e i g h t  h u b  i s
f r o m  0 . 0 0 0 5 ”  t o  0 . 0 0 3 5 ”  w i t h  n e w  p a r t s
a n d  0 . 0 0 6 ”  w i t h  u s e d  p a r t s . The  c lea r -
a n c e  b e t w e e n  t h e  w e i g h t  a n d  t h e  h u b
should be f rom 0.010” to 0.023”.

Install Front Balance Weights

1 .  I n s t a l l  W o o d r u f f  k e y s  i n  t h e  k e y w a y s
a t  the  f ron t  end  o f  the  camsha f t  and  the
balance shaft .

2 .  A l i g n t h e  k e y w a y  i n  t h e  b a l a n c e
weight  hub w i th  the  key  in  the  shaf t  and
sl ide the balance weight on the camshaft .

3 .  Ins ta l l  the  ba lance  we igh t  on  the  ba l -
ance shaft  in the same manner.

4 .  S l i p  a n i n t e r n a l  t o o t h  l o c k  w a s h e r
o v e r  t h e  e n d  o f  e a c h  s h a f t . S t a r t  t h e
nuts  on  bo th  sha f ts .

5.  Place a block of  wood between the bal-
ance we igh ts  as  shown in  F igure  11B-142
and t igh ten  the  re ta in ing  nu ts  to  300-325
lb - f t  (407 -441  Nm)  to rque .

6 .  I n s t a l l  t h e  b a l a n c e  w e i g h t  c o v e r ,  u s -
ing a new gasket.

GEAR TRAIN  AND ENGINE T IM ING



Gear  Tra in

DESCRIPTION. A  c o m p l e t e l y  e n c l o s e d
t r a i n  o f  f i v e  h e l i c a l  g e a r s  i s  l o c a t e d  a t
t h e  r e a r  e n d  o f  t h e  e n g i n e  a s  s h o w n  i n
F igure  11B-144. A  g e a r  b o l t e d  t o  t h e
c r a n k s h a f t  f l a n g e  d r i v e s  t h e  c a m s h a f t
a n d  b a l a n c e  s h a f t  g e a r s ,  a s  w e l l  a s  t h e
b l o w e r  d r i v e  g e a r  t h r o u g h  a n  i d l e r  g e a r
m o u n t e d  b e t w e e n  t h e  c r a n k s h a f t  a n d
camshaft  gears.

T h e  c a m s h a f t  g e a r  a n d  b a l a n c e  s h a f t
gear  mesh  w i th  each  o ther  and  run  a t  the
same speed a s  t h e  c r a n k s h a f t  g e a r .
S i n c e  t h e s e  t w o  g e a r s  m u s t  b e  i n  t i m e
wi th  each o ther ,  and the  two as  a  un i t  in
t i m e  w i t h  t h e  c r a n k s h a f t  g e a r ,  t h e  l e t t e r
“O”  i s  p laced  on  one  too th  o f  one  o f  the
g e a r s  w i t h  a  c o r r e s p o n d i n g  m a r k  a t  t h e
r o o t  o f  t h e  m a t i n g  t e e t h  o f  t h e  o t h e r
g e a r .

The camshaft  and balance shaf t  gears are
keyed to  the i r  respec t ive  sha f ts  and he ld
secure ly a g a i n s t  t h e  s h o u l d e r  o n  t h e
s h a f t  b y  a  n u t . V iew ing  the  eng ine  f rom
t h e  g e a r  t r a i n  e n d ,
has le f t hand

t h e  r i g h t  h a n d  g e a r ,
helical tee th (see

F igure  11B-144) .

T h e  i d l e r  g e a r  r o t a t e s  o n  a  d o u b l e  r o w ,
tapered  ro l l e r  bear ing  moun ted  on  a  s ta -
t i o n a r y  h o l l o w  h u b . T h i s  h u b  i s  a c c u -
r a t e l y  l o c a t e d  o n  t h e  c y l i n d e r  b l o c k  e n d
p l a t e  a t  t h e  l e f t  h a n d  s i d e  o f  t h e  e n g i n e
as  v iewed f rom the  gear  t ra in  end .

A  b l o w e r  d r i v e  g e a r  i s  l o c a t e d  o n  t h e
b l o w e r  s i d e  t o  t r a n s m i t  p o w e r  t o  t h e
b l o w e r , g o v e r n o r , f u e l  p u m p  a n d  w a t e r
pump.

S i n c e  t h e  c a m s h a f t  m u s t  b e  i n  t i m e  w i t h
t h e  c r a n k s h a f t , i d e n t i f i c a t i o n  m a r k s  a r e
l o c a t e d  o n  t w o  t e e t h  o f  t h e  i d l e r  g e a r
w i t h  c o r r e s p o n d i n g  m a t c h m a r k s  s t a m p e d
on  the  c ranksha f t  gear  and  the  camsha f t
gear  as  shown in  F igure  11B-144.

H o w e v e r ,  t i m i n g  i s  a d v a n c e d  o n  c e r t a i n
eng ines by aligning the “A” on the
cranksha f t  gear  w i th  the  “R”  on  the  id le r
g e a r .

B e f o r e  r e m o v i n g  o r  r e p l a c i n g  a n y  o f  t h e
g e a r s , i t  is advisable to l ine up and make
a  s k e t c h  i n d i c a t i n g  t h e  p o s i t i o n  o f  t h e
t i m i n g  m a r k s . T o  - d o  t h i s ,  r o t a t e  t h e
c r a n k s h a f t  u n t i l  t h e  t i m i n g  m a r k s  a r e
a l igned o n  t h e  c a m s h a f t  g e a r . Then

Figure 11B-144. Gear Train and
Timing Marks

c h e c k  w h e t h e r  t h e  “ R ”  t i m i n g  m a r k  o n
the  c rankshaf t  i s  a l igned w i th  the  “R”  on
t h e  i d l e r  g e a r  a n d  r e c o r d  t h i s  i n f o r m a -
t i o n  f o r reassembly purposes . T h i s
eng ine  is  se t  a t  s tandard  t im ing .

Ba lance we igh ts , one  fas tened to  the  in -
ner  face of  each gear (camshaf t  and bal-
a n c e  s h a f t )  a r e  i m p o r t a n t  i n  m a i n t a i n i n g
p e r f e c t  e n g i n e  b a l a n c e . T h e s e  a r e  i n
add i t ion  to  the  we ights  cas t  in tegra l  w i th
the  gears .

G e a r  t r a i n  n o i s e  i s  u s u a l l y  a n  i n d i c a t i o n
o f  e x c e s s i v e  g e a r  l a s h ,  s c o r i n g ,  p i t t i n g
o r  e x c e s s i v e  b e a r i n g  w e a r . T h e r e f o r e ,
when no ise  deve lops  in  a  gear  t ra in ,  the
f l ywhee l  hous ing  shou ld  be  removed  and
t h e g e a r t r a i n and i t s bear ings
i n s p e c t e d .  A  r a t t l i n g  n o i s e  u s u a l l y  i n d i -
cates e x c e s s i v e  g e a r  l a s h  w h e r e a s  a
wh in ing  no ise  i s  a  resu l t  o f  too  l i t t l e  gear
lash.

E x c e s s i v e  w e a r  a n d  s c o r i n g  m a y  r e s u l t
f rom abras ive  subs tances  o r  fo re ign  ma-
te r ia l  in  the  o i l ,  in t roduced in  the  eng ine
b y  s u c h  m e a n s  a s  r e m o v a l  o f  t h e  v a l v e
r o c k e r  c o v e r  w i t h o u t  f i r s t  c l e a n i n g  a w a y
t h e  d i r t .

The  back lash  be tween the  var ious  mat ing
gears  in  the  he l i x  s tee l  gear  t ra in  i s  f rom
0.003” t o  0 . 0 0 8 ” w i t h  n e w  p a r t s  a n d
0.010”  w i th  used par ts .
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S i n c e  t h e  c a m s h a f t  a n d  b a l a n c e  s h a f t
g e a r s  e a c h  h a v e  t h e  s a m e  n u m b e r  o f
t e e t h  a s  t h e  c r a n k s h a f t  g e a r ,  t h e y  w i l l
t u r n  a t  c r a n k s h a f t  s p e e d . H o w e v e r ,  a s
the  b lower  d r i ve  gear  has  on ly  abou t  ha l f
as  many  tee th  as  the  camshaf t  o r  ba lance
s h a f t  g e a r , i t  t u r n s  a t  a p p r o x i m a t e l y
tw ice  the  speed o f  the  c rankshaf t .

L U B R I C A T I O N . T h e  g e a r  t r a i n  i s  l u b r i -
c a t e d  b y  o v e r f l o w  o i l  f r o m  t h e  c a m s h a f t
a n d  b a l a n c e  s h a f t  p o c k e t s  s p i l l i n g  i n t o
t h e  g e a r  t r a i n  c o m p a r t m e n t . A  c e r t a i n
a m o u n t  o f  o i l  a l s o  s p i l l s  i n t o  t h e  g e a r
t ra in  compar tmen t  f rom the  camsha f t  and
b a l a n c e  s h a f t  e n d  b e a r i n g s  a n d  t h e  i d l e r
g e a r  b e a r i n g . T h e  b l o w e r  d r i v e  g e a r
b e a r i n g  i s  l u b r i c a t e d  t h r o u g h  a n  e x t e r n a l
p ipe  lead ing  f rom the  ma in  cy l i nder  b lock
o i l  g a l l e r y  t o  t h e  g e a r  h u b  b e a r i n g  s u p -
p o r t .  T h e  i d l e r  g e a r  b e a r i n g  i s  p r e s s u r e
l u b r i c a t e d  b y  o i l  p a s s a g e s  i n  t h e  i d l e r
gear  hub  wh ich  connec t  to  the  o i l  ga l le ry
in  the  cy l inder  b lock .

Engine timing

GENERAL. T h e  c o r r e c t  r e l a t i o n s h i p  b e -
t w e e n  t h e  c r a n k s h a f t  a n d  c a m s h a f t  m u s t
be  ma in ta ined  to  p roper l y  con t ro l  fue l  i n -
jec t ion , t h e  o p e n i n g  a n d  c l o s i n g  o f  t h e
exhaust  va lves  and eng ine  ba lance.

T h e  c r a n k s h a f t  t i m i n g  g e a r  c a n  b e
m o u n t e d  i n  o n l y  o n e  p o s i t i o n  s i n c e  o n e
a t t a c h i n g  b o l t  h o l e  i s  o f f s e t . The  cam-
s h a f t  g e a r  c a n  a l s o  b e  m o u n t e d  i n  o n l y
o n e  p o s i t i o n  d u e  t o  t h e  l o c a t i o n  o f  t h e
k e y w a y  r e l a t i v e  t o  t h e  c a m s .  T h e r e f o r e ,
w h e n  t h e  e n g i n e  i s  p r o p e r l y  t i m e d ,  t h e
t i m i n g  m a r k s o n  t h e  v a r i o u s  g e a r s  w i l l
m a t c h  a s  s h o w n i n  F i g u r e  1 1 B - 1 4 4  o n
page 11B-93.

An eng ine  wh ich  i s  ou t  o f  t ime may resu l t
i n  p r e - i g n i t i o n , u n e v e n  r u n n i n g  a n d  a
loss of  power.

When an  eng ine  i s  suspec ted  o f  be ing  ou t
o f  t i m e  d u e  t o  a n  i m p r o p e r l y  a s s e m b l e d
g e a r  t r a i n , a  q u i c k  c h e c k  c a n  b e  m a d e
w i t h o u t  h a v i n g t o  r e m o v e  t h e  f l y w h e e l
a n d  f l y w h e e l  h o u s i n g  b y  f o l l o w i n g  t h e
procedure  ou t l i ned  be low.

C H E C K  E N G I N E  T I M I N G . A c c e s s  t o  t h e
v i b r a t i o n d a m p e r  o r  c r a n k s h a f t  p u l l e y ,
t o  m a r k  t h e  t o p - d e a d - c e n t e r  p o s i t i o n  o f
the  se lec ted  p is ton , and  to  the  f ron t  end
o f  t h e  c r a n k s h a f t  o r  f l y w h e e l  t o  t u r n i n g
t h e  c r a n k s h a f t  i s  n e c e s s a r y  w h e n  p e r -
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f o r m i n g  t h e  t i m i n g  c h e c k .  T h e n  p r o c e e d
as fol lows:

1 .  C l e a n  a n d  r e m o v e  t h e  v a l v e  r o c k e r
c o v e r .

2 .  S e l e c t  a n y c y l i n d e r  f o r  t h e  t i m i n g
c h e c k - - i t  i s  s u g g e s t e d  t h a t  a  c y l i n d e r
ad jacen t  to  one  o f  the  va lve  rocker  cover
b o l t  o r  s t u d  h o l e s  b e  c h o s e n  s i n c e  t h e
s tud  o r  bo l t  may  be  used  to  mount  a  d ia l
i n d i c a t o r .

3 .  R e m o v e  t h e  i n j e c t o r  a s  o u t l i n e d  i n
Subsect ion 11C.

4 .  C a r e f u l l y  s l i d e  a  r o d ,  a p p r o x i m a t e l y
1 2 ”  l o n g ,  t h r o u g h  t h e  i n j e c t o r  t u b e  u n t i l
the  end  o f  the  rod  res ts  on  top  o f  the  p i -
s ton .

5 .  P l a c e  t h e  t h r o t t l e  i n  t h e  n o - f u e l  p o s i -
t i o n . T h e n  t u r n  t h e  c r a n k s h a f t  s l o w l y  i n
t h e  d i r e c t i o n  o f  e n g i n e  r o t a t i o n . s t o p
w h e n  t h e  r o d  r e a c h e s  t h e  e n d  o f  i t s  u p -
w a r d  t r a v e l . R e m o v e  t h e  r o d  a n d  t u r n
t h e  c r a n k s h a f t ,  o p p o s i t e  t h e  d i r e c t i o n  o f
ro ta t ion ,  be tween 1 /16  and  1 /8  o f  a  tu rn .

6 .  S e l e c t  a  d i a l  i n d i c a t o r  w i t h  0 . 0 0 1 ”
graduat ions  and  w i th  a  sp ind le  movement
o f  a t  l e a s t  o n e  i n c h . P r o v i d e  a n  e x t e n -
s i o n  f o r  t h e  i n d i c a t o r  s p i n d l e . T h e  e x -
t e n s i o n  m u s t  b e  l o n g  e n o u g h  t o  c o n t a c t
t h e  p i s t o n  j u s t  b e f o r e  i t  r e a c h e s  t h e  e n d
o f  i t s  u p w a r d  s t r o k e . A l s o  s e l e c t  s u i t -
able mount ing a t tachments f o r t h e
i n d i c a t o r  s o  t h a t  i t  c a n  b e  m o u n t e d  o v e r
the  in jec to r  tube  in  the  cy l inder  head.

7 .  M o u n t  t h e  i n d i c a t o r  o v e r  t h e  i n j e c t o r
t u b e . T h e  i n d i c a t o r  m o u n t i n g  m a y  b e
t h r e a d e d  i n t o  t h e  r o c k e r  c o v e r  s t u d  o r
t h e  t a p p e d  h o l e  i n  t h e  c y l i n d e r  h e a d .
M a k e  s u r e  t h a t  t h e  i n d i c a t o r  s p i n d l e  i s
f r e e  i n  t h e  i n j e c t o r  t u b e  a n d  I S  f r e e  t o
t rave l  a t  leas t  one  inch .

8. Attach a suitable pointer to the
c r a n k s h a f t  f r o n t  c o v e r  o r  e n g i n e  f r o n t
end  p la te  as  shown in  F igure  11B-145 on
page 11B-95 . The po in te r  shou ld  ex tend
o v e r  t h e  v i b r a t i o n  d a m p e r .

9 .  T u r n  t h e  c r a n k s h a f t  s l o w l y  i n  t h e  d i -
r e c t i o n  o f  e n g i n e  r o t a t i o n  u n t i l  t h e  i n d i -
c a t o r hand stops mov ing . C o n t i n u e
t u r n i n g  t h e  c r a n k s h a f t  u n t i l  t h e  i n d i c a -
to r  hand s ta r ts  to  move aga in .

1 0 .  R e s e t  t h e  d i a l  i n d i c a t o r  t o  z e r o .
T u r n  t h e  c r a n k s h a f t  u n t i l  t h e  i n d i c a t o r
reading’ is 0.010”.



1 7 .  T u r n  t h e  c r a n k s h a f t ,  i n  t h e  d i r e c t i o n
o f  e n g i n e r o t a t i o n , u n t i l  t h e  e x h a u s t
v a l v e s  i n  t h e  c y l i n d e r  s e l e c t e d  a r e  c o m -
p l e t e l y  o p e n . R e - i n s t a l l  t h e  d i a l  i n d i c a -
t o r  s o  t h e  i n d i c a t o r  s p i n d l e  r e s t s  o n  t o p
o f  t h e  i n j e c t o r  f o l l o w e r  ( F i g u r e  1 1 B - 1 4 6
on  page  11B-96) . Then se t  the  ind ica to r
on  ze ro . N e x t  t u r n  t h e  c r a n k s h a f t  s l o w -
l y  i n  t h e  d i r e c t i o n  o f  e n g i n e  r o t a t i o n
u n t i l  t h e  c e n t e r  m a r k  o n  t h e  p u l l e y  i s  i n
l i n e  w i t h  t h e  p o i n t e r .

1 8 .  N o t e  t h e  i n d i c a t o r  r e a d i n g .  T h e  c o r -
r e c t  t i m i n g  s h o u l d  b e  0 . 2 3 0 ” ;  r e t a r d e d
t i m i n g  s h o u l d  b e  0 . 1 9 7 ”  a n d  a d v a n c e d
t im ing  shou ld  be  0 .262” .

1 9 .  A f t e r  c o m p l e t i n g  t h e  t i m i n g  c h e c k ,
r e m o v e  t h e  d i a l  i n d i c a t o r . A lso  remove
t h e  p o i n t e r  f r o m t h e  c r a n k s h a f t  f r o n t
c o v e r .

20 .  Ins ta l l  the  va lve  rocker  cover .

F i g u r e  1 1 B - 1 4 5 .  P o i n t e r  I n s t a l l a t i o n
for Marking Top-Dead Center

11 .  Scr ibe  a  l i ne  on  the  v ib ra t ion  damper
in  l ine  w i th  the  end o f  the  po in te r .

1 2 .  S l o w l y  t u r n  t h e  c r a n k s h a f t  o p p o s i t e
t h e  d i r e c t i o n  o f  e n g i n e  r o t a t i o n  u n t i l  t h e
i n d i c a t o r  h a n d  s t o p s  m o v i n g . C o n t i n u e
t u r n i n g  t h e  c r a n k s h a f t  u n t i l  t h e  i n d i c a -
to r  hand s ta r ts  to  move aga in .

1 3 .  S e t  t h e  d i a l  i n d i c a t o r  t o  z e r o .  T u r n
t h e  c r a n k s h a f t  u n t i l  t h e  i n d i c a t o r  r e a d -
ing  is  0 .010” .

14 .  Scr ibe  a  second l ine  on  the  v ib ra t ion
damper  in  l i ne  w i th  the  end  o f  the  po in t -
e r .

1 5 .  S c r i b e  a  t h i r d  l i n e  h a l f w a y  b e t w e e n
t h e f i r s t t w o l ines . T h i s is
t o p - d e a d - c e n t e r . T h e t h r e e s c r i b e d
l i n e s  a r e  s h o w n  o n  t h e  c r a n k s h a f t  p u l l e y
in  F igure  11B-145. Remove the  ind ica to r
and  rod  f rom the  eng ine .

NOTE

I f  t h e  c r a n k s h a f t  p u l l e y  r e t a i n i n g
bo l t  has  loosened,  t igh ten  i t  to  the
spec i f ied  to rque.

1 6 .  I n s t a l l  t h e  i n j e c t o r  a s  o u t l i n e d  i n
Subsec t ion  11C. T h e n  r e f e r  t o  1 1 H  a n d
a d j u s t  t h e  v a l v e  c l e a r a n c e  a n d  t i m e  t h e
i n j e c t o r .

CAMSHAFT,  BALANCE SHAFT AND
BEARINGS

Description

T h e  c a m s h a f t  a n d  t h e  b a l a n c e  s h a f t  a r e
loca ted  jus t  be low the  top  o f  the  cy l inder
b l o c k  ( s e e  F i g u r e  1 1 B - 1 4 7  o n  p a g e
1 1 B - 9 6 )  a n d  e a c h  m a y  b e  l o c a t e d  o n  e i -
t h e r  s i d e  o f  t h e  e n g i n e  a s  r e q u i r e d  b y
e n g i n e r o t a t i o n  a n d  a c c e s s o r y  a r r a n g e -
ment. T h e camshaf t actuates t h e
exhaus t  va lve  and in jec to r  opera t ing  me-
chan ism.

T h e  a c c u r a t e l y  g r o u n d  c a m s  e n s u r e  e f f i -
c i e n t , q u i e t  c a m  f o l l o w e r  r o l l e r  a c t i o n .
T h e  a r e  a l s o  h e a t  t r e a t e d  t o  p r o v i d e  a
hard  wear  su r face .

B o t h  e n d s  o f  t h e  c a m  a n d  b a l a n c e  s h a f t
a re s u p p o r t e d  b y  b e a r i n g  a s s e m b l i e s ,
each  cons is t ing  o f  a  f langed hous ing  and
t w o  b u s h i n g s . I n  a d d i t i o n , in te rmed ia te
t w o  p i e c e  b e a r i n g s  s u p p o r t  t h e  c a m s h a f t
a t u n i f o r m i n t e r v a l s t h r o u g h o u t i t s
l e n g t h . T h e  i n t e r m e d i a t e  b e a r i n g s  a r e
s e c u r e d  t o  t h e  c a m s h a f t  b y  l o c k  r i n g s ,
t h e r e b y  p e r m i t t i n g  t h e m  t o  b e  i n s e r t e d
i n t o  t h e  c y l i n d e r  b l o c k  w i t h  t h e  s h a f t .
E a c h  i n t e r m e d i a t e  b e a r i n g  i s  s e c u r e d  i n
place, a f t e r  t h e  c a m s h a f t  i s  i n s t a l l e d ,
w i t h  a  l o c k  s c r e w  t h r e a d e d  i n t o  a  c o u n -
te rbore  in  the  top  o f  the  cy l inder  b lock .
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Figure 11B-146. Checking Engine
T iming  by  Measur ing  In jec to r

Depression

The eng ine  is  equ ipped w i th  a  low ve loc i -
t y ,  l ow l i f t  I n jec to r -  cam lobe  and  a  long
c los ing ramp e x h a u s t  c a m  l o b e  d e s i g n
camshaft .

On  bo th  the  camsha f t  and  ba lance  sha f t ,
t h e  g e a r  t h r u s t  l o a d  i s  a b s o r b e d  b y  t w o
t h r u s t  w a s h e r s , one  on  each  end  o f  the
r e a r end s h a f t  b e a r i n g s . T h e  t h r u s t

washers  bear  aga ins t  th rus t  shou lders  on
the  shaf ts .

A  he l i ca l  d r i ve  gear  w i th  a  counterwe igh t
i s  secured  to  each  sha f t  w i th  a  Woodru f f
key (see Figure 11B-148 on page
1 1 B - 9 7 ) ,  n u t ,  n u t  r e t a i n e r ,  r e t a i n e r  b o l t
a n d  l o c k  w a s h e r s . T h e  d r i v e  g e a r s  a r e
a t tached  to  the  rear  end  o f  the  sha f ts  on
al l  engines.

T o  h e l p  m a i n t a i n  e n g i n e  b a l a n c e ,  a  b a l -
ance  we igh t  i s  ins ta l led  on  the  f ron t  end
of each shaft .

Lubrication

L u b r i c a t i n g  o i l  i s  s u p p l i e d  u n d e r  p r e s -
s u r e  t o  t h e  b e a r i n g s  f r o m  t h e  m a i n  o i l
g a l l e r y  t h r o u g h  a  h o r i z o n t a l  t r a n s v e r s e

block, then up the connecting vertical
p a s s a g e  a t  e a c h  e n d  o f  t h e  c y l i n d e r

p a s s a g e s  i n  e a c h  c o r n e r  o f  t h e  b l o c k  t o
the camshaft  and balance shaf t  end bear-
i ngs . T h e camshaf t in te rmed ia te
b e a r i n g s  a r e  l u b r i c a t e d  b y  t h e  o i l  f r o m
t h e  e n d  b e a r i n g s  p a s s i n g  t h r o u g h  t h e
dr i l l ed  passage in  the  sha f t .

T h e  l o w e r  h a l v e s  o f  t h e  c a m s h a f t  i n t e r -
m e d i a t e  b e a r i n g s  a r e  g r o o v e d  a l o n g  t h e
h o r i z o n t a l  s u r f a c e  t h a t  m a t e s  w i t h  t h e
upper halves of the bearing (see
F i g u r e  1 1 B - 1 4 9  o n  p a g e  1 1 B - 9 7 ) . Oi l
f r o m  t h e  p a s s a g e i n  t h e  c a m s h a f t  i s

Figure 11B-147. Camshaft and Balance Shaft Assemblies
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Figure 11B-148. Woodruff  Keys for
Camshafts

f o r c e d  t h r o u g h  t h e  m i l l e d  s l o t s  i n  t h e
bear ing  and  then  ou t  the  g rooves  to  fu r -
n i s h a d d i t i o n a l  o i l  t o  t h e  c a m  f o l l o w e r
ro l l e rs . T h i s  p e r m i t s  t h e  c a m  p o c k e t  t o
be  f i l l ed  rap id ly  to  the  opera t ing  o i l  l eve l
immed ia te ly  a f te r  s ta r t ing  the  eng ine .

Remove Camshaft or Balance Shaft

W h e n e v e r  a n  e n g i n e  i s  b e i n g  c o m p l e t e l y
r e c o n d i t i o n e d  o r  t h e  c a m s h a f t ,  g e a r s ,
bear ings  o r  th rus t  washers  need  rep lace-
i n g , r e m o v e  t h e  s h a f t s  f r o m  t h e  e n g i n e
as fol lows:

1 .  Dra in  the  eng ine  coo l ing  sys tem.

2 .  Remove a l l  o f  the  accessor ies  and  as -
sembl ies  necessary  to  fac i l i ta te  mount ing
the  eng ine  on  an  overhau l  s tand .

3 .  M o u n t  t h e  e n g i n e  o n  a n  o v e r h a u l
s t a n d . B e  s u r e  t h e  e n g i n e  i s  s e c u r e l y
mounted  on  the  overhau l  s tand  be fo re  re -
leasing t h e l i f t i n g s l ing (see
F igure  11B-5  on  page  11B-3) .

4 .  Remove the  cy l inder  head .

5.  Remove
h o u s i n g .

t h e  f l y w h e e l  a n d  f l y w h e e l

6 .  Remove the  f ron t  ba lance  we igh t  cover
and  p lace  a  wood  b lock  be tween  the  ba l -
a n c e  w e i g h t s ( s e e  F i g u r e  1 1 B - 1 5 0 )  o r
wedge  a  c lean  rag  be tween  the  camsha f t

Figure 11B-149. Camshaft
In te rmed ia te  Bear ing

and ba lance  sha f t  d r i ve  gears  a t  the  rear
o f  the  eng ine .

7 .  Remove the  gear  nu t  re ta in ing  p la tes .

8 .  Remove the  gear  re ta in ing  nu ts  on  the
gear end of  the camshaft  and the balance
s h a f t . Remove  the  nu t  and  lock  washer
f r o m  t h e  b a l a n c e  w e i g h t  e n d  o f  e a c h
s h a f t .

9 .  Remove the  f ron t  ba lance  we igh ts .

1 0 .  R e m o v e  t h e  l o c k  s c r e w s  t h a t  s e c u r e
the  camshaf t  i n te rmed ia te  bear ings .

1 1 .  R o t a t e  t h e  g e a r s  a s  r e q u i r e d  t o  r e -
v e a l  t h e  e n d  b e a r i n g  r e t a i n i n g  b o l t s .
Remove the bolts as shown in
Figure 11B-151 on page 11B-98.

Figure 11B-150. Loosening Nut on
Camshaft  or  Balance Shaft
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Figure 11B-151. Removing or
I n s t a l l i n g  S h a f t  B e a r i n g  R e t a i n e r

B o l t s

1 2 .  W i t h d r a w  t h e  c a m s h a f t  b e a r i n g  a n d
gear  assemb ly  and  the  ba lance  sha f t  and
g e a r  f r o m  t h e  r e a r  e n d  o f  t h e  c y l i n d e r
b lock .

13 .  The  cam and  ba lance  sha f t  f ron t  end
b e a r i n g s  m a y b e  r e m o v e d  a f t e r  t a k i n g
o u t  t h e  b o l t s  t h a t  h o l d  t h e  b e a r i n g s  t o
t h e  e n d  p l a t e  a n d  c y l i n d e r  b l o c k .  I f  n e -
c e s s a r y , u s e  a  p r y  b a r  u n d e r  t h e  b e a r -
ing  f l ange .

Remove Camshaft (Flywheel Housing and
Torque Converter in Place)

T h e  c a m s h a f t  m a y  b e  r e m o v e d  a n d  r e -
placed w i t h o u t remov ing t h e  f l y w h e e l
h o u s i n g  a n d  d i s c o n n e c t i n g  t h e  t o r q u e
c o n v e r t e r  i f  t h e r e  i s  s p a c e  e n o u g h  t o
s l i d e  t h e  s h a f t  o u t  t h r o u g h  t h e  f r o n t  o f
the  eng ine .

1 .  Dra in  the  eng ine  coo l ing  sys tem.

2 .  Remove a l l  o f  the  accessor ies  and  as -
s e m b l i e s  t h a t  a r e  n e c e s s a r y  t o  f a c i l i t a t e
the  remova l  o f  the  f l ywhee l  hous ing  ho le
c o v e r  o v e r  t h e  f r o n t  b a l a n c e  w e i g h t  c o v -
e r .

3 .  Remove the  cy l inder  head .

4 .  Remove the  f ron t  ba lance  we igh t  cover
and  p lace  a  wood  b lock  be tween  the  ba l -
ance w e i g h t s ( s e e  F i g u r e  1 1 B - 1 5 0  o n
page 11B-97).

5 .  R e m o v e  t h e  g e a r  n u t  r e t a i n e r  a f t e r
remov ing  the  bo l ts .

6 .  L o o s e n  a n d  r e m o v e  t h e  n u t  a t  e a c h
end of  the camshaft .

7 .  Remove the  f ron t  ba lance  we igh ts .
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8 .  R e m o v e  t h e  l o c k  s c r e w s  t h a t  s e c u r e
the  camshaf t  i n te rmed ia te  bear ings .

9 .  R e m o v e  t h e  t h r e e  b o l t s  t h a t  s e c u r e
t h e  c a m s h a f t  b e a r i n g  t o  t h e  f r o n t  e n d
p la te .

1 0 .  I n s t a l l  t h e  c a m s h a f t  g e a r  p u l l e r  J
1902-01 ,  fou r  spacers  J  6202-2  and  cam-
sha f t  gear  pu l l e r  adap to r  p la te  J  6202-1
on  the  camshaf t  gear  (F igu re  11B-152  on
page  11B-99  and  F igure  11B-153  on  page
11B-99) .

1 1 .  T u r n  t h e  c e n t e r  s c r e w  o f  t h e  p u l l e r
c lockw ise  to  d i sengage  the  camshaf t  f rom
the  camsha f t  gear .

NOTE

D o  n o t  r e m o v e  t h e  p u l l e r  o r  t h e
adapto r  p la te  un t i l  the  camshaf t  i s
re ins ta l led . T h e  a d a p t o r  p l a t e ,
secured  to  bo th  the  f l ywhee l  hous-
i n g  a n d  t h e  c a m s h a f t  g e a r , w i l l
h o l d  t h e  g e a r ( a l s o  t h e  t h r u s t
washer ) s e c u r e l y  i n  p l a c e  a n d  i n
a l i g n m e n t  w h i c h  w i l l  a i d  i n  t h e  r e -
instal lat ion of  the camshaft .

1 2 .  R e m o v e  t h e  f r o n t  b e a r i n g  f r o m  t h e
camshaft . T h e n  p u l l  t h e  c a m s h a f t  a n d
i n t e r m e d i a t e  b e a r i n g  f r o m  t h e  c y l i n d e r
b lock .

Disassemble Camshaft and Balance Shaft

1. Remove the gear f rom the shaft .

2 .  S l i d e  t h e  r e a r  b e a r i n g  ( a n d  t h e  t h r u s t
washer )  o f f  o f  the  sha f t .

3 .  R e m o v e  t h e  l o c k  r i n g s  f r o m  t h e  c a m -
s h a f t  i n t e r m e d i a t e  b e a r i n g s  a n d  f r e e  t h e
two ha lves  o f  each  bear ing .

4 .  T o  f a c i l i t a t e  t h e  r e m o v a l  o f  a n y  f o r -
e i g n  m a t e r i a l  l o d g e d  b e h i n d  t h e  p l u g s ,
remove the end plugs f rom each camshaft
as fo l lows:

A. Clamp the camshaft  in a v ise equipped
w i t h  s o f t  j a w s , b e i n g  c a r e f u l  n o t  t o
d a m a g e  t h e  c a m  l o b e s  o r  m a c h i n e d
sur faces  o f  the  sha f t .

B .  Make an  indenta t ion  in  the  cy l inder  o f
t h e  c a m s h a f t  e n d  p l u g  w i t h  a  3 1 / 6 4 ”
d r i l l  ( c a r b o l o y  t i p ) .



D .  T h e n , d r i l l  a  h o l e  s t r a i g h t  t h r o u g h
c e n t e r  o f  t h e  p l u g  w i t h  a  1 / 4 ”t h e

d r i l l ( ca rbo loy  t ip ) .

E .  U s e
a n d

t h e  1 / 4 ”  d r i l l e d  h o l e  a s  a  g u i d e
r e - d r i l l  t h e

d r i l l
p l u g w i t h  a  5 / 1 6 ”

( c a r b o l o y  t i p ) :

F .  T a p
t a p .

t h e  d r i l l e d  h o l e  w i t h  a  3 / 8 ” - 1 6

Figure 11B-152. Removing Camshaft
w i t h  P u l l e r

C .  P u n c h  a  h o l e  a s  d e e p l y  a s  p o s s i b l e
w i t h  a  c e n t e r  p u n c h ,  t o  a i d  i n  b r e a k -
i n g  t h r o u g h  t h e  h a r d e n e d  s u r f a c e  o f
t h e  p l u g .

G .  T h r e a d  t h e  3 / 8 ” - 1 6  a d a p t o r  J  6 4 7 1 - 2
i n t o t h e  p l u g . T h e n  a t t a c h  s l i d e
hammer  J  2619-5  to  the  adap to r .  Re-
m o v e  t h e  p l u g  b y
a g a i n s t  t h e  h a n d l e .

s t r i k i n g t h e  w e i g h t

H.  Inser t  a  0 .375”  d iameter  s tee l  rod  in to
the  camshaf t  o i l  ga l le ry  and  d r i ve  the
r e m a i n i n g  p l u g  o u t .

N O T E

I f  a  s t e e l  r o d  i s  n o t  a v a i l a b l e ,  r e -
m o v e  t h e  r e m a i n i n g  p l u g s  a s  o u t -
l ined  in  s teps  A th rough G.

Inspection

S o a k  t h e  c a m s h a f t  i n  c l e a n  f u e l  o i l .
t h e n , r u n  a  w i r e  b r u s h  t h r o u g h  t h e  o i l

Figure 11B-153. Removing Camshaft
Gear

ga l le ry  to  remove  any  fo re ign  mate r ia l  o r
s l u d g e . C l e a n  t h e  e x t e r i o r  o f  t h e  c a m -
sha f t  and  b low ou t  the  ga l le ry  and  the  o i l
h o l e s  w i t h  c o m p r e s s e d  a i r . C l e a n  t h e
g e a r s , c a m s h a f t  b e a r i n g s a n d  r e l a t e d
p a r t s  w i t h  f u e l  o i l  a n d  d r y  t h e m  w i t h
c o m p r e s s e d  a i r .

I n s p e c t  t h e  c a m s  a n d  j o u r n a l s  f o r  w e a r
o r  s c o r i n g . I f  t h e  c a m s  a r e  s c o r e d ,  i n -
s p e c t  t h e  c a m  f o l l o w e r s . A l s o  i n s p e c t
t h e  c a m s h a f t  k e y w a y s  a n d  t h r e a d s  f o r
damage .

I f  there  is  a  doubt  as  to  the  acceptab i l i t y
o f  t h e  c a m s h a f t  f o r  f u r t h e r  s e r v i c e  d e -
t e r m i n e  t h e  e x t e n t  o f  c a m  l o b e  w e a r  a s
f o l l o w s :

N O T E

T h e  c a m s h a f t  c a n  b e  i n  o r  o u t  o f
t h e  e n g i n e  d u r i n g  t h i s  i n s p e c t i o n .

1.  With a tapered leaf  set  of  feeler  gaug-
e s  ( 0 . 0 0 1 5 ”  - 0 . 0 1 0 0 ” )  a n d  a  p i e c e  o f
square h a r d  m a t e r i a l  1 / 8 ”  x  3 / 8 ”  x  1 ”
measure  the  f la t  on  the  in jec to r  r i se  s ide
o f  the  cam lobes  (see  F igu re  11B-154  on
page 11B-100).

2 .  I f  t h e  f l a t s  m e a s u r e  l e s s  t h a n  0 . 0 0 3 ”
i n  d e p t h  a n d  t h e r e  a r e  n o  o t h e r  d e f e c t s
the  camshaf t  i s  sa t i s fac to ry  fo r  serv ice .
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Figure 11B-154. Checking Cam Lobe
Wear

3 .  A  s l i g h t l y  w o r n  l o b e  s t i l l  w i t h i n  a c -
c e p t a b l e  l i m i t s ,  m a y  b e  s t o n e d  a n d
smoothed  over  w i th  a  f ine  c rocus  c lo th .

Figure 11B-155. Cam and Balance
S h a f t  J o u r n a l  F i l l e t s

C h e c k  t h e  r u n o u t  a t  t h e  c e n t e r  b e a r i n g
w i t h  t h e  c a m s h a f t  m o u n t e d  o n  t h e  e n d
b e a r i n g sur faces . Runou t s h o u l d  n o t
exceed 0 .002” .

2. Leave a 0.010” to 0.030” radius be-
t w e e n  t h e  b e a r i n g  s u r f a c e  o f  t h e  t h r u s t
c o l l a r  s h o u l d e r  a n d  t h e  b e a r i n g  s u r f a c e
o f t h e balance s h a f t (see
F igure  11B-155) .

Examine both faces of  each camshaft  rear
e n d  b e a r i n g  a n d  t h r u s t  w a s h e r . A lso ,
examine t h e  s u r f a c e s  o f  e a c h  c a m s h a f t
a n d  c a m s h a f t  g e a r  w h i c h  c o n t a c t  t h e
t h r u s t washers . Replace excess i ve l y
w o r n  o r  s c o r e d  p a r t s . Camshaf t  or  cam-
s h a f t  g e a r  t h r u s t  s u r f a c e s  t h a t  a r e  n o t
sc ra tched  too  severe ly  may  be  smoothed
down with an oi l  stone.

Use  a  f i l l e t  gauge  to  measure  the  spec i -
fied radii.

Examine  the  faces  o f  the  sha f t  end  bear -
i n g s  a n d  a n y  o t h e r  s u r f a c e  w h i c h  c o m e s
i n t o  c o n t a c t  w i t h  t h e  t h r u s t  w a s h e r s .
P a r t s  t h a t  a r e  b a d l y  m a r r e d  m u s t  b e
p l a c e d ;  p a r t s  w i t h  s l i g h t  s c r a t c h e s  m a y
be cleaned up with an oi l  stone.

NOTE NOTE

If a new camshaf t is to be If a new camshaf t is to be
ins ta l led , s team c lean  i t  to  remove ins ta l led , steam clean i t  to remove
t h e  r u s t  p r e v e n t a t i v e  a n d  b l o w  o u t t h e  r u s t  p r e v e n t a t i v e  a n d  b l o w  o u t
t h e  o i l  p a s s a g e s  w i t h  c o m p r e s s e d t h e  o i l  p a s s a g e s  w i t h  c o m p r e s s e d
a i r . a i r .

N e w  s t a n d a r d  s i z e  t h r u s t  w a s h e r s  a r e
0 .120” t o  0 . 1 2 2 ”  t h i c k . The  c lea rance
b e t w e e n t h e  t h r u s t  w a s h e r  a n d  t h e
th rus t  shou lder  o f  the  camshaf t  i s  0 .004”
to 0.012” wi th new parts or a maximum of
0 . 0 1 8 ”  w i t h  u s e d  p a r t s .  E x c e s s i v e  c l e a r -
ance m a y  b e  r e d u c e d  b y  u s i n g  t h r u s t
washers  wh ich  a re  0 .005”  o r  0 .010”  over -
size.

W h e n  t h e  t h r u s t  s u r f a c e s  o f  a  c a m s h a f t
o r  b a l a n c e  s h a f t  a r e  g r o u n d  u n d e r s i z e ,
special  care must be taken as fo l lows:

1 .  L e a v e  a  0 . 0 3 1 ” t o  0 . 0 9 4 ”  r a d i u s  b e -
t w e e n  t h e  b e a r i n g  s u r f a c e  o f  t h e  t h r u s t
c o l l a r  s h o u l d e r  a n d  t h e  b e a r i n g  s u r f a c e
of the camshaft  (see Figure 11B-155)
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I n s p e c t  t h e  b u s h i n g s  i n  t h e  s h a f t  e n d
b e a r i n g s . R e p l a c e  t h e  b u s h i n g s  o r  e n d
b e a r i n g  a s s e m b l i e s  i f  t h e y  a r e  w o r n  e x -
c e s s i v e l y  o r  t h e  b u s h i n g s  h a v e  t u r n e d
w i t h i n  t h e  b e a r i n g . New bush ings  must
b e  f i n i s h e d  b o r e d  t o  2 0  r m s  f i n i s h  a f t e r
ins ta l la t ion a n d  t e s t e d  f o r  t h e  c o r r e c t
p r e s s  f i t . T h e  c o r r e c t  p r e s s  f i t  i s  i n d i -
ca ted  i f  the  bush ing  does  no t  move when
a  2 0 0 0  p o u n d  ( 8 . 9  k N )  e n d  l o a d  i s  a p -
p l ied . Th is  tes t  i s  o f  spec ia l  impor tance
w i t h  e n g i n e s  t h a t  o p e r a t e  a t  h i g h  ( 2 3 0 0
RPM) speeds .  The  ins ide  d iameter  o f  the
b u s h i n g s  m u s t  b e  s q u a r e  w i t h  t h e  r e a r
f a c e  o f  t h e  b e a r i n g  w i t h i n  0 . 0 0 1 5 ”  t o t a l
ind ica to r  read ing  and concent r i c  w i th  the
o u t s i d e  d i a m e t e r  o f  t h e  b e a r i n g  r e t a i n e r
w i t h i n  0 . 0 0 2 ” t o t a l  i n d i c a t o r  r e a d i n g .
The  bush ings  mus t  p ro jec t  f rom 0 .045”  to



0 .055”  f rom each  end  o f  the  bear ing  (see
Figure 11B-157 on page 11B-102).

The  c lea rance  be tween  the  camsha f t  and
b a l a n c e  s h a f t  e n d  j o u r n a l s  a n d  t h e  e n d
b e a r i n g  b u s h i n g s  i s  0 . 0 0 2 5 ”  t o  0 . 0 0 4 ”
w i t h  n e w  p a r t s  o r  a  m a x i m u m  o f  0 . 0 0 6 ”
w i t h u s e d  p a r t s . E n d  b e a r i n g s  a r e
a v a i l a b l e  i n  0 . 0 1 0 ”  o r  0 . 0 2 0 ”  u n d e r s i z e
fo r  use  w i th  sha f ts  tha t  a re  worn  o r  have
been reground and the c learances exceed
the  spec i f ied  l im i ts .

Rep lace  excess ive ly  scored  o r  worn  cam-
s h a f t  i n t e r m e d i a t e  b e a r i n g s . The  c lea r -
a n c e  b e t w e e n  t h e  c a m s h a f t  j o u r n a l s  a n d
t h e  i n t e r m e d i a t e  b e a r i n g s  i s  0 . 0 0 2 5 ” :  t o
0 . 0 0 5 ”  w i t h  n e w  p a r t s  o r  a  m a x i m u m  o f
0 . 0 0 9 ”  w i t h  w o r n  p a r t s .  C a m s h a f t  i n t e r -
m e d i a t e  b e a r i n g s  a r e  a v a i l a b l e  i n  0 . 0 1 0 ”
a n d  0 . 0 2 0 ”  u n d e r s i z e  f o r  u s e  w i t h  w o r n
or  g round  sha f ts  in  wh ich  the  c learances
exceed the  spec i f ied  l im i ts . Examine the
in te rmed ia te  bear ing  lock  sc rews and  the
t a p p e d  h o l e s  i n  t h e  b l o c k . Damaged
h o l e s  i n  t h e  c y l i n d e r  b l o c k  m a y  b e
b l o c k e d ,  r e d r i l l e d  a n d  t a p p e d .  D i s c a r d
lock screws with damaged threads.

Assemble Camshaft and Balance Shaft

R e f e r  t o  F i g u r e  1 1 B - 1 5 6  a n d  a s s e m b l e
t h e camshaf t and b a l a n c e  s h a f t  a s
fo l l ows :

1 .  Ins ta l l  new end  p lugs  in  the  camshaf t .
P r e s s  t h e  p l u g s  i n  t o  a  d e p t h  o f  1 . 9 4 0 ”
t o  2 . 0 6 0 ”
11B-103).

(see  F igure  11B-158  on  page

2 .  App ly  g rease  to  the  s tee l  face  o f  each
e n d  t h r u s t  w a s h e r . Then  p lace  a  th rus t
washer  aga ins t  each  end  o f  the  camshaf t
a n d  b a l a n c e s h a f t  r e a r  b e a r i n g s .  B e
sure  the  s tee l  face  o f  the  th rus t  washers
are  nex t  to  the  bear ing .

3 .  L u b r i c a t e  t h e  r e a r  c a m s h a f t  a n d  b a l -
ance  sha f t  bear ing  jou rna ls  and  s l ide  the
r e a r  e n d  b e a r i n g s  o n  e a c h  s h a f t ,  w i t h
t h e  b o l t i n g  f l a n g e  o f  t h e  b e a r i n g  t o w a r d
the  ou te r  (gear )  end  o f  the  sha f t .

4 .  Ins ta l l  the  gears  on  the  sha f ts .

5 .  L u b r i c a t e  t h e  c a m s h a f t  i n t e r m e d i a t e
b e a r i n g  j o u r n a l s . T h e n  p l a c e  t h e  t w o
ha lves  o f  each  in te rmed ia te  bear ing  on  a
camsha f t  j ou rna l  and  lock  the  ha lves  to -

11B-156. Camshaft  and Balance Shaft  Parts
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Figure 11B-157. Comparison of

g e t h e r w i t h  t w o  l o c k  r i n g s . Assemble
e a c h  l o c k  r i n g  w i t h  t h e  g a p  o v e r  t h e  u p -
p e r  b e a r i n g and the ends an equal
d is tance  above the  sp l i t  l i ne  o f  the  bear -
i n g .

Install  Camshaft and Balance Shaft

1 .  i n s e r t  t h e  f r o n t  e n d  o f  t h e  c a m s h a f t
in to  the  open ing  on  the  s ide  oppos i te  the
b lower . P u s h  t h e  c a m s h a f t  i n t o  t h e  c y l -
i nder  b lock  un t i l  t he  camshaf t  gear  tee th
a l m o s t  e n g a g e  t h e  t e e t h  o f  t h e  m a t i n g
gear . Use  care  when  ins ta l l i ng  the  cam-
shaft  to avoid damaging the cam lobes.

NOTE

T h e  r i g h t  h a n d  g e a r  ( v i e w i n g  t h e
e n g i n e f r o m  t h e  f l y w h e e l  e n d ) ,
w h e t h e r  i t  i s  a t t a c h e d  t o  t h e  c a m -
sha f t  o r  the  ba lance  sha f t ,  has  le f t
hand  he l i ca l  tee th .

2 .  A l i g n  t h e  t i m i n g  m a r k s  o n  t h e  m a t i n g
g e a r s  a s s h o w n  i n  F i g u r e  1 1 B - 1 4 4  o n
page  11B-93  and  s l i de  the  camshaf t  gear
in place.

11B-102

End Bearings and Thrust Washers

3 .  S e c u r e  t h e  c a m s h a f t  r e a r  e n d  b e a r i n g
to  the  cy l inder  b lock  w i th  the  th ree  bo l ts
a n d  l o c k w a s h e r s . R o t a t e  t h e  c a m s h a f t
g e a r  a s r e q u i r e d  t o  i n s t a l l  t h e  b o l t s
t h r o u g h  t h e  h o l e  i n  t h e  g e a r  w e b  ( s e e
F i g u r e  1 1 B - 1 5 1  o n  p a g e  1 1 B - 9 8 ) .  T i g h t -
e n  t h e  b o l t s  t o  3 0 - 4 0  l b - f t  ( 4 7 - 5 4  N m )
t o r q u e .

4 .  Inser t  the  ba lance  sha f t  in  the  bore  in
t h e  c y l i n d e r  b l o c k  a n d  p u s h  i t  i n  u n t i l
the teeth of  the balance shaft  gear a lmost
engage the camshaft  gear teeth.

5 .  A l i g n  t h e  t i m i n g  m a r k s  o n  t h e  m a t i n g
g e a r s  a s s h o w n  i n  F i g u r e  1 1 B - 1 4 4  o n
p a g e  1 1 B - 9 3  a n d  s l i d e  t h e  b a l a n c e  s h a f t
gear in place.

6 .  S e c u r e  t h e  b a l a n c e  s h a f t  r e a r  e n d
b e a r i n g . Use the same procedure as out-
l i ned  fo r  the  camshaf t  rea r  end  bear ing .

7 .  Ins ta l l  t he  camshaf t  and  ba lance  sha f t
f r o n t  e n d  b e a r i n g s  w i t h  t h e  b o l t s  a n d
lockwashers . T i g h t e n  t h e  b o l t s  t o  3 5 - 4 0
lb - f t  (47 -54  Nm)  to rque .



Figure  11B-158 .  Camshaf t  P lug  Ins ta l la t ion

NOTE

Ins ta l l  the  f ron t  bear ings  w i th  care
t o  a v o i d  d i s l o d g i n g  t h e  t h r u s t
w a s h e r s . Do not  hammer the bear-
i n g s  i n t o  t h e  c y l i n d e r  b l o c k .

8 .  T u r n  t h e  c a m s h a f t  i n t e r m e d i a t e  b e a r -
i n g s  u n t i l  t h e  h o l e s  i n  t h e  b e a r i n g s  a r e
in  a l ignment  w i th  the  tapped ho les  in  the
t o p  o f  t h e  c y l i n d e r  b l o c k .Install the
l o c k  s c r e w  a n d  t i g h t e n  t h e m  t o  1 5 - 2 0
l b - f t  ( 2 0 - 2 7  N m )  t o r q u e .

When the intermediate bearings are
locked into posit ion with the lock
screw, t h e  b e a r i n g  m u s t  h a v e
slight movement in the block bore.

9 .  I n s t a l l  t h e  f r o n t  b a l a n c e  w e i g h t s  o n
t h e  s h a f t s .

1 0 .  P l a c e  a n  i n t e r n a l  t o o t h  l o c k  w a s h e r
o n  t h e  e n d  o f  e a c h  s h a f t  a n d  s t a r t  t h e
n u t s  o n  b o t h  s h a f t s .

11.  Use a wood block (Figure 11B-150 on
page 11B-98) b e t w e e n t h e balance
w e i g h t s  o r  w e d g e  a  c l e a n  c l o t h  b e t w e e n
t h e  c a m s h a f t  a n d  b a l a n c e  s h a f t  g e a r s  t o
p r e v e n t  t h e i r  t u r n i n g .  T i g h t e n  t h e  n u t s
t o  3 0 0 - 3 2 5  l b - f t  ( 4 0 7 - 4 4 1  N m )  t o r q u e .

1 2 .  I n s t a l l  t h e  c a m s h a f t  a n d  b a l a n c e
s h a f t  g e a r  n u t  r e t a i n e r s  w i t h  b o l t s  a n d
l o c k w a s h e r s . T i g h t e n  t h e  b o l t s  t o  3 5 - 3 9
l b - f t  ( 4 7 - 5 3  N m )  t o r q u e .

1 3 .  C h e c k  t h e  c l e a r a n c e  b e t w e e n  t h e
t h r u s t  w a s h e r  a n d  t h e  t h r u s t  s h o u l d e r  o f

b o t h  t h e  c a m s h a f t  a n d  b a l a n c e  s h a f t .
T h e  s p e c i f i e d  c l e a r a n c e  i s  0 . 0 0 4 ”  t o
0 . 0 1 2 ”  w i t h  n e w  p a r t s  o r  a  m a x i m u m  o f
0 . 0 1 8 ”  w i t h  u s e d  p a r t s .

14 .  Check  the  back lash  be tween  the  mat -
i n g  g e a r s . T h e  s p e c i f i e d  b a c k l a s h  b e -
tween new gears  i s  0 .003”  to  0 .008”  o r  a
m a x i m u m  o f  0 . 0 1 0 ”  b e t w e e n  w o r n  g e a r s .

1 5 .  I n s t a l l  t h e  f l y w h e e l  h o u s i n g  a n d  o t h -
e r  par ts  o r  assembl ies  tha t  were  removed
f r o m  t h e  e n g i n e  a s  o u t l i n e d  i n  t h e i r  r e -
s p e c t i v e  s e c t i o n  o f  t h i s  m a n u a l .

16. Ref i l l  the cool ing system.

Install  Camshaft (Flywheel
Torque Converter in Place)

Housing and

1 .  A p p l y  g r e a s e  t o  t h e  s t e e l  f a c e  o f  t h e
t h r u s t  w a s h e r  a n d  i n s t a l l  i t  w i t h  t h e
s t e e l  f a c e  a g a i n s t  t h e  b e a r i n g .

2 .  I n s t a l l  a  W o o d r u f f  k e y  i n  t h e  d r i v e
g e a r  e n d  o f  t h e  c a m s h a f t  a n d  i n s e r t  t h i s
e n d  i n t o  p o s i t i o n  f r o m  t h e  f r o n t  e n d  o f
t h e  e n g i n e . P u s h  t h e  s h a f t  i n  u n t i l  i t
s l i d e s  i n t o  t h e  r e a r  e n d  b e a r i n g . Use
care  in  the  ins ta l la t ion  o f  the  camshaf t  to
p r e v e n t  d a m a g e  t o  t h e  c a m  l o b e s .

3 .  A l i g n  t h e  k e y  i n  t h e  s h a f t  w i t h  t h e
k e y w a y  i n  t o  c a m s h a f t  d r i v e  g e a r  a n d
s t a r t  t h e  s h a f t  i n t o  t h e  g e a r .  T a p  t h e
shaf t  in to  the  gear  w i th  a  so f t  (p las t i c  o r
r a w h i d e )  h a m m e r .

NOTE

M a k e  s u r e  t h e  t h r u s t  w a s h e r  i s  i n
t h e  c o r r e c t  p o s i t i o n  t o  p r e v e n t
p u s h i n g  t h e  b u s h i n g  i n t o  t h e  b e a r -
i n g  o r  d a m a g i n g  t h e  b u s h i n g .
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4 .  Remove  the  camsha f t  gear  pu l le r ,  spa-
c e r s  a n d  a d a p t o r  p l a t e . F i n g e r  t i g h t e n
the  gear  re ta in ing  nu t  on  the  sha f t .

5 .  I n s t a l l  t h e  f r o n t  e n d  b e a r i n g  w i t h  t h e
b o l t s  a n d  l o c k w a s h e r s . T i g h t e n  t h e
bo l t s  to  35 -40  lb - f t  (47 -54  Nm)  to rque .

6 .  Ins ta l l  the  ba lance  we igh t  on  the  f ron t
end of  the camshaft .

7 .  S t a r t  t h e  b a l a n c e  w e i g h t  r e t a i n i n g  n u t
and l o c k w a s h e r  o n t h e camshaf t
( F i g u r e  1 1 B - 1 5 4  o n page 11B-100).
P lace  a  wood  b lock  be tween  the  ba lance
w e i g h t s ( F i g u r e  1 1 B - 1 5 0  o n  p a g e
11B-97) . T i g h t e n  t h e  g e a r  r e t a i n i n g  n u t
a n d  t h e  b a l a n c e  w e i g h t  n u t  t o  3 0 0 - 3 2 5
lb - f t  (407 -441  Nm)  to rque .

8 .  A l i g n  t h e  h o l e s  i n  t h e  c a m s h a f t  i n t e r -
med ia te  bear ings  w i th  the  tapped ho les  in
t h e  t o p  o f  t h e  c y l i n d e r  b l o c k . Ins ta l l
a n d  t i g h t e n t h e  l o c k  s c r e w s  t o  1 5 - 2 0
lb - f t  (20 -27  Nm)  to rque .

9 .  R e i n s t a l l  t h e  p a r t s ,  a c c e s s o r i e s  a n d
a s s e m b l i e s  t h a t  w e r e  r e m o v e d  f r o m  t h e
e n g i n e  a s  o u t l i n e d  i n  t h e i r  r e s p e c t i v e
subsect ions  o f  th is  sec t ion .

10. Ref i l l  the cool ing system.

CAMSHAFT AND BALANCE SHAFT
GEARS

Description

T h e  c a m s h a f t  a n d  b a l a n c e  s h a f t  g e a r s ,
located at the flywheel end of the
eng ine , mesh  w i th  each  o ther  and  run  a t
t h e  s a m e  s p e e d  a s  t h e  c r a n k s h a f t  ( s e e
F igure  11B-159) . Either one of the
gears  may  be  d r i ven  f rom the  c ranksha f t
t i m i n g  g e a r ,  t h r o u g h  a n  i d l e  g e a r ,  d e -
p e n d i n g  u p o n  e n g i n e  r o t a t i o n . V iew ing
t h e  e n g i n e  f r o m t h e  f l y w h e e l  o r  g e a r
t r a i n  e n d , t h e  r i g h t  h a n d  g e a r  h a s  l e f t
hand  he l i ca l  tee th  and  the  le f t  hand  gear
h a s  r i g h t  h a n d  h e l i c a l  t e e t h .  T h e  i d l e r
gear  mates  w i th  the  le f t  hand  gear .

S i n c e  t h e  c a m s h a f t  a n d  b a l a n c e  s h a f t
g e a r s  m u s t  b e  i n  t i m e  w i t h  e a c h  o t h e r ,
t h e  l e t t e r “O” is stamped on one tooth of
o n e  o f  t h e  g e a r s  w i t h  a  c o r r e s p o n d i n g
m a r k  a t  t h e  r o o t  o f  t h e  m a t i n g  t o o t h  o f
t h e  o t h e r  g e a r . A l s o ,  s i n c e  t h e s e  t w o
g e a r s  a s  a  u n i t  m u s t  b e  i n  t i m e  w i t h  t h e
c r a n k s h a f t , i d e n t i f i c a t i o n  m a r k s  ( l e t t e r
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Figure 11B-159. Camshaft and Balance
Shaft  Gears

“ R ”  f o r  r i g h t  h a n d  r o t a t i o n  e n g i n e )  a r e
l o c a t e d  o n  e i t h e r  t h e  c a m s h a f t  g e a r  o r
b a l a n c e  s h a f t  g e a r  a n d  t h e  m a t i n g  i d l e r
g e a r .

The camshaft  and balance shaf t  gears are
keyed to  the i r  respec t ive  sha f ts  and he ld
s e c u r e l y  a g a i n s t t h e  s h o u l d e r  o n  t h e
s h a f t  b y  a  n u t . A  g e a r  n u t  r e t a i n e r ,
w i t h a double hexagon hole in the
c e n t e r , f i t s  o v e r  t h e  n u t  a n d  p r e v e n t
l o o s e n i n g  o f  t h e  n u t .  T h e  r e t a i n e r  i s  a t -
tached to  the  gear  by  bo l ts  th readed in to
t a p p e d  h o l e s  i n  t h e  g e a r .  T h e s e  t a p p e d
holes are also ut i l ized in mount ing an ac-
cessory  d r i ve  on  the  camshaf t  o r  ba lance
sha f t  gear .

A  sma l l  ba lance  we igh t  i s  a t tached  to  the
i n n e r  f a c e  o f  e a c h  g e a r . These we igh ts
a r e  i m p o r t a n t  i n  m a i n t a i n i n g  p e r f e c t  e n -
gine balance.

Remove Camshaft and Balance Shaft
Gears

1. Remove t h e  c a m s h a f t  a n d  b a l a n c e
sha f t  f rom the  eng ine  as  ou t l i ned  in  “Re-
move Camshaft  or  Balance Shaft ”  on page
11B-97.

2 .  S u p p o r t  t h e  c a m s h a f t  s u i t a b l y  i n  t h e
s o f t  j a w s  o f  a  b e n c h  v i c e ,  b e i n g  c a r e f u l
not to damage the cams.

3 .  R e m o v e  t h e  n u t  r e t a i n i n g  t h e  g e a r  o n
the camshaft .

4 .  B a c k  o u t  t h e  p u l l e r  s c r e w  o f  t o o l  J
1902-01  and  a t tach  the  pu l le r  to  the  ou t -
e r  f a c e  o f  t h e  g e a r  w i t h  f o u r  b o l t s  ( s e e
Figure 11B-160 on page 11B-105).



5 .  T u r n  t h e  p u l l e r  s c r e w  d o w n  a g a i n s t
the end of  the shaft  to remove the gear.

6 .  R e m o v e  t h e  g e a r  f r o m  t h e  b a l a n c e
shaft  in a s imi lar  manner

7 .  I f  n e c e s s a r y , r e m o v e  t h e  t w o  w e i g h t
r e t a i n i n g  b o l t s  a n d  r e m o v e  t h e  b a l a n c e
weights f rom each gear.

8 .  I f  n e c e s s a r y , r e m o v e  t h e  k e y s  f r o m
the camshaft  and balance shaf t .

Inspection

C l e a n  t h e  g e a r s  w i t h  f u e l  o i l  a n d  d r y
them w i th  compressed  a i r .  Then  examine
t h e  g e a r  t e e t h  f o r  e v i d e n c e  o f  s c o r i n g ,
p i t t i n g  a n d  w e a r . I f  severe ly  damaged
o r  w o r n , ins ta l l  a  new gear . Also check
the  o ther  gears  in  the  gear  t ra in .

Install Camshaft and Balance Shaft
Gears

1 .  I n s t a l l  t h e  b a l a n c e  w e i g h t s ,  i f  r e -
moved,  on  the  gears .

2 .  Lubr i ca te  the  sha f t  j ou rna ls  and  p lace
the camshaft  and balance shaf t  end bear-
i n g s  i n  p l a c e , w i t h  t h e  b o l t i n g  f l a n g e s
f a c i n g  t o w a r d  t h e  g e a r  e n d s  o f  t h e
s h a f t s .  I n s t a l l  t h e  t h r u s t  w a s h e r s  b e -
t w e e n  t h e  e n d  b e a r i n g s  a n d  t h e  t h r u s t
shou lders  o f  the  sha f ts ,  and  be tween the
end bear ings  and  the  gears .

NOTE

Be sure the steel face of the
t h r u s t  w a s h e r s  a r e  n e x t  t o  t h e
b e a r i n g s .

3 .  I n s t a l l  t h e  W o o d r u f f  k e y s  f o r  t h e
gears  in  bo th  shaf ts .

4.  Note that  the teeth on one gear form a
r i g h t  h a n d  h e l i x  a n d  o n  t h e  o t h e r  a  l e f t
h a n d  h e l i x . W h e n  v i e w i n g  t h e  e n g i n e
f r o m  t h e  f l y w h e e l  e n d ,  t h e  g e a r  w i t h
r i ght  hand hel ical  teeth is located on the
le f t s ide  and  the  gear  w i th  the  le f t  hand
he l i ca l  tee th  i s  loca ted  on  the  r igh t  s ide
o f  t h e  e n g i n e . W i t h  t h i s  i n  m i n d ,  r e s t
t h e  n o n - g e a r  e n d  o f  t h e  c a m s h a f t  o n  a
w o o d  b l o c k  a n d  s t a r t  t h e  g e a r  o n  t h e
o t h e r  e n d  o f  t h e  s h a f t  b y  h a n d  s o  t h e
k e y w a y  a l i g n s  w i t h  t h e  k e y  a n d  w i t h  t h e
f l a t  f i n i s h e d  f a c e  o f  t h e  g e a r  a w a y  f r o m
t h e  b e a r i n g .

Figure 11B-160. Removing Gear
(Camshaft  or  Balance Shaft )

5 .  Use  gear  ins ta l le r  J  1903 as  shown in
F igure  11B-161 on  page 11B-106 to  d r i ve
t h e  g e a r s  o n  t h e  c a m s h a f t  a n d  b a l a n c e
s h a f t .

6 .  S t a r t  t h e  g e a r  r e t a i n i n g  n u t s  o n  t h e i r
r e s p e c t i v e  s h a f t s  b y  h a n d .  T i g h t e n  t h e
nuts  a f te r  the  sha f ts  have  been ins ta l led
in  the  cy l inder  b lock .

7 .  Ins ta l l  t he  camshaf t  and  ba lance  sha f t
in  the  eng ine .

8 .  W i t h  t h e  s h a f t s  a n d  t h e  f r o n t  b a l a n c e
w e i g h t s  i n s t a l l e d , w e d g e  a  c l e a n  c l o t h
be tween  the  camsha f t  and  ba lance  sha f t
gears a n d  t i g h t e n t h e  g e a r  r e t a i n i n g
n u t s  t o  3 0 0 - 3 2 5  l b - f t  ( 4 0 7 - 4 4 7  N m )  t o r -
que .

9 .  S e c u r e  t h e  n u t s  w i t h  r e t a i n e r s ,  r e -
ta iner  bo l t s  and  lock  washers .

10.  Check the backlash between the mat-
i n g  g e a r s . T h e  b a c k l a s h  s h o u l d  b e
0 .003"  to  0 .008”  w i th  new par ts  o r  0 .010”
maximum with used parts.

IDLER GEAR AND BEARING ASSEMBLY

Description

T h e  i d l e r  g e a r  i s  m o u n t e d  o n  a  d o u b l e
row, t a p e r e d  r o l l e r  b e a r i n g  w h i c h ,  i n
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Figure 11B-161. Replacing Camshaft
Gear

t u r n , i s  s u p p o r t e d  o n  a  s t a t i o n a r y  h u b .
T h i s  h u b  i s  s e c u r e d  d i r e c t l y  t o  t h e  c y l -
i n d e r  b l o c k  b y  a  b o l t  w h i c h  p a s s e s
t h r o u g h  t h e  h u b  a n d  r e a r  e n d  p l a t e .  A
ho l low dowe l  se rves  a  two- fo ld  purpose ;
f i rs t ,  as  a  loca t ing  dowel  i t  pos i t ions  the
h u b  a n d  p r e v e n t s  i t  f r o m  r o t a t i n g  a n d ,
s e c o n d ,  c o n d u c t s  o i l  u n d e r  p r e s s u r e
f r o m  a n  o i l  g a l l e r y  i n  t h e  c y l i n d e r  b l o c k
th rough a  passage in  the  gear  hub  to  the
ro l l e r  bear ing .

T h e  i d l e r  g e a r  b e a r i n g  c o n s i s t s  o f  t w o
c u p s ,  t w o  c o n e s  a n d  a n  o u t e r  a n d  i n n e r
s p a c e r  r i n g .

T h e  i n n e r  a n d  o u t e r  c o n e s  o f  t h e  i d l e r
g e a r  b e a r i n g  a r e  p r e s s e d  o n t o  t h e  g e a r
h u b  a n d ,  t h e r e f o r e ,  d o  n o t  r o t a t e .  S p a -
c e r rings or a spacer , s e p a r a t e  t h e
cones. T h e  b e a r i n g  c u p ( s )  h a s  a  l i g h t
p ress f i t  i n  t h e  i d l e r  g e a r  a n d  i s  h e l d
aga ins t  a  f langed l ip  ins ide  the  id le r  gear
o n  o n e  s i d e  a n d  b y  a  b e a r i n g  r e t a i n e r
s e c u r e d  w i t h  s i x  b o l t s  a n d  t h r e e  b o l t
locks on the other s ide.

A n  i d l e r  g e a r  h o l e  s p a c e r  ( d u m m y  h u b )
i s  u s e d  o n  t h e  s i d e  o p p o s i t e  t h e  i d l e r
gear . N O  g a s k e t  i s  u s e d  b e t w e e n  t h e
i d l e r  g e a r  h u b  o r  d u m m y  h u b  a n d  t h e
f l y w h e e l  h o u s i n g . The  f l ywhee l  hous ing
bears  aga ins t  the  inner  races  o f  the  id le r
gear  bear ing  and  a lso  aga ins t  the  dummy
h u b .  T h r e e  s e l f - l o c k i n g  b o l t s  a n d  s t e e l
w a s h e r s  a r e  u s e d  t o  a t t a c h  t h e  f l y w h e e l
hous ing  a t  the  id le r  gear  and  dummy hub
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locat ions. The washers  sea t  in  7 /8 ”  spo t
faces a t  t h e  f l y w h e e l  h o u s i n g  a t t a c h i n g
bo l t  ho les ,  thus  p reven t ing  o i l  l eakage a t
these locat ions.

Remove Idler Gear (Flywheel Housing
Previously Removed)

1 .  R e m o v e  t h e  i d l e r  g e a r  h u b  t o  c y l i n d e r
b l o c k  b o l t  a n d  w a s h e r  a n d  w i t h d r a w  t h e
a s s e m b l y  f r o m  t h e  c y l i n d e r  b l o c k  r e a r
end plate.

NOTE

B e f o r e  r e m o v i n g  t h e  i d l e r  g e a r
c h e c k  t h e  i d l e r  g e a r ,  h u b  a n d
bear ing  assembly  fo r  any  percep t i -
b le wobble or shake when pressure
i s  a p p l i e d ;  b y  f i r m l y  g r a s p i n g  t h e
r i m  o f  t h e  g e a r  w i t h  b o t h  h a n d s
and rock ing  in  re la t ion  to  the  bear -
i n g . T h e  b e a r i n g m u s t  b e  r e -
p laced i f  t h e  g e a r  w o b b l e s  o r
shakes . I f  t h e  g e a r  a s s e m b l y  i s
s a t i s f a c t o r y , i t  i s  o n l y  n e c e s s a r y
t o  c h e c k  t h e  p r e - l o a d  b e f o r e  r e i n -
s ta l la t ion .

2 .  R e m o v e  t h e  i d l e r  g e a r  h o l e  s p a c e r  i n
t h e  s a m e  m a n n e r  i f  t h e  e n g i n e  i s  b e i n g
comple te ly  recond i t ioned .

Disassemble Idler Gear Assembly

Whi le  remov ing  o r  ins ta l l i ng  an  id le r  gear
bear ing ,  the  bear ing  MUST be  ro ta ted  to
a v o i d  t h e  p o s s i b i l i t y  o f  d a m a g i n g  t h e
b e a r i n g  b y  b r i n e l l i n g  t h e  b e a r i n g  c o n e s .
B r i n e l l i n g  r e f e r s  t o  t h e  m a r k i n g  o f  t h e
c o n e s  b y  a p p l y i n g  a  h e a v y  l o a d  t h r o u g h
t h e  r o l l e r s  o f  a  n o n - r o t a t i n g  b e a r i n g  i n
s u c h  a  w a y  t h a t  t h e  r o l l e r s  l e a v e  i m -
press ions  on  the  con tac t  su r faces  o f  the
cones. T h e s e  i m p r e s s i o n s  m a y  n o t  b e
eas i ly d iscerned d u r i n g normal
inspect ion . For example, a  bear ing  may
be  b r ine l led  i f  a  load  were  app l ied  to  the
i n n e r  c o n e  o f  t h e  b e a r i n g  a s s e m b l y  i n
o r d e r  t o  f o r c e  t h e  o u t e r  c o n e  i n t o  t h e
i d l e r  g e a r  b o r e , t h u s  t r a n s m i t t i n g  t h e
f o r c e  t h r o u g h  t h e  b e a r i n g  r o l l e r s .  A
b r i n e l l e d  b e a r i n g  m a y  h a v e  a  v e r y  s h o r t
l i fe .

Refer to Figure 11B-163 on page 11B-108
f o r  t h e  l o c a t i o n  a n d  i d e n t i f i c a t i o n  o f
parts and disassemble the bear ing as fo l -
lows:



1 .  R e m o v e  t h e  s i x  b o l t s  a n d  t h r e e  b o l t
l o c k s  w h i c h  s e c u r e  t h e  b e a r i n g  r e t a i n e r
t o  t h e  i d l e r  g e a r , and  remove  the  bear -
i n g  r e t a i n e r .

NOTE

T h e  c o m p o n e n t  p a r t s  o f  t h e  i d l e r
g e a r  b e a r i n g  a r e  m a t c h e d ;  t h e r e -
f o r e ,  m a t c h m a r k  t h e  p a r t s  d u r i n g
d i s a s s e m b l y  t o  e n s u r e  r e a s s e m b l y
o f  t h e  p a r t s  i n  t h e i r  o r i g i n a l  p o s i -
t i ons .

2 .  C l e a n  t h e  i d l e r  g e a r  a n d  b e a r i n g  a s -
sembly  w i th  fue l  o i l  and  d ry  i t  w i th  com-
pressed a i r .

3 .  P l a c e  t h e  i d l e r  g e a r  a n d  b e a r i n g  a s -
s e m b l y  i n a n  a r b o r  p r e s s u r e  w i t h  t h e
bear ing  cone  o r  inner  race  suppor ted  on
s tee l  b locks  as  shown in  F igure  11B-162.
W h i l e  r o t a t i n g  t h e  g e a r  a s s e m b l y ,  p r e s s
t h e  h u b  o u t  o f  t h e  b e a r i n g .  R e m o v e  t h e
g e a r  a s s e m b l y  f r o m  t h e  a r b o r  p r e s s  a n d
remove the bear ing cones and spacers.

4 .  T a p  t h e  b e a r i n g  c u p s  a n d  s p a c e r
r i n g s f r o m  t h e  i d l e r  g e a r  b y  u s i n g  a
b r a s s  d r i f t  a l t e r n a t e l y  a t  f o u r  n o t c h e s
p r o v i d e d  a r o u n d  t h e  s h o u l d e r  o f  t h e
g e a r .

Inspection

W a s h  t h e  i d l e r  g e a r ,  h u b  a n d  b e a r i n g
c o m p o n e n t s  t h o r o u g h l y  i n  c l e a n  f u e l  o i l
and  dry  w i th  compressed a i r .

C h e c k  t h e  i d l e r  g e a r  h u b  a n d  s p a c e r .
I n s p e c t  t h e  b e a r i n g s  c a r e f u l l y  f o r  w e a r ,
p i t t i n g , scor ing  o r  f l a t  spo ts  on  the  ro l l -
e r s  o r  c o n e s . R e p l a c e  t h e  b e a r i n g  i f  i t
i s  defec t ive .

E x a m i n e  t h e  g e a r  t e e t h  f o r  e v i d e n c e  o f
s c o r i n g , p i t t i n g  a n d  w e a r . I f  s e v e r e l y
d a m a g e d  o r  w o r n ,  r e p l a c e  t h e  g e a r .  A l -
so, i n s p e c t  t h e  o t h e r  g e a r s  i n  t h e  g e a r
t r a i n .

Assemble Idler Gear Assembly

Refer to Figure 11B-163 on page 11B-108
and  assemble  the  bear ing  componen ts  in
t h e i r  o r i g i n a l  p o s i t i o n s  ( r e f e r  t o  i d e n t i f i -
c a t i o n  m a r k s  m a d e  d u r i n g  d i s a s s e m b l y )
as out l ined below:

NOTE

T h e  i d l e r  g e a r  b e a r i n g  i s  a  m a t c h
assembly. Do not mix components.

1 .  S u p p o r t  t h e  i d l e r  g e a r , shou lde r
d o w n , o n  t h e  b e d  o f  a n  a r b o r  p r e s s .
S ta r t  one  o f  the  bear ing  cups ,  numbered
s i d e  u p , s q u a r e l y  i n t o  t h e  b o r e  o f  t h e
g e a r . Then press t h e  b e a r i n g  c u p
a g a i n s t  t h e  s h o u l d e r  o f  t h e  g e a r . U s e  a
f l a t  s t e e l  p l a t e  ( p r e - l o a d  t e s t  p l a t e )  b e -
tween the ram of the press and the
bearing cup.

2 .  L a y  t h e  o u t e r  s p a c e r  r i n g  o n  t h e  f a c e
o f  the  bear ing  cup .

3 .  S t a r t  t h e  o t h e r  b e a r i n g  c u p ,  n u m -
b e r e d  s i d e  d o w n ,
o f  t h e  g e a r .

s q u a r e l y  i n t o  t h e  b o r e
T h e n  p r e s s  t h e  c u p  t i g h t

a g a i n s t  t h e  s p a c e r  r i n g . Use a flat steel
p l a t e  ( p r e - l o a d  t e s t  p l a t e )  b e t w e e n  t h e
ram o f  the  p ress  and  the  bear ing  cup .

4 .  P r e s s  t h e  i n n e r  b e a r i n g  c o n e  ( n u m -
b e r e d  s i d e  u p )  o n  t h e  i d l e r  g e a r  h u b ,
f l u s h  w i t h  t h e  i n n e r  h u b  m o u n t i n g  f a c e .
U s e  t h e  p r e - l o a d  t e s t  p l a t e  ( w i t h  t h e
large center  hole)  between the ram of  the
press  and  the  bear ing .

5 .  I n s t a l l  t h e  i n n e r  s p a c e r  r i n g  o n  t h e
id le r  gear  hub  so  tha t  the  o i l  ho le  in  the
h u b  i s  1 8 0 °  f r o m  t h e  g a p  i n  t h e  i n n e r
s p a c e r  r i n g .

Figure 11B-162. Pressing Hub Out of
Bearing
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Figure 11B-163.

6 .  P o s i t i o n  t h e  g e a r  w i t h  b o t h  c u p s  o v e r
the  hub  and  the  inner  bear ing  cone .

7 .  P r e s s  t h e  o u t e r  i d l e r  g e a r  b e a r i n g
c o n e  o v e r  t h e  h u b  w h i l e  r o t a t i n g  t h e
g e a r  t o  s e a t  t h e  r o l l e r  p r o p e r l y  b e t w e e n
the  cones . T h e  b e a r i n g  c o n e s  m u s t  b e
s u p p o r t e d  s o  a s  n o t  t o  l o a d  t h e  b e a r i n g
r o l l e r s  d u r i n g  t h i s  o p e r a t i o n  ( s e e
Figure (11B-164).

8 .  Be fo re  ins ta l l i ng  the  gear  and  bear ing
assemb ly ,  check  the  p re - load .

Check Pre-Load of Bearing

The  ro l l e rs  o f  the  bear ing  a re  loaded  be-
tween the  bear ing  cup  and  bear ing  cones

Figure 11B-164. Press ing  Hub in to
Bearing

11B-108

I d l e r  G e a r  P a r t s

i n  a c c o r d a n c e  w i t h  d e s i g n  r e q u i r e m e n t s
to  p rov ide  a  r ig id  id le r  gear  and  bear ing
assembly. A s  t h e  b e a r i n g  c o n e s  a r e
m o v e d  t o w a r d  e a c h  o t h e r  i n  a  t a p e r e d
r o l l e r  b e a r i n g  a s s e m b l y ,  t h e  r o l l e r s  w i l l
b e  m o r e  t i g h t l y  h e l d  b e t w e e n  t h e  c o n e s
a n d  c u p . I n  t h e  i d l e r  g e a r  b e a r i n g s ,  a
s l i g h t  p r e - l o a d  i s  a p p l i e d  b y  m e a n s  o f  a
se lec ted  spacer  r ing  be tween the  bear ing
cones, t o  p r o v i d e  r i g i d i t y  o f  t h e  g e a r
and bear ing  assembly  when i t  i s  mounted
o n  i t s  h u b . Th is  method  o f  p re - load ing
is measured, i n  t e r m s  o f  p o u n d - p u l l ,  b y
the  e f fo r t  requ i red  a t  the  ou te r  d iamete r
o f  t h e  g e a r  t o  t u r n  t h e  b e a r i n g  c u p  i n
relat ion to the bearing cones.

Any t ime an id ler gear assembly has been
removed f rom an  eng ine  fo r  se rv ic ing  o r
inspect ion , w h i l e  p e r f o r m i n g  e n g i n e  o v -
e r h a u l  o r  o t h e r  r e p a i r s , t h e  p r e - l o a d
should be measured as part  of  the opera-
t i o n .

The id ler  gear bear ing must be c lean and
l u b r i c a t e d  w i t h  l i g h t  e n g i n e  o i l  p r i o r  t o
t h e  p r e - l o a d  t e s t . Id ler  gear assembl ies
w h i c h  i n c l u d e  n e w  b e a r i n g s  s h o u l d  b e
w o r k e d  i n  b y  g r a s p i n g  t h e  g e a r  f i r m l y
b y  h a n d  a n d  r o t a t i n g  t h e  g e a r  b a c k  a n d
fo r th  severa l  t imes .

A f t e r  t h e  i d l e r  g e a r ,  h u b  a n d  b e a r i n g
are a s s e m b l e d  t o g e t h e r , t h e  b e a r i n g
s h o u l d  b e  c h e c k e d  t o  a s c e r t a i n  t h a t  t h e
gear  may be  ro ta ted  on  i t s  bear ing  w i th -
ou t  exceed ing  the  max imum to rque  spec-
i f i ca t ions, n o r  b e  s o  l o o s e  a s  t o  p e r m i t
t h e  g e a r  t o  b e  m o v e d  i n  r e l a t i o n  t o  t h e



F i g u r e  1 1 B - 1 6 5 .  F i x t u r e  f o r  T e s t i n g
Bearing Pre-Load

h u b  b y  t i l t i n g , w o b b l i n g  o r  s h a k i n g  t h e
g e a r .

I f  t h e  m a t i n g  c r a n k s h a f t  a n d  c a m s h a f t
g e a r s  a r e n o t  a l r e a d y  m o u n t e d  o n  t h e
eng ine , the  to rque  requ i red  to  ro ta te  the
i d l e r  g e a r  m a y  b e  c h e c k e d  b y  m o u n t i n g
t h e  i d l e r  g e a r  i n  p o s i t i o n  o n  t h e  e n g i n e ,
u s i n g  a  s t e e l  p l a t e  4 ”  s q u a r e  ( p r e - l o a d
t e s t  p l a t e )  a g a i n s t  t h e  h u b  a n d  c o n e  a s
ou t l ined  be low:

1 .  M o u n t  t h e  i d l e r  g e a r  a s s e m b l y  o n  t h e
eng ine .

2 .  I n s t a l l  t h e  c e n t e r  b o l t  a n d  w a s h e r
t h r o u g h  t h e  g e a r  h u b  a n d  i n t o  t h e  c y l i n -
d e r  b l o c k . T i g h t e n  t h e  b o l t  t o  8 0 - 9 0
lb - f t  (108 -122  Nm)  to rque .

3 .  P lace  s tee l  p la te  ( lower  p la te  shown in
F igure  11B-166) a g a i n s t h u b and
b e a r i n g . I n s e r t t h r e e  3 / 8 ” - 1 6  b o l t s
t h r o u g h  t h e  p l a t e  a n d  t h r e a d  t h e m  i n t o
t h e  h u b . T i g h t e n  t h e  b o l t s  t o  2 4 - 4 0
lb - f t  (34 -54  Nm)  to rque .

4 .  T ie  one  end  o f  a  p iece  o f  l i n t less  1 /8 ”
c o r d  a r o u n d  a  1 / 8 ”  r o u n d  p i e c e  o f  w o o d
( o r  s o f t  m e t a l  s t o c k ) . P lace  the  wood
between the  tee th  o f  gear ,  then  wrap  the

F igure  11B-166.  P la tes  fo r  Bear ing
T e s t  F i x t u r e

c o r d  a r o u n d  t h e  p e r i p h e r y  o f  t h e  g e a r
s e v e r a l  t i m e s . A t t a c h  t h e  o t h e r  e n d  o f
t h e  c o r d  t o  s p r i n g  s c a l e ,  J  8 1 2 9  ( s e e
F igure  11B-167
t a i n  a  s t r a i g h t ,

on page 11B-110). Main-
s t e a d y  p u l l  o n  t h e  c o r d

a n d  s c a l e ,  9 0 °  t o  t h e  a x i s  o f  t h e  h u b ,
and  no te  the  pu l l ,  i n  pounds  and  ounces ,
r e q u i r e d  t o  s t a r t  t h e  g e a r  r o t a t i n g .
Make severa l  checks  to  ob ta in  an  average
r e a d i n g . I f  the  pu l l  i s  w i th in  1 /2  lb .  m i -
n i m u m  t o  4  I b s . max imum and  does  no t
f luc tua te  more  than  2  Ibs ,  11  ounces ,  the
id le r  gear  and  bear ing  assembly  a re  sa t -
i s f a c t o r y  f o r  u s e .

I f  the  c ranksha f t  and  camshaf t  gears  a re
m o u n t e d  o n t h e  e n g i n e ,  a su i tab le
f ix tu re ,  wh ich  may be he ld  in  a  v ise ,  can
b e  m a d e  a s  s h o w n  i n  F i g u r e  1 1 B - 1 6 5 .
T h r e e  p l a t e s  ( s h o w n  i n  F i g u r e  1 1 B - 1 6 6 )
a  1 /2 ” -13x  2 -3 /4 ”  bo l t  and  a  p la in  washer
a r e u s e d  w i t h  a  1 / 2 ” - 1 3  n u t  a n d  p l a i n
w a s h e r  f o r  m o u n t i n g . One o f  the  p la tes
is  used  to  take  the  p lace  o f  the  f l ywhee l
h o u s i n g ,  t h e  o t h e r  t w o  p l a t e s ,  t h e  c y l i n -
d e r  b l o c k . E n g i n e  m o u n t e d  c o n d i t i o n s
a r e  s i m u l a t e d  b y  t i g h t e n i n g  t h e  n u t  t o
8 0 - 9 0  l b - f t  ( 1 0 8 - 1 2 2  N m )  t o r q u e  a n d
t i g h t e n i n g  t h e  t h r e e  p l a t e - t o - h u b  a t t a c h -
i n g  b o l t s  t o  2 5 - 4 0  l b - f t  ( 3 4 - 5 4  N m )
t o r q u e .

Check  the  p re - load  as  fo l l ows :

A .  A t t a c h  t h e  p l a t e s  ( t w o  u p p e r  p l a t e s
s h o w n  i n  F i g u r e  1 1 B - 1 6 6 )  t o  t h e  i d l e r
g e a r  w i t h  1 / 2 ” - 1 3  b o l t ,  w a s h e r  a n d
n u t s  a s shown
T i g h t e n

i n  F i g u r e  1 1 B - 7 6 5 .
the bolt to 80-90 lb-ft

(108-122 Nm) torque.
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B .  A t t a c h  t h e  t h i r d  p l a t e  t o  t h e  i d l e r
g e a r  h u b  w i t h  t h r e e  3 / 8 ” - 1 6  b o l t s .
T igh ten  the  bo l t s  to  25-40  lb - f t  (34 -54
Nm)  to rque .

C .  C l a m p  t h e  i d l e r  g e a r  a s s e m b l y  a n d
f ix tu re  in  a  v ise  (see F igure  11B-167)

D .  A t t a c h  t h e  c o r d  t o  t h e  i d l e r  g e a r  a n d
s p r i n g s c a l e  a n d  c h e c k  t h e  p r e - l o a d
as prev ious ly  descr ibed.

I f  t h e  s c a l e  r e a d i n g  i s  w i t h i n  t h e  s p e c i -
f i e d  1 / 2  t o  4  I b s . , b u t  f l u c t u a t e s  m o r e
t h a n  t h e  p e r m i s s i b l e  2  I b s .  1 1  o u n c e s ,
the  id le r  gear  and  bear ing  assembly  mus t
n o t  b e  i n s t a l l e d  o n  t h e  e n g i n e . F l u c t u -
a t ions  in  sca le  read ing  may be  caused by
t h e  c o n e s  o r  r a c e s  n o t  b e i n g  c o n c e n t r i c
to each other,  damaged cones or races or
ro l l e rs , o r  d i r t  o r  f o r e i g n  m a t e r i a l  w i t h i n
t h e  b e a r i n g s . In  these  cases ,  the  bear -
ing  shou ld  be  inspec ted  fo r  the  cause  o f
f luc tua t ion  in  the  sca le  read ings  and  cor -
rec ted  o r  a  new bear ing  ins ta l led .

A  sca le  read ing  wh ich  exceeds  the  spec i -
f i e d  m a x i m u m  i n d i c a t e s  b i n d i n g  o f  t h e
b e a r i n g  r o l l e r s , o r  r o l l e r s  i m p r o p e r l y  i n -
stal led. W h e n  t h e  s c a l e  r e a d i n g  i s  l e s s
t h a n  t h e  s p e c i f i e d  m i n i m u m ,  t h e  b e a r i n g
i s  m o r e  l i k e l y  w o r n  a n d  s h o u l d  b e  r e -
placed.

A f t e r  t h e  p r e - l o a d  t e s t  i s  c o m p l e t e d ,  r e -
m o v e  t h e  s t e e l  p l a t e s  a n d  i n s t a l l  t h e
bear ing  re ta iner  as  fo l lows :

1 .  A t t a c h  t h e  b e a r i n g  r e t a i n e r  t o  t h e
i d l e r  g e a r  w i t h  s i x  b o l t s  a n d  t h r e e  b o l t
locks. T i g h t e n  t h e  b o l t s  t o  2 4 - 2 9  l b - f t
(33-39 Nm) torque.

Figure 11B-167. Check Pre-Load of
Id le r  Gear  Bear ing

11B-110

NOTE

New locking bol ts should always be
u s e d  w h e n  a t t a c h i n g  t h e  b e a r i n g
re ta iner  to  the  id le r  gear .

2. Bend the ears of each bolt lock
aga ins t  the  f la t  s ide  o f  the  a t tach ing  bo l t
heads to secure the bol ts.

Install  Idler Gear Assembly

1 .  P o s i t i o n  t h e  c r a n k s h a f t  g e a r  a n d  e i -
t h e r  t h e  b a l a n c e  s h a f t  o r  c a m s h a f t  g e a r
(depend ing  upon eng ine  ro ta t ion)  so  tha t
the  t im ing  marks  w i l l  a l ign  w i th  those  on
t h e  i d l e r  g e a r ( s e e  F i g u r e  1 1 B - 1 4 4  o n
page  11B-93) .

2 .  W i t h  t h e s e  m a r k s  i n  a l i g n m e n t ,  s t a r t
t h e  i d l e r  g e a r  i n t o  m e s h  w i t h  t h e  c r a n k -
s h a f t  g e a r  a n d  t h e  c a m s h a f t  g e a r ,  a n d
s imu l taneous ly r o t a t e  t h e  g e a r  h u b  s o
tha t  the  ho l low dowe l  a t  the  inner  face  o f
the  hub reg is te rs  w i th  the  o i l  ho le  in  the
end plate.

3 .  Ro l l  the  id le r  gear  in to  pos i t ion ,  a l ign
the  ho l low dowe l  w i th  the  ho le  in  the  end
p la te , a n d  g e n t l y  t a p  t h e  h u b  u n t i l  i t
s e a l s  a g a i n s t  t h e  e n d  p l a t e . T h u s  t h e
h o l l o w  d o w e l  i n  t h e  h u b  w i l l  c o n d u c t  o i l
t h r o u g h  t h e  e n d  p l a t e  a n d  i n t o  t h e  h u b
w h e r e  i t  f l o w s  t h r o u g h  a  d r i l l e d  p a s s a g e
to  the  ro l le r  bear ing .

4 .  A f t e r  m a k i n g s u r e  t h a t  t h e  h u b  i s
t i g h t  a g a i n s t  t h e  e n d  p l a t e ,  s e c u r e  t h e
i d l e r  g e a r  a s s e m b l y  w i t h  a  1 / 2 ” - 1 3  b o l t
and  spec ia l  washer . T i g h t e n  t h e  b o l t  t o
80 -90  lb - f t  (108-122  Nm)  to rque .

5 .  I f  p r e v i o u s l y  r e m o v e d , instal l t h e
i d l e r  g e a r  h o l e  s p a c e r  ( d u m m y  h u b ) .
S e c u r e  t h e  s p a c e r  t o  t h e  c y l i n d e r  b l o c k
e n d  p l a t e a n d  c y l i n d e r b l o c k  w i t h  a
1 / 2 ” - 1 3  b o l t  a n d  s p e c i a l  w a s h e r .  T i g h t -
e n  t h e  b o l t  t o  8 0 - 9 0  l b - f t  ( 1 0 8 - 1 2 2  N m )
t o r q u e .

6 .  L u b r i c a t e  t h e  i d l e r  g e a r  a n d  b e a r i n g
l ibera l l y  w i th  c lean  eng ine  o i l .

7 .  Check  the  back lash  be tween  the  mat -
i n g  g e a r s . The backlash must  be 0.002”
t o  0 . 0 0 8 ” b e t w e e n  n e w  g e a r s  a n d  m u s t
not exceed 0.010” between used gears.

8 .  Ins ta l l  the  f l ywhee l  hous ing .



CRANKSHAFT T IM ING GEAR

Description

T h e  c r a n k s h a f t  t i m i n g  g e a r  i s  b o l t e d  t o
t h e  f l a n g e  a t  t h e  r e a r  o f  t h e  c r a n k s h a f t
a n d  d r i v e s  t h e  c a m s h a f t  g e a r s ,  t h r o u g h
an  id le r  gear .

S i n c e  t h e  c a m s h a f t  m u s t  b e  i n  t i m e  w i t h
t h e  c r a n k s h a f t ,  t i m i n g  m a r k s  a r e  l o c a t e d
on two tee th  o f  the  id le r  gear  w i th  cor re -
s p o n d i n g  t i m i n g  m a r k s  s t a m p e d  o n  t h e
c ranksha f t  gear  and  camsha f t .

Remove Crankshaft Timing Gear (Fly-
wheel Housing Removed)

T h e  c r a n k s h a f t  g e a r  i s  p r e s s  f i t  o n  t h e
c r a n k s h a f t . Remove the gear as fo l lows:

1 .  R e m o v e  t h e  c r a n k s h a f t  r e a r  o i l  s e a l
sleeve, i f  u s e d . To  remove the  s leeve ,
p e e n  t h e  o u t s i d e  d i a m e t e r  o f  t h e  s l e e v e
unt i l  i t  s t re tches  su f f i c ien t ly  so  i t  can  be
s l ipped  o f f  o f  the  c ranksha f t .

2 .  B e f o r e  r e m o v i n g  t h e  c r a n k s h a f t  g e a r ,
a l i g n  t h e  t i m i n g  m a r k s  o f  t h e  g e a r  t r a i n
a n d  n o t e  t h e i r  l o c a t i o n  s o  t h e  g e a r  c a n
be re ins ta l led  in  i t s  o r ig ina l  pos i t ion .

3 .  Remove the  s ix  bo l ts  and  lock  washers
secur ing  the  gear  to  the  c ranksha f t .

4 .  Prov ide  a  base  fo r  the  pu l le r  sc rew by
p lac ing  a  s tee l  p la te  across  the  cav i ty  in
t h e  e n d  o f  t h e  c r a n k s h a f t . The  remove
t h e  g e a r  w i t h  a  s u i t a b l e  p u l l e r  a s  s h o w n
in  F igure  11B-168.

Inspection

C l e a n  t h e  g e a r  w i t h  f u e l  o i l  a n d  d r y  i t
w i t h  c o m p r e s s e d  a i r . E x a m i n e  t h e  g e a r
t e e t h  f o r  e v i d e n c e  o f  s c o r i n g ,  p i t t i n g  o r
w e a r . I f  s e v e r e l y  d a m a g e d  o r  w o r n ,  i n -
s t a l l  a  n e w  g e a r . A l s o  c h e c k  t h e  o t h e r
gears  in  the  gear  t ra in .

Install  Crankshaft Timing Gear

1 .  P o s i t i o n  t h e  g e a r  o n  t h e  r e a r  o f  t h e
c r a n k s h a f t  w i t h  t h e  f l a t  f i n i s h e d  h u b  o f
the  gear  fac ing  toward  the  cy l inder  b lock
a n d  w i t h  a l l  s i x  b o l t  h o l e s  i n  t h e  g e a r
a l i g n e d  w i t h  t h e  t a p p e d  h o l e s  i n  t h e

c r a n k s h a f t . O n e  b o l t  h o l e  i s  o f f s e t  s o
the  gear  can  be  a t tached  in  on ly  one  po-
s i t i on .

2 .  A l i g n  t h e  “ R ”  t i m i n g  m a r k  o n  t h e
c r a n k s h a f t  g e a r  t o o t h  w i t h  t h e  c o r r e -
spond ing  mark  on  the  id le r  gear .

3 .  S t a r t  t h e  s i x  3 / 8 ” - 2 4  b o l t s  w i t h  l o c k
w a s h e r s  t h r o u g h  t h e  g e a r  a n d  i n t o  t h e
c r a n k s h a f t . T h e n  d r a w  t h e  g e a r  t i g h t
a g a i n s t  t h e  s h o u l d e r  o n  t h e  c r a n k s h a f t .
T i g h t e n  t h e  b o l t s  t o  3 5 - 3 9  l b - f t  ( 4 7 - 5 3
Nm)  to rque .

4 .  C h e c k  t h e  b a c k l a s h  w i t h  t h e  m a t i n g
gear . The  back lash  shou ld  be  0 .003”  to
0 .008”  w i th  new gears  o r  0 .010”  max imum
wi th  used gears .

5 .  I n s t a l l  a  n e w  c r a n k s h a f t  r e a r  o i l  s e a l
s l e e v e ,  i f  r e q u i r e d .

BLOWER DRIVE GEAR AND SUPPORT
ASSEMBLY

Description

The b lower  d r i ve  gear  i s  mounted  on  the
b l o w e r  d r i v e  g e a r  s u p p o r t  a n d  i n  a d d i -
t i o n  t o  d r i v i n g  t h e  b l o w e r ,  d r i v e s  t h e
g o v e r n o r , w a t e r  p u m p  a n d  f u e l  p u m p .
T h e  d r i v e  i s  c u s h i o n e d  b y  a  s p r i n g  l o a d -
e d  f l e x i b l e  c o u p l i n g ,  s e e  F i g u r e  1 1 B - 1 6 9
o n  p a g e  1 1 B - 1 1 2  a n d  F i g u r e  1 1 B - 1 7 3  o n
p a g e  1 1 B - 1 1 5 ,  w h i c h  i n s u r e s  a  u n i f o r m
r o t a t i o n  o f  t h e  b l o w e r  r o t o r s . T h e  r i g h t
h a n d  h e l i x  b l o w e r  d r i v e  g e a r  i s  d r i v e n
b y t h e balance s h a f t  g e a r
F i g u r e  1 1 B - 1 4 4  o n  p a g e  1 1 B - 9 3 ) .

(see
T h e

ra t io  o f  b lower  speed to  eng ine  speed is
1.55 to 1.

Figure 11B-168. Removing Crankshaft
Timing Gear
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Remove and Install  Blower Drive Shaft

I f  t h e  b l o w e r  d r i v e  s h a f t  i s  n o t  b r o k e n ,
i t  may be removed as fol lows:

1 .  Remove the  s ix  bo l ts  (94  and 95)  tha t
s e c u r e  t h e  f l y w h e e l  h o u s i n g  s m a l l  h o l e
c o v e r  ( 9 2 ,  F i g u r e  1 1 B - 1 6 9 ) .

2 .  R e f e r t o  F i g u r e  1 1 B - 1 7 2  o n  p a g e
11B-113 and remove the snap ring and
p u l l  t h e  b l o w e r d r i v e  s h a f t  o u t  o f  t h e
dr ive  assembly .

NOTE

Some sha f ts  have  a  tapped ho le  in
t h e  e n d  w h i c h  c a n  b e  u s e d  a s  a n
a id  in  remov ing  the  shaf t .

I f  the  b lower  d r ive  shaf t  i s  b roken and i t
is not possible to remove all of the
p ieces ,  i t  w i l l  be  necessary  to  remove the
b lower ,  see  Subsec t ion  11D.

A broken dr ive  sha f t  ind ica tes  an  unusu-
a l  l o a d i n g  w h i c h  m a y  h a v e  b e e n  c a u s e d
by a b e a r i n g f a i l u r e o t h e r
ma l func t ion . I n s p e c t  t h e b lower d r i v e ,
b lower  ro to rs  and  the  hous ing  be fo re  re -
p l a c i n g  t h e  d r i v e  s h a f t . See  the  b lower
inspec t ion  p rocedure  in Subsec t ion 11D.

R e v e r s e  t h e  r e m o v a l  s t e p s  t o  i n s t a l l  t h e
b l o w e r  d r i v e  s h a f t .

Remove Blower Drive Gear (Flywheel
Housing Removed)

R e m o v a l  o f  t h e  f l y w h e e l  h o u s i n g  i s  n o t
necessary when r e m o v i n g  t h e  b l o w e r
d r i v e  g e a r ,  h o w e v e r ,  a n  i n s p e c t i o n  o f
the  gear  t ra in  i s  adv isab le  when any  one
of  the  gears  requ i res  serv ice .

B e f o r e  r e m o v i n g  t h e  b l o w e r  d r i v e  g e a r ,
t h e  b l o w e r  d r i v e  s h a f t  m u s t  b e  r e m o v e d
as prev ious ly  ou t l ined.

1.  Remove the blower as out l ined in Sub-
sect ion 11D.

2 .  R e m o v e  t h e  b l o w e r  d r i v e  o i l  l i n e  ( s e e
Figure 11B-171 on page 11B-113).

3 .  S t r a i g h t e n  t h e  e a r s  o n  l o c k  w a s h e r
( 5 8 )  a n d  l o o s e n  t h e  d r i v e  g e a r  h u b  n u t
(57, Figure 11B-173 on page 11B-115).

4 .  R e m o v e  t h e  b l o w e r  d r i v e  s u p p o r t  a t -
tach ing  bo l ts .

11B-112

Figure 11B-169. Blower Drive Gear
and Support

5 .  L o o s e n  t h e  b l o w e r  d r i v e  s u p p o r t  b y
t a p p i n g  i t  l i g h t l y  a n d  w i t h d r a w  t h e  s u p -
p o r t  f r o m  t h e  c y l i n d e r  b l o c k  r e a r  e n d
plate. T a k e  c a r e  t o  p r e v e n t  d a m a g e  t o
t h e  b l o w e r  d r i v e  g e a r  t e e t h .  D i s c a r d  t h e
g a s k e t .

Disassemble Blower Drive Gear and
Support

1 .  S e c u r e  t h e  b l o w e r  d r i v e  g e a r  a n d
s u p p o r t  a s s e m b l y in a vise with soft
jaws.

2 .  T a k e  o u t  d r i v e  c o u p l i n g  b o l t s  ( 7 2 )
a n d  r e m o v e  r e t a i n e r  ( 7 1 )  a n d  c o u p l i n g
s u p p o r t  ( 6 7 , F i g u r e  1 1 B - 1 7 3  o n  p a g e
11B-115).

3 .  R e m o v e  d r i v e  g e a r  h u b  n u t  ( 5 7 ) ,  l o c k
w a s h e r  ( 5 8 ) ,  l o c k  b a l l  ( 5 5 )  a n d  t h r u s t



Inspect ion

C l e a n  t h e  p a r t s  w i t h  f u e l  o i l  a n d  d r y
t h e m  w i t h  c o m p r e s s e d  a i r . E n s u r e  t h a t
t h e  o i l  g r o o v e s , oi l  holes and cavi t ies are
f r e e  o f  d i r t .

F igure  11B-170.  B lower  Dr ive  Suppor t

w a s h e r  ( 5 6 )  a n d  w i t h d r a w  t h e  b l o w e r
d r i v e  g e a r  h u b .

4 .  R e m o v e  t h e  t h r u s t  w a s h e r  f r o m  t h e
b l o w e r d r i v e g e a r h u b (see
F i g u r e  1 1 B - 1 7 0 ) .

5 .  P r e s s  t h e  g e a r  h u b  o u t  o f  t h e  b l o w e r
d r i v e  g e a r .

F igure  11B-171.  B lower  O i l  L ine

R e p l a c e  t h e  t h r u s t  w a s h e r s  i f  t h e y  a r e
w o r n  o r  s c o r e d .

I f  t h e  b e a r i n g s  a r e  w o r n  o r  s c o r e d  e x -
c e s s i v e l y  t h e  d r i v e  g e a r  h u b  s u p p o r t  o r
bear ings  w i l l  have  to  be  rep laced .  These
bush ing  type  bear ings  a re  d iamond bored
to an i n s i d e  d i a m e t e r  o f 1 . 6 2 6 0 "  t o
1 . 6 2 6 5 ”  a f t e r  i n s t a l l a t i o n  i n  t h e  h u b .

T h e  c l e a r a n c e  b e t w e e n  t h e  b e a r i n g s  a n d
t h e  h u b  i s  0 . 0 0 1 0 ”  t o  0 . 0 0 2 5 ”  w i t h  n e w
p a r t s  a n d  a  m a x i m u m  o f  0 . 0 0 5 0 ”  w i t h
u s e d  p a r t s .

T h e  b e a r i n g  o n  t h e  g e a r  e n d  p r o t r u d e s
0 .045”  to  0 .055”  above  the  sur face  o f  the
face  to  fac i l i t a te  the  ins ta l la t ion  o f  b lower
t h r u s t  w a s h e r  ( 1 0 2 ) .  T h e  o t h e r  b e a r i n g
i s  i n s t a l l e d  w i t h  t h e  e n d  f l u s h  t o  0 . 0 3 0 "
be low the  su r face  o f  the  face  o f  the  sup-
p o r t . Rep lacemen t b e a r i n g s m u s t
w i t h s t a n d  2 0 0 0  l b  e n d  l o a d  w i t h o u t  m o v -
i n g , a l s o  t h e  b e a r i n g b o r e s  m u s t  b e
s q u a r e  w i t h  t h e  i n n e r  a n d  o u t e r  f a c e s  o f
t h e  s u p p o r t  w i t h i n  0 . 0 0 1 ”  t o t a l  i n d i c a t o r
r e a d i n g .

R e p l a c e  t h e  b l o w e r  d r i v e  s h a f t  i f  t h e
s e r r a t i o n s  a r e  w o r n  o r  d a m a g e d .

I n s p e c t  t h e  b l o w e r  d r i v e  c o u p l i n g s u p -
p o r t , cam, s e a t s  a n d
packs .

s p r i n g s p r i n g
Replace worn or  damaged parts.

T h e  b l o w e r  d r i v e  c o u p l i n g  i n c o r p o r a t e s
s p r i n g  s e a t s  w h i c h  p r e v e n t  p r e s s u r e  a n d

F igure  11B-172.  B lower  Dr ive  Shaf t
Mounting
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wear  f rom the  sp r ing  packs  on  the  coup l -
i n g , t h e r e b y  p r o l o n g i n g  t h e  l i f e  o f  t h e
c o u p l i n g . S h o r t e r  s p r i n g s  a r e  r e q u i r e d
f o r  u s e  w i t h  t h e  s p r i n g  s e a t s .  W h e n  a
spr ing  rep lacement  i s  necessary ,  the  new
s p r i n g s  a n d  s p r i n g  s e a t s ,  a v a i l a b l e  i n  a
k i t ,  mus t  be  ins ta l led .

E x a m i n e  t h e  b l o w e r  d r i v e  g e a r . I f  t h e
t e e t h  a r e  e x c e s s i v e l y  w o r n ,  s c o r e d  o r
p i t ted ,  the  gear  mus t  be  rep laced .

Assemble Blower Drive Gear and Sup-
por t

T h e  r e l a t i v e  l o c a t i o n  o f  t h e  p a r t s  i s
shown in Figure 11B-173 on page
11B-115:

1 .  Secure  b lower  d r i ve  gear  suppor t  (61)
in  a  v ise  wi th  sof t  jaws.

2 .  P r e s s  d r i v e  g e a r  h u b  ( 5 4 )  i n t o  d r i v e
gear  (53 ) .

3 .  L u b r i c a t e  t h e  d r i v e  g e a r  h u b ,  b e a r -
i n g s  i n  t h e  s u p p o r t ,  t h r u s t  s u r f a c e s  a n d
b l o w e r  d r i v e  t h r u s t  w a s h e r  w i t h  e n g i n e
o i l .

4 .  P lace  th rus t  washer  (102)  on  the  p ro -
t r u d i n g  b e a r i n g  i n  t h e  g e a r  s i d e  o f  t h e
s u p p o r t  a n d  i n s e r t  t h e  b l o w e r  d r i v e  g e a r
hub and gear assembly.

5 .  L o c a t e  l o c k  b a l l  ( 5 5 )  i n  i t s  p l a c e  o n
t h e  d r i v e  g e a r  h u b  a n d  s l i d e  h u b  t h r u s t
w a s h e r  ( 5 6 )  i n t o  p o s i t i o n  o v e r  t h e  l o c k
bal l . T h e  t h r u s t  w a s h e r  m u s t  b e  i n -
s t a l l e d  w i t h  t h e  t a p e r e d  f a c e  t o w a r d  t h e
th reads  on  the  hub .

6 .  I n s t a l l  a  n e w  l o c k  w a s h e r  ( 5 8 )  a n d
f i n g e r  t i g h t e n  n u t  ( 5 7 )  o n  t h e  h u b .  I n -
s ta l l  two  bo l ts  in to  the  th readed ho les  in
t h e  d r i v e  g e a r  h u b . P l a c e  a  s u i t a b l e
h o l d i n g  b a r  a c r o s s  t h e  b o l t s  t o  k e e p  t h e
h u b  f r o m  r o t a t i n g  a n d  t i g h t e n  t h e  h u b
nu t  to  50-60  lb - f t  to rque . Bend the ears
o f  t h e  l o c k  w a s h e r  a g a i n s t  t h e  n u t  t o
l o c k  t h e  n u t  i n  p l a c e . Remove the  two
bo l ts .

7 .  Assemble  the  b lower  d r i ve  coup l ing  as
fol lows:

A .  P l a c e  d r i v e  c o u p l i n g  s u p p o r t  ( 6 7 )  o n
wood blocks as in
F igure  11B-174.

B .  I n s t a l l  s p r i n g  e n d  s e a t s  ( 1 0 1 )  a n d
p l a c e  s p r i n g  s e a t  ( 7 0 )  i n  e a c h  c o r n e r
o f  t h e  d r i v e  c o u p l i n g  s u p p o r t .

C .  App ly  eng ine  o i l  to  the  d r ive  coup l ing
s p r i n g s  ( t h e r e  a r e  2 1  l e a v e s  i n  e a c h
s p r i n g  p a c k )  a n d  i n s e r t  t h e m  i n  t h e
c o u p l i n g  s u p p o r t .

D .  P l a c e  b l o w e r  d r i v e  c a m  ( 6 8 )  o n  t h e
ins ta l le r  J  1471 ,  inser t  the  round  end
o f  t h e  t o o l  b e t w e e n  s p r i n g  p a c k  ( 6 9 )
a n d  p r e s s  t h e  c a m  i n t o  p o s i t i o n  ( s e e
F igure  11B-174) .

8 .  P lace  the  coup l ing  suppor t  aga ins t  the
d r i v e  g e a r  w i t h  t h e  b l o w e r  d r i v e  s h a f t
r ing  g roove  in  the  cam fac ing  away  f rom
t h e  d r i v e  g e a r . Then ,  p lace  d r i ve  coup l -
i n g  r e t a i n e r  ( 7 1 )  a g a i n s t  t h e  c o u p l i n g
s u p p o r t  w i t h  t h e  f l a r e d  e d g e  a w a y  f r o m
t h e  s u p p o r t . R e v o l v e  t h e  c o u p l i n g  a s -
s e m b l y  o n  t h e  h u b  f l a n g e  u n t i l  t h e  c a m
l o b e s  a r e  i n  l i n e  w i t h  t h e  o i l  g r o o v e s  i n
t h e  g e a r  h u b  t o  e n s u r e  p r o p e r  l u b r i -
cat ions ( s e e  F i g u r e  1 1 B - 1 7 5  o n  p a g e
11B-115).

9 .  Ins ta l l  the  d r ive  coup l ing  bo l ts .

Install  Blower Drive Gear and Support

1 .  C h e c k  t h e  c l e a r a n c e  ( F i g u r e  1 1 B - 1 7 0
on page 11B-113) between the drive sup-
p o r t  a n d  g e a r  h u b  t h r u s t  w a s h e r  b e f o r e
i n s t a l l i n g  t h e  b l o w e r  d r i v e  g e a r  s u p p o r t

to 0.014".
assemb ly .  The  c lea rance  mus t  be  0 .006”

Figure 11B-174. I n s e r t i n g  B l o w e r
Drive Cam
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Figure  11B-173.  B lower  Dr ive  Gear  Par ts

F igure  11B-175 .  Re la t ion  o f  B lower
Drive Cam to Oi l  Grooves in Gear Hub

2. Place a new gasket (63) on the mount-
ing  face  o f  the  hub  suppor t .

3 .  A t t a c h  t h e  b l o w e r  d r i v e  g e a r  a n d
s u p p o r t  a s s e m b l y  t o  t h e  c y l i n d e r  b l o c k
rear  end p la te  w i th  the  two 3 /8 ” -24  x  7 /8
bo l ts .

4 .  Connec t  the  o i l  l i ne .

5 .  I n s t a l l  t h e  b l o w e r  a s  o u t l i n e d  i n  S u b -
s e c t i o n  1 1 D  a n d  s e c u r e  s e a l  ( 6 1 )  a n d
clamp (52) as shown in Figure 11B-173.

6 .  I n s e r t  t h e  b l o w e r  d r i v e  s h a f t  i n t o  t h e
b l o w e r  r o t o r  g e a r  h u b .  T h e  e n d  w i t h o u t
t h e  g r o o v e  f o r  t h e  r i n g  m u s t  b e  i n s e r t e d
f i r s t .

7 .  L o c k  t h e  d r i v e  s h a f t  i n  p l a c e  b y  i n -
s t a l l i n g  t h e  r i n g  i n  t h e  g r o o v e  p r o v i d e d
in the coupl ing cam.

8 .  R e - i n s t a l l  t h e  f l y w h e e l  a n d  f l y w h e e l
h o u s i n g  a n d  i n s t a l l  t h e  r e m a i n i n g  b o l t s
t h a t  s e c u r e  t h e  b l o w e r  d r i v e  g e a r  a n d
suppor t  assembly .

BALANCE WEIGHT COVER

Description

T h e f r o n t balance
(F igure  11B-176

w e i g h t c o v e r
o n  p a g e  1 1 B - 1 1 6 )  e n -

c l o s e s  t h e  f r o n t  e n g i n e  b a l a n c e  w e i g h t s
and a lso  serves  as  a  suppor t  fo r  var ious
e q u i p m e n t  s u c h  a s  t h e  c o o l i n g  f a n  s u p -
p o r t  b r a c k e t .

T h e  b a l a n c e  w e i g h t  c o v e r  r e q u i r e s  n o
se rv i c i ng . However ,
b e i n g  c o m p l e t e l y

w h e n  a n  e n g i n e  i s
r e c o n d i t i o n e d  o r  t h e

camsha f t ,  ba lance  sha f t  o r  f ron t  ba lance
w e i g h t s need rep lac ing , t h e  b a l a n c e
we igh t  cover  mus t  be  removed.
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Figure 11B-176. Balance Weight Cover
Mounting

Remove Cover

1.  Dra in  the  coo l ing  sys tem.

2 .  L o o s e n  t h e  h o s e  c o n n e c t i o n s  b e t w e e n
the  rad ia to r  and  the  eng ine .

Figure 11B-177. Balance Weight Cover
Tightening Sequence

11B-116

3.  Remove the  rad ia to r .

4 .  R e m o v e  t h e  f a n ,  f a n  h u b  a n d  a d j u s t -
i n g  b r a c k e t .

5 .  Remove the  f i f teen  bo l t s ,  l ock  washers
and  p la in  washers  wh ich  secure  the  ba l -
a n c e  w e i g h t  c o v e r  t o  t h e  c y l i n d e r  b l o c k
a n d  t h e  f r o n t  e n d  p l a t e . Remove the
cover  and  gaske t .

6 .  R e m o v e  a l l  t r a c e s  o f  t h e  o l d  g a s k e t
m a t e r i a l  f r o m  t h e  c o v e r  a n d  t h e  e n d
p la te .

Install  Cover

1 .  A f f i x  a  n e w  g a s k e t  t o  t h e  b a l a n c e
w e i g h t  c o v e r .

2 .  I n s t a l l  t h e  c o v e r  i n  p l a c e  a n d  i n s t a l l
t h e  f i f t e e n  a t t a c h i n g  b o l t s ,  l o c k  w a s h e r s
and p la in  washers  f inger  t igh t .

3 .  R e f e r  t o  F i g u r e  1 1 B - 1 7 7  a n d  t i g h t e n
t h e  b o l t s  t o  2 5 - 3 0  l b - f t  ( 3 4 - 4 1  N m )  t o r -
q u e .

4 .  I n s t a l l  t h e  v a r i o u s  s u b a s s e m b l i e s  t h a t
were  prev ious ly  removed.

ACCESSORY DRIVES

Description

A c c e s s o r y  d r i v e s  h a v e  b e e n  p r o v i d e d  a t
t h e  r e a r  o f  t h e  e n g i n e s  t o  a c c o m m o d a t e
b o t h  g e a r  d r i v e n  a n d  b e l t  d r i v e n  a c c e s -
sor ies .

For  the  poss ib le  accessory  d r ive  loca t ion
a n d  r o t a t i o n  o f  t h e  d r i v e  a t  a  p a r t i c u l a r
p o s i t i o n , r e f e r t o  F i g u r e  1 1 B - 1 7 8  o n
page 11B-117.

T h e  d r i v e  f o r  d i r e c t  g e a r  d r i v e n  a c c e s -
sor ies , s u c h  a s  a  r a w  w a t e r  p u m p ,  i s
made up of  a spacer (when used),  acces-
s o r y  d r i v e  p l a t e  a n d  d r i v e  c o u p l i n g  ( s e e
Figure 11B-179 on page 11B-117).

The  d r i ve  p la te  i s  bo l ted  to  the  camshaf t
o r  b a l a n c e  s h a f t  g e a r .  T h e  a c c e s s o r y  i s
b o l t e d  t o  t h e  f l y w h e e l  h o u s i n g  a n d  d r i v -
e n  b y  a  d r i v e  c o u p l i n g  w h i c h  i s  s p l i n e d
to  bo th  the  accessory  sha f t  and  accesso-
r y  d r i v e  p l a t e .



Figure  118-178.  Accessory  Dr ive
Locat ions

B e l t  d r i v e n  a c c e s s o r i e s ,  s u c h  a s  b a t t e r y
c h a r g i n g  g e n e r a t o r s ,  a r e  d r i v e n  o f f  t h e
camsha f t  o r  ba lance  sha f t  gears  by  a  ac -
c e s s o r y  d r i v e  p l a t e ,  d r i v e  s h a f t ,  a c c e s -
s o r y  d r i v e  r e t a i n e r  a s s e m b l y  a n d  p u l l e y
(see Figure 11B-180 on page 11B-118).
T h e  a c c e s s o r y d r i v e  p l a t e  i s  b o l t e d  t o
one  o f  the  ba lance  gears . The  accessory
d r i v e  s h a f t  i s  s p l i n e d  t o  t h e  d r i v e  p l a t e
a t  o n e  e n d  a n d  s u p p o r t e d  b y  a  b e a r i n g
i n  t h e  a c c e s s o r y d r i v e  r e t a i n e r  a t  t h e
o t h e r end . T h e accessory d r i v e
r e t a i n e r , w h i c h  a l s o  i n c o r p o r a t e s  a n  o i l

seal , i s  b o l t e d  t o  t h e  f l y w h e e l  h o u s i n g .
T h e  p u l l e y  i s  k e y e d  t o  t h e  d r i v e  s h a f t
w h i c h  e x t e n d s  t h r o u g h  t h e  d r i v e  r e t a i n e r
assembly.

Remove Accessory Drive

R e m o v e  t h e  g e a r  d r i v e n  t y p e  a c c e s s o r y
dr ive  as  fo l lows:

1 .  R e m o v e  a n y e x t e r n a l  p i p i n g  o r  c o n -
nec t ions  to  the  accessory .

2 .  R e m o v e  t h e  f i v e  b o l t s  a n d  l o c k  w a s h -
e r s  a t t a c h i n g  t h e  a c c e s s o r y  t o  t h e  f l y -
wheel h o u s i n g . Pull t h e accessory
s t ra igh t  ou t  f rom the  f l ywhee l  hous ing .

3 .  Remove the  d r i ve  coup l ing .

4 .  P l a c e  a  c l e a n , l i n t l e s s  c l o t h  i n  t h e
f l y w h e e l  h o u s i n g  o p e n i n g ,  u n d e r n e a t h
t h e  a c c e s s o r y  d r i v e  p l a t e ,  t o  p r e v e n t
b o l t s  f r o m  a c c i d e n t a l l y  f a l l i n g  i n t o  t h e
g e a r  t r a i n . R e m o v e  t h e  f o u r  b o l t s  a n d
l o c k  w a s h e r s a t t a c h i n g  t h e  a c c e s s o r y
d r i v e  p l a t e  t o  t h e  b a l a n c e  g e a r  a n d  r e -
move the plate and spacer.

F igure  11B-179.  D i rec t  Dr ive  Accessory  Par ts
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R e m o v e  t h e  d r i v e  a s s e m b l y  f o r  t h e  b e l t
d r iven type accessory  dr ive  as  fo l lows:

1 .  R e m o v e  a n y  e x t e r n a l  p i p i n g  o r  c o n -
nec t ions  to  the  accessory .

2 .  L o o s e n  t h e  a c c e s s o r y  a n d  s l i d e  i t  t o -
w a r d  t h e  d r i v e  p u l l e y .  T h e n  r e m o v e  t h e
dr ive  be l t  and  the  accessory .

3. Remove the nut (Figure 11B-180),
r e t a i n i n g  t h e  p u l l e y  o n  t h e  d r i v e  s h a f t .

4 .  U s e  a  s u i t a b l e  g e a r  p u l l e r  t o  r e m o v e
t h e  p u l l e y  f r o m  t h e  d r i v e  s h a f t .  R e m o v e
the  Woodru f f  key .

5 .  R e m o v e  t h e  f i v e  b o l t s  a n d  l o c k  w a s h -
e r s  w h i c h  a t t a c h  t h e  d r i v e  r e t a i n e r  a s -
s e m b l y  t o  t h e  f l y w h e e l  h o u s i n g . Remove
the  re ta iner  assembly .

6 .  R e m o v e  t h e  a c c e s s o r y  d r i v e  s h a f t  a n d
d r i v e  p l a t e  i n  a  m a n n e r  s i m i l a r  t o  t h a t

Figure 11B-180. Accessory  Dr ives

11B-118



o u t l i n e d  f o r  t h e  d i r e c t  g e a r  d r i v e n  t y p e
a c c e s s o r y  d r i v e .

7 .  Remove the  snap  r ing  and  ba l l  bear ing
f r o m  t h e  a c c e s s o r y  d r i v e  s h a f t  r e t a i n e r
as shown
11B-118.

i n  F i g u r e  1 1 B - 1 8 0  o n  p a g e

Inspection

Clean the  accessory  d r i ve  par ts  w i th  c le -
a n  f u e l  o i l  ( e x c e p t  s h i e l d e d  b e a r i n g s )
a n d  d r y  t h e m  w i t h  c o m p r e s s e d  a i r . E x -
a m i n e  t h e  g e a r  t e e t h  o f  t h e  d r i v e  s h a f t ,
d r i v e  c o u p l i n g  o r  d r i v e  p l a t e  f o r  w e a r .
I f  w o r n  e x c e s s i v e l y ,  r e p l a c e  w i t h  n e w
p a r t s .

I n s p e c t  t h e  b a l l  b e a r i n g  u s e d  t o  s u p p o r t
t h e  a c c e s s o r y d r i v e  s h a f t . Shielded
bear ing  must  no t  be  washed;  d i r t  may  be
w a s h e d  i n  a n d  t h e  c l e a n i n g  f l u i d  c o u l d
not be e n t i r e l y r e m o v e d  f r o m t h e
b e a r i n g . Wipe  the  ou ts ide  o f  the  bear ing
c l e a n ,  t h e n  h o l d  t h e  i n n e r  r a c e  a n d  r e -
v o l v e  t h e  o u t e r  r a c e  s l o w l y  b y  h a n d .  I f
the  bear ing  i s  worn  o r  does  no t  ro l l  f ree -
l y ,  r e p l a c e  i t .

I n s p e c t  t h e  a c c e s s o r y  d r i v e  h u b  f o r
g r o o v i n g  a t  t h e  a r e a  o f  c o n t a c t  w i t h  t h e
l ip  o f  the  o i l  sea l . I f  the  hub is  g rooved
t o  a  p o i n t  w h e r e  t h e  e f f e c t i v e n e s s  o f  t h e
o i l  sea l  i s  los t , a  r i n g  t y p e  o i l  s e a l  s p a -
c e r is ava i lab le w h i c h s e r v e s  t o
r e - p o s i t i o n  t h e  s e a l  a n d  p r o v i d e  a  n e w
sea l ing  sur face  (see  F igure  11B-181) .

F igure  11B-181 .  Loca t ion  o f  O i l  Sea l
Spacer

Install  Accessory Drive

1 .  R e m o v e  t h e  o l d  g a s k e t  m a t e r i a l  f r o m
t h e  f l y w h e e l  h o u s i n g . Use  care  so  tha t
n o  g a s k e t  m a t e r i a l  f a l l s  i n t o  t h e  g e a r
t ra in  compar tmen t .

2 .  I n s e r t  a  c l e a n , l i n t l e s s  c l o t h  i n  t h e
f l y w h e e l  h o u s i n g o p e n i n g  t o  p r e v e n t
bo l t s  f rom acc iden ta l l y  fa l l i ng  in  the  gear
t r a i n . A l ign  the  bo l t  ho les  in  the  acces-
s o r y  d r i v e  p l a t e  w i t h  t h e  t a p p e d  h o l e s  i n
the  ba lance  gear . Then  secure  the  p la te
w i th  four  bo l t s  and  lock  washers .

NOTE

E f f e c t i v e w i t h un i t s 3A-045 ,
4 A - 0 0 7 ,  6 A - 0 2 1 ,  8 A - 0 0 3 ,  1 2 A - 0 0 7
a n d  2 4 A - 0 0 1 ,  t h e  t a p p e d  h o l e s  i n
t h e  b a l a n c e  g e a r s  w e r e  c h a n g e d
f r o m  5 / 1 6 ” - 2 4  t o  3 / 8 ” - 2 4  t h r e a d s
wi th  a  cor respond ing  change in  the
s i z e  o f  t h e  a c c e s s o r y  d r i v e  a t t a c h -
i n g  b o l t s . A l s o ,
d r i v e  p l a t e

t h e  a c c e s s o r y
u s e d  w i t h  5 / 1 6 ” - 2 4

b o l t s  i n c o r p o r a t e d  f o u r  s p a c e r s  a s
s h o w n  i n  F i g u r e  1 1 B - 1 8 2  o n  p a g e
11B-120 the  cur ren t  d isc  type  spa-
c e r  i s  s e p a r a t e  f r o m  t h e  a c c e s s o r y
d r i v e  p l a t e . T h e  f o u r  s p a c e r s
f r o m  t h e  o l d  d r i v e  p l a t e  m a y  b e
r e m o v e d  a n d  r e p l a c e d  b y  t h e  d i s c
t y p e  s p a c e r  f o r  u s e  w i t h  t h e  c u r -
r e n t balance gears w i t h t h e
3 /8 ” -24  tapped  ho les .

3 .  I f  a n  a c c e s s o r y  d r i v e  p l a t e  i s  u s e d ,
refer to Figure 11B-179 on
11B-117, F igure  11B-180

page
page

1 1 B - 1 1 8  a n d  F i g u r e  1 1 B - 1 8 2  o n  p a g e
11B-120. T h e n  a l i g n t h e  b o l t  h o l e s  i n
the  accessory  d r ive  p la te  w i th  the  tapped
h o l e s  i n  t h e  c a m s h a f t  g e a r .  S e c u r e  t h e
dr ive  p la te  w i th  the  four  spec ia l  shou lder
b o l t s  a n d  l o c k  w a s h e r s . T i g h t e n  t h e
bo l t s  to  45 -50  lb - f t  (61 -68  Nm)  to rque .

4 .  I f  a  g e a r  d r i v e n  a c c e s s o r y  i s  u s e d ,
ins ta l l  the  d r i ve  coup l ing  and  p roceed as
fo l lows :

A .  A f f i x  a  n e w  g a s k e t  t o  t h e  m o u n t i n g
f lange  on  the  accessory .

B. Place t h e accessory in pos i t ion
a g a i n s t  t h e  f l y w h e e l  h o u s i n g ;  r o t a t e
i t , i f  n e c e s s a r y , t o  a l i g n  t h e  t e e t h  o f
t h e  d r i v e n  h u b  w i t h  t h o s e  i n  t h e
d r i v e  c o u p l i n g . Then  secure  the  ac -
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Figure 11B-182.

c e s s o r y  t o  t h e f l y w h e e l  h o u s i n g  w i t h
bo l t s  and  lock  washers .

Comparison of  Current and Former Design Accessory Dr ive Plates

11B-120

5.  I f  a  be l t  d r ive  accessory  i s  used,  p ro-
ceed as fo l lows:

A .  P l a c e  t h e  a c c e s s o r y  d r i v e  r e t a i n e r  o n
a  b e n c h , w i t h  t h e  m o u n t i n g  f l a n g e
s i d e  u p . Lubr ica te  the  ou ts ide  d iam-
e t e r  o f  t h e  b e a r i n g  w i t h  o i l . T h e n
p r e s s  o r  t a p  i t  ( w i t h  t h e  p r o t r u d i n g
f a c e  o f  t h e  i n n e r  r a c e  f a c i n g  t o w a r d
t h e  r e t a i n e r )  s t r a i g h t  i n  u n t i l  i t  c o n -
t a c t s  t h e  s h o u l d e r  i n  t h e  r e t a i n e r .
Then  ins ta l l  the  lock  r ing .

B .  T u r n  t h e  r e t a i n e r  o v e r  a n d  c o a t  t h e
bore  w i th  sea lan t . Then  p ress  a  new
o i l  s e a l  i n t o  t h e  b o r e  o f  t h e  r e t a i n e r
w i t h  t h e  l i p  o f  t h e  s e a l  f a c i n g  t h e
b e a r i n g . W i p e  a n y  e x c e s s  s e a l a n t
f rom the  re ta ine r .

C .  T u r n  t h e  r e t a i n e r  o v e r  a g a i n ,  b e a r i n g
s i d e  u p ,  l u b r i c a t e  t h e  d r i v e  s h a f t  a n d
press it in the bearing until the

s h o u l d e r  o n  t h e  s h a f t  c o n t a c t  t h e
b e a r i n g .

D .  A f f i x  a  n e w  g a s k e t  t o  t h e  m o u n t i n g
f l a n g e  o n  t h e  r e t a i n e r .  T h e n  p o s i t i o n
t h e r e t a i n e r and s h a f t assembly
a g a i n s t  t h e  f l y w h e e l  h o u s i n g . Rotate
t h e  s h a f t  s l i g h t l y ,  i f  n e c e s s a r y ,  t o
p e r m i t  t h e  t e e t h  o f  t h e  s h a f t  t o  m e s h
w i t h  t h e  t e e t h  i n  t h e  a c c e s s o r y  d r i v e
plate. Secure  the  re ta iner  to  the  f l y -
whee l  hous ing  w i th  f i ve  bo l ts  and  lock
washers . T i g h t e n  t h e  b o l t s  t o  3 0 - 3 5
lb - f t  (41 -47  Nm)  to rque .

E .  I n s t a l l  t h e  k e y  i n  t h e  s h a f t .  T h e n
s t a r t  t h e  p u l l e y  o n  t h e  s h a f t  a n d  t a p
in in  p lace . I n s t a l l  t h e  3 / 4 ” - 1 6  r e -
t a i n i n g n u t . T i g h t e n  t h e  n u t  t o
120-140 lb- f t  (163-190 Nm) torque.

F .  S l i p  t h e  d r i v e  b e l t s  o v e r  t h e  p u l l e y s .
The pos i t ion  the  accessory  to  p rov ide
t h e  p r o p e r  t e n s i o n  o n  t h e  b e l t s  a n d
secure i t  in place.



NOTE

When ins ta l l i ng  o r  ad jus t ing  an  ac -
c e s s o r y  d r i v e  b e l t ( s ) ,  b e  s u r e  t h e
b o l t  a t  t h e  a c c e s s o r y  a d j u s t i n g  p i -
v o t  p o i n t  i s  p r o p e r l y  t i g h t e n e d ,  a s
w e l l  a s  t h e  b o l t  i n  t h e  a d j u s t i n g
s l o t .

SHOP NOTE -  TROUBLESHOOTING

Shop Notes

TEFLON WRAPPED PIPE PLUG. P i p e
p l u g s  w i t h  a  b a k e d  t e f l o n  c o a t i n g  a r e
a v a i l a b l e  f o r  s e r v i c e . H o w e v e r ,  p i p e
p l u g s  c a n  b e  h a n d  w r a p p e d  s a t i s f a c t o r i l y
w i t h  t e f l o n  t a p e  t o  p r o v i d e  a  b e t t e r  s e a l
and  fac i l i t a te  p lug  remova l .  When  a  te f lon
w r a p p e d  p l u g  i s  i n s t a l l e d ,  i t  i s  e x t r e m e l y
i m p o r t a n t  t h a t  t h e  s p e c i f i e d  t o r q u e  n o t
be  exceeded.

H a n d  w r a p  a  p i p e  p l u g  w i t h  t e f l o n  t a p e
as fol lows:

1 .  B e  s u r e  t h e  p i p e  p l u g  i s  t h o r o u g h l y
c l e a n  a n d  d r y  p r i o r  t o  a p p l y i n g  t h e  t e -
f l o n  t a p e . A l l  d i r t ,  g rease ,  o i l  and  sca le
mus t  be  removed .

2 .  S ta r t  the  tape  one  o r  two  th reads  f rom
t h e  s m a l l  o r  l e a d i n g  e d g e  o f  t h e  p l u g ,
j o i n i n g  t h e  t a p e  t o  e t h e r  w i t h  a n  o v e r l a p
o f  a p p r o x i m a t e l y  1 / 8 ” .

3 .  W r a p  t h e  t a p e  t i g h t l y  i n  t h e  s a m e  d i -
r e c t i o n  a s  y o u  w o u l d  t u r n  a  n u t . T h e
tape  mus t  con fo rm to  the  con f igu ra t ion  o f
t h e  t h r e a d s  ( b e  p r e s s e d  i n t o  t h e  m i n o r
d i a m e t e r  o f  t h e  t h r e a d s )  w i t h o u t  c u t t i n g
o r  r i p p i n g  t h e  t a p e .

4 .  H a n d  t i g h t e n a n d  h a n d  t o r q u e  t h e
p i p e  p l u g  a n d  d o  n o t  e x c e e d  t h e  s p e c i -
fied torque. Do not use power tools.

C H E C K I N G  B E A R I N G  C L E A R A N C E S .  A
s t r i p  o f  s o f t  p l a s t i c  s q u e e z e d  b e t w e e n
t h e  c r a n k s h a f t  j o u r n a l  a n d  t h e  c o n n e c t -
i n g  r o d  b e a r i n g  o r  m a i n  b e a r i n g  m a y  b e
used to measure the bear ing c learances.

T h e  s t r i p  i s  a  s p e c i a l l y  m o l d e d  p l a s t i c
" w i r e "  m a n u f a c t u r e d  c o m m e r c i a l l y  a n d  i s

ava i lab le  in  th ree  s izes  and  co lo rs . T y p e
P G - 1  ( g r e e n )  h a s  a  c l e a r a n c e  r a n g e  o f
0 . 0 0 1 ”  t o  0 . 0 0 3 ” , t y p e  P R - 1  ( r e d )  h a s  a
r a n g e  o f  0 . 0 0 2 ”  t o  0 . 0 0 6 ”  a n d  t y p e  P B - 1
(b lue )  has  a  range  o f  0 .004”  to  0 .009” .

T h e  p l a s t i c  s t r i p  m a y  b e  u s e d  f o r  c h e c k -
ing  the  bear ing  c learances  as  fo l lows :

1 .  R e m o v e  t h e  b e a r i n g  c a p  a n d  w i p e  t h e
o i l  f rom the  bear ing  she l l  and  the  c rank -
s h a f t  j o u r n a l .

NOTE

W h e n  c h e c k i n g  t h e  m a i n  b e a r i n g
c learances  w i th  the  eng ine  in  a  po-
s i t ion  where  the  ma in  bear ing  caps
a r e  s u p p o r t i n g  t h e  w e i g h t  o f  t h e
c r a n k s h a f t  a n d  t h e  f l y w h e e l ,  a n
er roneous r e a d i n g , due to the
w e i g h t  o f  t h e  c r a n k s h a f t  a n d  f l y -
whee l , c a n  b e  e l i m i n a t e d  b y  s u p -
p o r t i n g t h e w e i g h t  o f t h e
c r a n k s h a f t  w i t h  a  j a c k  u n d e r  t h e
c o u n t e r w e i g h t  a d j o i n i n g  t h e  b e a r -
ing  be ing  checked .

2 .  P l a c e  a  p i e c e  o f  t h e  p l a s t i c  s t r i p  t h e
f u l l  w i d t h  o f  t h e  b e a r i n g  s h e l l ,  a b o u t
1 / 4 ” o f f  c e n t e r  ( s e e  F i g u r e  1 1 B - 1 8 3  o n
page  11B-122) .

3 .  R o t a t e  t h e  c r a n k s h a f t  a b o u t  3 0 °  f r o m
b o t t o m  d e a d  c e n t e r  a n d  r e i n s t a l l  t h e
b e a r i n g  c a p . T i g h t e n  t h e  b o l t s  t o  t h e
spec i f ied  to rque.

4 .  R e m o v e  t h e  b e a r i n g  c a p .  T h e  f l a t -
tened p las t i c  s t r ip  w i l l  be  found adher ing
t o  e i t h e r  t h e  b e a r i n g  s h e l l  o r  t h e  c r a n k -
s h a f t .

5 .  C o m p a r e  t h e  w i d t h  o f  t h e  f l a t t e n e d
p l a s t i c  s t r i p  a t  i t s  w i d e s t  p o i n t  w i t h  t h e
g r a d u a t i o n s  o n  t h e  e n v e l o p e .  T h e  n u m -
b e r  w i t h i n  t h e  g r a d u a t i o n  o n  t h e  e n v e l -
o p e  i n d i c a t e s  t h e  b e a r i n g  c l e a r a n c e  i n
t h o u s a n d t h s  o f  a n  i n c h . T a p e r  m a y  b e
i n d i c a t e d  w h e n  o n e  e n d  o f  t h e  f l a t t e n e d
s t r i p  i s  w i d e r  t h a n  t h e  o t h e r . Measure
e a c h  e n d  o f  t h e  p l a s t i c ; t h e  d i f f e r e n c e
b e t w e e n  t h e  r e a d i n g s  i s  t h e  a p p r o x i m a t e
amoun t  o f  taper .
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Figure 11B-183. U s i n g  P l a s t i c  S t r i p
to Measure Clearances
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TROUBLE SHOOTING

SUGGESTED REMEDY

1. Check for carbon deposits, a bent valve guide,
defective spring or antifreeze (glycol) in the
lubricating oil. Replace a bent guide. Clean-up and
reface the valve. Replace the valve if necessary.

2. Check for excessive valve-to-guide clearance, bent
valve guide or carbon deposits. Replace a bent or worn
guide. Clean the carbon from the valve. Reface or
replace the valve, if necessary.

3. Check the operating conditions of the engine for
overload, inadequate cooling or improper timing.
Reface the valve and insert. Replace the valve if it is
warped or too badly pitted. Use a harder-face valve if
the operating conditions warrant.

4. Check for contact between the valve head and the piston
as a result of incorrect valve clearance, an improperly
positioned exhaust valve bridge or a defective spring.
Check the valve guide, insert, cylinder head and piston for
damage. Replace damaged parts.

5. Check for excessive valve-to-guide clearance, a
defective valve spring or etching of the valve stem at
the weld. Improper valve clearance is also a cause of
this type of failure. Check the guide, insert, cylinder
head and piston for damage. Replace damaged parts.

6. Replace a worn valve guide. Check and replace the
valve, if necessary.

7. Black carbon deposits extending from the valve
seats to the guides indicates cold operation due to light
loads or to the use of too heavy a fuel. Rusty brown
valve heads with carbon deposits forming narrow
collars near the guides indicate hot operation due to
overloads, inadequate cooling or improper timing
which results in carbonization of the lubricating oil.
Clean-up the valves, guides and inserts. Reface the
valves and inserts or replace them if they are warped,
pitted or scored.

8. Check for a worn valve guide or excessive exhaust
back pressure. Replace a worn guide. Check the valve
seat for improper seating. Reface the valve and insert
or, if necessary, replace.

9. Check for a bent valve stem or guide, metal chips or
dirt, or for lack of lubrication. Clean up the valve stem
with crocus cloth wet with fuel oil or replace the valve.
Replace the guide. When installing a valve, use care in
depressing the spring so that the spring cap DOES
NOT scrape the valve stem.

10. Check for a gear train failure or for improper gear
train timing.

11. Check the operation of the engine for excessive
idling and resultant low engine exhaust back pressure.
Install valve guide oil seals.
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Specifications

Spec i f i ca t ions , c learances and wear l imi ts
a r e  l i s t e d  b e l o w . I t  s h o u l d  b e  s p e c i f -
i ca l l y  no ted  tha t  the  c learances  app ly  on-
l y  w h e n  a l l  n e w  p a r t s  a r e  u s e d  a t  t h e
p o i n t w h e r e  t h e  v a r i o u s spec i f i ca t ions
a p p l y . T h i s  a l s o  a p p l i e s  t o  r e f e r e n c e s
w i t h i n  t h e  t e x t  o f  t h e  m a n u a l .
u m n  e n t i t l e d  “ L i m i t s ”  i n  t h i s  c h a r t  l i s t s
t h e  a m o u n t  o f  w e a r  o r  i n c r e a s e  i n  c l e a r -

ance w h i c h  c a n  b e  t o l e r a t e d  i n  u s e d
eng ine  par ts  and s t i l l  ensure  sa t i s fac to ry
pe r fo rmance . I t  s h o u l d  b e  e m p h a s i z e d
t h a t  t h e  f i g u r e s  g i v e n  a s  “ L i m i t s ”  m u s t
be  qua l i f i ed  by  the  judgement  o f  pe rson-
n e l  r e s p o n s i b l e  f o r  i n s t a l l i n g  n e w  p a r t s .
T h e s e  w e a r  l i m i t s  a r e ,  i n  g e n e r a l ,  l i s t e d
o n l y  f o r  p a r t s  m o r e  f r e q u e n t l y  r e p l a c e d
i n  e n g i n e  o v e r h a u l  w o r k . For  add i t iona l
in fo rmat ion , re fe r  to  the t e x t .

TABLE OF SPECIFICATIONS, NEW CLEARANCES AND WEAR LIMITS

These limits also apply to oversize and underslze parts

ENGINE PARTS (Standard Size, New) MINIMUM MAXIMUM LIMITS

Cylinder Block
Block bore:

Diameter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Out-of-round. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Taper. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Cylinder liner counterbore:
Diameter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Depth. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Main bearing bore:
Inside diameter (vertical axis). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Top surface of block:
Centerline of main bearing bore

to top of block . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Flatness--transverse . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Flatness--longitudinal (4 cyl.) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Depth of counterbores (top surface):
Cylinder head seal strip groove. . . . . . . . . . . . . . . . . . . . . . .
Large water holes (between cylinders). . . . . . . . . . . . . . . .
Small water holes (at ends). . . . . . . . . . . . . . . . . . . . . .
Combination water and oil holes . . . . . . . . . . . . . . . . . .

Cylinder Liner
Outside diameter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Inside diameter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Clearance--liner-to-block:

Out-of-round--inside diameter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Taper--inside diameter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Depth of flange BELOW (high block) . . . . . . . . . . . . . . . . . . . 

Variation in depth between adjacent liners. . . . . . . . . . . .
Insert thickness. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

4.6256 ” 4.6270 ”
.0010 ”
.0010 ”

5.0460 ” 5.0485 ”
.4770 ” .4795 ”

3.8120 ” 3.8130 “

16.1840 ” 16.1890 ”

.0920 ” .1070 ”

.1090 ” .1200 ”

.0870 ” .0980 ”

.0870 ” .0980 “

4.6250 ” 4.6265 ”
4.2495 ” 4.2511 ”

.0000 ” .0020 ”

.0450 ”

.1795 ”

.0020 ”

.0010 ”

.0500 ”

.0020 ”

.1800 ”

.0020 "

.0020 ”

16.176 "min.
.0030 ”
.0070 ”

.0025 “

.0025 “

.0020 ”

.0500 ”

.0020 ”
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ENGINE PARTS (Standard Size, New) MINIMUM MAXIMUM LIMITS

Cross-Head Pistons and Rings

Piston crown:
Saddle-to-crown distance: ..............................................
Diameter:

At top ...........................................................................
Below both compression rings ...................................
Above and below seal ring groove ............................
Above and below bearing saddle ...............................

Compression rings:
Gap (top-fire ring) ............................................................
Gap (No. 2 and 3) ..............................................
Clearance--ring-to-groove:

*Top (Keystone fire ring) ............................................
No. 2 (rectangular section) ................................
No. 3 (rectangular section) .......................................

Seal ring:
Gap (in skirt counterbore) ..............................................
Clearance .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

Piston skirt:
†Diameter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Clearance--skirt-to-liner ....................................................
Seal ring bore ..................................................................
Piston pin bore .....................................................

Oil control rings:
Gap (two rings in lower groove) .....................................
Gap (one ring in upper groove) ....................................
Gap (two rings in upper groove) ...................................
Clearance (lower groove) ...............................................
Clearance (upper groove) ................................................

Piston Pins
Length. . . . . . . . . . . . . . . . . . . . . . . . . . .
Diameter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Slipper bearing (bushing):

Thickness at center .......................................................
Clearance (edge of bushing to groove in piston) ..............

Crankshaft
Journal diameter--main bearing ...........................................
Journal diameter..conn. rod bearing ....................................
Journal out-of-round ...................................................
Journal taper ............................................................
§Runout on journals--total indicator reading:

4 cylinder (mounted on No. 1 and No. 5 journals):
At No. 2 and No. 4 journals ........................................
At No. 3 journal ............................................................

Thrust washer thickness .......................................................
End play (end thrust clearance) ...........................................

2.6730 ” 2.6800 “

4.2226 ”
4.2391 ”
3.8850 ”
3.2360 ”

4.2256 ”
4.2421 ”
3.8950 ”
3.2370 ”

.0230 ”

.0180 ”
.0380 ”
0430 ”

.0010 ”

.0100 "

.0040 ”

.0050 “

.0130 ”

.0070 ”

.0020 ”

.0005 ”

4.2428 ”
.0045 ”

3.9200 ”
1.5000 ”

.0210 ”

.0030 ”

4.2450 ”
.0083 ”

3.9240 ”
1.5030 ”

.0080 ”

.0050 “

.0080 ”

.0015 ”

.0010 ”

.0230 ”

.0140 ”

.0230 ”

.0055 ”

.0035 ”

3.6150 ”
1.4996 ”

.0870 ”

.0005 ”

3.4990 ”
2.7490 “

3.6250 “
1.5000 ”

.0880 ”

.0105 ”

3.5000 ”
2.7500 ”
.00025 ”
.0005 ”

.1190 “

.0040 ”

.0020 ”

.0040 ”

.1220 ”

.0110 ”

.0600 ”

.0600 ”

.0070 “

.0220 "

.0130 ”

.0270 ”

.0040 ”

.0120 ”
3.9260 ”
1.5040 ”

.0430 “

.0340 ”

.0430 ”

.0080 ”

.0060 ”

1.4980 ”

.0860 ”

.0120 ”

.0010 ”

.0015 “

.0180 ”

*Measured with Keystone fire ring flush with outside diameter of piston crown.
† Diameter above and below the piston pin may be 4.2414”.
§Runout tolerance given for guidance when regrinding crankshaft. When the runout on adjacent journals is in the opposite
direction, the sum must not exceed .003” total indicator reading. When the runout on adjacent journals is in the same
direction, the difference must not exceed .003” total indicator reading. When high spots of the runout on adjacent
journals are at right angles to each other, the sum must not exceed .004” total indicator reading or .002” on each
journal.
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ENGINE PARTS (Stand Size, New) MINIMUM MAXIMUM LIMITS

Connecting Rod Bearings
Inside diameter (vertical axis) .........................................
Bearing-to-journal clearance .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Bearing thickness 90 ° from parting line ...........................

Main Bearings
Inside diameter (vertical axis) .........................................
Bearing-to-journal clearance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Bearing thickness 90 ° from parting line ..........................

Diameter (at bearing journals):
Front and rear ..........................................................
Center and intermediate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Runout at center bearing (when mounted
on end bearings) ........................................................

Shaft diameter at gear .............................................

Camshaft

Balance Shaft
Shaft diameter at bearings ..............................................
Shaft diameter at gear ...................................................
Length--thrust bearing end journal .................................
End thrust .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Thrust washer thickness . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Camshaft and Balance Shaft Bearings
Inside diameter:

Front and rear ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Center and intermediate ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Clearance--bearing.to-shaft:
Front and rear . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Center and intermediate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Outside diameter:
Front and rear . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Center and Intermediate ..........................................

Diameter of cylinder block bore . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Clearance--bearings-to-block:

Front and rear . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Intermediate (extruded) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Intermediate (die cast) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Camshaft and Balance Shaft Gears
Inside diameter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
C learance- -gear - to -shaf t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Backlash . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Idler Gear
Back lash . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Pre-load--Variation on pull 2 lbs. 11 oz . . . . . . . . . .

Crankshaft Timing Gear
Inside diameter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
C l e a r a n c e - - g e a r - t o - s h a f t . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
B a c k l a s h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

2.7514 ” 2.7534 ”
.0014 ” .0044 ”
.1548 ” .1553 ”

3.5014 ”
.0014 ”
.1548 ”

3.5034 ”
.0044 ”
.1553 ”

1.4970 ”
1.4980 ”

1.4975 ”
1.4985 ”

1.1875 ”
.0020 ”

1.1880 ”

1.4970 ”
1.1875 “
2.8740 ”

.0040 ”

.1190 ”

1.4975 ”
1.1880 ”
2.8760 ”

.0120 ”

.1220 ”

1.5000 ”
1.5010 “

1.5010 ”
1.5030 “

.0025 ”

.0025 “
.0040 “
.0050 ”

2.1875 ”
2.1840 ”
2.1875 ”

2.1880 ”
2.1860 ”
2.1885 ”

.001 " press.
.0015 “
.0015 ”

.0005 “loose
.0065 ”
.0105 ”

1.1865 ”
.0015 “press.

.0030 “

1.1875 ”
.0000 ”
.0080 ”

.0030 ”
1/2 lb.

.0080 ”
4 Ibs.

4.7490 ”
.001 " press.

.0030 ”

4.7500 “
.001 " loose

.0080 ”

.0060 ”
.153 " min.

.0060 ”
.153 " min.

.0180 ”

.0060 ”

.0090 “

.0100 ”

.0100 ”

.0100 ”
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ENGINE PARTS (Standard Size, New) MINIMUM MAXIMUM LIMITS

Blower Drive Gear
Backlash ............ .................................................... .0030 ”
Gear-to-hub fit ....................................................................
Support-to-end plate

.0005 “press.
......... ..........................................

Inside diameter (support bushing)
.0005 “press.

....................................... 1.6260 ”
Hub diameter (at bearing) ............................................... 1.6240 ”
Hub-to-support bushing clearance .... ................................... .0010 “
Hub-to-cam clearance .............. ........................................... .0020 “
End thrust (current bearing) .............................................. .0060 ”

Cylinder Head
Flatness--transverse ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Flatness--longitudinal (4 cyl.) ..............................................
Distance between top deck and fire deck ............................. 3.5560 ”
Water nozzles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .0312 “Recess
Cam follower bores .......................................................... 1.0620 ”

Exhaust Valve Seat Inserts
Seat width--31 ° ...................................................................... .0468 ”
Valve seat runout . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Exhaust Valves
Stem diameter (4-valve) . . . . . . . . . . . . . . . . . . . . . . . . . . .
Valve head-to-cylinder head:

30° . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Valve Guides
Height above cylinder head:

2-valve . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . .  . . . .
4-valve (chamfered guide) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
4-valve (machined guide) . . . . . . . . . . . . . . . . . . .

Diameter--inside (4-valve) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Clearance--valve-to-guide (4 valve) . . . . . . . . . . . . . . . . . .

Valve Bridge Guides
Height above cylinder head . . . . . . . . . . . . . . . .

Rocker Arms and Shafts
Diameter--rocker shaft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .
Diameter--inside (rocker arm bushing) . . . . . . . . . . . . . . . .
Clearance--shaft-to-bushing . . . . . . . . . . .

Cam Followers
Diameter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Clearance--follower-to-head . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Rollers and pins:

Clearance--pin-to-bushing . . . . . . . . . . . . . .
Side clearance--roller to follower . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

.3100 ” .3105 ” .3090 “

.023 “recess. .006 “protr. .038 ” recess.

1.5938 ” 1.5938 ”
.8800 ” .8800 ”
.6900 ” .6900 ”
.3125 ” .3135 ”
.0020 “ .0035 ”

2.0400 ”

.8735 ” .8740 ”

.8750 ” .8760 ”

.0010 ” .0025 ”

1.0600 ”
.0010 ”

.0013 ”

.0110 ”

.0080 ”
.001 “loose

.0025 “loose

.0100 ”

1.6265 ”
1.6250 ”
.0025 ”
.0070 ”
.0140 ”

.0050 ”

3.5680 ”
Flush

1.0630 ”

.0040 ”

.0080 ”
3.5360 ”

1.0650 ”

.0937 “

.0020 ”
.0937 ”
.0020 ”

.3140 ”

.0050 ”

2.0400 ”

.0040 ”

1.0610 ”
.0030 ” .0060 ”

.0021 ” .010 “Horiz.

.0230 ” .0230 ”
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STANDARD BOLT AND NUT TORQUE SPECIFICATIONS

THREAD
SIZE

260M BOLTS
TORQUE

(lb-ft) Nm
THREAD

SIZE

280M OR BETTER
TORQUE

(lb-ft) Nm

Grade identification markings are normally stamped on the heads of the bolts. To aid identification of the various
bolts used in Detroit Diesel engines. refer to the following chart.

BOLT IDENTIFICATION CHART
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EXCEPTIONS TO STANDARD BOLT AND NUT TORQUE SPECIFICATIONS

APPLICATION THREAD
SIZE TORQUE TORQUE

(lb-ft) (Nm)

Cam follower guide bolt ................................. 1/4 -20
Injector control shaft bracket bolt .................... 1/4 -20

Oil pan bolts .................................................. 5/16-18

Blower drive coupling to gear hub bolt ........... 5/16-24
Exhaust valve bridge adjusting screw

lock nut .............................. ............ .............. 5/16-24
Idler gear bearing retainer bolts ...................... 5/16-24

Air box cover bolt ................ . . . ......................... 3/8 -16
Balance weight cover bolts ................................ 3/8 -16
Cam and balance shaft end bearing

bolts ....... ........................................................ 3/8 -16
Crankshaft front cover bolts ............................. 3/8 -16
End plate bolts ......................... ...................... 3/8 -16
Engine drive shaft flexible coupling .................. 3 /8 -16
Flywheel housing bolts ........................................ 3/8 -16
Idler gear hub and spacer bolts ..................... 3/8 -16
Injector clamp bolts ............................................ 3/8 -16

Accessory drive to gear bolt (steel disc) . . . . . . . . . . . . . . . . . . . 3 /8  -24
Balance weight cover bolts ............................... 3 /8 -24
Balance weight to hub bolt ............................... 3 /8  -24
Balance weight to timing gear bolt .................. 3 /8  -24
Blower drive gear hub bearing support

bolts and nuts ............................................... 3 /8  -24
Camshaft intermediate bearing lock

screw ................................................................ 3 /8 -24
Crankshaft front cover bolts ............................. 3 /8 -24
Exhaust manifold outlet flange

nuts (brass) .......................................... .......... 3 /8 -24
Flywheel housing bolts ....................................... 3 /8  -24
Fuel pipe nuts ..................................................... 3 /8  -24
Injector clamp nut ............................................ 3 /8 -24
Water manifold nuts .................................. . . . . . 3 / 8  - 2 4

Generator drive bearing retaining bolt ............. 7/16-14
Generator drive oil seal retaining bolt ............. 7/16-14
Lifter bracket bolt .............................................. 7/16-14
Tachometer drive cover bolt ... .......................... 7/16-14

Connecting rod nut (castellated) ....................... 7 /16-20
Connecting rod nut (lubrite) ............................. 7 /16-20
Cross-head piston pin to conn.

rod bolt ................................................... ........ 7 /16-20
Exhaust manifold nuts ....................................... 7 /16-20
Fuel manifold connectors (steel washer) .......... 7 /16-20
#Fuel manifold connectors (nylon insert) ....... 7 /16-20
Fuel manifold connector nuts ........................... 7 /16-20

12-15 16-20
10-12 14-16

10-20 14-27

20-25 27-34

20-25 27-34
24-29 33-39

10-15 14-20
25-30 34-41

35-40
- -
- -

25-30
. .

40-45
20-25

47-54
- -
- -

34-41
- -

54-61
27-34

45-50 61-68
25-30 34-41
25-30 34-41
25-30 34-41

25-30 34-41

15-20 20-27
25-30 34-41

20-25 27-34
25-30 34-41
12-15 16-20
20-25 27-34
25-30 34-41

30-35 41-47
30-35 41-47
55-60 75-81
30-35 41-47

65-75 88-102
60-70 81-95

55-60 75-81
30-35 41-47
40-45 54-61
30-35 41-47
30-35 41-47
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APPLICATION THREAD
SIZE TORQUE TORQUE

(lb-ft) (Nm)

Crankshaft front cover bolts ................................. 1/2 -13
Flywheel housing bolts ................................. 1/2 -13
Generator drive bearing retaining bolt ...................... 1/2 -13
Generator drive oil seal retaining bolt . . . . . . . . . . . 1/2 -13
Idler gear and dummy hub bolt . . . . . . . . . . . 1/2 -13
@Rocker shaft bolts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1/2 -13
Tachometer drive cover bolt ............................... 1/2 -13

Blower rotor gear retaining nut ............................... 1/2 -20

**Cylinder head bolts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5/8 -11
**Main bearing bolts (assembly) ............................... 5/8 -11
**Main bearing bolts (boring)............................... 5 /8  - l l

**Cylinder head nuts ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5/8 -18
**Main bearing nuts (assembly) ............................... 5/8 -18
**Main bearing nuts (boring) ............................... 5/8 -18

Accessory drive pulley nut .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3/4 -16

Crankshaft end bolt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 -14

Camshaft and balance shaft nut ............................... 1 1/8 -18

Blower drive gear hub nut ............................... 1 1/2 -16

80-90 108-122
90-100 122-136
30-35 41-47
30-35 41-47
80-90 108-122
90-100 122-136
30-35 41-47

55-65

175-185

165-175

175-185
155-185
140-155

120-140

290-310

300-325

50-60

75-88

238-251

224-238

238-251
211-251
190-211

163-190

393-421

407-441

68-81

*These specifications apply where bolts or studs are threaded into aluminum.
@75-85 lb-ft (102.115 Nm) torque on the two bolts attaching load limit or power control screw bracket (if used)
to the rocker arm shaft bracket.
**Lubricate at assembly with International Compound No. 2, or equivalent

STANDARD PIPE PLUG TORQUE SPECIFICATIONS

Use sealing compound on plugs without gaskets or teflon.

NPTF SIZE
THREAD

TORQUE NPTF SIZE
( l b - f t )  (Nm) THREAD

TORQUE
( lb - f t )  (Nm)

10-12 14-16 1 75-85 102-115.................................1/8. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
85-95 115-1291/4 ..................................................... 19-22 1-1/16 .................................

3/8 ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
14-16

24-30 1-1/4 ................................. 95-105 129-143
23-27 31-37 1-1/2 ................................. 110-130 150-1771/2 ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
18-22

3/4 ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33-37 45-50
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SPECIAL PLUG TORQUE SPECIFICATIONS

APPLICATION * PLUG ASSEMBLY

Oil gallery plug . . . 3/8 ” Dryseal PTF thread

Cylinder head (side) . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3/8-16 ”

†Assemble with max. 0.0625 ” protrusion from
surface
Assemble flush to 0.0625 ” protrusion from
surface

Cylinder head (top) . . . . . . . . . . . . 1/2 “PTF-SAE short Flush to 1.1250 ” recessed
Cylinder head (end) . .3/4 ” Dryseal PTF-SAE short Flush to 0.1250 ” recessed

Water hole plug . . . . . . . . . . . . . 1 ” NPTF thread

Core hole plug . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 3/4 “-16
Oil drain plug (Nylon washer) . . . . . . . . . . . . . . . . . . 18mm

Assemble 2.000 ” to 2.250 ” below machined
surface
150-180 lb-ft (204-244 Nm) torque
25-35 lb-ft (34-37 Nm) torque

*Apply sealing compound to plugs used without gaskets or teflon.
†After installation, a 1.2187 ” diameter rod inserted in oil line must pass inner face of plug.

STUD TORQUE SPECIFICATIONS

APPLICATION TORQUE TORQUE HEIGHT
(lb-ft) (Nm) (±.0312 ")

Cylinder head stud . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75 min. 102 min. 4.3750 ”

Main bearing stud . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35-70 47-95 4.0000 ”
Exhaust manifold stud . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25-40 34-54 - -
Injector clamp stud . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-25 14-34 - -
Water manifold stud . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10-25 14-34 - -

SPRING SPECIFICATIONS

SPRING REPLACE WHEN LOAD
IS LESS THAN:

Cam follower (11 coils - .177 ” wire) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 172 lbs.@2.1250 ”
Cam follower (11 l/2 coils - .162 “wire) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 133 lbs.@2.1094 ”
Exhaust valve (two-valve cylinder head) . . . . . . . . . . . . . .  . . . . . . . . . . 25 lbs.@2.2000 ”
Exhaust valve and bridge guide (9 3/4 coils - .135 “wire) (former) 79 lbs@1.4160 ”
Exhaust valve (8 3/4 coils - .148 ” wire) (current) . . . . . . . . . . . . . . . . . . . . . . 25 Ibs.@1.8000 ”

11B-131



SERVICE TOOLS

TOOL NAME TOOL NO.

Cylinder Block
Cylinder Checking Gage and Master Ring Set ..................................................
Cylinder Hone Set (2 1/2 ” to 5 3/4 ") .........................................................
Dial Bore Gage Master Setting Fixture ............................................................
Dial Indicator Set . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Diesel Engine Parts Dolly .....................................................................
Engine Overhaul Stand .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Engine Overhaul Stand Adaptor Plate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Special Plug Remover .........................................................................................

J 9353
J 5902-01
J 23059-01
J 22273-01
J 6387
J 6837-C
J 8196
J 21996-01

Cylinder Head
Cam Follower Service Fixture .......................................................................... J 5840-01
Cylinder Head Holding Plate Set ............................................................. J 3087-01
Cylinder Head Pressure Checking Tool J 28454. . . . . . . . . . . . . . . . . .
Feeler Gage Set (.OO15 ” to .015 “) .................................................................. J 3172
Feeler Stock (.0015 “) .................................................................................... J 23185

J 9665Guide Studs .....................................................................................................
Push Rod Remover (set of 3) .......................................................................... J 3092-01

..................................................................................................... J 2619-01Slide Hammer
Socket (Fuel Line Nut) J 8932-01.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Spring Tester J 22738-02. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Valve Bridge Holding Fixture .................................................................... J 21772
Valve Bridge Guide Remover (Broken) J 7453. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Valve Bridge Guide Remover Set (Press Fit) ..................................................... J 7091-01
Valve Bridge Guide Installer (Press Fit) .............................................................. J 7482
Valve Bridge Guide Remover and Installer .......................................................... J 6846

J 5437Valve Guide Cleaner .........................................................................................
Valve
Valve

Guide Installer ........................................................................................... J 9729
Guide Installer ....................................................................................... J 21520

J 6569Valve Guide Remover ...............................................................................................
J 8165-2Valve Seat Dial Gage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
J 8165-1Valve Seat Grinder ..................................................................................................

Valve Seat Grinder Adaptor Set ........................................................................... J 6390-02
J 6568Valve Seat Insert Installer ..............................................................................

Valve Seat Insert Remover ....................................................................... J 6567-02
Valve Spring Checking Gage ................................................................... J 25076-B 
Valve Spring Compressor J 7455. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Crankshaft
Crankshaft Front Oil SeaI Installer ....................................................................... J 9783

Crankshaft Oil Seal Expander ............................................................................... J 22425
Crankshaft Pulley and Rubber Mounted

Puller. J 5356Balancer ....................................................................................
Crankshaft Rear Oil Seal Installer ........................................................................ J 9727

Crankshaft Rear Oil Seal Expander
(Oversize Seal) ..................................................................................... J 4195-01

11B-132



TOOL NAME TOOL NO.

Crankshaft Rear Oil Seal Service
Sleeve Installer .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  

Dial Indicator Set .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .
Driver Handle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Driver Handle . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .
Micrometer Ball Attachment .  .  .  .  .  .  .  .  .  .  .  .  .  .
Universal Bar Type Puller . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Flywheel
Flywheel Lifting Fixture . . . . . . . . . . . . . . . . . . . . . . . . .
Flywheel Lifting Tool .  .  .  .  .  .  .  .  .  .  .  .  .  . . . . . . . . . . .
Oil Seal Removing and Replacing Tool Set. . . . . . . . . . . . . . . . . . . . . . .  
Slide Hammer Set .  .  .  .  .  .  .  .   .  .  .  .  .  .  .  .

Flywheel Housing
Crankshaft Oil Seal Expander.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  
Crankshaft Oil Seal Expander (O.S. Seal) .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .
Driver Handle .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  
Flywheel Housing Aligning Studs (Set of 4) . . . . . . . . . . .
Flywheel Housing Concentricity Gage Set.  . . . . . . . . . . . . . . . . . . . . . . 

Piston. Connecting Rod and Cylinder Liner
Connecting Rod Bolt Hole Reamer . . . . . . . . . . . . . . . . . . . . . . . 
Connecting Rod Bushing Reamer Set.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  
Connecting Rod Holding Fixture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Connecting Rod Spray Nozzle Remover .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  
Cylinder Checking Gage and Master Ring Set . . . . . . . . . . . . . . . . . . . . . . . 
Cylinder Hone Set (2 1/2 ” to 5 3/4 ” range) . . . . . . . . . . . . . . . . . . . . . . . 
Cylinder Liner Hold-Down Clamp . . . . . . . . . . . . . . . . . . . . . . . 
Cylinder Liner Remover Set .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  
Dial Bore Gage Setting Fixture . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  
Dial Indicator Set . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Feeler Gage Set .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  
Fire Ring Groove Gage .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .
Micrometer Ball Attachment .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  
Piston and Connecting Rod Bushing Installer and Remover Set
Piston Bushing Reamer Set.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  
Piston Bushing Reaming Fixture .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  
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-  N O T E S  -
(1) Assemble 225815 Elbow and 5158825 Tube Ass’y to the front of the (2) Apply Loctite J-26558-92 pipe sealer or equivalent with teflon

block for LD engine of Model 24001B ond RD engine of Model . prior to installation.
24002B. Assembly 5145014 Plugs to rear of block on aforementioned
engines, On Truck engines, assemble 225815 Elbow and 5158825
Tube Ass‘y to the front and to the rear on the Blower Side. Assemble
5145009 Plugs on the opposite side of the block.

11B-134



-  N O T E S  -
(3) Replace Oil Cooler Pad and Oil Gallery End Plugs 5115214 by Plug

5173334 and Plug 5145014 in bottom of block by 5173333 when
(5) Do not install plugs when crankcase breather is to be installed on

assembling an aluminum cylinder block.
accessory pad.

(4) Omit one 5151272 plug when using supercharged oir compressor
connection.
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SUBSECTION 11C

FUEL SYSTEM AND GOVERNOR

GENERAL

Th is  subsec t ion  con ta ins  repa i r  - in fo rma-
t ion  on  the  fue l  in jec to rs ,  va r iab le  speed
m e c h a n i c a l  g o v e r n o r ,  f u e l  p u m p  a n d  r e -
lated fuel  system components.

DESCRIPTION

T h e  f u e l  s y s t e m  ( F i g u r e  1 1 C - 1 )  i n c l u d e s
t h e  f u e l  i n j e c t o r s , f u e l  p i p e s  ( i n l e t  a n d
o u t l e t ) ,  f u e l  m a n i f o l d  ( i n t e g r a l  w i t h  t h e
c y l i n d e r  h e a d ) ,  f u e l  p u m p ,  f u e l  s t r a i n e r ,
fue l  f i l t e r  and  fue l  l i nes .

F u e l  i s  d r a w n  f r o m  t h e  s u p p l y  t a n k
t h r o u g h  t h e  f u e l  s t r a i n e r  a n d  e n t e r s  t h e
f u e l  p u m p  a t  t h e  i n l e t  s i d e .  L e a v i n g  t h e
p u m p  u n d e r  p r e s s u r e ,  t h e  f u e l  i s  f o r c e d
t h r o u g h  t h e  f u e l  f i l t e r  a n d  i n t o  t h e  i n l e t
f u e l  m a n i f o l d , t h e n  t h r o u g h  t h e  f u e l
p i p e s  i n t o  t h e  i n l e t  s i d e  o f  e a c h  f u e l  i n -
j e c t o r .

T h e  f u e l  m a n i f o l d s  a r e  i d e n t i f i e d  b y  t h e
w o r d s " I N "  ( t o p  p a s s a g e )  a n d  O U T
( b o t t o m  p a s s a g e )  w h i c h  a r e  c a s t  i n  s e -
v e r a l  p l a c e s  i n  t h e  s i d e  o f  t h e  c y l i n d e r
head. T h i s  a i d s  i n s t a l l a t i o n  o f  t h e  f u e l
l ines .

Surp lus  fue l  re tu rns  f rom the  ou t le t  s ide
o f  t h e  i n j e c t o r s  t o  t h e  f u e l  r e t u r n  m a n i -
fo ld  and  then  back  to  the  supp ly  tank .

A l l  e n g i n e s  a r e  e q u i p p e d  w i t h  a  r e s t r i c -
t i v e  f i t t i n g  i n  t h e  f u e l  o u t l e t  m a n i f o l d  t o
m a i n t a i n  t h e  f u e l  s y s t e m  p r e s s u r e .  A
c h e c k  v a l v e  i s  i n s t a l l e d  i n  t h e  s u p p l y
l i n e  b e t w e e n  t h e  f u e l  t a n k  a n d  t h e  f u e l
s t r a i n e r  t o  p r e v e n t  f u e l  f r o m  d r a i n i n g
back  when the  eng ine  is  shu t  down.

FUEL INJECTOR

D e s c r i p t i o n

T h e  f u e l  i n j e c t o r  ( F i g u r e  1 1 C - 2  o n  p a g e
11C-2  and  F igu re  11C-3  on  page  11C-2)
i s  a  l i g h t w e i g h t  c o m p a c t  u n i t  w h i c h  e n a -
b l e s  q u i c k ,  e a s y  s t a r t i n g  d i r e c t l y  o n  d i e -
s e l  f u e l  a n d  p e r m i t s  t h e  u s e  o f  a  s i m p l e
o p e n  t y p e  c o m b u s t i o n  c h a m b e r . T h e
s i m p l i c i t y  o f  d e s i g n  a n d  o p e r a t i o n  p r o -
v i d e s  f o r  s i m p l i f i e d  c o n t r o l s  a n d  e a s y
ad jus tment . N o  h i g h  p r e s s u r e  f u e l  l i n e s
or  compl i ca ted  a i r - fue l  m ix ing  o r  vapor iz -
ing  dev ices  are  requ i red .

T h e fue l in jec to r pe r fo rms f o u r
f u n c t i o n s :

1 .  C r e a t e s  t h e  h i g h  f u e l  p r e s s u r e  r e -
qu i red  fo r  e f f i c ien t  in jec t ion .

2 .  Meters  and  in jec ts  the  exac t  amount  o f
fue l  requ i red  to  hand le  the  load .

Figure 11C-1.  Schemat ic of  Fuel
System
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Figure 11C-2. Fue l  In jec to r  Assembly

3 .  A t o m i z e s  t h e  f u e l  f o r  m i x i n g  w i t h  t h e
air  in the combust ion chamber.

4 .  Permi ts  con t inuous  fue l  f l ow.

C o m b u s t i o n  r e q u i r e d  f o r  s a t i s f a c t o r y  e n -
g i n e  o p e r a t i o n  i s  o b t a i n e d  b y  i n j e c t i n g ,
u n d e r  p r e s s u r e , a  sma l l  quan t i t y  o f  ac -
cu ra te ly  mete red  and  f i ne ly  a tomized  fue l
o i l  in to  the  cy l inder .

M e t e r i n g  o f  t h e  f u e l  i s  a c c o m p l i s h e d  b y
an  upper  and  lower  he l i x  mach ined  in  the
l o w e r  e n d  o f  t h e  i n j e c t o r  p l u n g e r .
F igure  11C-4 on page 11C-3 illustrates
t h e fue l m e t e r i n g  f r o m  n o - l o a d  t o
f u l l - l o a d  b y  r o t a t i n g  o f  t h e  p l u n g e r  i n
t h e  b u s h i n g .

Figure 11C-3. Cutaway View of Fuel
I n j e c t o r

F i g u r e  1 1 C - 5  o n  p a g e  1 1 C - 3  i l l u s t r a t e s
t h e  p h a s e s  o f  i n j e c t o r  o p e r a t i o n  b y  t h e
ver t i ca l  t rave l  o f  the  in jec to r  p lunger .

The  con t inuous  fue l  f l ow th rough  the  in -
j e c t o r serves i n  a d d i t i o n  t o  p r e v e n t i n g
air  pockets in the fuel  system, as a cool-
a n t  f o r  t h o s e  i n j e c t o r  p a r t s  s u b j e c t e d  t o
h igh  combus t ion  tempera tu res .

T o  v a r y  t h e  p o w e r  o u t p u t  o f  t h e  e n g i n e ,
in jec to rs  hav ing  d i f fe ren t  fue l  ou tpu t  ca -
p a c i t i e s  a r e  u s e d . T h e  f u e l  o u t p u t  o f
t h e  v a r i o u s  i n j e c t o r s  i s  g o v e r n e d  b y  t h e
h e l i x  a n g l e  o f  t h e  p l u n g e r  a n d  t h e  t y p e
o f  s p r a y  t i p  u s e d .  R e f e r  t o
Figure 11C-6 on page 11C-4 for  the iden-
tification of t h e  i n j e c t o r s  a n d  t h e i r
respec t ive  p lungers  and spray  t ips .

S ince  the  he l i x  ang le  on  the  p lunger  de-
t e r m i n e s  t h e  o u t p u t  a n d  o p e r a t i n g  c h a r -
a c t e r i s t i c s  o f  a  p a r t i c u l a r  i n j e c t o r ,  i t  i s
i m p e r a t i v e  t h a t  t h e  c o r r e c t  i n j e c t o r  b e
u s e d  i n  t h e  e n g i n e . I f  i n j e c t o r s  o f  d i f -
fe ren t  types  are  mixed,  e r ra t i c  opera t ion
wi l l  resul t  and may cause ser ious damage
to the engine or to the machine.
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F igure  11C-4 .  Fue l  Mete r ing  f rom
No-Load  to  Fu l l - l oad

NOTE

D o  n o t  i n t e r m i x  t h e  n e e d l e  v a l v e
i n j e c t o r  w i t h  o t h e r  t y p e  o f  i n j e c -
to rs  in  an  eng ine .

E a c h  f u e l  i n j e c t o r  h a s  a  c i r c u l a r  d i s c
pressed in to  a  recess  a t  the  f ron t  s ide  o f
t h e  i n j e c t o r  b o d y  f o r  i d e n t i f i c a t i o n  p u r -
poses (see Figure 11C-6 on page 11C-4).
The iden t i f i ca t ion  tag  ind ica tes  the  nomi -
nal o u t p u t  o f t h e  i n j e c t o r  i n  c u b i c
mi l l imeters.

E a c h  i n j e c t o r  c o n t r o l  r a c k  ( F i g u r e  1 1 C - 3
on page 11C-2)  i s  ac tua ted  by  a  lever  on
t h e  i n j e c t o r  c o n t r o l  t u b e  w h i c h ,  i n  t u r n ,
i s  connec ted  to  the  governor  by  means  o f
a  fue l  rod . These levers can be adjusted
i n d e p e n d e n t l y  o n  t h e  c o n t r o l  t u b e ,  t h u s
p e r m i t t i n g  a  u n i f o r m  s e t t i n g  o f  a l l  i n j e c -
t o r  r a c k s .

T h e  f u e l  i n j e c t o r  c o m b i n e s  i n  a  s i n g l e
un i t  a l l  o f  the  par ts  necessary  to  p rov ide
c o m p l e t e  a n d  i n d e p e n d e n t  f u e l  i n j e c t i o n
a t  each  cy l inder .

Operation

Fuel , u n d e r  p r e s s u r e , e n t e r s  t h e  i n j e c -
t o r  a t  t h e  i n l e t  s i d e  t h r o u g h  a  f i l t e r  c a p
a n d  f i l t e r  ( s e e  F i g u r e  1 1 C - 3  o n  p a g e
11C-2) . F rom the  f i l t e r ,  the  fue l  passes
th rough a  d r i l l ed  passage in to  the  supp ly
c h a m b e r ,  t h a t  a r e a  b e t w e e n  t h e  p l u n g e r
b u s h i n g  a n d  t h e  s p i l l  d e f l e c t o r ,  i n  a d d i -
t i o n  t o  t h a t  a r e a u n d e r  t h e  i n j e c t o r
p l u n g e r  w i t h i n  t h e  b u s h i n g ,  t h e  b o r e  o f
w h i c h  i s  o p e n  t o  t h e  f u e l  s u p p l y  i n  t h e
a n n u l a r  c h a m b e r  b y  t w o  f u n n e l - s h a p e d
p o r t s  i n  t h e  p l u n g e r  b u s h i n g .

T h e  m o t i o n  o f  t h e  i n j e c t o r  r o c k e r  a r m  i s
t r a n s m i t t e d  t o  t h e  p l u n g e r  b y  t h e  f o l l o w -

F igure  11C-5 .  Phases  o f  In jec to r
Operat ion

e r w h i c h  b e a r s a g a i n s t  t h e  f o l l o w e r
s p r i n (see F i g u r e  1 1 C - 7  o n
11C-4) .

page
I n  a d d i t i o n  t o  t h e  r e c i p r o c a t i n g

motion, the  p lunger  can  be  ro ta ted ,  du r -
i n g opera t ion , a r o u n d  i t s  a x i s  b y  t h e
gear  wh ich  meshes  w i th  the  con t ro l  rack .
F o r  m e t e r i n g  t h e  f u e l ,  a n  u p p e r  h e l i x
a n d  a  l o w e r  h e l i x  a r e  m a c h i n e d  i n  t h e
l o w e r  p a r t  o f  t h e  p l u n g e r .  T h e  r e l a t i o n
o f  t h e  h e l i c e s  t o  t h e  t w o  p o r t s  c h a n g e s
wi th  the  ro ta t ion  o f  the  p lunger .

A s  t h e  p l u n g e r  m o v e s  d o w n w a r d ,  u n d e r
p r e s s u r e  o f  t h e  i n j e c t o r  r o c k e r  a r m ,  a
p o r t i o n  o f  t h a t  f u e l  t r a p p e d  u n d e r  t h e
p l u n g e r i s  d i s p l a c e d  i n t o  t h e  s u p p l y
chamber  th rough  the  lower  por t  un t i l  t he
por t  i s  c losed  o f f  by  the  lower  end  o f  the
p l u n g e r . A  p o r t i o n  o f  t h e  f u e l  t r a p p e d
b e l o w  t h e  p l u n g e r  i s  t h e n  f o r c e d  u p
th rough  a  cen t ra l  passage  in  the  p lunger
in to  the  fue l  mete r ing  recess  and  in to  the
s u p p l y  c h a m b e r  t h r o u g h  t h e  u p p e r  p o r t
u n t i l  t h a t  p o r t  i s  c l o s e d  o f f  b y  t h e  u p p e r
h e l i x  o f  t h e  p l u n g e r .  W i t h  t h e  u p p e r
a n d  l o w e r  p o r t s  b o t h  c l o s e d  o f f ,  t h e  r e -
ma in ing fue l u n d e r t h e  p l u n g e r is
s u b j e c t e d  t o  i n c r e a s e d  p r e s s u r e  b y  t h e
c o n t i n u e d  d o w n w a r d  m o v e m e n t  o f  t h e
p l u n g e r .

W h e n  s u f f i c i e n t  p r e s s u r e  i s  b u i l t  u p ,  i t
o p e n s  t h e  f l a t , n o n - r e t u r n  c h e c k  v a l v e .
The  fue l  in  the  check  va lve  cage ,  sp r ing
c a g e ,  t i p  p a s s a g e s  a n d  t i p  f u e l  c a v i t y  i s
compressed  un t i l  t he  p ressure  fo rce  ac t -
i n g u p w a r d  o n t h e  n e e d l e  v a l v e  i s
s u f f i c i e n t  t o  o p e n  t h e  v a l v e  a g a i n s t  t h e
d o w n w a r d  f o r c e  o f  t h e  v a l v e  s p r i n g .  A s
s o o n  a s  t h e  n e e d l e  v a l v e  l i f t s  o f f  o f  i t s
sea t ,  the  fue l  i s  fo rced  th rough  the  sma l l
o r i f i ces  in  the  spray  t ip  and a tomized in -
to the combust ion chamber.

W h e n  t h e  l o w e r  l a n d  o f  t h e  p l u n g e r  u n -
c o v e r s  t h e  l o w e r  p o r t  i n  t h e  b u s h i n g ,
t h e  f u e l  p r e s s u r e  b e l o w  t h e  p l u n g e r  i s
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F i g u r e  1 1 C - 6 .  I n j e c t o r
I d e n t i f i c a t i o n  C h a r t

r e l i e v e d  a n d  t h e  v a l v e  s p r i n g  c l o s e s  t h e
need le  va lve ,  end ing  in jec t ion .

A  p ressure  re l ie f  passage  has  been  p ro -
v i d e d  i n  t h e  s p r i n g  c a g e  t o  p e r m i t
b leed-o f f  o f  f ue l  l eak ing  pas t  the  need le
p i lo t  in  the  t ip  assembly .

A  c h e c k  v a l v e ,  d i r e c t l y  b e l o w  t h e  b u s h -
i n g , p r e v e n t s  l e a k a g e  f r o m  t h e  c o m -
bus t ion  chamber  in to  the  fue l  i n jec to r  in
c a s e  t h e  v a l v e  i s  a c c i d e n t a l l y  h e l d  o p e n
b y  a  s m a l l  p a r t i c l e  o f  d i r t .  T h e  i n j e c t o r
p l u n g e r  i s  t h e n  r e t u r n e d  t o  i t s  o r i g i n a l
p o s i t i o n  b y  t h e  i n j e c t o r  f o l l o w e r  s p r i n g .
F i g u r e  1 1 C - 5  o n  p a g e  1 1 C - 3  s h o w s  t h e
v a r i o u s  p h a s e s  o f  i n j e c t o r  o p e r a t i o n  b y
t h e v e r t i c a l t r a v e l  o f t h e in jec to r
p l u n g e r .

O n  t h e  r e t u r n  u p w a r d  m o v e m e n t  o f  t h e
p l u n g e r , t h e  h i g h  p r e s s u r e  c y l i n d e r
w i t h i n  t h e  b u s h i n g  i s  a g a i n  f i l l e d  w i t h
f u e l  o i l  t h r o u g h  t h e  p o r t s .  T h e  c o n s t a n t
c i r c u l a t i o n  o f  f r e s h  f u e l  t h r o u g h  t h e  i n -
j ec to r renews t h e  f u e l  s u p p l y  i n  t h e
chamber, helps cool  the in jector  and also
e f f e c t i v e l y removes a l l  t r a c e s  o f a i r
wh ich  migh t  o therw ise  accumula te  in  the
sys tem and  in te r fe re  w i th  accura te  mete r -
ing of  the fuel .

11C-4

Figure 11C-7. Fue l  In jec to r  Mount ing

The  fue l  i n jec to r  ou t le t  open ing , through
hw h i c h  t h e  e x c e s s  f u e l  o i l  r e t u r n s  t o  t  e

fue l  re tu rn  man i fo ld  and  than  back  to  the
f u e l  t a n k ,  i s  d i r e c t l y  a d j a c e n t  t o  t h e  i n -
le t  open ing .

C h a n g i n g  t h e  p o s i t i o n  o f  t h e  h e l i c e s ,  b y
r o t a t i n g  t h e  p l u n g e r ,  r e t a r d s  o r  a d -
v a n c e s  t h e  c l o s i n g  o f  t h e  p o r t s  a n d  t h e
beg inn ing  and  end ing  o f  the  in jec t ion  pe-
r i o d .  A t  t h e  s a m e  t i m e ,  i t  i n c r e a s e s  o r
decreases the amount of  fuel  in jected into
t h e  c y l i n d e r . F i g u r e  1 1 C - 4  o n  p a g e
1 1 C - 3  s h o w s  t h e  v a r i o u s  p l u n g e r  p o s i -
t i o n s  f r o m  n o - l o a d  t o  f u l l - l o a d .  W i t h  t h e
con t ro l rack pulled out all the way
( n o - i n j e c t i o n ) , t h e  u p p e r  p o r t  i s  n o t
c l o s e d  b y  t h e  h e l i x  u n t i l  a f t e r  t h e  l o w e r
p o r t  i s  u n c o v e r e d . C o n s e q u e n t l y ,  w i t h
t h e  r a c k  i n  t h i s  p o s i t i o n ,  a l l  o f  t h e  f u e l
i s  f o r c e d  b a c k  i n t o  t h e  s u p p l y  c h a m b e r
a n d  n o  i n j e c t i o n o f  f u e l  t a k e s  p l a c e .
Wi th  the  con t ro l  rack  pushed  a l l  the  way
i n  ( f u l l  i n j e c t i o n ) ,  t h e  u p p e r  p o r t  i s
c l o s e d  s h o r t l y  a f t e r  t h e  l o w e r  p o r t  h a s
been  covered ,  thus  p roduc ing  a  max imum
e f f e c t i v e  s t r o k e  a n d  m a x i m u m  i n j e c t i o n .
From th is  no  in jec t ion  pos i t ion  to  fu l l  i n -
jec t ion  pos i t i on  ( fu l l  rack  movement ) ,  the
c o n t o u r  o f  t h e  u p p e r  h e l i x  a d v a n c e s  t h e
c los ing  o f  the  por ts  and  the  beg inn ing  o f
in jec t ion .

General Instructions for Injector Care
and Overhaul

T h e  f u e l  i n j e c t o r  i s  o n e  o f  t h e  m o s t  i m -
p o r t a n t  a n d  p r e c i s e l y  b u i l t  p a r t s  o f  t h e
eng ine . T h e  i n j e c t i o n  o f  t h e  c o r r e c t



F igure  11C-8 .  Remov ing  In jec to r  f rom
Cyl inder Head

amount of  fuel  into the combust ion cham-
b e r  a t  e x a c t l y  t h e  r i g h t  t i m e  d e p e n d s
u p o n  t h i s  u n i t . Because the in jector op-
era tes  aga ins t  h igh  compress ion  p ressure
in  the  combus t ion  chamber ,  e f f i c ien t  op-
era t ion demands t h a t t h e in jec to r
assembly  i s  ma in ta ined  in  f i r s t -c lass  con-
d i t i o n  a t  a l l  t i m e s . Proper  ma in tenance
o f  the  fue l  sys tem and  the  use  o f  the  re -
commended type of  fuel  f i l ters and c lean,
w a t e r - f r e e  f u e l  a r e  t h e  k e y s  t o  t r o u b l e
f ree  opera t ion  o f  the  in jec to rs .

D u e  t o  t h e  c l o s e  t o l e r a n c e s  o f  v a r i o u s
p a r t s , ex t reme c lean l iness  and  s t r i c t  ad-
h e r e n c e  t o  s e r v i c e  i n s t r u c t i o n s  i s  r e -
q u i r e d .

P e r f o r m  a l l  i n j e c t o r  r e p a i r s  i n  a  c l e a n ,
we l l  l i gh ted  room w i th  a  dus t  f ree  a tmos-
p h e r e . An idea l  in jec to r  room is  s l igh t l y
p r e s s u r i z e d  b y  m e a n s  o f  a n  e l e c t r i c  f a n
w h i c h  d r a w s  a i r  i n t o  t h e  r o o m  t h r o u g h  a
f i l t e r . T h i s  p r e s s u r e  p r e v e n t  p a r t i c l e s
o f  d i r t  a n d  d u s t  f r o m  e n t e r i n g  t h e  r o o m
t h r o u g h  t h e  d o o r s  a n d  w i n d o w s .  A  s u i t -
ab le  a i r  ou t le t  w i l l  remove  so lven t  fumes
a l o n g  w i t h  t h e  o u t g o i n g  a i r . A l s o  p r o -
v i d e  a  s o u r c e  o f  1 1 0  v o l t  a l t e r n a t i n g
cur ren t  e lec t r i c  power .

P r o v i d e  t h e  i n j e c t o r  r e p a i r  r o o m  w i t h  a
s u p p l y  o f  f i l t e r e d , m o i s t u r e  p r o o f  c o m -
p r e s s e d  a i r  f o r  d r y i n g  t h e  i n j e c t o r  p a r t s
a f te r  they  have  been c leaned. Use wash
p a n s  o f  r u s t  p r o o f  m a t e r i a l  a n d  d e e p
enough  to  permi t  a l l  o f  the  in jec to r  pa r ts

to  be  comple te ly  covered  by  the  c lean ing
a g e n t , u s u a l l y  c l e a n  f u e l  o i l ,  w h e n  s u b -
m e r g e d  i n  w i r e  b a s k e t s  o f  1 6  m e s h  w i r e
sc reen . U s e  b a s k e t s  w h i c h  s u p p o r t  t h e
par ts  so  as  to  avo id  contac t  w i th  the  d i r t
which sett les at  the bottom of the pans.

R a g s  s h o u l d  n e v e r  b e  u s e d  f o r  c l e a n i n g
i n j e c t o r  p a r t s  s i n c e  l i n t  o r  o t h e r  p a r t i -
c l e s  w i l l  c l o g  p a r t s  o f  t h e  i n j e c t o r  w h e n
i t  i s  assembled . A  l i n t - f r e e  c l e a n i n g  t i s -
s u e  i s  a  g o o d , i n e x p e n s i v e  m a t e r i a l  f o r
w i p i n g  i n j e c t o r  p a r t s .

W h e n  s e r v i c i n g  a n  i n j e c t o r ,  f o l l o w  t h e
genera l  ins t ruc t ions  ou t l ined  be low:

1 .  W h e n e v e r  t h e  f u e l  p i p e s  a r e  r e m o v e d
f r o m  a n  i n j e c t o r , c o v e r  t h e  f i l t e r  c a p s
w i t h  s h i p p i n g  c a p s  t o  k e e p  d i r t  o u t  o f
t h e  i n j e c t o r s . A l s o  p r o t e c t  t h e  f u e l
p ipes  and  fue l  connec to rs  f rom the  en t ry
o f  d i r t  o r  o ther  fo re ign  mate r ia l .

2 .  A f te r  an  in jec to r  has  been  opera ted  in
an  eng ine , do  no t  remove  the  f i l t e r  caps
o r  f i l t e r s  w h i l e  t h e  i n j e c t o r  i s  i n  t h e  e n -
g i n e . Replace the f i l ters only at  the t ime
o f  comp le te  d isassemb ly  and  assemb ly  o f
an  in jec to r .

NOTE

I n  t h e  o f f s e t  i n j e c t o r ,  a  f i l t e r  i s
used in  the  in le t  s ide  on ly . No  f i l -
te r  i s  requ i red  on  the  ou t le t  s ide .

3 .  W h e n e v e r  a n  i n j e c t o r  h a s  b e e n  r e -
m o v e d  a n d  r e i n s t a l l e d  o r  r e p l a c e  i n  a n
eng ine , m a k e  t h e  f o l l o w i n g  a d j u s t m e n t s
as out l ined in Subsect ion 11H.

A.  T ime the  in jec to r

B .  Pos i t ion  the  in jec to r  con t ro l  rack .

4 .  W h e n e v e r  a n  e n g i n e  i s  t o  b e  o u t  o f
s e r v i c e  f o r  a n  e x t e n d e d  p e r i o d ,  p u r g e
t h e  f u e l  s y s t e m , t h e n  f i l l  i t  w i t h  a  g o o d
g r a d e  o f  r u s t  p r e v e n t a t i v e  ( S e e  S e c t i o n
VI  o f  the  Opera to rs  Manua l ) .

5 .  When a  recond i t ioned  in jec to r  i s  to  be
p l a c e d  i n  s t o c k ,  f i l l  i t  w i t h  i n j e c t o r  t e s t
o i l  J  26400 . D o  n o t  u s e  f u e l  o i l  I n s t a l l
sh ipp ing  p lugs  on  bo th  f i l t e r  caps  imme-
d i a t e l y  a f t e r  f i l l i n g .  S t o r e  t h e  i n j e c t o r
i n  a n  u p r i g h t  p o s i t i o n  t o  p r e v e n t  t e s t  o i l
leakage.
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Figure 11C-9. Check Rack and Plunger
for Free Movement

NOTE

M a k e  s u r e  t h a t  n e w  f i l t e r s  h a v e
b e e n  i n s t a l l e d  i n  a  r e c o n d i t i o n e d
i n j e c t o r  w h i c h i s  t o  b e  p l a c e d  i n
s t o c k . T h i s  p r e c a u t i o n  w i l l  p r e -
v e n t  d i r t  p a r t i c l e s  f r o m  e n t e r i n g
t h e  i n j e c t o r  d u e  t o  a  p o s s i b l e  r e -
v e r s a l  o f  f u e l  f l o w  w h e n  i n s t a l l i n g
t h e  i n j e c t o r  i n  a n  e n g i n e  o t h e r
t h a n  t h e  o r i g i n a l  u n i t .

Remove Injector

1 .  C l e a n  a n d  r e m o v e  t h e  v a l v e  r o c k e r
c o v e r .

2 .  R e m o v e  t h e  f u e l  p i p e s  f r o m  b o t h  t h e
i n j e c t o r a n d  t h e  f u e l  c o n n e c t o r s  ( s e e
F igure  11C-7  on  page  11C-4) .

NOTE

I m m e d i a t e l y  a f t e r  r e m o v a l  o f  t h e
f u e l  p i p e s  f r o m  a n  i n j e c t o r ,  c o v e r
t h e  f i l t e r  c a p s  w i t h  s h i p p i n g  c a p s
t o  p r e v e n t  d i r t  f r o m  e n t e r i n g  t h e
i n j e c t o r . A l s o  p r o t e c t  t h e  f u e l
p ipes  and  fue l  connec to rs  f rom en-
t r y  o f  d i r t  o r  f o r e i g n  m a t e r i a l .

3 .  C r a n k  t h e  e n g i n e  t o  b r i n g  t h e  o u t e r
e n d  o f  t h e  p u s h  r o d s  o f  t h e  i n j e c t o r  a n d
va lve  rocker  a rm in  l i ne  hor i zon ta l l y .

4 .  R e m o v e  t h e  t w o  r o c k e r  s h a f t  b r a c k e t
b o l t s  a n d  s w i n g  t h e  r o c k e r  a r m s  a w a y
f r o m  t h e  i n j e c t o r  a n d  v a l v e s  ( s e e
Figure 11C-8 on page 11C-5).
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5 .  R e m o v e  t h e  i n j e c t o r  c l a m p  b o l t ,  s p e -
c ia l  washer and c lamp.

6 .  L o o s e n  t h e  i n n e r  a n d  o u t e r  a d j u s t i n g
sc rews  on  the  in jec to r  rack  con t ro l  l ever
a n d  s l i d e  t h e  l e v e r  a w a y  f r o m  t h e  i n j e c -
t o r .

7 .  L i f t  t h e  i n j e c t o r  f r o m  i t s  s e a t  i n  t h e
c y l i n d e r  h e a d .

8 .  Cover  the  in jec to r  ho le  in  the  cy l inder
head to keep foreign mater ia l  out .

9 .  C l e a n  t h e  e x t e r i o r  o f  t h e  i n j e c t o r  w i t h
c lean  fue l  o i l  and  d ry  i t  w i th  compressed
a i r .

Test  In jector

GENERAL. Use  the  fo l l ow ing  p rocedures
to  tes t  the  fue l  in jec to rs :

T h e  f u e l  s p r a y  f r o m  a n  i n j e c t o r
c a n  p e n e t r a t e  t h e  s k i n .  F u e l  o i l
which enters the blood stream can
cause a serious infection. T h e r e -
fore , follow instructions and use
the proper equipment to test an in-
jector.

I f  i n s p e c t i o n  d o e s  n o t  r e v e a l  a n y  e x -
te rna l  damage , t h e n  p e r f o r m  a  s e r i e s  o f
tes ts  to  de te rmine  the  cond i t ion  o f  the  in -
j e c t o r  t o  a v o i d  u n n e c e s s a r y  o v e r h a u l i n g .
T e s t s  m u s t  b e  p e r f o r m e d  u s i n g  i n j e c t o r
test oil J 26400.

A n  i n j e c t o r  t h a t  p a s s e s  a l l  o f  t h e  t e s t s
o u t l i n e d  b e l o w  m a y  b e  c o n s i d e r e d  t o  b e
s a t i s f a c t o r y  f o r  s e r v i c e  w i t h o u t  d i s a s -
sembly , e x c e p t  f o r  t h e  v i s u a l  c h e c k  o f
t h e  p l u n g e r .

However , a n  i n j e c t o r  t h a t  f a i l s  t o  p a s s
one o r more of t h e tes t s is
u n s a t i s f a c t o r y . Per fo rm a l l  o f  the  tes ts
b e f o r e  d i s a s s e m b l i n g  a n  i n j e c t o r  t o  c o r -
rec t  any  one cond i t ion .

I d e n t i f y  e a c h  i n j e c t o r  a n d  r e c o r d  t h e
p r e s s u r e d r o p  a n d  f u e l  o u t p u t  a s  i n d i -
ca ted  by  the  fo l low ing  tes ts .

INJECTOR CONTROL RACK AND PLUN-
G E R  M O V E M E N T  T E S T .  P l a c e  t h e  i n j e c -
t o r i n  t h e  i n j e c t o r  f i x t u r e  a n d  r a c k



f reeness t e s t e r  J  2 2 3 9 6 . R e f e r  t o
Figure 11C-9 and place the handle on top
o f  the  in jec to r  fo l l ower .

I f  necessary , adjust the contact screw in
the handle to ensure the contact screw is
a t  t h e  c e n t e r  o f  t h e  f o l l o w e r  w h e n t h e
fol lower spr ing is compressed.

Wi th  the  in jec to r  con t ro l  rack  he ld  in  the
n o - f u e l  p o s i t i o n ,  p u s h  t h e  h a n d l e  d o w n
and depress the fo l lower to the bot tom of
i t s  s t r o k e . Then very  s low ly  re lease  the
pressure  on  the  hand le  wh i le  mov ing  the
c o n t r o l  r a c k  u p  a n d  d o w n  a s  s h o w n  i n
F i g u r e  1 1 C - 9  o n  p a g e  1 1 C - 6  u n t i l t h e
f o l l w e r  r e a c h e s  t h e  t o p  o f  i t s  t r a v e l . I f
t h e  r a c k  d o e s  n o t  f a l l  f r e e l y ,  l o o s e n  t h e
i n j e c t o r  n u t ,  t u r n  t h e  t i p ,  t h e n  r e t i g h t e n
t h e  n u t . Loosen and  re t igh ten  the  nu t  a
c o u p l e  o f  t i m e s  i f  n e c e s s a r y .
t h i s  w i l l  f r e e  t h e  r a c k .

Genera l l y
T h e n , i f  t h e

r a c k  i s  n o t  f r e e , c h a n g e  t h e in jec to r
n u t . In some cases i t  may be necessary
t o  d i s a s s e m b l e  t h e  i n j e c t o r  t o  e l i m i n a t e
the cause of  the misal igned parts.

V I S U A L  I N S P E C T I O N  O F  P L U N G E R .  A n
in jec to r  wh ich  passes  a l l  o f  the  p rev ious
t e s t s  s h o u l d  h a v e  t h e  p l u n g e r  c h e c k e d
v i sua l l y , u n d e r  a  m a g n i f y i n g  g l a s s , f o r
excess ive  wear  o r  a  poss ib le  ch ip  on  the
b o t t o m  h e l i x . T h e r e  i s  a  s m a l l  a r e a  o n
the  bo t tom he l i x  and  lower  por t ion  o f  the
u p p e r  h e l i x ,  i f  c h i p p e d ,  t h a t  w i l l  n o t  b e
ind ica ted in  any  o f  the  tes ts .

Remove  the  p lunger  f rom the  in jec to r  as
fo l l ows :

1 .  S u p p r t  t h e  i n j e c t o r ,  r i g h t  s i d e  u p ,  i n
holding f ixture J 22396.

2 .  C o m p r e s s  t h e  f o l l o w e r  s p r i n g .  T h e n
r a i s e  t h e  s p r i n g  a b o v e  t h e  s t o p  p i n  w i t h
a  screw dr iver  and w i thdraw the  p in  (see
F igure  11C-10) .
g r a d u a l l y .

A l low the  spr ing  to  r i se

3 .  R e m o v e  t h e  i n j e c t o r  f r o m  t h e  h o l d i n g
f i x t u r e .  T u r n  t h e  i n j e c t o r  u p s i d e  d o w n ,
t o  p r e v e n t  t h e  e n t r y  o f  d i r t ,  a n d  c a t c h
t h e  s p r i n g  a n d  p l u n g e r  a s  t h e y  d r o p
o u t .

4 .  I n s p e c t  t h e  p l u n g e r .
is

I f  t h e  p l u n g e r
chipped ( Figure 11C-11 on page

11C-8) ,  rep lace  the  p lunger  and  bush ing
assembly.

5 .  R e i n s t a l l  t h e  p l u n g e r ,  f o l l o w e r  a n d
s p r i n g .

Figure 11C-10. Removing Injector
Fo l lower  S top  P in

I N S T A L L I N G  F U E L  I N J E C T O R  I N  T E S T -
ER J 23010

1 .  S e l e c t  t h e  p r o p e r  c l a m p i n g  h e a d
(Figure 11C-12 on page 11C-8). Position
i t  o n  t h e  c l a m p i n g  p o s t  a n d  t i g h t e n  t h e
t h u m b s c r e w  i n t o  t h e  l o w e r  d e t e n t  p o s i -
t i o n (see Figure 11C-13 on page 11C-8).

2 .  C o n n e c t  t h e  t e s t  o i l  d e l i v e r y  p i p i n g
into the c lamping head.

3 .  C o n n e c t  t h e  t e s t  o i l  c l e a r  d i s c h a r g e
t u b i n g o n t o  t h e  p i p e  o n  t h e  c l a m p i n g

4. Loca te  the  adap to r  p la te  on  top  o f  the
s u p p o r t  b r a c k e t  b y  p o s i t i o n i n g  t h e  3 / 8 ”

F igure  11C-11 .  Unusab le  In jec to r
Plungers
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F i g u r e  1 1 C - 1 2 .  I n j e c t o r  T e s t
Clamping Heads

d i a m e t e r  h o l e  a t  t h e  f a r r i g h t  o f  t h e
a d a p t o r  p l a t e  o n t o  t h e  3 / 8 " d i a m e t e r
d o w e l  p i n . T h i s  a l l o w s  t h e  a d a p t o r  p l a t e
t o  s w i n g  o u t  f o r  m o u n t i n g  t h e  f u e l  i n j e c -
t o r .

5 .  M o u n t  t h e  i n j e c t o r  t h r o u g h  t h e  l a r g e
h o l e  a n d  i n s e r t  t h e  i n j e c t o r  p i n  i n  t h e
p r o p e r l o c a t i n g p i n ho le ( s e e
F i g u r e  1 1 C - 1 2 ) .

6 .  S w i n g  t h e  m o u n t e d  i n j e c t o r  a n d  a d a p t -
o r  p l a t e  i n w a r d  u n t i l  t h e y  c o n t a c t  t h e
stop pin at the rear of the support
b r a c k e t .

C L A M P I N G  T H E  F U E L  I N J E C T O R .  R e f e r
to  F igu re  11C-14  on  page  11C-9  and  po-
s i t ion t h e  i n j e c t o r  t e s t e r l e v e r s  a s
fol lows:

Lever 2 up and to the rear
Lever  3  in  the  rear  de ten t
Lever  4  up  (hor i zon ta l )
Lever  5  up  (hor i zon ta l )

1 .  A l ign  the  c lamp head  ny lon  sea ls  over
t h e in jec to r f i l t e r caps (see
F igure  11C-13) .

2 .  B a c k  o f f  t h e  T h r u - F l o w  v a l v e  a b o u t
ha l f -way  to  a l low the  se l f  a l ign ing  ny lon
sea ls  to  sea t  p roper l y  dur ing  the  c lamp-
ing  opera t ion .

3 .  H o l d  t h e  c l a m p i n g  h e a d  i n  p o s i t i o n
o v e r  t h e  f i l t e r  c a p s  a n d ,  w i t h  t h e  l e f t
hand , o p e r a t e  p u m p  l e v e r  1  e v e n l y  t o
move the c lamping head down to seal  the
f i l te r  caps .

F i g u r e  1 1 C - 1 3 .  I n j e c t o r  I n s t a l l e d  i n
Tes te r  J  23010

N O T E

T h e  T h r u - F l o w  v a l v e  s h o u l d  s t i l l
t u r n  f r e e l y . I f  i t  d o e s  n o t ,  t u r n
t h e  v a l v e  c o u n t e r c l o c k w i s e  u n t i l  i t
r o t a t e s  f r e e l y  a n d  r e a p p l y  c l a m p -
i n g  p r e s s u r e .

E x c e s s i v e  f o r c e  o n  l e v e r  1  d u r i n g
c lamp ing  can  damage  the  sea ls  i n
the valves operated by levers 4
a n d  5 .

P U R G I N G  A I R  F R O M  T H E  S Y S T E M .
Move lever  4  down and  opera te  pump le -
v e r  1  t o  p r o d u c e  a  t e s t  o i l  f l o w  t h r o u g h
t h e  i n j e c t o r . When ai r  bubbles no longer
pass  th rough the  c lear  d ischarge  tub ing ,
the system is free of air and is now
ready fo r  tes t ing .

INJECTOR VALVE OPENING AND
S P R A Y  P A T T E R N  T E S T .  T h i s  t e s t  d e -
t e r m i n e s  s p r a y  p a t t e r n  u n i f o r m i t y  a n d
t h e  r e l a t i v e  p r e s s u r e  a t  w h i c h  t h e  i n j e c -
t o r va l ve opens and fuel inject ion
b e g i n s .

1 .  C lamp the  in jec to r  p roper l y  and  purge
the air  f rom the system.

2. Move lever 4 down.

11C-8



Figure 11C-14. Injector in Position
for Testing with J 23010

3. Position the injector rack in the
ful l- fuel posit ion.

4. Place pump lever 1 in the vertical po-
sition.

5 .  Move lever  3  to  the forward detent
position.

6 .  The in jec tor  fo l lower  should  be de-
pressed rapidly (40 to 80 strokes per mi-
n u t e )  t o  s i m u l a t e  o p e r a t i o n  i n  t h e
engine. Observe the spray pat tern  to
see that all spray orifices are open and
dispersing the test oi l  evenly. The be-
ginning and ending of injection should be
sharp and the test oi l  should be f inely
atomized with no drops of test oil forming
on the end of the tip.

The highest pressure reference number
shown on gauge 2 wil l  be reached just
before inject ion ends. Use the fol lowing
reference values to determine the rela-
t ive acceptabi l i ty of the injector. Refer-
ence values are from 127 minimum to 146
maximum.

NOTE

The reference value obtained when
pop testing the needle valve injec-
tors is to be used as a trouble
shoot ing and d iagnos is  a id .  Th is
allows comparative testing of injec-
tors  wi thout  d isassembly , Exact
valve opening pressure values can
only be determined by the Needle
V a l v e  T i p  T e s t  u s i n g  t e s t e r  J
23010 and tip test adaptor J
2 3 0 1 0 - 1 2 9  o r  a u x i l i a r y  t e s t e r  J
22640.

INJECTOR HIGH PRESSURE TEST. This
tes t  checks for  leaks a t  the f i l te r  cap
gasket, body plugs and nut seal ring.

1. Clamp the injector properly and purge
the air from the system.

2. Close the Thru-Flow valve, but do not
overt ighten.

NOTE

Make sure lever 4 is in the down
position before operating pump le-
ver 1.

3. Operate pump lever 1 to bui ld up to
1600 to 2000 psi (11,024-13,780 kPa) on
gauge 1. Check for leakage at the injec-
tor  f i l te r  cap gaskets ,  body p lugs and
injector nut seal ring.

INJECTOR PRESSURE HOLDING TEST.
This test determines if the
body-to-bushing mating surfaces in the
in jector  are seal ing proper ly  and ind i -
cates proper plunger-to-bushing f i t .

1. Clamp the injector properly and purge
the air from the system.

2. Close the Thru-Flow valve, but do not
overt ighten.

3. Move lever 2 to the rear, horizontal
position.

4. Operate pump lever 1 unti l  gauge 1
reads approximately 700psi (4,823 kPa).

5. Move lever 4 to the up position.

6. Time the pressure drop between 450
to 250 psi (3,100 to 1,723 kPa). I f  the
p ressu re  d rop  occu rs  i n  l ess  t han  15
seconds, leakage is excessive.

R e f e r  t o  “ T r o u b l e s h o o t i n g ”  o n  p a g e
11C-50 if the fuel injector does not pass
any of the preceding tests.

I f  t he  f ue l  i n j ec to r  passes  a l l  o f  t he
above tests, proceed with the “Fuel Out-
put Test” on page 11C-13.

UNCLAMPING THE INJECTOR. Unclamp
the injector as follows:

1. Open the Thru-Flow valve to release
pressure in the system.

Fuel System and Governor 11C-9



2 .  M o v e  l e v e r  5  d o w n  t o  r e l e a s e  t h e
c lamp ing  p ressure .

3 .  S w i n g  o u t  t h e  a d a p t o r  p l a t e  a n d  r e -
move the  in jec to r  a f te r  the  ny lon  sea ls  in
t h e  c l a m p i n g  h e a d  a r e  f r e e  a n d  c l e a r  o f
the  in jec to r  f i l t e r  caps .

4 .  C a r e f u l l y  r e t u r n  l e v e r  5  t o  t h e  u p
(hor izon ta l )  pos i t ion .

N E E D L E  V A L V E  T I P  T E S T .  A s s e m b l e  i n -
j e c t o r  p a r t s  o n  t i p  t e s t  a d a p t o r  a s
fol lows:

1 .  C l a m p  t h e  f l a t  s i d e s  o f  t h e  t i p  t e s t
adapto r  J  23010-129  f i rm ly  in  a  v ise  and
a s s e m b l e  t h e  c l e a n e d  i n j e c t o r  p a r t s  i n -
c l u d i n g  t h e  c h e c k  v a l v e  c a g e ,  s p r i n g ,
s p r i n g  s e a t ,  s p r i n g  c a g e  a n d  s p r a y  t i p
assembly.

2 .  C a r e f u l l y  p i l o t  t h e  i n j e c t o r  n u t  o v e r
t h e  s p r a y  t i p  a n d  v a l v e  p a r t s  a n d  t h r e a d
i t  on to  the  adapto r  (see  F igure  11C-15) .

3 .  T i g h t e n  t h e  i n j e c t o r  n u t .

4 .  M o u n t  t h e  a d a p t o r  a n d  a s s e m b l e d  i n -
j e c t o r  p a r t s  i n  t h e  s u p p o r t  b r a c k e t  ( a -
d a p t o r  p l a t e  n o t  n e e d e d ) .  R e f e r  t o
Figure 11C-16 on page 11C-11.

5 .  Ins ta l l  the  o f f se t  c lamp ing  head  on  the
c lamping  pos t  (on  J  23010 tes te rs  w i thou t
se r ia l  numbers , use  the  upper  de ten t  po-
s i t i o n  a n d  o n  J  2 3 0 1 0  t e s t e r s  n u m b e r e d
1 0 5 1  a n d  h i g h e r , u s e  t h e  l o w e r  d e t e n t
p o s i t i o n ) .

6 .  S e l e c t  t h e  ( l a r g e r )  9 / 1 6 " - 1 8  t h r e a d e d
coup l ing  nu t  J  23010-20  and  th read  i t  on
tubing J 23010-167.

I n s t a l l  t h e  t u b i n g  a n d  f i t t i n g  t o  a d a p t o r
J 23010-167.

7 .  C o n n e c t  t h e  t u b i n g  t o  t i p  t e s t  a d a p t o r
J  2 3 0 1 0 - 1 2 9  b y  t h r e a d i n g  t h e  c o u p l i n g
nut  on  the  t ip  tes t  adaptor .

I N S T A L L I N G  A D A P T O R  A N D  T U B E  O N
TESTER

1 .  P o s i t i o n  t h e  a d a p t o r  a n d  t u b i n g  a s -
s e m b l y  w i t h  t h e  s o l i d  p r o j e c t i n g  e n d  l o -
c a t e d  i n  t h e  h o l e  o n  t h e  l e f t  s i d e  o f  t h e
s u p p o r t  b r a c k e t .

2 .  S w i n g  t h e  c l a m p i n g  h e a d  o v e r  t h e
a d a p t o r  a n d  c l a m p  i t  w i t h  t h e  o i l  s u p p l y
o u t l e t  a l i g n e d  o v e r t h e  o p e n  p r o j e c t i n g

11C-10

Figure 11C-15. Injector on Tip Test
Adaptor

end of  the adaptor (see Figure 11C-16 on
page 11C-11).

NOTE

Use the  fue l  i n jec to r  c lamp ing  p ro -
cedure to clamp adaptor J
23010-167 in the in jector tester.

S P R A Y  T I P  T E S T

1 ,  M o v e  l e v e r  4  d o w n  a n d  o p e r a t e  t h e
p u m p  l e v e r  1  r a p i d l y  w i t h  s m o o t h  e v e n
s t r o k e s  ( 4 0  s t r o k e s  p e r  m i n u t e )  s i m u l a t -
i n g  t h e  a c t i o n  o f  t h e  t i p  f u n c t i o n i n g  i n
t h e  e n g i n e  ( s e e  F i g u r e  1 1 C - 1 4  o n  p a g e
11C-9) .



2.  Note  the  p ressure  a t  wh ich  the  need le
v a l v e  o p e n s  o n  g a u g e  1 .  T h e  v a l v e
s h o u l d  o p e n  b e t w e e n  2 2 0 0  a n d  3 2 0 0  p s i
( 1 5 , 1 5 8  a n d  2 2 , 0 4 8  k P a ) .  T h e  o p e n i n g
a n d  c l o s i n g  a c t i o n  s h o u l d  b e  s h a r p  a n d
p r o d u c e  a  n o r m a l  f i n e l y  a t o m i z e d  s p r a y
p a t t e r n .

I f  t h e  v a l v e  o p e n i n g  p r e s s u r e  i s  b e l o w
2200 ps i  (15 ,158  kPa)  and /o r  a tomiza t ion
i s  p o o r ,  t h e  c a u s e  i s  u s u a l l y  a  w e a k
va lve  spr ing  o r  poor  need le  va lve  sea t .

I f  t h e  v a l v e  o p e n i n g  p r e s s u r e  i s  w i t h i n
2200-3200  ps i  (15 ,158-22 ,048  kPa, ) ,  p ro -
c e e d  t o  c h e c k  f o r  s p r a y  t i p  l e a k a g e  a s
fol lows:

A .  A c t u a t e  p u m p  l e v e r  1  s e v e r a l  t i m e s
a n d  h o l d  t h e  p r e s s u r e  a t  1 5 0 0  p s i
(10,335 kPa) for  15 seconds.

B .  I n s p e c t  t h e  s p r a y  t i p  f o r  l e a k a g e .
T h e r e  s h o u l d  b e  n o  f u e l  d r o p l e t s ,  a l -
t h o u g h  a  s l i g h t  w e t t i n g  a t  t h e  s p r a y
t ip  i s  permissab le .

N E E D L E  V A L V E  L I F T  T E S T .  T o  m e a s u r e
the  need le  va lve  l i f t ,  use  too l  J  9462-01
as fol lows (see Figure 11C-17):

Figure 11C-16. Adaptor and Tube on
I n j e c t o r  T e s t e r

Figure 11C-17. Checking Needle Valve
L i f t

1 .  Z e r o  t h e  i n d i c a t o r  b y  p l a c i n g  t h e  b o t -
tom surface of  the plunger assembly on a
f la t  su r face  and  zero  the  ind ica to r  d ia l .

2 .  P l a c e  t h e  s p r a y  t i p  a n d  n e e d l e  v a l v e
a s s e m b l y  t i g h t  a g a i n s t  t h e  b o t t o m  o f  t h e
g a u g e  w i t h  t h e  q u i l l  o f  t h e  n e e d l e  v a l v e
in  the  ho le  in  the  p lunger .

3 .  Wh i le  ho ld ing  the  spray  t ip  and  need le
v a l v e  a s s e m b l y  t i g h t  a g a i n s t  t h e  g a u g e ,
r e a d  t h e  n e e d l e  v a l v e  l i f t  o n  t h e  i n d i c a -
t o r .  T h e  l i f t  s h o u l d  b e  0 . 0 0 8 "  t o  0 . 0 1 8 " .
I f  i t  e x c e e d s  0 . 0 1 8 " ,  t h e  t i p  a s s e m b l y
must be replaced. If it is less than
0 . 0 0 8 " ,  i n s p e c t  f o r  f o r e i g n  m a t e r i a l  b e -
tween the needle valve and the t ip seat.

4. If the needle valve lift is within
l i m i t s ,  i n s t a l l  a  n e w  n e e d l e  v a l v e  s p r i n g
a n d  r e c h e c k  t h e  v a l v e  o p e n i n g  p r e s s u r e
a n d  v a l v e  a c t i o n .  L o w  v a l v e  o p e n i n g
p r e s s u r e  o r  p o o r  a t o m i z a t i o n  w i t h  a  n e w
s p r i n g  a n d  s e a t  i n d i c a t e s  t h e  s p r a y  t i p
and  need le  va lve  assembly  shou ld  be  re -
placed.

5 .  R e a s s e m b l e  t h e  i n j e c t o r  a s  o u t l i n e d
u n d e r  “ A s s e m b l e  I n j e c t o r ”  o n  p a g e
11C-19 and check the injector output
with cal ibrator J 22410.

N E E D L E  V A L V E  T I P  T E S T  W I T H  A U X I L -
I A R Y  T E S T E R

1.  Connec t  the  p ipe  f rom aux i l ia ry  tes te r
J  22640  to  the  rear  o f  the  J  23010  tes te r
at  the connect ion located near the bottom
of  the  tes te r  (see  F igure  11C-18  on  page
11C-12).
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Figure 11C-18. Injector Needle Tester with Auxiliary Tester J 22640

2 .  A s s e m b l e  c l e a n e d  i n j e c t o r  p a r t s ,  i n -
c l u d i n g  t h e  c h e c k  v a l v e  c a g e ,  s p r i n g ,
s p r i n g  c a g e  a n d  s p r a y  t i p  a s s e m b l y ,  o n
the auxiliary tester J 22640 (see
Figure 11C-19 on page 11C-13).

3 .  C a r e f u l l y  p i l o t  t h e  i n j e c t o r  n u t  o v e r
the  spray  t ip  and va lve  par ts  and th read
i t  on the aux i l ia ry  tes ter .

4 .  T i g h t e n  t h e  i n j e c t o r  n u t .

5 .  Open the  va lve  on the  aux i l ia ry  tes ter
a n d  p l a c e  l e v e r  4  i n  t h e  u p  ( h o r i z o n t a l )
pos i t ion .

6 .  Ins ta l l  the  sh ie ld  on  the  aux i l ia ry  tes-
t e r  a n d  o p e r a t e  p u m p  l e v e r  1  u n t i l  t h e
need le  va lve  has  opened severa l  t imes  to
purge  the  a i r  f rom the  sys tem.

7 .  O p e r a t e  p u m p  l e v e r  1  r a p i d l y  w i t h
smooth  even  s t rokes  (40  s t rokes  per  m i -
n u t e )  s i m u l a t i n g  t h e  a c t i o n  o f  t h e  t i p

11C-12

f u n c t i o n i n g  i n  t h e  e n g i n e .  N o t e  t h e
p r e s s u r e  a t  w h i c h  t h e  t e s t  o i l  d e l i v e r y
o c c u r s .  T e s t  o i l  d e l i v e r y  s h o u l d  o c c u r
b e t w e e n  2 2 0 0  a n d  3 2 0 0  p s i  ( 1 5 , 1 5 8  a n d
2 2 , 0 4 8  k P a ) .  T h e  b e g i n n i n g  a n d  e n d i n g
o f  d e l i v e r y  s h o u l d  b e  s h a r p  a n d  t h e  t e s t
oi l  should be a f inely atomized spray.

I f  t h e  v a l v e  o p e n i n g  p r e s s u r e  i s  b e l o w
2200 ps i  (15 ,158  kPa)  and /o r  a tomiza t ion
i s  p o o r ,  t h e  c a u s e  i s  u s u a l l y  a  w e a k
va lve  spr ing  o r  poor  need le  va lve  seat .

I f  t h e  v a l v e  o p e n i n g  p r e s s u r e  i s  w i t h i n
2200-3200  ps i  (15 ,158-22 ,048  kPa) ,  p ro -
c e e d  t o  c h e c k  f o r  s p r a y  t i p  l e a k a g e  a s
fo l lows :

A .  Ac tua te  the  pump lever  severa l  t imes
a n d  h o l d  t h e  p r e s s u r e  a t  1 5 0 0  p s i
(10,335 kPa) for  15 seconds.

B .  I n s p e c t  t h e  s p r a y  t i p  f o r  l e a k a g e .
There  shou ld  be  no  fue l  d rop le ts ,  a l -



Figure 11C-19. Injector Parts on
Auxiliary Tester

t h o u g h  a  s l i g h t  w e t t i n g  a t  t h e  s p r a y
t ip  i s  permissab le .

Perform the needle valve l i f t  test .

FUEL OUTPUT TEST.  Per fo rm the  in jec -
to r  fue l  ou tpu t  tes t  in  ca l ib ra to r  J  22410

When in jec to rs  a re  removed  f rom an  en -
g i n e  f o r  f u e l  o u t p u t  t e s t i n g s  a n d ,  i f  s a t -
isfactory, reinstalled without
disassembly,  extreme care should be tak-
e n  t o  a v o i d  r e v e r s i n g  t h e  f u e l  f l o w .
W h e n  t h e  f u e l  f l o w  i s  r e v e r s e d ,  d i r t
t rapped by  the  f i l te r  i s  back- f lushed in to
the in jector components.

Be fo re  remov ing  an  in jec to r  f rom the  en-
g i n e ,  n o t e  t h e  d i r e c t i o n  o f  f u e l  f l o w .  T o
a v o i d  r e v e r s i n g  t h e  f u e l  f l o w  w h e n
c h e c k i n g  i n j e c t o r  f u e l  o u t p u t ,  u s e  t h e
a p p r o p r i a t e  a d a p t o r .  T h e  p o s i t i o n  o f  t h e
b r a i d e d  f u e l  i n l e t  t u b e  a n d  t h e  p l a s t i c
f u e l  o u t l e t  t u b e  o n  t h e  c a l i b r a t o r
(F igure  11C-20)  depends  on  the  adap to r
be ing  used  and  the  d i rec t ion  o f  fue l  f l ow
t h r o u g h  t h e  i n j e c t o r .

C A L I B R A T O R  J  2 2 4 1 0 .  T o  c h e c k  t h e  f u -
e l  ou tpu t ,  opera te  the  in jec to r  in  ca l ib ra -
tor  J 22410 as fo l lows (see Figure 11C-21
on page 11C-14):

NOTE

P l a c e  t h e  c a m  s h i f t  i n d e x  w h e e l
and  fue l  f l ow lever  in  the i r  respec-
t i v e  p o s i t i o n s .  T u r n  o n  t h e  t e s t

Figure 11C-20. Position of
Calibrator Fuel Flow Pipes

f u e l  o i l  h e a t e r  s w i t c h  a n d  p r e h e a t
the test  oi l  to 95-105°F (35-40°C).

1 .  P l a c e  t h e  p r o p e r  i n j e c t o r  a d a p t o r  b e -
tween the  t ie  rods  and engage i t  w i th  the
f u e l  b l o c k  l o c a t i n g  p i n .  T h e n  s l i d e  t h e
a d a p t o r  f o r w a r d  a n d  u p  a g a i n s t  t h e  f u e l
b lock face.

2.  Place the in jector seat J 22410-226 into
t h e  p e r m a n e n t  s e a t  ( c r a d l e  h a n d l e  i n
v e r t i c a l  p o s i t i o n ) .  C l a m p  t h e  i n j e c t o r  i n -
to  pos i t ion  by  opera t ing  the  a i r  va lve

NOTE

Make sure the counter
(Figure 11C-22 on page 11C-14) on
t h e  c a l i b r a t o r  i s  p r e s e t  t o  1 0 0 0
s t r o k e s .  I f  f o r  a n y  r e a s o n  t h i s
se t t ing  has  been a l te red ,  rese t  the
counter  to  1000 s t rokes  by  tw is t ing
the  cover  re lease  bu t ton  to  the  le f t
and  ho ld  the  rese t  lever  in  the  fu l l
u p  p o s i t i o n  w h i l e  s e t t i n g  t h e  n u m -
b e r e d  w h e e l s .  C l o s e  t h e  c o v e r .
R e f e r  t o  t h e  c a l i b r a t o r  i n s t r u c t i o n
book le t  fo r  fu r the r  i n fo rmat ion .

3. Pull the injector rack out to the
no- fue l  pos i t ion .

4 .  T u r n  t h e  m a i n  p o w e r  c o n t r o l  c i r c u i t
s w i t c h .  T h e n  s t a r t  t h e  c a l i b r a t o r  b y
tu rn ing  on  the  motor  s ta r te r  sw i tch .
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Figure 11C-21. Injector in
Calibrator J 22410

NOTE

T h e  l o w  o i l  p r e s s u r e  w a r n i n g  b u z -
z e r  w i l l  s o u n d  b r i e f l y  u n t i l  t h e  l u -
b r i c a t i n g  o i l  r e a c h e s  t h e  p r o p e r
p r e s s u r e .

5 .  A f t e r  t h e  c a l i b r a t o r  h a s  s t a r t e d ,  s e t
t h e  i n j e c t o r  r a c k  i n t o  t h e  f u l l - f u e l  p o s i -
t i o n .  A l l o w  t h e  i n j e c t o r  t o  o p e r a t e  f o r
a p p r o x i m a t e l y  3 0  s e c o n d s  t o  p u r g e  t h e
air  that may be in the system.

6 .  A f t e r  t h e  a i r  i s  p u r g e d ,  p r e s s  t h e  f u -
e l  f l o w  s t a r t  b u t t o n  ( r e d ) .  T h i s  w i l l
s t a r t  t h e  f l o w  o f  f u e l  i n t o  t h e  v i a l . T h e
f u e l  f l o w  t o  t h e  v i a l  w i l l  a u t o m a t i c a l l y
stop af ter 1000 strokes.

7 .  S h u t  t h e  c a l i b r a t o r  o f f  ( t h e  c a l i b r a t o r
w i l l  s top  in  less  t ime  a t  fu l l - fue l ) .

8 .  O b e s e r v e  t h e  v i a l  r e a d i n g .  T h e  v i a l
reading should be a minimum of  71 and a
max imum o f  76 .  I f  the  quant i t y  o f  fue l  in
the  v ia l  does  no t  fa l l  w i th in  these l im i ts ,
r e f e r  t o  “ T r o u b l e s h o o t i n g ”  o n  p a g e
11C-50 for  the cause and remedy.

The  ca l ib ra to r  may  be  used  to  check  and
s e l e c t  a  s e t  o f  i n j e c t o r s  w i t h  w i l l  i n j e c t
the  same amount  o f  fue l  i n  each  cy l i nder

Figure 11C-22. Setting Calibrator
Stroke Counter

a t  a  g i v e n  t h r o t t l e  s e t t i n g ,  t h u s  r e s u l t -
i n g  i n  a  s m o o t h  r u n n i n g ,  w e l l  b a l a n c e d
eng ine .

An in jec to r  wh ich  passes  a l l  o f  the  above
t e s t s  m a y  b e  p u t  b a c k  i n t o  s e r v i c e .
H o w e v e r ,  a n  i n j e c t o r  w h i c h  f a i l s  t o  p a s s
o n e  o r  m o r e  o f  t h e  t e s t s  m u s t  b e  r e b u i l t
and  checked  on  the  ca l ib ra to r .

A n y  i n j e c t o r  w h i c h  i s  d i s a s s e m b l e d  a n d
rebu i l t  mus t  be  tes ted  aga in  be fo re  be ing
p laced in  serv ice .

Disassemble Injector

I f  r e q u i r e d ,  d i s a s s e m b l e  a n  i n j e c t o r  a s
fo l l ows :

1 .  S u p p o r t  t h e  i n j e c t o r  u p r i g h t  i n  i n j e c -
t o r  h o l d i n g  f i x t u r e  J  2 2 3 9 6
(F igu re  11C-23  on  page  11C-15)  and  re -
move the  f i l te r  caps ,  gaske ts  and  f i l te rs .

NOTE

W h e n e v e r  a  f u e l  i n j e c t o r  i s  d i s a s -
a s e m b l e d ,  d i s c a r d  t h e  f i l t e r s  a n d
g a s k e t s  a n d  r e p l a c e  w i t h  n e w  f i l -
te rs  and gaske ts .

2 .  C o m p r e s s  t h e  f o l l o w e r  s p r i n g  a s
s h o w n  i n  F i g u r e  1 1 C - 1 2  o n  p a g e  1 1 C - 8 .
Then ra ise  the  spr ing  above the  s top  p in
w i t h  a  s c r e w  d r i v e r  a n d  w i t h d r a w  t h e
p i n . A l low the  spr ing  to  r i se  g radua l l y .

3. Refer to Figure 11C-24 on page
11C-15  and  remove  the  p lunger  fo l l ower ,
p lunger  and  spr ing  as  an  assembly .

11C-14



Figure 11C-23. Removing or
Installing Filter Cap

4 .  I n v e r t  t h e  f i x t u r e  a n d ,  u s i n g  s o c k e t  J
4 9 8 3 - 0 1 ,  l o o s e n  t h e  n u t  o n  t h e  i n j e c t o r
body (see Figure 11C-25 on page
11C-16).

5 .  L i f t  t h e  i n j e c t o r  n u t  s t r a i g h t  u p ,  b e -
i n g  c a r e f u l  n o t  t o  d i s l o d g e  t h e  s p r a y  t i p
a n d  v a l v e  p a r t s .  R e m o v e  t h e  s p r a y  t i p
a n d  v a l v e  p a r t s  f r o m  t h e  b u s h i n g  a n d
p l a c e  t h e m  i n  a  c l e a n  r e c e p t a c l e  u n t i l
ready  fo r  assembly .

W h e n  a n  i n j e c t o r  h a s  b e e n  i n  u s e  f o r
s o m e  t i m e , t h e  s p r a y  t i p ,  e v e n  t h o u g h
c lean  on  the  ou ts ide ,  may  no t  be  pushed
r e a d i l y  f r o m  t h e  n u t  w i t h  t h e  f i n g e r s .
In  th is  event ,  suppor t  the  nu t  on  a  wood
b lock  and  d r i ve  the  t ip  down th rough the
n u t ,  u s i n g  t o o l  J  1 2 9 1 - 0 2  a s  s h o w n  i n
Figure 11C-26 on page 11C-16.

6. Refer to Figure 11C-36 on page
1 1 C - 2 1  a n d  r e m o v e  t h e  s p i l l  d e f l e c t o r .
T h e n  l i f t  t h e  b u s h i n g  s t r a i g h t  o u t  o f  t h e
in jec to r  body .

7 .  R e m o v e  t h e  i n j e c t o r  b o d y  f r o m  t h e
h o l d i n g  f i x t u r e .  T u r n  t h e  b o d y  u p s i d e
d o w n  a n d  c a t c h  t h e  g e a r  r e t a i n e r  a n d
gear  in  your  hand  as  they  fa l l  ou t  o f  the
b o d y .

8 .  W i t h d r a w n  t h e  i n j e c t o r  c o n t r o l  r a c k
f r o m  t h e  i n j e c t o r  b o d y .  A l s o  r e m o v e  t h e
sea l  r ing  f rom the  body .

Figure 11C-24. Removing or
Installing Plunger, Follower and

Spring

Clean Injector Parts

S i n c e  m o s t  i n j e c t o r  d i f f i c u l t i e s  a r e  t h e
r e s u l t  o f  d i r t  p a r t i c l e s ,  i t  i s  e s s e n t i a l
that a c lean area be provided on which to
p l a c e  t h e  i n j e c t o r  p a r t s  a f t e r  c l e a n i n g
and inspec t ion .

W a s h  a l l  o f  t h e  p a r t s  w i t h  c l e a n  f u e l  o i l
o r  a  s u i t a b l e  c l e a n i n g  s o l v e n t  a n d  d r y
them w i th  c lean ,  f i l t e red  compressed  a i r .
D o  n o t  u s e  w a s t e  o r  r a g s  f o r  c l e a n i n g
purposes .  C lean  ou t  a l l  o f  the  passages ,
d r i l l ed  ho les  and  s lo ts  in  a l l  o f  the  in jec -
t o r  p a r t s .

C a r b o n  o n  t h e  i n s i d e  o f  t h e  s p r a y  t i p
m a y  b e  l o o s e n e d  f o r  e a s y  r e m o v a l  b y
soaking for approximately 15 minutes in a
s u i t a b l e  s o l u t i o n  p r i o r  t o  t h e  e x t e r n a l
c l e a n i n g  a n d  b u f f i n g  o p e r a t i o n . Methy l
E t h y l  K e t o n e  J  8 2 5 7  s o l u t i o n  i s  r e c o m -
mended fo r  th i s  purpose .

C l e a n  t h e  s p r a y  t i p  w i t h  t o o l  J  9 4 6 4 - 0 1
(see Figure 11C-27 on page 11C-17).

NOTE

C a r e  m u s t  b e  e x e r c i s e d  w h e n  i n -
s e r t i n g  t h e  c a r b o n  r e m o v e r  J
9 4 6 4 - 0 1  i n  t h e  s p r a y  t i p  t o  a v o i d
contac t ing  the  need le  va lve  sea t  in
t h e  t i p .

Fuel System and Governor 11C-15



Figure 11C-25. Removing Injector Nut

W a s h  t h e  t i p  i n  f u e l  o i l  a n d  d r y  i t  w i t h
c o m p r e s s e d  a i r .  C l e a n  t h e  s p r a y  t i p  o r i -
f i ce  w i th  p in  v ise  J  4298-1  and the  prop-
e r  s i z e  t i p  c l e a n i n g  w i r e .  U s e  w i r e  J
21460 to clean 0.0055" diameter holes and
w i r e  J  2 1 4 6 1  t o  c l e a n  0 . 0 0 6 "  d i a m e t e r
holes (see Figure 11C-28 on page
11C-17).

Be fo re  us ing  the  w i re ,  hone the  end  un-
t i l  i t  i s  smooth  and  f ree  o f  bur rs  and  ta -
p e r  t h e  e n d  a  d i s t a n c e  o f  1 / 1 6 "  w i t h
s t o n e  J  8 1 7 0 .  A l l o w  t h e  w i r e  t o  e x t e n d
1/8" from tool J 4298-1.

The ex te r io r  sur face  o f  an  in jec to r  spray
t ip  may be  c leaned by  us ing  a  b rass  w i re
b u f f i n g  w h e e l ,  t o o l  J  7 9 4 4 .  T o  o b t a i n  a
g o o d  p o l i s h i n g  e f f e c t  a n d  l o n g e r  b r u s h
l i f e ,  t h e  b u f f i n g  w h e e l  s h o u l d  b e  i n -
stal led on a motor that  turns the wheel  at
a p p r o x i m a t e l y  3 0 0 0  R P M .  A  c o n v e n i e n t
m e t h o d  o f  h o l d i n g  t h e  s p r a y  t i p  w h i l e
c lean ing  and po l i sh ing  i s  to  p lace  the  t ip
over  the  d r i l l  end  o f  the  spray  t ip  c lean-
e r  t o o l  J  1 2 4 3  a n d  h o l d  t h e  b o d y  o f  t h e
t i p  a g a i n s t  t h e  b u f f i n g  w h e e l . I n  t h i s
way,  the  spray  t ip  is  ro ta ted wh i le  be ing
b u f f e d .

D o  n o t  b u f f  e x c e s s i v e l y .  D o  n o t
use  a  s tee l  wi re  buf f ing  wheel  or
t h e  s p r a y  t i p  h o l e s  m a y  b e  d i s -
torted.

When the  body  o f  the  spray  t ip  i s  c lean ,
l i gh t l y  bu f f  the  t ip  end  in  the  same man-

Figure 11C-26. Removing Spray Tip
from Injector

n e r .  T h i s  c l e a n s  t h e  s p r a y  t i p  o r i f i c e
area and wi l l  not  plug the or i f ices.

W a s h  t h e  s p r a y  t i p  i n  c l e a n  f u e l  o i l  a n d
dry  i t  w i th  compressed a i r .

C l e a n  a n d  b r u s h  a l l  o f  t h e  p a s s a g e s  i n
the  in jec to r  body ,  us ing  fue l  ho le  c lean-
ing  b rush  J  8152  and  rack  ho le  c lean ing
b r u s h  J  8 1 5 0 .  B l o w  o u t  t h e  p a s s a g e s
and d ry  them w i th  compressed  a i r .

Careful ly insert  reamer J 21089 in the in-
jector body (see Figure 11C-29 on page
1 1 C - 1 8 ) .  T u r n  i t  i n  a  c l o c k w i s e  d i r e c -
t ion  a  few tu rns ,  then  remove the  reamer
and check the face of  the r ing for  reamer
c o n t a c t  o v e r  t h e  e n t i r e  f a c e  o f  t h e  r i n g .
I f  n e c e s s a r y ,  r e p e a t  t h e  r e a m i n g  p r o c e -
dure  un t i l  t he  reamer  does  make  con tac t
w i t h  t h e  e n t i r e  f a c e  o f  t h e  r i n g .  C l e a n
u p  t h e  o p p o s i t e  s i d e  o f  t h e  r i n g  i n  t h e
same manner.

C a r e f u l l y  i n s e r t  a  0 . 3 7 5 "  d i a m e t e r
s t r a i g h t  f l u t e d  r e a m e r  i n s i d e  t h e  r i n g
b o r e  i n  t h e  i n j e c t o r  b o d y .  T u r n  t h e
r e a m e r  i n  a  c l o c k w i s e  d i r e c t i o n  a n d  r e -
m o v e  a n y  b u r r s  i n s i d e  t h e  r i n g  b o r e .
Then wash the in jector body in c lean fuel
o i l  and  dry  i t  w i th  compressed a i r .

R e m o v e  t h e  c a r b o n  d e p o s i t s  f r o m  t h e
lower  ins ide  d iameter  taper  o f  the  in jec -
t o r  n u t  w i t h  c a r b o n  r e m o v e r  J  9 4 1 8 - 5
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Figure 11C-27. Cleaning Injector
Spray Tip

( s e e  F i g u r e  1 1 C - 3 0  o n  p a g e  1 1 C - 1 8 ) .
U s e  c a r e  t o  m i n i m i z e  r e m o v i n g  m e t a l  o r
s e t t i n g  u p  b u r r s  o n  t h e  s p r a y  t i p  s e a t .
Remove  on ly  enough  meta l  to  p roduce  a
clean uni form seat to prevent leakage be-
t w e e n  t h e  t i p  a n d  t h e  n u t .  C a r e f u l l y
inser t  ca rbon  remover  J  9418-1  in  the  in -
j e c t o r  n u t .  T u r n  i t  c l o c k w i s e  t o  r e m o v e
t h e  c a r b o n  d e p o s i t s  o n  t h e  f l a t  s p r a y  t i p
seat.

W a s h  t h e  i n j e c t o r  n u t  i n  c l e a n  f u e l  o i l
a n d  d r y  i t  w i t h  c o m p r e s s e d  a i r . Carbon
d e p o s i t s  o n  t h e  s p r a y  t i p  s e a t i n g  s u r -
f a c e s  o f  t h e  i n j e c t o r  n u t  w i l l  r e s u l t  i n
poor  sea l ing  and  consequen t  fue l  l eakage
a r o u n d  t h e  s p r a y  t i p .

W h e n  h a n d l i n g  t h e  i n j e c t o r  p l u n g e r ,  d o
n o t  t o u c h  t h e  f i n i s h e d  p l u n g e r  s u r f a c e s
w i t h  y o u r  f i n g e r s .  W a s h  t h e  p l u n g e r
a n d  b u s h i n g  w i t h  c l e a n  f u e l  o i l  a n d  d r y
t h e m  w i t h  c o m p r e s s e d  a i r .  B e  s u r e  t h e
h i g h  p r e s s u r e  b l e e d  h o l e  i n  t h e  s i d e  o f
t h e  b u s h i n g  i s  n o t  p l u g g e d .  I f  t h i s  h o l e
i s  p lugged ,  fue l  l eakage  w i l l  occur  a t  the
u p p e r  e n d  o f  t h e  b u s h i n g  w h e r e  i t  w i l l
d r a i n  o u t  o f  t h e  i n j e c t o r  b o d y  v e n t  a n d
r a c k  h o l e s ,  d u r i n g  e n g i n e  o p e r a t i o n ,
c a u s i n g  a  s e r i o u s  o i l  d i l u t i o n  p r o b l e m .
K e e p  t h e  p l u n g e r  a n d  b u s h i n g  t o g e t h e r
a s  t h e y  a r e  m a t e d  p a r t s .  A f t e r  w a s h i n g ,
submerge  the  par ts  i n  a  c lean  recep tac le
con ta in ing  c lean  fue l  o i l .

Inspect Injector Parts

Inspec t  the  tee th  on  the  con t ro l  rack  and
t h e  c o n t r o l  r a c k  g e a r  f o r  e x c e s s i v e  w e a r
o r  d a m a g e .  A l s o  c h e c k  f o r  e x c e s s i v e
wear  in  the  bore  o f  the  gear  and  inspec t
t h e  g e a r  r e t a i n e r .  R e p l a c e  d a m a g e d  o r
w o r n  p a r t s .

I n s p e c t  t h e  i n j e c t o r  f o l l o w e r  a n d  p i n  f o r
wear .

Figure 11C-28. Cleaning Spray Tip
Orifices

I n s p e c t  b o t h  e n d s  o f  t h e  s p i l l  d e f l e c t o r
f o r  s h a r p  e d g e s  o r  b u r r s  w h i c h  c o u l d
t r e a t e  b u r r s  o n  t h e  i n j e c t o r  b o d y  o r  i n -
jec to r  nu t  and  cause  par t i c les  o f  meta l  to
b e  i n t r o d u c e d  i n t o  t h e  s p r a y  t i p  a n d
v a l v e  p a r t s .  R e m o v e  b u r r s  w i t h  a  5 0 0
g r i t  s t o n e .

Inspec t  the  fo l lower  spr ing  fo r  v isua l  de-
f e c t s .  T h e n  c h e c k  t h e  s p r i n g  w i t h
spr ing tester J 22738-02

T h e  i n j e c t o r  f o l l o w e r  s p r i n g  ( 0 . 1 4 2 "  d i -
ameter)  has a f ree length of  approximate-
l y  1 .504"  and  shou ld  be  rep laced  when  a
load  o f  less  than  70  Ibs .  w i l l  compress  i t
to  1 .028" .

C h e c k  t h e  s e a l  r i n g  a r e a  o n  t h e  i n j e c t o r
b o d y  f o r  b u r r s  o r  s c r a t c h e s .  A l s o  c h e c k
t h e  s u r f a c e  w h i c h  c o n t a c t s  t h e  i n j e c t o r
b u s h i n g  f o r  s c r a t c h e s ,  s c u f f  m a r k s  o r
o t h e r  d a m a g e . I f  n e c e s s a r y ,  l a p  t h i s
s u r f a c e .  A  f a u l t y  s e a l i n g  s u r f a c e  a t  t h i s
po in t  w i l l  resu l t  i n  h igh  fue l  comsumpt ion
a n d  c o n t a m i n a t i o n  o f  t h e  l u b r i c a t i n g  o i l .
Rep lace  any  loose  in jec to r  body  p lugs  o r
a  l o o s e  d o w e l  p i n .  I n s t a l l  t h e  p r o p e r
number  tag  on  a  se rv i ce  rep lacement  in -
j e c t o r  b o d y .

Inspec t  the  in jec to r  p lunger  and  bush ing
f o r  s c o r i n g ,  e r r o s i o n ,  c h i p p i n g  o r  w e a r .
Check  fo r  sharp  edges  on  tha t  po r t ion  o f
t h e  p l u n g e r  w h i c h  r i d e s  i n  t h e  g e a r .
Remove any  sharp  edges  w i th  a  500 gr i t
s t o n e .  W a s h  t h e  p l u n g e r  a f t e r  s t o n i n g
i t .  I n j e c t o r  B u s i n g  l n s p e c t a l i t e  J  2 1 4 7 1
c a n  b e  u s e d  t o  c h e c k  t h e  p o r t  h o l e s  i n
t h e  i n n e r  d i a m e t e r  o f  t h e  b u s h i n g  f o r
c r a c k s  o r  c h i p p i n g . S l ip  the  p lunger  in -
t o  t h e  b u s h i n g  a n d  c h e c k  f o r  f r e e
m o v e m e n t .  R e p l a c e  t h e  p l u n g e r  a n d
b u s h i n g  a s  a n  a s s e m b l y  i f  a n y  o f  t h e
a b o v e  d a m a g e  i s  n o t e d ,  s i n c e  t h e y  a r e
mated parts.  Use new mated factory parts
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Figure 11C-29. Cleaning Injector
Body Ring

t o  a s s u r e  t h e  b e s t  p e r f o r m a n c e  f r o m  t h e
in jec to r .

I n j e c t o r  p l u n g e r s  c a n n o t  b e  r e w o r k e d  t o
c h a n g e  t h e  o u t p u t .  G r i n d i n g  w i l l  d e -
s t roy  the  hardened case a t  the  he l i x  and
r e s u l t  i n  c h i p p i n g  a n d  s e i z u r e  o r  s c o r i n g
o f  the  p lunger .

E x a m i n e  t h e  s p r a y  t i p  s e a t i n g  s u r f a c e  o f
t h e  i n j e c t o r  n u t  a n d  s p r a y  t i p  f o r  n i c k s ,
b u r r s ,  e r o s i o n  o r  b r i n e l l i n g .  R e s e a t  t h e
s u r f a c e  o r  r e p l a c e  t h e  n u t  o r  t i p  i f  i t  i s
severely damaged.

The in jec to r  va lve  spr ing  p lays  an  impor -
t a n t  p a r t  i n  e s t a b l i s h i n g  t h e  v a l v e  o p e n -
i n g  p r e s s u r e  o f  t h e  i n j e c t o r  a s s e m b l y .
Rep lace  a  worn  o r  b roken  spr ing .

Inspec t  the  sea l ing  sur faces  o f  the  in jec -
tor parts indicated by arrows in
F i g u r e  1 1 C - 3 1  o n  p a g e  1 1 C - 1 9 .  E x a m i n e
t h e  s e a l i n g  s u r f a c e s  w i t h  a  m a g n i f y i n g
glass as shown in Figure 11C-32 on page
1 1 C - 1 9  f o r  e v e n  t h e  s l i g h t e s t  i m p e r f e c -
t i o n s  w i l l  p r e v e n t  t h e  i n j e c t o r  f r o m
o p e r a t i n g  p r o p e r l y .  C h e c k  f o r  b u r r s ,
n i c k s  e r o s i o n ,  c r a c k s ,  s h i p p i n g  a n d  e x -
c e s s i v e  w e a r .  A l s o  c h e c k  f o r  e n l a r g e d
o r i f i c e s  i n  t h e  s p r a y  t i p .  R e p l a c e  d a m -
a g e d  o r  e x c e s s i v e l y  w o r n  p a r t s .  C h e c k
t h e  m i n i m u m  t h i c k n e s s  o f  t h e  l a p p e d
par ts  as  no ted  in  the  char t .

Examine t h e  s e a t i n g  a r e a  o f  t h e  n e e d l e
v a l v e  f o r  w e a r  o r  d a m a g e .  A l s o  e x a m i n e
t h e  n e e d l e  q u i l l  a n d  i t s  c o n t a c t  p o i n t
w i t h  t h e  v a l v e  s p r i n g  s e a t .  R e p l a c e
damaged or  excess ive ly  worn  par ts .

Examine the needle valve seat area in the
s p r a y  t i p  f o r  f o r e i g n  m a t e r i a l .  T h e  s m a l -
les t  pa r t i c le  o f  such  mate r ia l  can  p reven t
t h e  n e e d l e  v a l v e  f r o m  s e a t i n g  p r o p e r l y .
P o l i s h  t h e  s e a t  a r e a  w i t h  p o l i s h i n g  s t i c k
J  2 2 9 6 4 .  C o a t  o n l y  t h e  t a p e r e d  e n d  o f
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Figure 11C-30. Cleaning Injector Nut
Spray Tip Seat

t h e  s t i c k  w i t h  p o l i s h i n g  c o m p o u n d  J
23038 and inser t  i t  d i rec t l y  in to  the  cen-
t e r  o f  t h e  s p r a y  t i p  u n t i l  i t  b o t t o m s .
Rota te  the  s t i ck  6  to  12  t imes ,  app ly ing  a
l i g h t  p r e s s u r e  w i t h  t h e  t h u m b  a n d  f o r e -
f i n g e r .

NOTE

Be sure  tha t  no  compound i s  acc i -
den ta l l y  p laced  on  the  lapped  su r -
f a c e s  l o c a t e d  h i g h e r  u p  i n  t h e
s p r a y  t i p .  T h e  s l i g h t e s t  l a p p i n g
a c t i o n  o n  t h e s e  s u r f a c e s  c a n  a l t e r
t h e  n e a r - p e r f e c t  f i t  b e t w e e n  t h e
need le  va lve  and t ip .

B e f o r e  r e i n s t a l l i n g  u s e d  i n j e c t o r  p a r t s ,
l a p  a l l  o f  t h e  s e a l i n g  s u r f a c e s  i n d i c a t e d
by the arrow in Figure 11C-31 on page
1 1 C - 1 9 .  I t  i s  a l s o  g o o d  p r a c t i c e  t o  l i g h t -
l y  lap  the  sea l ing  sur faces  o f  new in jec -
t o r  p a r t s  w h i c h  m a y  b e c o m e  b u r r e d  o r
n i c k e d  d u r i n g  h a n d l i n g .

NOTE

T h e  s e a l i n g  s u r f a c e  o f  s p r a y  t i p s
is  p rec is ion  lapped by  a  new proc-
ess which leaves the surface with a
d u l l  s a t i n  l i k e  f i n i s h .  I t  i s  n o t  r e -
c o m m e n d e d  t o  l a p  t h e  s u r f a c e  o f
t h e  n e w  c u r r e n t  s p r a y  t i p .

Lapping Injector Parts

L a p  t h e  s e a l i n g  s u r f a c e s  i n d i c a t e d  i n
F i g u r e  1 1 C - 3 1  o n  p a g e  1 1 C - 1 9 ,  t o  t h e
d i m e n s i o n s  s h o w n  i n  t h e  c h a r t  a t t a c h e d
to  the  f igu re ,  as  fo l lows :

1 .  C l e a n  t h e  l a p p i n g  b l o c k s  ( J  2 2 0 9 0 )
w i t h  c o m p r e s s e d  a i r .  D o  n o t  u s e  a  c l o t h
or  any  o ther  mater ia l  fo r  th is  purpose .



Figure 11C-31. Sealing Surfaces
which may Requ'ire Lapping

2 .  S p r e a d  a  g o o d  q u a l i t y  6 0 0  g r i t  d r y
l a p p i n g  p o w d e r  o n  o n e  o f  t h e  l a p p i n g
b locks .

3 .  P l a c e  t h e  p a r t s  t o  b e  l a p p e d  o n  t h e
block as shown in Figure 11C-33 on page
11C-20  and ,  us ing  a  f igure  e igh t  mot ion ,
move  i t  back  and  fo r th  ac ross  the  b lock .
D o  n o t  p r e s s  o n  t h e  p a r t ,  b u t  u s e  j u s t
enough  p ressure  to  keep  the  par t  f l a t  on
t h e  b l o c k .  I t  i s  i m p o r t a n t  t h a t  t h e  p a r t
be kept  f lat  on the block at  a l l  t imes.

4 .  A f t e r  e a c h  f o u r  o r  f i v e  p a s s e s ,  c l e a n
t h e  l a p p i n g  p o w d e r  f r o m  t h e  p a r t  b y
drawing  i t  ac ross  a  c lean  p iece  o f  t i ssue
p l a c e d  o n  a  f l a t  s u r f a c e  a n d  i n s p e c t  t h e
p a r t s .  D o  n o t  l a p  e x c e s s i v e l y .

5 .  P l a c e  t h e  d r y  p a r t  o n  t h e  s e c o n d
b l o c k .  A f t e r  a p p l y i n g  l a p p i n g  p o w d e r ,
move the  par t  l i gh t l y  ac ross  the  b lock  in
a  f i g u r e  e i g h t  m o t i o n  s e v e r a l  t i m e s  t o
g i v e  i t  a  s m o o t h  f i n i s h .  D o  n o t  l a p  e x -
c e s s i v e l y .  A g a i n  w a s h  t h e  p a r t s  i n
c l e a n i n g  s o l v e n t  a n d  d r y  i t  w i t h  c o m -
pressed a i r .

6. Place the dry parts on the third
b l o c k .  D o  n o t  u s e  l a p p i n g  p o w d e r  o n
t h i s  b l o c k .  K e e p  t h e  p a r t  f l a t  a n d  m o v e
i t  a c r o s s  t h e  b l o c k  s e v e r a l  t i m e s ,  u s i n g
t h e  f i g u r e  e i g h t  m o t i o n .  L a p p i n g  t h e
d r y  p a r t s  i n t h i s  m a n n e r  g i v e s  i t  t h e
“ m i r r o r ”  f i n i s h  r e q u i r e d  f o r  p e r f e c t  s e a l -
i n g .

7 .  W a s h  a l l  o f  t h e  l a p p e d  p a r t s  i n  c l e a n
f u e l  o i l  a n d  d r y  t h e m  w i t h  c o m p r e s s e d
a i r .

Figure 11C-32. Examining Sealing
Surface

Assemble Injector

Use an  ex t remly  c lean  bench  to  work  on
a n d  t o  p l a c e  t h e  p a r t s  w h e n  a s s e m b l i n g
a n  i n j e c t o r .  A l s o  b e  s u r e  a l l  o f  t h e  i n -
j e c t o r  p a r t s ,  b o t h  n e w  a n d  u s e d ,  a r e
clean.

S t u d y  F i g u r e  1 1 C - 3 4  o n  p a g e  1 1 C - 2 0
t h r o u g h  F i g u r e  1 1 C - 3 7  o n  p a g e  1 1 C - 2 2
for  the  p roper  re la t i ve  pos i t ion  o f  the  in -
jec to r  par ts ,  then  p roceed  as  fo l l ows :

A S S E M B L E  I N J E C T O R  F I L T E R S .  A l w a y s
u s e  n e w  f i l t e r s  a n d  g a s k e t s  w h e n  r e a s -
semb l ing  an  in jec to r .

1 .  I n s e r t  a  n e w  f i l t e r ,  d i m p l e  e n d  d o w n ,
s l o t t e d  e n d  u p ,  i n  e a c h  o f  t h e  f u e l  c a v i -
t i e s  i n  t h e  t o p  o f  t h e  i n j e c t o r  b o d y  ( s e e
Figure 11C-37 on page 11C-22).

NOTE

Ins ta l l  a  new f i l te r  in  the  in le t  s ide
( l o c a t e d  o v e r  t h e  i n j e c t o r  r a c k )  i n
a  fue l  in jec to r  w i th  an  o f fse t  body .
N o  f i l t e r  i s  r e q u i r e d  i n  t h e  o u t l e t
s ide  o f  the  o f fse t  body  in jec to r .

2.  Place a new gasket on each f i l ter  cap.
Lubr icate the threads and instal l  the f i l ter
c a p s .  T i g h t e n  t h e  f i l t e r  c a p s  t o  6 5 - 7 5
l b - f t  ( 8 8 - 1 0 2  N m )  t o r q u e  w i t h  a  9 / 1 6 "
deep socket (see Figure 11C-23 on page
11C-15).

3 .  P u r g e  t h e  f i l t e r s  a f t e r  i n s t a l l a t i o n  b y
d i r e c t i n g  c o m p r e s s e d  a i r  o r  f u e l  t h r o u g h
the  f i l te r  caps .
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Figure 11C-34. Location of Filter in
Injector Body

NOTE

Figure 11C-33. Lapping Spray Tips on
Lapping Blocks

4 .  I n s t a l l  c l e a n  s h i p p i n g  c a p s  o n  t h e  f i l -
t e r  c a p s  t o  p r e v e n t  d i r t  f r o m  e n t e r i n g
t h e  i n j e c t o r .

A S S E M B L E  R A C K  A N D  G E A R S .  R e f e r  t o
F i g u r e  1 1 C - 3 6  o n  p a g e  1 1 C - 2 1  a n d  n o t e
t h e  d r i l l  s p o t  m a r k s  o n  t h e  c o n t r o l  r a c k
and  gear .  The  p roceed  as  fo l l ows :

1 .  H o l d  t h e  i n j e c t o r  b o d y ,  b o t t o m  e n d
u p ,  a n d  s l i d e  t h e  r a c k  t h r o u g h  t h e  h o l e
i n  t h e  b o d y .  L o o k  i n t o  t h e  b o d y  b o r e
a n d  m o v e  t h e  r a c k  u n t i l  y o u  c a n  s e e  t h e
d r i l l  m a r k s .  H o l d  t h e  r a c k  i n  t h i s  p o s i -
t i o n .

2 .  P lace  the  gear  in  the  in jec to r  body  so
t h a t  t h e  m a r k e d  t o o t h  i s  e n g a g e d  b e -
tween the  two  marked  tee th  on  the  rack .

3 .  P l a c e  t h e  g e a r  r e t a i n e r  o n  t o p  o f  t h e
gear .

4 .  A l i g n  t h e  l o c a t i n g  p i n  i n  t h e  b u s h i n g
w i t h  t h e  s l o t  i n  t h e  i n j e c t o r  b o d y ,  t h e n
s l ide  the  end  o f  the  bush ing  in to  p lace .

A S S E M B L E  S P R A Y  T I P ,  S P R I N G  A N D
C H E C K  V A L V E .  R e f e r  t o  F i g u r e  1 1 C - 3 6
o n  p a g e  1 1 C - 2 1  a n d  a s s e m b l e  t h e  p a r t s
as fo l lows:

1 .  Suppor t  the  in jec to r  body ,  bo t tom end
up,  in  in jec to r  ho ld ing  f i x tu re  J  22396.

2 .  P lace  a  new sea l  r i ng  on  the  shou lder
o f  t h e  b o d y .

W e t  t h e  s e a l  r i n g  w i t h  t e s t  o i l  a n d
i n s t a l l  t h e  r i n g  a l l  t h e  w a y  d o w n
p a s t  t h e  t h r e a d s  a n d  o n t o  t h e
s h o u l d e r  o f  t h e  i n j e c t o r b o d y .
T h i s  w i l l  p r e v e n t  t h e  s e a l  f r o m
catch ing  in  the  th reads  and  become
s h r e d d e d .

A  n e w  i n j e c t o r  n u t  s e a l  r i n g  p r o t e c t o r  ( J
29197) is now avai lable to instal l  the seal
r i n g . Use  the  fo l l ow ing  p rocedure  when
ins ta l l ing  the  sea l  r ing  w i th  the  new pro-
t e c t o r :

A .  P lace  the  new sea l  r ing  and  p ro tec to r
in  a  con ta iner  w i th  a  sma l l  amount  o f
in jec to r  tes t  o i l .

NOTE

L u b r i c a t i o n  o f  t h e  s e a l  r i n g  a n d
p r o t e c t o r  i s  i m p o r t a n t  t o  a s s u r e
p r o p e r  i n s t a l l a t i o n  o f  t h e  s e a l
r i n g .

B. S u p p o r t  t h e  i n j e c t o r  b o d y ,  b o t t o m
e n d  u p ,  i n  t h e  i n j e c t o r  h o l d i n g  f i x -
ture J 22396.

C. P l a c e  t h e  l u b r i c a t e d  p r o t e c t o r  o v e r
t h e  t h r e a d s  o f  t h e  i n j e c t o r  b o d y .
P l a c e  t h e  n e w  s e a l  o v e r  t h e  n o s e  o f
t h e  p r o t e c t o r  a n d  d o w n  o n t o  t h e
s h o u l d e r  o f  t h e  i n j e c t o r  b o d y .  D o  n o t
al low the seal  to rol l  or  twist .

D .  Remove the  p ro tec to r .

3 .  I n s t a l l  t h e  s p i l l  d e f l e c t o r  o v e r  t h e
bar re l  o f  the  bush ing .
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11C-35. Details of Injector
Filters and Caps

4 .  P l a c e  t h e  c h e c k  v a l v e  ( w i t h o u t  t h e
0 .010"  ho le )  cen t ra l l y  on  top  o f  the  bush-
i n g .  T h e n  p l a c e  t h e  c h e c k  v a l v e  c a g e
o v e r  t h e  c h e c k  v a l v e  a n d  a g a i n s t  t h e
b u s h i n g .

5 .  I n s e r t  t h e  s p r i n g  s e a t  i n  t h e  v a l v e
s p r i n g ,  t h e n  i n s e r t  t h e  a s s e m b l y  i n t o  t h e
s p r i n g  c a g e ,  s p r i n g  s e a t  f i r s t .

6 .  P l a c e  t h e  s p r i n g  c a g e ,  s p r i n g  s e a t
a n d  v a l v e  s p r i n g  a s s e m b l y  ( v a l v e  s p r i n g
down)  on  top  o f  the  check  va lve  cage .

7 .  I n s e r t  t h e  n e e d l e  v a l v e ,  t a p e r e d  e n d
down, inside of the spray tip (see
F i g u r e  1 1 C - 3  o n  p a g e  1 1 C - 2 ) .  T h e n
p l a c e  t h e  s p r a y  t i p  a n d  n e e d l e  v a l v e  o n
t o p  o f  t h e  s p r i n g  c a g e  w i t h  t h e  q u i l l  e n d
o f  t h e  n e e d l e  v a l v e  i n  t h e  h o l e  i n  t h e
spr ing  cage.

8 .  L u b r i c a t e  t h e  t h r e a d s  i n  t h e  i n j e c t o r
n u t  a n d  c a r e f u l l y  t h r e a d  t h e  n u t  o n  t h e
i n j e c t o r  b o d y  b y  h a n d .  R o t a t e  t h e  s p r a y
t i p  b e t w e e n  y o u r  t h u m b  a n d  f i r s t  f i n g e r
w h i l e  t h r e a d i n g  t h e  n u t  o n  t h e  i n j e c t o r
body (see Figure 11C-38 on page
1 1 C - 2 2 ) .  T i g h t e n  t h e  n u t  a s  t i g h t  a s
p o s s i b l e  b y  h a n d .  A t  t h i s  p o i n t  t h e r e
s h o u l d  b e  s u f f i c i e n t  f o r c e  o n  t h e  s p r a y
t i p  t o  m a k e  i t  i m p o s s i b l e  t o  t u r n  w i t h
y o u r  f i n g e r s .

Figure 11C-36. Detailed Parts of
Injector

9 .  U s e  s o c k e t  J  4 9 8 3 - 0 1  a n d  a  t o r q u e
w r e n c h  t o  t i g h t e n  t h e  i n j e c t o r  n u t  t o
75-85 lb-ft (102-115 Nm) torque, as
shown in Figure 11C-39 on page 11C-23.

1 0 .  A f t e r  a s s e m b l i n g  a  f u e l  i n j e c t o r ,  a l -
ways  check  the  a rea  be tween the  nu t  and
t h e  b o d y .  I f  t h e  s e a l  i s  s t i l l  v i s i b l e  a f t e r
t h e  n u t  i s  a s s e m b l e d ,  t r y  a n o t h e r  n u t
w h i c h  m a y  a l l o w  a s s e m b l y  o n  t h e  b o d y
w i t h o u t  e x t r u d i n g  t h e  s e a l  a n d  f o r c i n g  i t
o u t  o f  t h e  b o d y - n u t  c r e v i c e .

NOTE

Do not exceed the specified
t o r q u e .  O t h e r w i s e ,  t h e  n u t  m a y
b e  s t r e t c h e d  a n d  r e s u l t  i n  i m p r o p -
e r  s e a l i n g  o f  t h e  l a p p e d  s u r f a c e s
in  a  subsequent  in jec to r  overhau l .
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Figure 11C-37. Injector Plunger and
Follower

ASSEMBLE PLUNGER AND FOLLOWER

1. Refer to Figure 11C-37 on page
11C-22  and  s l i de  the  head  o f  the  p lunger
in  the  fo l lower .

2 .  i n v e r t  t h e  i n j e c t o r  i n  t h e  a s s e m b l y
f i x t u r e  ( f i l t e r  c a p  e n d  u p )  a n d  p u s h  t h e
r a c k  a l l  t h e  w a y  i n .  T h e n  p l a c e  t h e  f o l -
lower  spr ing  on  the  in jec to r  body .

3. Refer to Figure 11C-40 on page
11C-23  and  p lace  the  s top  p in  on  the  in -
j e c t o r  b o d y  s o  t h a t  t h e  f o l l o w e r  s p r i n g
r e s t s  o n  t h e  n a r r o w  f l a n g e  o f  t h e  s t o p
p i n .  T h e n  a l i g n  t h e  s l o t  i n  t h e  f o l l o w e r
w i t h  t h e  s t o p  p i n  h o l e  i n  t h e  i n j e c t o r
b o d y .  N e x t  a l i g n  t h e  f l a t  s i d e  o f  t h e
p l u n g e r  w i t h  t h e  s l o t  i n  t h e  i n j e c t o r
b o d y .  P r e s s  d o w n  o n  t h e  f o l l o w e r  a n d  a t
the  same t ime press  the  s top  p in  in to  po-
s i t i o n .  W h e n  i n  p l a c e ,  t h e  s p r i n g  w i l l
ho ld  the  s top  p in  in  pos i t ion .

Figure 11C-38. Tightening Injector
Nut by Hand

C H E C K  S P R A Y  T I P  C O N C E N T R I C I T Y .
T o  a s s u r e  c o r r e c t  a l i g n m e n t ,  c h e c k  t h e
concent r i c i t y  o f  the  spray  t ip  as  fo l lows:

1 .  P l a c e  t h e  i n j e c t o r  i n  t h e  c o n c e n t r i c i t y
gauge J 29584 as shown in Figure 11C-41
on page  11C-24  and  ad jus t  the  d ia l  i nd i -
ca to r  to  ze ro .

2 .  R o t a t e  t h e  i n j e c t o r  3 6 0 °  a n d  n o t e  t h e
to ta l  runout  as  ind ica ted  on  the  d ia l .

3 .  I f  t h e  t o t a l  r u n  o u t  e x c e e d s  0 . 0 0 8 " ,
r e m o v e  t h e  i n j e c t o r  f r o m  t h e  g a u g e .
Loosen the  in jec to r  nu t ,  cen te r  the  spray
t i p  a n d  t i g h t e n  t h e  n u t  t o  7 5 - 8 5  l b - f t
(102-115  Nm)  to rque .  Recheck  the  sp ray
t i p  c o n c e n t r i c i t y .  I f ,  a f t e r  s e v e r a l  a t -
tempts, the spray tip cannot be
p o s i t i o n e d  s a t i s f a c t o r i l y ,  r e p l a c e  t h e  i n -
j e c t o r  n u t .

T E S T  R E C O N D I T I O N E D  I N J E C T O R .  B e -
f o r e  p l a c i n g  a  r e c o n d i t i o n e d  i n j e c t o r  i n
s e r v i c e , p e r f o r m  a l l  o f  t h e  t e s t s  ( e x c e p t
t h e  v i s u a l  i n s p e c t i o n  o f  t h e  p l u n g e r )  a s
o u t l i n e d  u n d e r  “ T e s t  I n j e c t o r ”  o n  p a g e
11C-6.

T h e  i n j e c t o r  i s  s a t i s f a c t o r y  i f  i t  p a s s e s
t h e s e  t e s t s .  F a i l u r e  t o  p a s s  a n y  o n e  o f
the  tes ts  ind ica tes  tha t  de fec t ive  or  d i r ty
p a r t s  h a v e  b e e n  a s s e m b l e d .  I n  t h i s
c a s e ,  d i s a s s e m b l e ,  c l e a n ,  i n s p e c t ,  r e a s -
semble and test  the in jector again.
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Figure 11C-39. Tightening Injector
Nut with Torque Wrench

Install  Injector

B e f o r e  i n s t a l l i n g  a n  i n j e c t o r  i n  a n
eng ine ,  remove  the  carbon  depos i t s  f rom
t h e  b e v e l e d  s e a t  o f  t h e  i n j e c t o r  t u b e  i n
t h e  c y l i n d e r  h e a d .  T h i s  w i l l  a s s u r e  c o r -
r e c t  a l i g n m e n t  o f  t h e  i n j e c t o r  a n d  p r e -
v e n t  a n y  u n d u e  s t r e s s e s  f r o m  b e i n g
e x e r t e d  a g a i n s t  t h e  s p r a y  t i p .

U s e  i n j e c t o r  t u b e  b e v e l  r e a m e r  J  5 2 8 6 - 9
t o  c l e a n  t h e  c a r b o n  f r o m  t h e  i n j e c t o r
t u b e .  E x e r c i s e  c a r e  t o  r e m o v e  O N L Y  t h e
c a r b o n  s o  t h a t  t h e  p r o p e r  c l e a r a n c e  b e -
t w e e n  t h e  i n j e c t o r  b o d y  a n d  t h e  c y l i n d e r
h e a d  i s  m a i n t a i n e d .  P a c k  t h e  f l u t e s  o f
the  reamer  w i th  g rease  to  re ta in  the  car -
bon  removed  f rom the  tube .

B e  s u r e  t h e  f u e l  i n j e c t o r  i s  f i l l e d  w i t h
f u e l  o i l .  I f  n e c e s s a r y ,  a d d  c l e a n  f u e l  o i l
a t  t h e  i n l e t  f i l t e r  c a p  u n t i l  i t  r u n s  o u t  o f
the  ou t le t  f i l t e r  cap .

I n s t a l l  t h e  i n j e c t o r  i n  t h e  e n g i n e  a s  f o l -
lows:

1 .  R e f e r  t o  F i g u r e  1 1 C - 7  o n  p a g e  1 1 C - 4
a n d  i n s e r t  t h e  i n j e c t o r  i n t o  t h e  i n j e c t o r
t u b e  w i t h  t h e  d o w e l  p i n  i n  t h e  i n j e c t o r
body  reg is te r ing  w i th  the  loca t ing  ho le  in
the  cy l inder  head.

2 .  S l i d e  t h e  i n j e c t o r  r a c k  c o n t r o l  l e v e r
o v e r  s o  t h a t  i t  r e g i s t e r s  w i t h  t h e  i n j e c t o r
rack .

3 .  I n s t a l l  t h e  i n j e c t o r  c l a m p ,  s p e c i a l
w a s h e r  ( w i t h  c u r v e d  s i d e  t o w a r d  i n j e c t o r
c l a m p )  a n d  b o l t .  T i g h t e n  t h e  b o l t  t o
2 0 - 2 5  l b - f t  ( 2 7 - 3 4  N m )  t o r q u e .  M a k e
s u r e  t h a t  t h e  c l a m p  d o e s  n o t  i n t e r f e r e
w i t h  t h e  i n j e c t o r  f o l l o w e r  s p r i n g  o r  t h e
e x h a u s t  v a l v e  s p r i n g s .

Figure 11C-40. Installing Injector
Follower Stop Pin

NOTE

C h e c k  t h e  i n j e c t o r  c o n t r o l  r a c k  f o r
f r e e  m o v e m e n t .  E x c e s s  t o r q u e  c a n
c a u s e  t h e  c o n t r o l  r a c k  t o  s t i c k  o r
b i n d .

4 .  Move  the  rocker  a rm assembly  in to  po-
s i t i on  and  secure  the  rocker  a rm b racke t
t o  t h e  c y l i n d e r  h e a d  b y  t i g h t e n i n g  t h e
b o l t s  t o  t h e  t o r q u e  s p e c i f i e d  a t  t h e  e n d
of  th is  subsect ion .

NOTE

T h e r e  i s  a  p o s s i b i l i t y  o f  d a m a g i n g
t h e  e x h a u s t  v a l v e s  i f  t h e  e x h a u s t
v a l v e  b r i d g e  i s  n o t  r e s t i n g  o n  t h e
e n d s  o f  t h e  e x h a u s t  v a l v e s  w h e n
t i g h t e n i n g  t h e  r o c k e r  s h a f t  b r a c k -
e t  b o l t s .  T h e r e f o r e ,  n o t e  t h e  p o -
s i t i o n  o f  t h e  e x h a u s t  v a l v e  b r i d g e
b e f o r e ,  d u r i n g  a n d  a f t e r  t i g h t e n -
ing  the  rocker  sha f t  bo l t s .

5 .  R e m o v e  t h e  s h i p p i n g  c a p s .  T h e n  i n -
s t a l l  t h e  f u e l  p i p e s  a n d  c o n n e c t  t h e m  t o
t h e  i n j e c t o r  a n d  t h e  f u e l  c o n n e c t o r s .
Use  socke t  J  8932-01  to  t igh ten  the  con-
n e c t i o n s  t o  1 2 - 1 5  l b - f t  ( 1 6 - 2 0  N m )
t o r q u e .  D o  n o t  b e n d  t h e  f u e l  p i p e s  a n d
d o  n o t  e x c e e d  t h e  s p e c i f i e d  t o r q u e .  E x -
c e s s i v e  t i g h t e n i n g  w i l l  t w i s t  o r  f r a c t u r e
the  f l a red  end  o f  the  fue l  l i ne  and  resu l t
i n  l e a k s .  L u b r i c a t i n g  o i l  d i l u t e d  b y  f u e l
o i l  can  cause  ser ious  damage to  the  en-
g i n e  b e a r i n g s  ( r e f e r  t o  “ P r e s s u r i z e  F u e l
S y s t e m  -  C h e c k  f o r  L e a k s ”  o n  p a g e
11C-49) .
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Figure 11C-41. Checking Injector Tip
Concentricity

NOTE

An ind ica t ion  o f  fue l  l eakage  a t  the
f i t t i n g s  o f  t h e  f u e l  I n j e c t o r  s u p p l y
l ines and connector nut  seals could
b e  e i t h e r  l o w  l u b r i c a t i n g  o i l  p r e s -
su re  (d i l u t i on )  o r  fue l  odor  coming
f r o m  t h e  c r a n k c a s e  b r e a t h e r  o r  a n
o p e n  o i l  f i l l e r  c a p .  W h e n  a n y  o f
the  above  a re  de tec ted ,  remove the
v a l v e  r o c k e r  c o v e r .  A  c l o s e  i n -
s p e c t i o n  o f  t h e  r o c k e r  c o v e r ,
c y l i n d e r  h e a d ,  f u e l  l i n e s  a n d  c o n -
n e c t o r s  w i l l  u s u a l l y  s h o w  i f  t h e r e
i s  a  f u e l  l e a k a g e  p r o b l e m .  U n d e r
norma l  cond i t ions ,  the re  shou ld  o i l
a  c o a t i n g  l u b r i c a t i n g  o i l .
t h r o u g h o u t  t h e  c y l i n d e r  h e a d  a r e a
a n d  p u d d l e s  o f  o i l  w h e r e  t h e  f u e l
p i p e s  c o n t a c t  t h e  c o n n e c t o r s  a n d
w h e r e  t h e  f u e l  c o n n e c t o r s  c o n t a c t
t h e  c y l i n d e r  h e a d .  I f  t h e s e  a r e a s
d o  n o t  h a v e  t h e  n o r m a l  c o a t i n g  o f
lubr ica t ing  o i l ,  i t  i s  l i ke ly  tha t  fue l
i s  l e a k i n g  a n d  w a s h i n g  o f f  t h e  l u -
b r i c a t i n g  o i l .  R e m o v e  a n d  r e p l a c e
t h e  l e a k i n g  f u e l  p i p e s  a n d / o r  c o n -
n e c t a r s .  R e i n s t a l l  t h e  r o c k e r
c o v e r .  T h e n  d r a i n  t h e  l u b r i c a t i n g
o i l  a n d  c h a n g e  t h e  o i l  f i l t e r  e l e -
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ments. Refer to Section III and
r e f i l l  t h e  c r a n k c a s e  t o  t h e  p r o p e r
l e v e l  w i t h  t h e  r e c o m m e n d e d  g r a d e
of oi l .

6 .  Per fo rm a  comp le te  eng ine  tune-up  as
o u t l i n e d  i n  S e c t i o n  1 1 H .  H o w e v e r ,  i f  o n -
l y  one  in jec to r  has  been  removed  and  re -
p l a c e d  a n d  t h e  o t h e r  i n j e c t o r s  a n d  t h e
g o v e r n o r  a d j u s t m e n t  h a v e  n o t  b e e n  d i s -
t u r b e d ,  i t  w i l l  o n l y  b e  n e c e s s a r y  t o
a d j u s t  t h e  v a l v e  c l e a r a n c e  a n d  t i m e  t h e
i n j e c t o r  f o r  t h e  o n e  c y l i n d e r ,  a n d  t o  p o -
s i t ion  the  in jec to r  rack  con t ro l  lever .

FUEL INJECTOR TUBE

Description

The bore  in  the  cy l inder  head  fo r  the  fu -
e l  i n j e c t o r  i s  d i r e c t l y  t h r o u g h  t h e  c y l i n -
der head water jacket as shown in
F i g u r e  1 1 C - 4 2  o n  p a g e  1 1 C - 2 5 .  T o  p r e -
v e n t  c o o l a n t  f r o m  c o n t a c t i n g  t h e  i n j e c t o r
and  s t i l l  ma in ta in  max imum coo l ing  o f  the
in jec to r ,  a  tube  is  p ressed in to  the  in jec -
t o r  b o r e .  t h i s  t u b e  i s  s e a l e d  a t  t h e  t o p
w i t h  a  n e o p r e n e  r i n g  a n d  u p s e t  i n t o  a
f l a r e  o n  t h e  l o w e r  s i d e  o f  t h e  c y l i n d e r
h e a d  t o  c r e a t e  w a t e r - t i g h t  a n d  g a s - t i g h t
jo ints at  the top and bottom.

NOTE

Do not use methoxy propanol based
ant i f reeze  in  the  coo l ing  sys tem o f
the  eng ine .

Repair Leaking Injector tube

To enab le  the  repa i r  o f  a  leak ing  fue l  i n -
jec to r  ho le  tube  a t  the  sea l  r ing ,  w i thou t
remov ing  the  cy l inder  head  f rom the  cy l -
i n d e r  b l o c k ,  a  n e w  i n j e c t o r  h o l e  t u b e
swaging tool  J 28611 is now avai lable.

B e f o r e  r e m o v i n g  t h e  f u e l  i n j e c t o r ,  p r e s -
sur ize  the  coo l ing  sys tem a t  the  rad ia to r
t o  v e r i f y  t h e  i n j e c t o r  s e a l  r i n g  l e a k .
T h e n  w i t h  t h e  f u e l  i n j e c t o r  r e m o v e d ,  i n -
ser t  the  swag ing  too l  in to  the  fue l  in jec -
t o r  h o l e  t u b e .  T h e  t o o l  i s  t a p e r e d  a n d
f l a n g e d  t o  p r e v e n t  d a m a g e  t o  t h e  c y l i n -
d e r  h e a d  o r  i n j e c t o r  t u b e .  H i t  t h e  t o p  o f
t h e  t o o l  m o d e r a t e l y  w i t h  a  o n e  p o u n d
h a m m e r  t w o  o r  t h r e e  b l o w s  s e a t i n g  t h e
too l .  Th is  w i l l  cause  the  top  edge  o f  the
i n j e c t o r  h o l e  t u b e  t o  e x p a n d ,  t h u s  i n -



c r e a s i n g  t h e  c r u s h  o n  t h e  i n j e c t o r  t u b e
s e a l  r i n g  a n d  s e a l  t h e  l e a k .  I n s t a l l  t h e
f u e l  i n j e c t o r  a n d  a g a i n  p r e s s u r i z e  t h e
c o o l i n g  s y s t e m  t o  v e r i f y  t h e  l e a k  h a s
been s topped.

Remove Injector Tube

W h e n  r e m o v a l  o f  a n  i n j e c t o r  t u b e  i s  r e -
q u i r e d ,  u s e  i n j e c t o r  t u b e  s e r v i c e  t o o l  s e t
J 22525 as follows:

1 .  R e m o v e ,  d i s a s s e m b l e  a n d  c l e a n  t h e
c y l i n d e r  h e a d .

2 .  P l a c e  t h e  i n j e c t o r  t u b e  i n s t a l l e r  J
5 2 8 6 - 4  i n  t h e  i n j e c t o r  t u b e .  I n s e r t  t h e
p i l o t  J  5 2 8 6 - 5  t h r o u g h  t h e  s m a l l  o p e n i n g
o f  t h e  i n j e c t o r  t u b e  a n d  t h r e a d  t h e  p i l o t
in to  the  tapped ho le  in  the  end  o f  the  in -
s ta l le r  ( see  F igure  11C-42) .

3 .  T a p  o n  t h e  e n d  o f  t h e  p i l o t  t o  l o o s e n
t h e  i n j e c t o r  t u b e .  T h e n  l i f t  t h e  i n j e c t o r
t u b e ,  i n s t a l l e r  a n d  p i l o t  f r o m  t h e  c y l i n -
der  head .

Insta l l  In jector  Tube

T h o r o u g h l y  c l e a n  t h e  i n j e c t o r  t u b e  h o l e
i n  t h e  c y l i n d e r  h e a d  t o  r e m o v e  d i r t ,
b u r r s  o r  f o r e i g n  m a t e r i a l  t h a t  m a y  p r e -
v e n t  t h e  t u b e  f r o m  s e a t i n g  a t  t h e  l o w e r
e n d  o r  s e a l i n g  a t  t h e  u p p e r  e n d .  T h e n
ins ta l l  the  tube  as  fo l lows :

1 .  P l a c e  a  n e w  i n j e c t o r  t u b e  s e a l  r i n g  i n
the  coun te rbore  in  the  cy l inder  head.

2 .  P lace  ins ta l le r  J  5286-4  in  the  in jec to r
t u b e .  T h e n  i n s e r t  t h e  p i l o t  J  5 2 8 6 - 5
th rough  the  sma l l  open ing  o f  the  in jec to r

F igure  11C-42 .  Remov ing  In jec to r
Tube

Figure 11C-43. Installing Injector
Tube

tube  and  th read  i t  i n to  the  tapped end  o f
the  ins ta l le r  (see  F igure  11C-43) .

3 .  S l i p  t h e  i n j e c t o r  t u b e  i n t o  t h e  i n j e c t o r
b o r e  a n d  d r i v e  i t  i n  p l a c e  a s  s h o w n  i n
F i g u r e  1 1 C - 4 3 .  S e a l i n g  i s  a c c o m p l i s h e d
between the  head counte rbore  ( ins ide  d i -
a m e t e r )  a n d  o u t s i d e  d i a m e t e r  o f  t h e  i n -
j e c t o r  t u b e .  T h e  t u b e  f l a n g e  i s  m e r e l y
used to  re ta in  the  sea l  r ing .

4 .  W i t h  t h e  i n j e c t o r  t u b e  p r o p e r l y  p o s i -
t i o n e d  i n  t h e  c y l i n d e r  h e a d ,  u p s e t
( f l a re )  the  lower  end  o f  the  in jec to r  tube
as fol lows:

A. T u r n  t h e  c y l i n d e r  b o t t o m  s i d e  u p ,
r e m o v e  t h e  p i l o t  a n d  t h r e a d  t h e  u p -
s e t t i n g  d i e  J  5 2 8 6 - 5  i n t o  t h e  t a p p e d
end of the installer (see
Figure 11C-44 on page 11C-26).

B. T h e n ,  u s i n g  a  s o c k e t  a n d  t o r q u e
wrench ,  app ly  approx imate ly  30  lb  (41
Nm)  to rque  on  the  upse t t ing  d ie .

C .  R e m o v e  t h e  i n s t a l l i n g  t o o l s  a n d  r e a m
the  in jec to r  tube  as  ou t l i ned  be low.

Ream Injector Tube

A f t e r  a n  i n j e c t o r  t u b e  h a s  b e e n  i n s t a l l e d
in  a  cy l inder  head,  i t  must  be  f in ished in
t h r e e  o p e r a t i o n s :  F i r s t ,  h a n d  r e a m e d ,  a s
shown in  F igure  11C-45  on  page  11C-26 ,
t o  r e c e i v e  t h e  i n j e c t o r  b o d y  n u t  a n d
s p r a y  t i p ;  s e c o n d ,  s p o t  f a c e d  t o  r e m o v e
e x c e s s  s t o c k  a t  t h e  l o w e r  e n d  o f  t h e  i n -
j e c t o r  t u b e ;  a n d  t h i r d ,  h a n d  r e a m e d ,  a s
shown in  F igure  11C-46  on  page  11C-27 ,

Fuel System and Governor 11C-25



Figure 11C-44. Upsetting Injector
Tube

to  p rov ide  a  good sea t ing  sur face  fo r  the
b e v e l  o r  t h e  l o w e r  e n d  o f  t h e  i n j e c t o r
n u t .  R e a m i n g  m u s t  b e  d o n e  c a r e f u l l y
a n d  w i t h o u t  u n d u e  f o r c e  o r  s p e e d  s o  a s
t o  a v o i d  c u t t i n g  t h r o u g h  t h e  t h i n  w a l l  o f
the  in jec to r  tube .

NOTE

T h e  r e a m e r  s h o u l d  b e  t u r n e d  i n  a
c l o c k w i s e  d i r e c t i o n  o n l y ,  b o t h
w h e n  i n s e r t i n g  a n d  w h e n  w i t h d r a w -
ing  the  reamer ,  because  movement
i n  t h e  o p p o s i t e  d i r e c t i o n  w i l l  d u l l
the  cu t t ing  edge o f  the  f lu tes .

1 .  Ream the  in jec to r  tube  fo r  the  in jec to r
n u t  a n d  s p r a y  t i p .  W i t h  c y l i n d e r  h e a d
r i g h t  s i d e  u p  a n d  t h e  i n j e c t o r  t u b e  f r e e
f r o m  d i r t ,  p r o c e e d  w i t h  t h e  f i r s t  r e a m i n g
operat ion as fol lows:

A .  P l a c e  a  f e w  d r o p s  o f  l i g h t  c u t t i n g  o i l
o n  t h e  r e a m e r  f l u t e s ,  t h e n  c a r e f u l l y
p o s i t i o n  t h e  r e a m e r  J  2 2 5 2 5 - 1  i n  t h e
in jec to r  tube .

B. Turn  the  reamer .  i n  a  c lockw ise  d i rec -
t i o n  ( w i t h d r a w  t h e  r e a m e r  f r e q u e n t l y
f o r  r e m o v a l  o f  c h i p s )  u n t i l  t h e  l o w e r
s h o u l d e r  o f  t h e  r e a m e r  c o n t a c t s  t h e
i n j e c t o r  t u b e  ( F i g u r e  1 1 C - 4 5 ) .  C l e a n
out al l  of  the chips.

2. Remove excess stock:

A. W i t h  t h e  c y l i n d e r  h e a d  b o t t o m  s i d e
u p ,  i n s e r t  t h e  p i l o t  o f  c u t t i n g  t o o l  J
5286-8 into the smal l  hole of  the in jec-
t o r  t u b e .

Figure 11C-45. Reaming Injector Tube
for Body Nut and Spray Tip

B.  P lace  a  few drops  o f  cu t t ing  o i l  on  the
tool. Then using a socket and a
s p e e d  h a n d l e ,  r e m o v e  t h e  e x c e s s
s tock  so  tha t  the  lower  end  o f  the  in -
jec to r  tube  i s  f rom f lush  to  0 .005"  be -
low the finished surface of the
c y l i n d e r  h e a d .

3 .  R e a m  t h e  b e v e l  s e a t  i n  t h e  i n j e c t o r
t u b e :

T h e  t a p e r e d  l o w e r  e n d  o f  t h e  i n j e c t o r
tube  mus t  p rov ide  a  smooth  and  t rue  sea t
f o r  t h e  l o w e r  e n d  o f  t h e  i n j e c t o r  n u t  t o
e f f e c t i v e l y s e a l  t h e  c y l i n d e r  p r e s s u r e s
a n d  p r o p e r l y  p o s i t i o n  t h e  i n j e c t o r  t i p  i n
t h e  c o m b u s t i o n  c h a m b e r .  T h e r e f o r e ,  t o
d e t e r m i n e  t h e  a m o u n t  o f  s t o c k  t h a t  m u s t
b e  r e a m e d  f r o m  t h e  b e v e l  s e a t  o f  t h e
tube, refer to Figure 11C-47 on page
11C-27.

I n s t a l l  g a u g e  J  2 5 5 2 1  i n  i n j e c t o r  t u b e .
Zero the sled gauge dial  indicator J 22273
t o  t h e  f i r e  d e c k .  G a u g e  J  2 5 5 2 1  s h o u l d
b e  f l u s h  t o  ± 0 . 0 1 4 "  w i t h  t h e  f i r e  d e c k  o f
t h e  c y l i n d e r  h e a d  ( s e e  F i g u r e  1 1 C - 4 8  o n
page 11C-27).

NOTE

A n y  f i r e  d e c k  r e s u r f a c i n g  w o r k
mus t  be  done  p r io r  to  f i na l  i n jec to r
t u b e  g a g i n g .

W i t h  t h e  f i r s t  r e a m i n g  o p e r a t i o n  c o m  -
p l e t e d  a n d  t h e  i n j e c t o r  t u b e  s p o t - f a c e d ,
w a s h  t h e  i n t e r i o r  o f  t h e  i n j e c t o r  t u b e
w i t h  c l e a n  s o l v e n t  a n d  d r y  i t  w i t h  c o m -

11C-26



Figure 11C-46. Reaming Injector Tube
for Injector Nut

p r e s s  a i r .  T h e n  p e r f o r m  t h e  s e c o n d
reaming operat ion as fo l lows:

A .  P lace  a  few drops  o f  cu t t ing  o i l  on  the
b e v e l  s e a t  o f  t h e  t u b e .  C a r e f u l l y
lower reamer J 5286-9 into the in jector
tube un t i l  i t  con tac ts  the  beve l  sea t .

B .  M a k e  a  t r i a l  c u t  b y  t u r n i n g  t h e  r e a m -
e r  s t e a d i l y  w i t h o u t  a p p l y i n g  a n y
d o w n w a r d  f o r c e  o n  t h e  r e a m e r .  R e -
m o v e  t h e  r e a m e r ,  b l o w  o u t  t h e  c h i p s
and look  a t  the  beve l  sea t  to  see  what
por t ion  o f  the  sea t  has  been cu t .

C .  P r o c e e d  c a r e f u l l y  w i t h  t h e  r e a m i n g
opera t ion ,  w i thdrawing  the  reamer  oc -

Figure 11C-47. Measuring Injector
Seat Bevel Seat

D.

Figure 11C-48. Measuring
Relationship of Gauge to Fire Deck

c a s i o n a l l y  t o  o b s e r v e  t h e  r e a m i n g
p r o g r e s s .

R e m o v e  t h e  c h i p s  f r o m  t h e  i n j e c t o r
t u b e  a n d ,  u s i n g  g a u g e  J  2 5 5 2 1 ,  c o n -
t i n u e  t h e  r e a m i n g  o p e r a t i o n  u n t i l  t h e
s h o u l d e r  o f  t h e  s p r a y  t i p  i s  f l u s h  t o
± 0 . 0 1 4 "  w i t h  t h e  f i r e  d e c k  o f  t h e  c y l -
inder head shown in
Figure 11C-48. Then wash the inte-
r i o r  o f  t h e  i n j e c t o r  t u b e  w i t h  c l e a n
s o l v e n t  a n d  d r y  i t  w i t h  c o m p r e s s e d
a i r .

FUEL PUMP

Figure 11C-49. Typical Fuel Pump
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Description

T h e  p o s i t i v e  d i s p l a c e m e n t  g e a r - t y p e  f u e l
p u m p  ( F i g u r e  1 1 C - 4 9 )  t r a n s f e r s  f u e l
from the supply tank to the fuel
i n j e c t o r s .  T h e  p u m p  c i r c u l a t e s  a n  e x -
c e s s  s u p p l y  o f  f u e l  t h r o u g h  t h e  i n j e c t o r s
w h i c h  p u r g e  t h e  a i r  f r o m  t h e  s y s t e m  a n d
c o o l s  t h e  i n j e c t o r s .  T h e  u n u s e d  p o r t i o n
o f  fue l  re tu rns  to  the  fue l  tank  by  means
o f  a  f u e l  r e t u r n  m a n i f o l d  a n d  f u e l  r e t u r n
l ine .

T h e  f u e l  p u m p  i s  a t t a c h e d  t o  t h e  r e a r
e n d  p l a t e  c o v e r  o f  t h e  b l o w e r  a s s e m b l y
w i t h  t h r e e  n y l o n  p a t c h  b o l t s  w h i c h  p r e -
v e n t  t h e  o i l  i n  t h e  b l o w e r  c o v e r  f r o m
s e e p i n g  o u t  a r o u n d  t h e  b o l t  t h r e a d s .

T h e  p u m p  i s  d r i v e n  o f f  t h e  e n d  o f  t h e
b l o w e r  l o w e r  r o t o r  b y  m e a n s  o f  a  d r i v e
c o u p l i n g  f o r k  a t t a c h e d  t o  t h e  e n d  o f  t h e
pump dr ive  sha f t  and  mat ing  w i th  a  d r ive
d i s c  a t t a c h e d  t o  t h e  b l o w e r  r o t o r  a s
shown in Figure 11C-50 on page 11C-29.

T h e  f u e l  p u m p  c o v e r  a n d  b o d y  a r e  p o s i -
t i o n e d  b y  t w o  d o w e l s .  T h e  d o w e l s  a i d  i n
m a i n t a i n i n g  g e a r  s h a f t  a l i g n m e n t .  T h e
m a t i n g  s u r f a c e s  o f  t h e  p u m p  b o d y  a n d
c o v e r  a r e  p e r f e c t l y  f i a t  g r o u n d  s u r f a c e s .
No gaske t  i s  used be tween the  cover  and
b o d y  s i n c e  t h e  p u m p  c l e a r a n c e s  a r e  s e t
up on the basis of metal-to-metal
c o n t a c t .  A  v e r y  t h i n  c o a t  o f  s e a l a n t
prov ides  a  sea l  aga ins t  any  minu te  i r reg-
ularities in the mating surfaces.
Cav i t ies  in  the  pump cover  accommodate
the  ends  o f  the  dr ive  and dr iven  shaf ts .

T h e  f u e l  p u m p  b o d y  i s  r e c e s s e d  t o  p r o -
v i d e  r u n n i n g  s p a c e  f o r  t h e  p u m p  g e a r s
( s e e  F i g u r e  1 1 C - 5 1  o n  p a g e  1 1 C - 2 9 ) .
R e c e s s e s  a r e  a l s o  p r o v i d e d  a t  t h e  i n l e t
a n d  o u t l e t  p o s i t i o n s  o f  t h e  g e a r s .  T h e
sma l l  ho le  “A ”  pe rmi ts  the  fue l  o i l  i n  the
in le t  s ide  o f  the  pump to  lub r i ca te  the  re -
lief valve at its outer end and to
e l i m i n a t e  t h e  p o s s i b i l i t y  o f  a  h y d r o s t a t i c
l o c k  w h i c h  w o u l d  r e n d e r  t h e  r e l i e f  v a l v e
i n o p e r a t i v e .  P r e s s u r i z e d  f u e l  c o n t a c t s
t h e  r e l i e f  v a l v e  t h r o u g h  h o l e  “ B ”  a n d
p r o v i d e s  f o r  r e l i e f  o f  e x c e s s  d i s c h a r g e
p r e s s u r e s .  F u e l  r e e n t e r s  t h e  i n l e t  s i d e
o f  t h e  p u m p  t h r o u g h  h o l e  “ C ”  w h e n  t h e
d i s c h a r g e  p r e s s u r e  i s  g r e a t  e n o u g h  t o
move the  re l ie f  va lve  back  f rom i t s  sea t .
P a r t  o f  t h e  r e l i e f  v a l v e  m a y  b e  s e e n
t h r o u g h  h o l e  “ C ” .  T h e  c a v i t y  “ D ”  p r o -
v i d e  e s c a p e  f o r  t h e  f u e l  o i l  w h i c h  i s
s q u e e z e d  o u t  o f  t h e  g e a r  t e e t h  a s  t h e y
m e s h  t o g e t h e r  o n  t h e  d i s c h a r g e  s i d e  o f
t h e  p u m p .  O t h e r w i s e ,  f u e l  t r a p p e d  a t
t h e  r o o t  o f  t h e  t e e t h  w o u l d  t e n d  t o  f o r c e
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t h e  g e a r s  a p a r t ,  r e s u l t i n g  i n  u n d u e  w e a r
o n  t h e  g e a r s ,  s h a f t ,  b o d y  a n d  c o v e r .

Two oi l  seals are pressed into the bore in
the  f l anged  s ide  o f  the  pump body  to  re -
t a i n t h e  f u e l  o i l  i n  t h e  p u m p  a n d  t h e  l u -
b r i c a t i n g o i l  i n  t h e  b l o w e r  t i m i n g  g e a r
compar tmen t (see  F igure  11C-52  on  page
1 1 C - 3 0 ) .  T h e  o i l  s e a l s  a r e  i n s t a l l e d  w i t h
t h e  l i p s  o f  t h e  s e a l s  f a c i n g  t o w a r d  t h e
f l anged e n d  o f  t h e  p u m p  b o d y .  A  s m a l l
ho le  “E ”  (F igu re  11C-51  on  page  11C-29)
s e r v e s  a s  a  v e n t  p a s s a g e w a y  i n  t h e
b o d y ,  b e t w e e n  t h e  i n n e r  o i l  s e a l  a n d  t h e
suc t ion  s ide  o f  the  pump,  wh ich  p revents
b u i l d i n g  u p  a n y  f u e l  o i l  p r e s s u r e  a r o u n d
the  sha f t  ahead o f  the  inner  sea l .

S o m e  f u e l  o i l  s e e p a g e  b y  t h e  f u e l  p u m p
s e a l s  c a n  b e  e x p e c t e d ,  b o t h  w i t h  a  r u n -
n ing  eng ine  and  immed ia te ly  a f te r  an  en-
gine has been shut down. This is
e s p e c i a l l y  t r u e  w i t h  a  n e w  f u e l  p u m p
and/o r  new pump sea ls  as  the  sea ls  have
n o t  y e t  c o n f o r m e d  t o  t h e  p u m p  d r i v e
s h a f t .  F u e l  p u m p  s e a l s  w i l l  a l w a y s  a l l o w
some seepage .  Tapped  ho les  in  the  pump
b o d y  a r e  p r o v i d e d  t o  p r e v e n t  f u e l  o i l
f r o m  b e i n g  r e t a i n e d  b e t w e e n  t h e  s e a l s .
E x c e s s i v e  f u e l  r e t e n t i o n  b e t w e e n  t h e
s e a l s  c o u l d  p r o v i d e  e n o u g h  p r e s s u r e  t o
c a u s e  e n g i n e  o i l  d i l u t i o n  b y  f u e l ,  t h e r e -
f o r e ,  d r a i n a g e  o f  e x c e s s  f u e l  o i l  i s
m a n d a t o r y .  H o w e v e r ,  i f  l e a k a g e  e x c e e d s
one  d rop  per  m inu te ,  rep lace  the  sea ls .

shafts. The drive gear is provided with
a  g e a r  r e t a i n i n g  b a l l  t o  l o c a t e  t h e  g e a r
on  the  sha f t  ( see  F igure  11C-50  on  page
11C-29) .

T h e  d r i v e  a n d  d r i v e n
l i n e - t o - t i n e  t o  0 . 0 0 1 "  p r e s s  f i t  o n  t h e i r

 r e m a i ns  in  the
ve  incorpora tedA spr ing  loaded re l ie f  va

in the pump body normal ly)
c l o s e d  p o s i t i o n ,  o p e r a t i n g  o n l y  w h e n
pressure on the outlet side (to the fuel
f i l te r ) .  reaches  approx imate ly  65  ps i  (448
kPa).

Operation

I n  o p e r a t i o n ,  f u e l  e n t e r s  t h e  p u m p  o n
t h e  s u c t i o n  s i d e  a n d  f i l l s  t h e  s p a c e  b e -
t w e e n  t h e  g e a r  t e e t h  w h i c h  a r e  e x p o s e d
a t  t h a t  i n s t a n t .  T h e  g e a r  t e e t h  t h e n
car ry  the  fue l  o i l  to  the  d ischarge  s ide  o f
the  pump and ,  as  the  gear  tee th  mesh  in
the center of the pump, the fuel is
f o r c e d  o u t  i n t o  t h e  o u t l e t  c a v i t y .  S i n c e
t h i s  i s  a  c o n t i n u o u s  c y c l e  a n d  f u e l  i s
c o n t i n u a l l y  b e i n g  f o r c e d  i n t o  t h e  o u t l e t



Figure 11C-50. Typical Fuel Pump Mounting and Drive

c a v i t y ,  t h e  f u e l  f l o w s  f r o m  t h e  o u t l e t
cav i ty  in to  the  fue l  l i nes  and th rough the

Remove Fuel Pump

eng ine  fue l  sys tem under  p ressure . 1 .  D i s c o n n e c t  t h e  f u e l  l i n e s  f r o m  t h e  i n -

T h e  p r e s s u r e  r e l i e f  v a l v e  r e l i e v e s  t h e
let  and out let  openings of  the fuel  pump.

d i s c h a r g e  p r e s s u r e  b y  b y - p a s s i n g  t h e
f u e l  f r o m  t h e  o u t l e t  s i d e  o f  t h e  p u m p  t o

2 .  D i s c o n n e c t  t h e  d r a i n  t u b e ,  i f  u s e d ,

t h e  i n l e t  s i d e  w h e n  t h e  d i s c h a r g e  p r e s -
f rom the  fue l  pump.

s u r e  r e a c h e s  a p p r o x i m a t e l y  6 5  t o  7 5  p s i
(448 to 517 kPa).

3 .  R e m o v e  t h e  t h r e e  p u m p  a t t a c h i n g
b o l t s ,  u s i n g  w r e n c h  J  4 2 4 2 ,  a n d  w i t h -

T h e  f u e l  p u m p  s h o u l d  m a i n t a i n  t h e  f u e l
d rawn the  pump f rom the  b lower .

p r e s s u r e  a t  t h e  f u e l  i n l e t  m a n i f o l d  a s
shown a t  the  end o f  th is  subsec t ion .

Figure 11C-51. Fuel  Pump Valving and Rotat ion

Fuel System and Governor 11C-29



Figure 11C-52. Fuel Pump Oil Seal

4 .  C h e c k  t h e  d r i v e  c o u p l i n g  f o r k  a n d ,  i f
b r o k e n  o r  w o r n ,  r e p l a c e  i t  w i t h  a  n e w
c o u p l i n g .

Disassemble Fuel Pump

Wi th  the  fue l  pump removed  f rom the  en -
g i n e  a n d  m o u n t e d  i n  h o l d i n g  f i x t u r e  J
1508-10  as  shown in  F igure  11C-53 ,  re fe r
t o  F i g u r e  1 1 C - 4 9  o n  p a g e  1 1 C - 2 7  e n d
Figure 11C-55 on page 11C-31 and disas-
semble the pump as fo l lows:

1 .  R e m o v e  t h e  e i g h t  c o v e r  b o l t s  a n d
w i t h d r a w  t h e  p u m p  c o v e r  f r o m  t h e  p u m p
b o d y .  U s e  c a r e  n o t  t o  d a m a g e  t h e  f i n -
i shed  faces  o f  the  pump body  and  cover .

2 .  W i t h d r a w  t h e  d r i v e  s h a f t ,  d r i v e  g e a r
a n d  g e a r  r e t a i n i n g  b a l l  a s  a n  a s s e m b l y
f rom the  pump body .

3 .  P r e s s  t h e  d r i v e  s h a f t  j u s t  f a r  e n o u g h
t o  r e m o v e  t h e  s t e e l  l o c k i n g  b a l l .  T h e n
i n v e r t  t h e  s h a f t  a n d  g e a r  a s s e m b l y  a n d
p r e s s  t h e  s h a f t  f r o m  t h e  g e a r .  D o  n o t
misp lace  the  s tee l  ba l l .  Do  no t  p ress  the
s q u a r e d  e n d  o f  t h e  s h a f t  t h r o u g h  t h e
g e a r  a s  s l i g h t  s c o r e  m a r k s  w i l l  d a m a g e
the oi l  seal  contact  surface.

4 .  R e m o v e  t h e  d r i v e n  s h a f t  a n d  g e a r  a s
a n  a s s e m b l y  f r o m  t h e  p u m p  b o d y .  D O
n o t  r e m o v e  t h e  g e a r  f r o m  t h e  s h a f t .  T h e
d r i v e n  g e a r  a n d  s h a f t  a r e  s e r v i c e d  o n l y
as an assembly.

5 .  Remove the  re l ie f  va lve  p lug  and  cop-
p e r  g a s k e t ,
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Figure 11C-53. Removing Pump Cover

6 .  R e m o v e  t h e  v a l v e  s p r i n g ,  p i n  a n d  r e -
l i e f  v a l v e  f r o m  t h e  v a l v e  c a v i t y  i n  t h e
pump body .

7 .  I f  the  o i l  sea ls  need  rep lac ing ,  remove
t h e m  w i t h  o i l  s e a l  r e m o v e r  J
1508-13 (Figure 11C-54 on page 11C-31).
C l a m p  t h e  p u m p  b o d y  i n  a  b e n c h  v i s e
a n d  t a p  t h e  e n d  o f  t h e  t o o l  w i t h  a  h a m -
mer to remove the outer and inner seals.

NOTE

Observe  the  pos i t ion  o f  the  o i l  sea l
l i p s  b e f o r e  r e m o v i n g  t h e  o l d  s e a l s
t o  p e r m i t  i n s t a l l a t i o n  o f  t h e  n e w
seals in the same posit ion.

Inspection

C l e a n  a l l  o f  t h e  p a r t s  i n  c l e a n  f u e l  o i l
and  d ry  them w i th  compressed  a i r .

O i l  s e a l s ,  o n c e  r e m o v e d  f r o m  t h e  p u m p
b o d y ,  m u s t  b e  d i s c a r d e d  a n d  r e p l a c e d
with new seals.

C h e c k  t h e  p u m p  g e a r  t e e t h  f o r  s c o r i n g ,
c h i p p i n g  o r  w e a r .  C h e c k  t h e  b a l l  s l o t  i n
t h e  d r i v e  g e a r  f o r  w e a r .  I f  n e c e s s a r y ,
replace the gear.

I n s p e c t  t h e  d r i v e  a n d  d r i v e n  s h a f t s  f o r
s c o r i n g  o r  w e a r .  R e p l a c e  t h e  s h a f t s  i f
n e c e s s a r y .  T h e  d r i v e n  s h a f t  i s  s e r v i c e d
as a gear and shaft  assembly only.



Assemble Fuel Pump

Refer  to  F igu re  11C-49  on  page  11C-27 ,
F i g u r e  1 1 C - 5 1  o n  p a g e  1 1 C - 2 9  a n d
F igure  11C-55  and  assemb le  the  pump as
fo l lows :

1 .  Lubr ica te  the  l ips  o f  the  o i l  sea ls  w i th
a  l i g h t  c o a t  o f  v e g e t a b l e  s h o r t e n i n g ,
t h e n  i n s t a l l  t h e  o i l  s e a l s  i n  t h e  p u m p
body  as  fo l lows :

A .  P lace  the  inner  o i l  sea l  on  the  p i lo t  o f
t h e  i n s t a l l e r  h a n d l e  J  1 5 0 8 - 8  s o  t h a t
the lip of the seal will face in the

Figure 11C-54. Removing Oil Seals
s a m e  d i r e c t i o n  a s  t h e  o r i g i n a l  s e a l
wh ich  was  removed.

T h e  m a t i n g  f a c e s  o f  t h e  p u m p  b o d y  a n d B .  W i t h  t h e  p u m p  b o d y  s u p p o r t e d  o n
w o o d  b l o c k s  ( F i g u r e  1 1 C - 5 6  o n  p a g e
11C-32) ,  inser t  the  p i lo t  o f  the  ins ta l -

l eaks .  A lso  check  fo r  wear  a t  a reas  con-
t a c t e d  b y  t h e  g e a r s  a n d  s h a f t s .  R e p l a c e
the  pump cover  o r  body  i f  necessary .

c o v e r  m u s t  b e  f l a t  a n d  s m o o t h  a n d  f i t
t i g h t l y  t o g e t h e r .  A n y  s c r a t c h e s  o r
s l i g h t  d a m a g e  m a y r e s u l t  i n  p r e s s u r e l e r  h a n d l e  i n  t h e  p u m p  b o d y  s o  t h e

seal s t a r t s  s t r a i g h t  i n t o  t h e  p u m p
f l a n g e .  T h e n  d r i v e  t h e  s e a l  i n  u n t i l
i t  bo t toms.

C.  P lace  the  shor te r  end  o f  the  adap to r  J
1 5 0 8 - 9  o v e r  t h e  p i l o t  a n d  a g a i n s t  t h e
s h o u l d e r  o f  t h e  i n s t a l l e r  h a n d l e .
P lace  the  ou te r  o i l  sea l  on  the  p i lo t  o f
the  ins ta l le r  hand le  w i th  the  l i p  o f  the

T h e  r e l i e f  v a l v e  m u s t  b e  f r e e  f r o m  s c o r e
m a r k s  a n d  b u r r s  a n d  f i t  i t s  s e a t  i n  t h e
p u m p  b o d y .  I f  t h e  v a l v e  i s  s c o r e d  a n d
c a n n o t  b e  c l e a n e d  u p  w i t h  f i n e  e m e r y
cloth or crocus cloth, it must be
replaced.

Figure 11C-55. Fuel  Pump Parts

Fuel System and Governor 11C-31



Figure 11C-56. Installing Inner Oil
Seal

s e a l  f a c i n g  t h e  a d a p t o r .  T h e n  i n s e t
t h e  p i l o t  o f  t h e  i n s t a l l e r  h a n d l e  i n t o
t h e  p u m p  b o d y  a n d  d r i v e  t h e  s e a l  i n
( F i g u r e  1 1 C - 5 7  o n  p a g e  1 1 C - 3 2 )  u n t i l
t h e  s h o u l d e r  o f  t h e  a d a p t o r  c o n t a c t s
t h e  p u m p  b o d y .  T h u s  t h e  o i l  s e a l s
w i l l  b e  p o s i t i o n e d  s o  t h a t  t h e  s p a c e
between them w i l l  co r respond w i th  the
d r a i n  h o l e s  l o c a t e d  i n  t h e  b o t t o m  o f
t h e  p u m p  b o d y .

2 .  C l a m p  t h e  p u m p  b o d y  i n  a  b e n c h  v i s e
( e q u i p p e d  w i t h  s o f t  j a w s )  w i t h  t h e  v a l v e
c a v i t y  u p .  L u b r i c a t e  t h e  o u t s i d e  d i a m -
e ter  o f  the  va lve  and p lace  i t  in  the  cav i -
t y  w i t h  t h e  h o l l o w  e n d  u p .  I n s e r t  t h e
s p r i n g i n s i d e  o f  t h e  v a l v e  a n d  t h e  p i n
i n s i d e  o f  t h e  s p r i n g . Wi th  a  new gaske t
i n  p l a c e  n e x t  t o  t h e  h e a d  o f  t h e  v a l v e
p l u g ,  p l a c e  t h e  p l u g  o v e r  t h e  s p r i n g  a n d
t h r e a d  i t  i n t o  t h e  p u m p  b o d y .  T i g h t e n
t h e  1 / 2 " - 2 0  p l u g  t o  1 8 - 2 2  l b - f t  ( 2 4 - 3 0
Nm)  to rque .

3 .  I n s t a l l  t h e  f u e l  p u m p  d r i v e  g e a r  o v e r
t h e  e n d  o f  t h e  d r i v e  s h a f t  w h i c h  i s  n o t
squared  (so  the  s lo t  in  the  gear  w i l l  face
t h e  p l a i n  e n d  o f  t h e  s h a f t ) .  T h i s  o p e r a -
t i o n  i s  v e r y  i m p o r t a n t ,  o t h e r w i s e  f i n e
score  marks  caused  by  p ress ing  the  gear
i n t o  p o s i t i o n  f r o m  t h e  s q u a r e  e n d  o f  t h e
s h a f t  m a y  c a u s e  r a p i d  w e a r  o f  t h e  o i l
s e a l s .  P r e s s  t h e  g e a r  b e y o n d  t h e  g e a r
r e t a i n i n g  b a l l  d e t e n t .  T h e n  p l a c e  t h e
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Seal
Figure 11C-57. Installing Outer Oil

p r e s s  t h e  g e a rb a i l  i n  t h e  d e t e n t  a n d
b a c k  u n t i l  t h e  e n d  o f  t h e  s l o t  c o n t a c t s
the ball.

4 .  L u b r i c a t e  t h e  p u m p  s h a f t  a n d  i n s e r t
t h e  s q u a r e  e n d  o f  t h e  s h a f t  i n t o  t h e
o p e n i n g  a t  t h e  g e a r  s i d e  o f  t h e  p u m p
b o d y  a n d  t h r o u g h  t h e  o i l  s e a l s  a s  s h o w n
in Figure 11C-58 on page 11C-33.

5 .  P l a c e  t h e  d r i v e n  s h a f t  a n d  g e a r  a s -
sembly  in  the  pump body .

NOTE

T h e  d r i v e n  g e a r  m u s t  b e  c e n t e r e d
o n  t h e  s h a f t  t o  g i v e  p r o p e r  e n d
c l e a r a n c e .  A l s o ,  t h e  c h a m f e r e d
e n d  o f  t h e  g e a r  t e e t h  o f  t h e  p r o -
d u c t i o n  g e a r  m u s t  f a c e  t h e  p u m p
b o d y .  I f  a  s e r v i c e  r e p l a c e m e n t
g e a r  w i t h  a  s l o t  i s  u s e d ,  t h e  s l o t
mus t  face  toward  the  pump cover .

6 .  L u b r i c a t e  t h e  g e a r s  a n d  s h a f t s  w i t h
clean engine oi l .

7 .  App ly  a  th in  coa t  o f  qua l i t y  sea lan t  on
the  face  o f  the  pump cover  ou ts ide  o f  the
g e a r  p o c k e t  a r e a .  T h e n  p l a c e  t h e  c o v e r
aga ins t  the  pump body  w i th  the  two dow-
e l  p ins  in  the  cover  en te r ing  the  ho les  in
t h e  p u m p  b o d y .  T h e  c o v e r  c a n  b e  i n -
s t a l l e d  i n  o n l y  o n e  p o s i t i o n  o v e r  t h e  t w o
s h a f t s .



Figure 11C-58. Install Drive Shaft
and Gear

NOTE

The coa t ing  o f  sea lan t  mus t  be  ex -
t r e m e l y  t h i n  s i n c e  t h e  p u m p  c l e a r -
ance have been set up on the basis
o f  m e t a l - t o - m e t a l  c o n t a c t .  T o o
m u c h  s e a l a n t  c o u l d  i n c r e a s e  t h e
c learances  and  a f fec t  the  e f f i c iency
o f  t h e  p u m p .  U s e  c a r e  t h a t  s e a l -
a n t  i s  n o t  s q u e e z e d  i n t o  t h e  g e a r
c o m p a r t m e n t ,  o t h e r w i s e  d a m a g e  t o
the  gears  and  sha f ts  may  resu l t .

8 .  S e c u r e  t h e  c o v e r  i n  p l a c e  w i t h  e i g h t
b o l t s  a n d  l o c k  w a s h e r s ,  t i g h t e n i n g  t h e
bo l ts  a l te rna te ly  and  even ly .

9 .  A f t e r  a s s e m b l y ,  r o t a t e  t h e  p u m p  s h a f t
b y  h a n d  t o  m a k e  c e r t a i n  t h a t  t h e  p a r t s
r o t a t e  f r e e l y .  I f  t h e  s h a f t  d o e s  n o t  r o -
t a t e  f r e e l y ,  a t t e m p t  t o  f r e e  i t  b y  t a p p i n g
a corner of  the pump.

1 0 .  I n s t a l l  1 / 8 "  p i p e  p l u g s  i n  t h e  u p p e r
unused d ra in  ho les .

11 .  I f  the  pump is  no t  to  be  ins ta l led  im-
med ia te ly ,  p lace  p las t i c  sh ipp ing  p lugs  in
t h e  i n l e t  a n d  o u t l e t  o p e n i n g s  t o  p r e v e n t
d i r t  o r  o t h e r  f o r e i g n  m a t e r i a l  f r o m  e n t e r -
ing  the  pump.

Install  Fuel Pump

T h e  p u m p  m u s t  a l w a y s  b e  i n s t a l l e d  w i t h
t h e  i n l e t  o p e n i n g  i n  t h e  p u m p  c o v e r
(marked  “RH IN” )  on  the  s ide  toward  the
c y l i n d e r  b l o c k .  N o t e  i n  F i g u r e  1 1 C - 5 0
on page 11C-29 that the fuel pump is
b o l t e d  t o  t h e  b l o w e r .  T h e  p u m p  i s  d r i v -
en by a drive disc at the rear of the
b l o w e r  l o w e r  r o t o r .  I n s t a l l  t h e  p u m p  a s
fo l lows :

1 .  A f f i x  a  n e w  g a s k e t  t o  t h e  p u m p  b o d y
m o u n t i n g  f l a n g e .  T h e n  p l a c e  t h e  d r i v e
c o u p l i n g  f o r k  o n  t h e  s q u a r e  e n d  o f  t h e
d r i v e  s h a f t .

2. Place the fuel pump against the
b l o w e r ,  b e i n g  c e r t a i n  t h a t  t h e  d r i v e  c o u -
p l i n g  f o r k  r e g i s t e r s  w i t h  t h e  s l o t s  i n  t h e
dr ive  d isc  on  the  b lower  ro to r  sha f t .

3 .  S e c u r e  t h e  p u m p  t o  t h e  b l o w e r  w i t h
th ree  ny lon  pa tch  bo l ts .

4 .  I f  r e m o v e d ,  i n s t a l l  t h e  f u e l  i n l e t  a n d
o u t l e t  f i t t i n g s  i n  t h e  p u m p  c o v e r .

5 .  Connec t  the  in le t  and  ou t le t  fue l  l i nes
to  the  fue l  pump.

6 .  C o n n e c t  t h e  f u e l  p u m p  d r a i n  t u b e ,  i f
used ,  to  the  pump body .

7. If the fuel pump is replaced or
r e b u i l t ,  p r i m e  t h e  f u e l  s y s t e m  b e f o r e
s t a r t i n g  t h e  e n g i n e  u s i n g  t o o l  J  5 9 5 6 .
T h i s  w i l l  p r e v e n t  t h e  p o s s i b i l i t y  o f  p u m p
s e i z u r e  u p o n  i n i t i a l  s t a r t i n g .

FUEL MANIFOLD

Description

T h e  f u e l  i n j e c t o r s  a r e  s u p p l i e d  w i t h  f u e l
o i l  t h r o u g h  p i p e s  c o n n e c t e d  t o  t h e  f u e l
i n l e t  m a n i f o l d .  E x c e s s  f u e l  o i l  i s  r e -
t u r n e d  t o  t h e  f u e l  t a n k  f r o m  t h e  f u e l  i n -
j e c t o r s  t h r o u g h  p i p e s  c o n n e c t e d  t o  t h e
fue l  ou t le t  man i fo ld .

The fuel  in let  and out let  mani fo lds are an
i n t e g r a l  p a r t
h e a d  ( s e e  F i g u r e  1 1 C - 5 9  o n  p a g e

o f  t h e  c u r r e n t  c y l i n d e r

1 1 C - 3 4 ) .  S i n c e  t h e r e  a r e  i n l e t  a n s  o u t l e t
passages  prov ided  oppos i te  each  in jec to r
posit ion in the side of the head as wel l  as
a t  e a c h  e n d ,  g r e a t e r  f l e x i b i l i t y  i s  p e r m i t -
ted  in  the  ins ta l la t ion  o f  the  fue l  l i nes  to
t h e  f u e l  m a n i f o l d s .  T h e  f u e l  p a s s a g e s
a r e  i d e n t i f i e d  b y  t h e  w o r d s  “ I N ”  ( t o p
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m a n i f o l d )  a n d  “ O U T ”  ( b o t t o m  m a n i f o l d )
c a s t  i n  s e v e r a l  p l a c e s  i n  t h e  s i d e  o f  t h e
c y l i n d e r  h e a d .

The  fue l  man i fo ld  connec to rs  a re  assem-
b l e d  t o  t h e  i n t e g r a l  f u e l  m a n i f o l d  c y l i n -
d e r  h e a d ,  u s i n g  s p e c i a l  s t e e l  s e a l i n g
w a s h e r s ,  a n d  t i g h t e n e d  t o  4 0 - 4 5  l b - f t
(54 -61  Nm)  to rque .

A  s p e c i a l  f i t t i n g  w i t h  a  r e s t r i c t e d  o p e n -
i n g  i s  u s e d  i n  t h e  f u e l  o u t l e t  m a n i f o l d  t o
m a i n t a i n  t h e  p r o p e r  p r e s s u r e  w i t h i n  t h e
fue l  sys tem.

MECHANICAL GOVERNORS

Description

H o r s e p o w e r  r e q u i r e m e n t s  o n a n  e n g i n e
m a y  v a r y  d u e  t o  f l u c t u a t i n g  l o a d s ;  t h e r e -
f o r ,  s o m e  m e t h o d  m u s t  b e  p r o v i d e d  t o
c o n t r o l  t h e  a m o u n t  o f  f u e l  r e q u i r e d  t o
h o l d  t h e  e n g i n e  s p e e d  r e a s o n a b l y  c o n -
s t a n t  d u r i n g  l o a d  f l u c t u a t i o n s .  T o  a c -
c o m p l i s h  t h i s  c o n t r o l ,  a  g o v e r n o r  i s
i n t r o d u c e d  i n  t h e  l i n k a g e  b e t w e e n  t h e
t h r o t t l e  c o n t r o l  a n d  t h e  f u e l  i n j e c t o r s .
T h e  g o v e r n o r i s  m o u n t e d  o n  t h e  f r o n t
e n d  o f  t h e  b l o w e r  a n d  i s  d r i v e n  b y  t h e
u p p e r  b l o w e r  r o t o r .  T h i s  m a c h i n e  i s
e q u i p p e d  w i t h  a  v a r i a b l e  s p e e d  m e c h a n -
ica l  governor .

E n g i n e s  s u b j e c t e d  t o  v a r y i n g  l o a d  c o n d i -
t i ons  tha t  requ i re  an  au tomat i c  fue l  com-
p e n s a t i o n  t o  m a i n t a i n  a  n e a r  c o n s t a n t
engine speed, which may be changed ma-
n u a l l y  b y  t h e  o p e r a t o r ,  a r e  e q u i p p e d
w i t h  a  v a r i a b l e  s p e e d  m e c h a n i c a l  g o v e r -
n o r .

T h e  g o v e r n o r  h a s  a n  i d e n t i f i c a t i o n  p l a t e
l o c a t e d  o n  t h e  c o n t r o l  h o u s i n g ,  c o n t a i n -
i n g  t h e  g o v e r n o r  a s s e m b l y  n u m b e r ,
t y p e ,  i d l e  s p e e d  r a n g e  a n d  d r i v e  r a t i o .
the  max imum eng ine  speed,  no t  shown on
t h e  i d e n t i f i c a t i o n  p l a t e ,  i s  s t a m p e d  o n
t h e  o p t i o n  p l a t e  a t t a c h e d  t o  t h e  v a l v e
r o c k e r  c o v e r .

Check Governor Operation

G o v e r n o r  d i f f i c u l t i e s  a r e  u s u a l l y  i n d i -
c a t e d  b y  s p e e d  v a r i a t i o n s  o f  t h e  e n g i n e ;
h o w e v e r , i t  d o e s  n o t  n e c e s s a r i l y  m e a n
t h a t  a l l  s u c h  s p e e d  f l u c t u a t i o n s  a r e
c a u s e d  b y  t h e  g o v e r n o r .  T h e r e f o r e ,
w h e n  i m p r o p e r  s p e e d  v a r i a t i o n s  a r e  p r e -
sen t ,  check  the  eng ine  as  fo l lows :

1 .  M a k e  s u r e  t h e  s p e e d  c h a n g e s  a r e  n o t
the  resu l t  o f  excess ive  load  f luc tua t ions .

2 .  C h e c k  t h e  e n g i n e  t o  b e  s u r e  t h a t  a l l
o f  t h e  c y l i n d e r s  a r e  f i r i n g  p r o p e r l y .  I f
a n y  c y l i n d e r  i s  n o t  f i r i n g  p r o p e r l y ,  r e -
m o v e  t h e  i n j e c t o r ,  t e s t  i t  a n d ,  i f  n e c e s -
s a r y ,  r e c o n d i t i o n  i t  a s  o u t l i n e d  u n d e r
“Fue l  In jec to r ”  on  page  11C-1 .

3 .  C h e c k  f o r  b i n d  t h a t  m a y  e x i s t  i n  t h e
g o v e r n o r  o p e r a t i n g  m e c h a n i s m  o r  i n  t h e
l inkage be tween the  governor  and  the  in -
jec to r  con t ro l  tube .

Wi th  the  fue l  rod  connec ted  to  the  in jec -
t o r  c o n t r o l  t u b e  l e v e r ,  t h e  m e c h a n i s m
s h o u l d  b e  f r e e  f r o m  b i n d  t h r o u g h o u t  t h e
e n t i r e  t r a v e l  o f  t h e  i n j e c t o r  r a c k s .  I f
f r i c t i o n  e x i s t s  i n  t h e  m e c h a n i s m ,  i t  m a y
be located and corrected as fo l lows:

1 .  I f  an  in jec to r  rack  s t i cks  o r  moves  too
hard, it may be due to the injector

Figure 11C-59. Cylinder Head with Integral Fuel Manifolds

11C-34



h o l d - d o w n  c l a m p  b e i n g  t o o  t i g h t  o r  i m -
p r o p e r l y  p o s i t i o n e d .  T o  c o r r e c t  t h i s
c o n d i t i o n ,  l o o s e n  t h e  i n j e c t o r  c l a m p ,  r e -
p o s i t i o n  i t  a n d  t i g h t e n  t h e  c l a m p  b o l t s  t o
20 -25  lb - f t  (27 -34  Nm)  to rque .

2 .  A n  i n j e c t o r  w h i c h  i s  n o t  f u n c t i o n i n g
p r o p e r l y  m a y  h a v e  a  d e f e c t i v e  p l u n g e r
a n d  b u s h i n g  o r  a  b e n t  i n j e c t o r  r a c k .
R e c o n d i t i o n  a  f a u l t y  i n j e c t o r  a s  o u t l i n e d
under  “Fue l  In jec to r ”  on  page  11C-1 .

3 .  A n  i n j e c t o r  r a c k  m a y  b i n d  a s  t h e  r e -
s u l t  o f  a n  i m p r o p e r l y  p o s i t i o n  r a c k  c o n -
t r o l  l e v e r .  L o o s e n  t h e  r a c k  c o n t r o l  l e v e r
a d j u s t i n g  s c r e w s .  i f  t h i s  r e l i e v e s  t h e
b i n d ,  r e l o c a t e  t h e  l e v e r  o n  t h e  c o n t r o l
t u b e  a n d  p o s i t i o n  t h e  r a c k  a s  o u t l i n e d  i n
Subsect ion 11H.

4 .  T h e  i n j e c t o r  c o n t r o l  t u b e  m a y  b i n d  i n
i t s  s u p p o r t  b r a c k e t s ,  t h u s  p r e v e n t i n g
f r e e  m o v e m e n t  o f  t h e  i n j e c t o r  r a c k s  t o
t h e i r  n o - f u e l  p o s i t i o n  d u e  t o  t e n s i o n  o f
t h e  r e t u r n  s p r i n g .  T h i s  c o n d i t i o n  m a y
be cor rec ted  by  loosen ing  and  rea l ign ing
t h e  c o n t r o l  t u b e  s u p p o r t i n g  b r a c k e t s .  I f
t h e  c o n t r o l  t u b e  s u p p o r t  b r a c k e t s  w e r e
l o o s e n e d ,  r e a l i g n e d  a n d  t i g h t e n ,  t h e  i n -
j e c t o r r a c k s  m u s t  b e  r e p o s i t i o n e d  a s
out l ined  in  Subsec t ion  11H.

5 .  A  b e n t  i n j e c t o r  c o n t r o l  t u b e  r e t u r n
s p r i n g  m a y  c a u s e  f r i c t i o n  i n  t h e  o p e r a -
t i o n  o f  t h e  i n j e c t o r  c o n t r o l  t u b e . I f  t h e
s p r i n g  h a s  b e e n  b e n t  o r  o t h e r w i s e  d i s -
t o r t e d ,  i n s t a l l  a  n e w  s p r i n g .

6 .  C h e c k  f o r  b i n d  a t  t h e  p i n  w h i c h  c o n -
n e c t s  t h e  f u e l  r o d  t o  t h e  i n j e c t o r  c o n t r o l
tube lever; replace the pin, if
necessary .

I f ,  a f t e r  m a k i n g  t h e s e  c h e c k s ,  t h e  g o v -
ernor fails to control the engine
p r o p e r l y ,  r e m o v e  a n d  r e c o n d i t i o n  t h e
g o v e r n o r .

VARIABLE SPEED MECHANICAL GOV-
ERNOR

Description

T h e  v a r i a b l e  s p e e d  m e c h a n i c a l  g o v e r n o r
( F i g u r e  1 1 C - 6 0  o n  p a g e  1 1 C - 3 6 )  p e r -
fo rms  th ree  func t ions :

1 .  Cont ro ls  the  eng ine  id le  speed.

2.  L imits the maximum no- load speed.

3 .  H o l d  t h e  e n g i n e  a t  a n y  c o n s t a n t
speed, between id le and maximum, as de-
s i r e d  b y  t h e  o p e r a t o r .

T h e  s i n g l e  w e i g h t  g o v e r n o r  i s  m o u n t e d
o n the f r o n t t h e b l o w e r
( F i g u r e  1 1 C - 6 1  o n  p a g e  1 1 C - 3 6 )  a n d  i s
d r i v e n  b y  t h e  u p p e r  b l o w e r  r o t o r .

The  governor  cons is ts  o f  fou r  subassem-
b l ies :

1 .  Cont ro l  Hous ing  Cover .

2 .  C o n t r o l  H o u s i n g .

3 .  Weigh t  and  Hous ing .

4 .  V a r i a b l e  S p e e d  S p r i n g  H o u s i n g  a n d
S h a f t .

Operation

mov ing  the  speed con t ro l  l ever .

Two manua l  con t ro ls  a re  p rov ided  on  the
v a r i a b l e  s p e e d  g o v e r n o r :  a  s t o p  l e v e r
( F i g u r e  1 1 C - 6 0  o n  p a g e  1 1 C - 3 6 )  f o r
s t a r t i n g  a n d  s t o p p i n g ,  a n d  a  s p e e d  c o n -
t r o l  l e v e r .  F o r  s t a r t i n g ,  t h e  s t o p  l e v e r
i s  m o v e d  t o  t h e  R U N  p o s i t i o n ,  w h i c h
h o l d s  t h e  i n j e c t o r  c o n t r o l  r a c k s  n e a r  t h e
f u l l - f u e l  p o s i t i o n .  U p o n  s t a r t i n g ,  t h e
governor  moves  the  in jec to r  racks  toward
t h e  i d l e  s p e e d  p o s i t i o n .  T h e  e n g i n e
speed i s  t h e n  c o n t r o l l e d  m a n u a l l y  b y

T h e  c e n t r i f u g a l  f o r c e  o f  t h e  r e v o l v i n g
g o v e r n o r  w e i g h t s  i s  c o n v e r t e d  i n t o  l i n e a r
mot ion , w h i c h  i s  t r a n s m i t t e d  t h r o u g h  t h e
r i s e r  a n d  o p e r a t i n g  s h a f t  t o  t h e  o p e r a t -
i n g  s h a f t  l e v e r .  O n e  e n d  o f  t h e  o p e r a t -
i n g  l e v e r  b e a r s  a g a i n s t  t h e  v a r i a b l e
s p e e d  s p r i n g  p l u n g e r ,  w h i l e  t h e  o t h e r
e n d  p r o v i d e s  a  c h a n g i n g  f u l c r u m  o n
w h i c h  t h e  d i f f e r e n t i a l  l e v e r  p i v o t s .

T h e  c e n t r i f u g a l  f o r c e  o f  t h e  g o v e r n o r
we ights  is  opposed by  the  var iab le  speed
s p r i n g .  L o a d  c h a n g e s  o r  m o v e m e n t  o f
the  speed  con t ro l  l eve r  momenta r i l y  c re -
a tes  an  unba lanced  fo rce  be tween  the  re -
v o l v i n g  g o v e r n o r  w e i g h t s  a n d  t e n s i o n  o n
t h e  v a r i a b l e  s p e e d  s p r i n g . W h e n  t h e
f o r c e s  r e a c h  a  b a l a n c e  c o n d i t i o n  a g a i n ,
t h e  e n g i n e  s p e e d  w i l l  b e  s t a b i l i z e d  f o r
the  new speed se t t ing  o r  new load .

A  f u e l  r o d  c o n n e c t e d  t o  t h e  d i f f e r e n t i a l
l e v e r  a n d  i n j e c t o r  c o n t r o l  t u b e  l e v e r
p r o v i d e s  a  m e a n s  f o r  t h e  g o v e r n o r  t o
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Figure 11C-60. Variable Speed Mechanical Governor

c h e c k  t h e  f u e l  s e t t i n g s  o f  t h e  i n j e c t o r
con t ro l  racks .

T h e  e n g i n e  i d l e  s p e e d  i s  d e t e r m i n e d  b y
t h e  c e n t r i f u g a l  f o r c e  r e q u i r e d  t o  b a l a n c e
o u t  t h e  t e n s i o n  o n  t h e  v a r i a b l e  s p e e d
spr ing  in  the  low speed range.

Figure 11C-61. Variable Speed
Governor Mounting

11C-36

A d j u s t m e n t  o f  t h e  e n g i n e  i d l e  s p e e d  i s
accompl i shed  by  chang ing  the  tens ion  on
t h e  v a r i a b l e  s p e e d  s p r i n g  b y  m e a n s  o f
t h e  i d l e  s p e e d  a d j u s t i n g  s c r e w .  R e f e r  t o
Subsection 11H for idle speed
ad jus tment .

Adjustment of  the maximum no- load speed
is a c c o m p l i s h e d  b y  v a r y i n g  t h e  t e n s i o n
o n  t h e  v a r i a b l e  s p e e d  s p r i n g  b y  t h e  i n -
s ta l la t ion  o r  remova l  o f  s tops  and  sh ims,
as required Refer to Subsection 11H
for maximum no- load speed adjustment.

Lubrication

S u r p l u s  o i l  r e t u r n i n g  f r o m  t h e  c y l i n d e r
h e a d  p r o v i d e s  l u b r i c a t i o n  f o r  t h e  p a r t s
i n  t h e  g o v e r n o r  c o n t r o l  h o u s i n g ,  t h e  r i s -
e r  t h r u s t  b e a r i n g s ,  a n d  t h e  w e i g h t  s h a f t
e n d  b e a r i n g .  O i l ,  p i c k e d  u p  f r o m  a  r e s -
e r v o i r  i n  t h e  b l o w e r  f r o n t  e n d  p l a t e ,  b y
a  s l i n g e r  a t t a c h e d  t o  t h e  l o w e r  r o t o r
s h a f t ,  p r o v i d e s  l u b r i c a t i o n  f o r  t h e  g o v -
e r n o r  w e i g h t s  a n d  w e i g h t  c a r r i e r .

P r e s s u r e  l u b r i c a t i o n  h a s  b e e n  p r o v i d e d
f o r  t h e  w e i g h t  h o u s i n g  b e a r i n g s .  T h e  o i l



t u b e  i s  a t t a c h e d  b e t w e e n  t h e  o i l  g a l l e r y
i n  t h e  c y l i n d e r  b l o c k  a n d  t h e  g o v e r n o r
w e i g h t  h o u s i n g .

Remove Governor

Governor  opera t ion  shou ld  be  checked  as
o u t l i n e d  u n d e r  “ C h e c k  G o v e r n o r  O p e r a -
t ion ”  on  page  11C-34  be fo re  the  governor
i s  r e m o v e d  f r o m  t h e  e n g i n e .  I f ,  a f t e r
p e r f o r m i n g  t h e s e  c h e c k s ,  t h e  g o v e r n o r
f a i l s  t o  c o n t r o l  t h e  e n g i n e  p r o p e r l y ,  i t
shou ld  be  removed and  recond i t ioned .

1 .  R e f e r  t o  F i g u r e  1 1 C - 6 1  o n  p a g e
1 1 C - 3 6  a n d  d i s c o n n e c t  t h e  t h r o t t l e  c o n -
t r o l  r o d  a n d  b o o s t e r  s p r i n g  f r o m  t h e
speed  con t ro l  l ever .

2 .  Remove the  b rea ther  tube .

3 .  R e m o v e  t h e  f o u r  c o v e r  s c r e w s  a n d  l i f t
t h e  g o v e r n o r  c o v e r ,  w i t h  t h e  s t o p  l e v e r
a n d  r e t r a c t i o n  s p r i n g  a n d  c o v e r  g a s k e t
f r o m  t h e  g o v e r n o r  h o u s i n g .

4. Refer to Figure 11C-60 on page
1 1 C - 3 6  a n d  F i g u r e  1 1 C - 6 1  o n  p a g e
1 1 C - 3 6  a n d  d i s c o n n e c t  t h e  f u e l  r o d  f r o m
t h e  d i f f e r e n t i a l  l e v e r  a n d  i n j e c t o r  c o n t r o l
t u b e  l e v e r .

5 .  D i s c o n n e c t  t h e  o i l  t u b e  a t  t h e  g o v e r -
n o r  w e i g h t  h o u s i n g ,  o r  c o v e r ,  i f  u s e d .

6 .  R e m o v e  t h e  t w o  g o v e r n o r - t o - c y l i n d e r
head  bo l t s .

7 .  R e m o v e  t h e  c o n t r o l  h o u s i n g  f r o m  t h e
cy l inder  head and we igh t  hous ing ,

8 .  Use  wrench J  4242 and remove the  s ix
g o v e r n o r  w e i g h t  h o u s i n g - t o - b l o w e r
b o l t s ,  t h e n  w i t h d r a w  t h e  h o u s i n g  f r o m
the  b lower .

Disassemble Governor

W i t h  t h e  c o v e r  r e m o v e d  f r o m  t h e  c o n t r o l
hous ing ,  d isassemble  the  governor  as  fo l -
lows:

1 .  D i s a s s e m b l e  t h e  g o v e r n o r  c o v e r
( F i g u r e  1 1 C - 6 2 ) .

A .  L o o s e n  t h e  c l a m p i n g  b o l t  a n d  r e m o v e
t h e  s t o p  l e v e r  f r o m  t h e  s h a f t .  R e -
m o v e  t h e  l e v e r  t o r s i o n  r e t r a c t i o n
s p r i n g .

B.

C.

D.

E.

2.

Figure 11C-62. Governor Cover
Details

R e m o v e  t h e  c o n t r o l  s h a f t  l o c k  r i n g
a n d  s e a l  r e t a i n e r .  W i t h d r a w  t h e  c o n -
t ro l  sha f t  f rom the  cover .

Remove  the  sea l  r i ng  f rom the  gover -
nor  cover .

W a s h  t h e  c o v e r  a s s e m b l y  ( t h e  c o v e r
a s s e m b l y  c o n t a i n s  a  b u s h i n g  w h i c h  i s
n o t  s e r v i c e d .  W h e n  r e p l a c e m e n t  i s
n e c e s s a r y  u s e  n e e d l e  b e a r i n g s )  t h o r -
o u g h l y  i n  c l e a n  f u e l  o i l  a n d  i n s p e c t
t h e  n e e d l e  b e a r i n g s  o r  b u s h i n g s  f o r
wear or  damage.

I f  n e e d l e  b e a r i n g  o r  b u s h i n g  r e m o v a l
i s  n e c e s s a r y ,  p l a c e  t h e  i n n e r  f a c e  o f
the  cover  over  the  open ing  in  the  bed
o f  a n  a r b o r  p r e s s  ( s e e  F i g u r e  1 1 C - 6 3
o n  p a g e  1 1 C - 3 8 ) .  P l a c e  r e m o v e r  J
2 1 9 6 7 - 0 1  o n  t o p  o f  t h e  b e a r i n g  o r
b u s h i n g  a n d  p r e s s  b o t h  b e a r i n g s  o r
bush ings  ou t  o f  the  cover .

D i s a s s e m b l e  t h e  g o v e r n o r  c o n t r o l
h o u s i n g .

A .  P l a c e  t h e  c o n t r o l  h o u s i n g  i n  t h e  s o f t
j a w s  o f  a  v i s e  ( s e e  F i g u r e  1 1 C - 6 4  o r
p a g e  1 1 C - 3 8 )
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B.

C.

D.

E.

Figure 11C-63. Removing Bearings
from Cover Using J 23967-01

R e m o v e  t w o  b o l t s  a n d  l o c k  w a s h e r s
a n d  w i t h d r a w  t h e  v a r i a b l e  s p e e d
s p r i n g  h o u s i n g ,  s p r i n g  p l u n g e r ,  a n d
s p r i n g  a s  a n  a s s e m b l y .  W i t h d r a w  t h e
s p r i n g  p l u n g e r  f r o m  t h e  p l u n g e r
g u i d e .

Figure 11C-64. Governor Control
Housing Details

Remove the  spr ing  re ta iner  and  wash- ing  lever  and  bear ing  as  an  assembly
e r .  L i f t  t h e  d i f f e r e n t i a l  l e v e r  o f f  t h e from the control housing (see
p in  o f  the  opera t ing  sha f t  lever . F igure  11C-64) .

R e f e r  t o  F i g u r e  1 1 C - 6 5  o n  p a g e
11 C-39 and remove the var iable speed
s p r i n g  p l u n g e r  g u i d e .  R e m o v e  t h e
b e a r i n g  r e t a i n i n g  s c r e w ,  f l a t  w a s h e r
and lock washer.

H .  S u p p o r t  t h e  o p e r a t i n g  s h a f t  a n d  l e v e r
o n  t h e  b e d  o f  t h e  p r e s s  a s  s h o w n  i n
F igure  11C-67  on  page  11C-39 .  Use  a
b r a s s  r o d  a n d  p r e s s  t h e  s h a f t  f r o m
the  opera t ing  lever  and  bear ing .

Remove the  expans ion  p lug  ou t  o f  the
lower  end  o f  the  con t ro l  hous ing . 3 .  D isassemble  the  governor  we igh t  hous-

i n g .
F .  L o o s e n  t h e  o p e r a t i n g  f o r k  s e t  s c r e w ,

i f  used.

G .  S u p p o r t  t h e  c o n t r o l  h o u s i n g  b o t t o m
s ide  up  on  the  bed  o f  the  p ress . Use
a  b r a s s  r o d  a n d  p r e s s  t h e  o p e r a t i n g
s h a f t  f r o m  t h e  o p e r a t i n g  f o r k  ( s e e
F i g u r e  1 1 C - 6 6  o n  p a g e  1 1 C - 3 9 ) .
W i t h d r a w  t h e  o p e r a t i n g  s h a f t ,  o p e r a t -

11C-38

A .  P l a c e  t h e  w e i g h t  h o u s i n g  i n  t h e  s o f t
jaws of a vise (Figure 11C-68 on
p a g e  1 1 C - 4 0 ) .  R e m o v e  t h e  e n d  p l u g
and gaske t .

B .  S t r a i g h t e n  t h e  t a n g  o f  t h e  l o c k  w a s h -
e r  a n d  r e m o v e  t h e  b e a r i n g  r e t a i n i n g
b o l t .



Figure 11C-65. Removing Variable
Speed Spring Plunger Guide

C .  T h r e a d  a  5 / 1 6 " - 2 4  x  3 "  b o l t  i n t o  t h e
t a p p e d  e n d  o f  t h e  w e i g h t  s h a f t .  S u p -
p o r t  t h e  w e i g h t  h o u s i n g  o n  t h e  b e d  o f
t h e  p r e s s  a s  s h o w n  i n  F i g u r e  1 1 C - 6 9
o n  p a g e  1 1 C - 4 0 ,  t h e n  p r e s s  t h e  s h a f t
f rom the  bear ing .

Figure 11C-67. Removing Operating
Shaft from Lever

Figure 11C-66. Removing Operat ing
Sha f t  f rom Fork

D .  S l i d e  t h e  r i s e r  t h r u s t  b e a r i n g  a n d
g o v e r n o r  r i s e r  f r o m  t h e  s h a f t .

T h i s  b e a r i n g  i s  s p e c i a l l y  d e s i g n e d  t o
a b s o r b  t h r u s t  l o a d ;  t h e r e f o r e ,  l o o s e -
n e s s  b e t w e e n  t h e  m a t i n g  p a r t s  d o e s
not  ind ica te  excess ive wear .

E .  R e m o v e  t h e  b e a r i n g  f r o m  t h e  w e i g h t
h o u s i n g .

F .  U s e  t o o l  J 4 8 8 0  a n d  r e m o v e  o n e  l o c k
r i n g  f r o m  e a c h  w e i g h t  p i n .  W i t h d r a w
t h e  p i n s ,  f l a t  w a s h e r s  a n d  g o v e r n o r
w e i g h t s .

G .  I f  r e q u i r e d ,  t h e  w e i g h t  c a r r i e r
( F i g u r e  1 1 C - 6 8  o n  p a g e  1 1 C - 4 0 )  m a y
b e  p r e s s e d  f r o m  t h e  g o v e r n o r  w e i g h t
sha f t  and  a  new car r ie r  ins ta l led .

4 .  D i s a s s e m b l e  t h e  g o v e r n o r  v a r i a b l e
s p e e d  s p r i n g  h o u s i n g .

A .  R e f e r  t o  F i g u r e  1 1 C - 6 0  o n  p a g e
1 1 C - 3 6  a n d  w i t h d r a w  t h e  v a r i a b l e
s p e e d  s p r i n g ,  s t o p s ,  s p r i n g  p l u n g e r
and  sh ims f rom the  spr ing  hous ing .

B .  L o o s e n  t h e  b o l t  a n d  w i t h d r a w  t h e
s p e e d  c o n t r o l  l e v e r  f r o m  t h e  s p e e d
c o n t r o l  l e v e r  s h a f t .  R e m o v e  t h e  W o o -
d r u f f  k e y  ( F i g u r e  1 1 C - 7 2  o n  p a g e
11C-43)  f rom the  sha f t .

C .  R e m o v e  t h e  p l a i n  w a s h e r  a n d  s e a !
f rom the  sha f t .
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D.

E.

Figure 11C-68 Governor Weight Housing Details

R e m o v e  o n e  s c r e w  a n d  l o c k  w a s h e r
a n d  r e m o v e  t h e  s p r i n g  h o u s i n g  c o v e r
a n d  g a s k e t .  T h e n  r e m o v e  t h e  s e t
sc rew f rom the  spr ing  lever .

a n d  t h e  s p r i n g  - l e v e r  f r o m  t h e

S u p p o r t  t h e  s p r i n g  h o u s i n g  o n  t h e
b e d  o f  t h e  p r e s s  w i t h  t h e  s h a f t  u p .
U s e  a  b r a s s  r o d  a n d  p r e s s  t h e  s h a f t ,
p l u g  a n d  b e a r i n g  f r o m  t h e  h o u s i n g .
R e m o v e  t h e  b e a r i n g  f r o m  t h e  s h a f t

housing.

Figure 11C-69. Removing Governor
Weight and Shaft

11C-40

F .  I f  r e q u i r e d ,  t h e  s e c o n d  b e a r i n g  m a y
be  p ressed  f rom the  hous ing .

Inspection

C l e a n  a l l  o f  t h e  p a r t s  w i t h  f u e l  o i l  a n d
dry  them wi th  compressed a i r .

I n s p e c t  a l l  o f  t h e  g o v e r n o r  c o m p o n e n t s
and replace worn or  damaged parts.

R e v o l v e  t h e  o p e r a t i n g  s h a f t  b e a r i n g  a n d
t h e  g o v e r n o r  w e i g h t  s h a f t  b e a r i n g  s l o w l y
b y  h a n d ; r e p l a c e  t h e  b e a r i n g s  i f  r o u g h
or  t igh t  spo ts  a re  de tec ted .

I n s p e c t  t h e  o p e r a t i n g  s h a f t  a n d  s h a f t
b u s h i n g  f o r  e x c e s s i v e  w e a r .  I f  e x c e s -
s i v e  w e a r  i s  n o t e d ,  a  n e w  b u s h i n g  a n d
sha f t  mus t  be  ins ta l led .

E x a m i n e  t h e  r i s e r  t h r u s t  b e a r i n g  f o r  e x -
cess ive  wear , f i a t  s p o t s  o r  c o r r o s i o n .  I f
a n y  o f  t h e s e  c o n d i t i o n s  e x i s t ,  a  n e w
thrust bearing assembly must be in-
stalled.

I n s p e c t  t h e  n e e d l e  b e a r i n g  o r  b u s h i n g
a n d  t h e  c o n t r o l  l e v e r  s h a f t  f o r  e x c e s s i v e
w e a r  o r  f l a t  s p o t s .  I f  o n e  o r  b o t h  c o n d i -
t i o n s  e x i s t s ,  n e w  b e a r i n g s  a n d  c o n t r o l
sha f t  mus t  be  ins ta l led .



T h e  b u s h i n g  c o n t a i n e d  i n  t h e  c o v e r  a s -
s e m b l i e s  i s  n o t  s e r v i c e d .  W h e n  r e p l a c e -
ment  i s  necessary ,  use  need le  bear ings .

I n s p e c t  t h e  s p r i n g  l e v e r  s h a f t  a n d  b e a r -
i n g s  f o r  e x c e s s i v e  w e a r  o r  f l a t  s p o t s  a t
t h e  b e a r i n g  s u r f a c e .  I f  o n e  o r  b o t h  c o n -
d i t i o n s  e x i s t s ,  a  n e w  s h a f t  a n d  b e a r i n g s
must  be  ins ta l led .

W h e n  i n s t a l l i n g  a  n e w  b e a r i n g  i n  t h e
s p r i n g h o u s i n g  l e v e r  a s s e m b l y , ,  n o t e
t h a t  t h e  r o l l e r  t y p e  b e a r i n g  r i d e s  o n  a
h a r d e n e d  b e a r i n g  p i n  a n d  i s  a  p r e s s  f i t
i n  t h e  s p r i n g  l e v e r .  A l s o ,  w h e n ,  i n s t a l -
ling the roller type bearing, the
pressed- in  p in  mus t  be  be low the  sur face
o f  t h e  l e v e r  a n d  s t a k e d  i n  t h r e e  p l a c e s
on both  s ides .

E x a m i n e  t h e  w e i g h t  c a r r i e r  p i n s  a n d
b e a r i n g s  f o r  e x c e s s i v e  w e a r  a n d  f l a t
s p o t s .  I f  e i t h e r  o f  t h e s e  c o n d i t i o n s
ex is t ,  new par ts  must  be  ins ta l led .

C h e c k  t h e  f i n i s h e d  s u r f a c e  o f  t h e  g o v e r -
n o r  w e i g h t s  f o r  f l a t  s p o t s .  I f  f l a t  s p o t s
a r e  n o t e d ,  n e w  w e i g h t  s h o u l d  b e  i n -
s ta l led .

Assemble Governor Cover

1 .  I f  n e w  n e e d l e  b e a r i n g s  a r e  t o  b e  i n -
s t a l l e d  i n  t h e  g o v e r n o r  c o v e r ,  p l a c e  t h e
g o v e r n o r  c o v e r  o n  t h e  b e d  o f  a n  a r b o r
p r e s s  w i t h  t h e  i n n e r  f a c e  o f  t h e  c o v e r
d o w n . S t a r t  a  n e w  n e e d l e  b e a r i n g
s t r a i g h t  i n t o  t h e  b e a r i n g  b o r e  o f  t h e
c o v e r  w i t h  n u m b e r  o n  t h e  b e a r i n g  u p .
T h e n  i n s e r t  b e a r i n g  i n s t a l l e r  J  2 1 0 6 8
( F i g u r e  1 1 C - 7 0 )  i n  t h e  b e a r i n g  a n d
p r e s s  t h e  b e a r i n g  i n  u n t i l  t h e  s h o u l d e r
on  the  too l  con tac ts  the  cover .

2 .  R e v e r s e  t h e  g o v e r n o r  c o v e r  o n  t h e
b e d  o f  t h e  p r e s s  ( i n n e r  f a c e  o f  c o v e r
up). Start the second bearing straight
i n t o  t h e  b o r e  o f  t h e  c o v e r  w i t h  t h e  b e a r -
i n g  n u m b e r  u p .  P r e s s  t h e  b e a r i n g  i n
f lush  w i th  the  cover  w i th  too l  J  21068.

NOTE

D o  n o t  u s e  i m p a c t  t o o l s  t o  i n s t a l l
need le  bear ings .

3 .  Pack  the  need le  bear ings  w i th  g rease .
I f  t h e  c o v e r  c o n t a i n e d  a  b u s h i n g  w h i c h
w a s  n o t  r e m o v e d ,  l u b r i c a t e  i t  w i t h  c l e a n
e n g i n e  o i l .  I n s e r t  t h e  t h r o t t l e  s h a f t
t h r o u g h  t h e  b e a r i n g  o r  b u s h i n g .

Figure 11C-70. Installing Needle
Bearing in Cover

4 .  l n s e r t  a  s e a l  r i n g  o v e r  t h e  t h r o t t l e
s h a f t  a n d  i n t o  t h e  c o u n t e r b o r e  a g a i n s t
t h e  u p p e r  b e a r i n g .  P l a c e  t h e  r e t a i n e r
over  the  sha f t  and  aga ins t  the  sea l  r ing .

5 .  L o c a t e  t h e  l o c k  r i n g  i n  t h e  g r o o v e  o f
t h e  t h r o t t l e  s h a f t .

6 .  P l a c e  t h e  t o r s i o n  r e t r a c t i o n  s p r i n g
o v e r  t h e  c o v e r  h u b  w i t h  t h e  h o o k e d  e n d
up  (see  F igure  11C-61  on  page  11C-36) .
T h e n  p l a c e  t h e  s t o p  l e v e r  o n  t h e  s h a f t
and  t igh ten  the  c lamp ing  bo l t .

Assemble Governor Control Housing

1 .  P l a c e  t h e  b e a r i n g  w a s h e r  o v e r  t h e
s h o r t ,  f i n i s h e d  e n d  o f  t h e  o p e r a t i n g
shaft (see Figure 11C-64 on page
1 1 C - 3 8 ) .  S t a r t  t h e  b e a r i n g  o v e r  t h e  e n d
o f  t h e  s h a f t .  S u p p o r t  t h e  o p p o s i t e  e n d
o f  t h e  s h a f t  o n  t h e  b e d  o f  t h e  p r e s s .
Us ing  a  s leeve  hav ing  the  same d iameter
a s  t h e  b e a r i n g  i n n e r  r a c e ,  p r e s s  t h e
b e a r i n g  o n  t h e  s h a f t  t i g h t  a g a i n s t  t h e
w a s h e r .

2 .  W i t h  t h e  p i v o t  p i n  i n  t h e  o p e r a t i n g  l e -
v e r  u p ,  s t a r t  t h e  l e v e r  o v e r  t h e  e n d  o f
the  sha f t  w i th  the  f la t  on  the  sha f t  reg is -
t e r i n g  w i t h  t h e  f l a t  s u r f a c e  i n  t h e  l e v e r .
Press  the  lever  on  the  shaf t  t igh t  aga ins t
t h e  b e a r i n g .
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3 .  L u b r i c a t e  t h e  b e a r i n g  a n d  o p e r a t i n g
s h a f t  b u s h i n g  i n  t h e  h o u s i n g  w i t h  c l e a n
e n g i n e  o i l .  I n s e r t  t h e  l e v e r  a n d  o p e r a t -
ing shaft assembly in the control 
hous ing .

4 .  P o s i t i o n  t h e  o p e r a t i n g  f o r k  o v e r  t h e
l o w e r  e n d  o f  t h e  o p e r a t i n g  s h a f t  s o  t h e
f i n i s h e d  s i d e  o f  t h e  f o r k  f i n g e r s  w i l l  r e s t
a g a i n s t  t h e  t h r u s t  b e a r i n g  a s  s h o w n  i n
Figure 11C-60 on page 11C-36.

5 .  S u p p o r t  t h e  o p e r a t i n g  s h a f t  a n d  c o n -
t r o l  h o u s i n g  o n  t h e  b e d  o f  a n  a r b o r
p r e s s  w i t h  t h e  u p p e r  e n d  o f  t h e  s h a f t
r e s t i n g  o n  a  s t e e l  b l o c k .  A l i g n  t h e  f l a t
i n  t h e  o p e r a t i n g  f o r k  w i t h  t h e  f l a t  o n  t h e
shaf t ,  then  p lace  the  s leeve  over  the  end
of the shaft and rest it on the fork.
P r e s s  t h e  f o r k  s t r a i g h t  d o w n  t i g h t
aga ins t  the  shou lder  on  the  sha f t .

6 .  T i g h t e n  t h e  f o r k  s e t  s c r e w  ( i f  u s e d ) .

7 .  P l a c e  t h e  d i f f e r e n t i a l  l e v e r  o v e r  t h e
p i v o t  p i n  o f  t h e  o p e r a t i n g  l e v e r .  I n s t a l l
the  p la in  washer  and  spr ing  re ta iner .

8 .  P l a c e  t h e  l o c k  w a s h e r  a n d  t h e  f l a t
washer  over  the  bear ing  re ta in ing  screw.
R e f e r  t o  F i g u r e  1 1 C - 6 0  o n  p a g e  1 1 C - 3 6
and th read  the  sc rew in  the  con t ro l  hous-
ing  t igh t  to  secure  the  bear ing .

9. Refer to Figure 11C-65 on page
1 1 C - 3 9  a n d  i n s e r t  t h e  v a r i a b l e  s p e e d
spr ing  p lunger  gu ide  in  the  con t ro l  hous-
i n g .

1 0 .  A p p l y  a  g o o d  q u a l i t y  s e a l a n t  a r o u n d
t h e  o u t e r  p e r i p h e r y  o f  t h e  e x p a n s i o n
p lug  and  tap  the  p lug  in to  the  lower  end
o f  the  con t ro l  hous ing .

Assemble Governor Weight Housing

1 .  I n s t a l l  t h e  l o c k  r i n g  i n  t h e  g r o o v e  o f
t h e  w e i g h t  p i n  ( s e e  F i g u r e  1 1 C - 6 8  o n
page 11C-40). Place the flat washer
over  the  p in  and aga ins t  the  lock  r ing .

2 .  S t a r t  t h e  p i n  t h r o u g h  t h e  o p e n i n g  i n
t h e  w e i g h t  c a r r i e r .  P l a c e  t h e  s e c o n d
washer  over  the  p in  and aga ins t  the  p ro-
jec t ing  a rm o f  the  we igh t  ca r r ie r .

3 .  P o s i t i o n  t h e  g o v e r n o r  w e i g h t  b e t w e e n
t h e  p r o j e c t i n g  a r m s  o f  t h e  w e i g h t
c a r r i e r .  P u s h  t h e  p i n  t h r o u g h  t h e  g o v -
e r n o r  w e i g h t .  P l a c e  t h e  t h i r d  f l a t  w a s h -
er  over  the  p in  and aga ins t  the  we igh t .
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4 .  T h e n  p u s h  t h e  p i n  c o m p l e t e l y  t h r o u g h
t h e  w e i g h t  c a r r i e r  a n d  p l a c e  t h e  f o u r t h
f l a t  w a s h e r  o v e r  t h e  p i n  a n d  a g a i n s t  t h e
p r o j e c t i n g  a r m  o f  t h e  w e i g h t  c a r r i e r .
Ins ta l l  the  second lock  r ing  in  the  g roove
o f  t h e  w e i g h t  c a r r i e r  p i n .

5 .  I n s t a l l  t h e  s e c o n d  g o v e r n o r  w e i g h t  i n
the same manner.

6 .  S l i d e  t h e  r i s e r  o v e r  t h e  s h a f t  a n d
a g a i n s t  t h e  f i n i s h e d  s u r f a c e s  o f  t h e  g o v -
ernor  we igh ts  as  shown in  F igure  11C-60
on page 11C-36.

7 .  A s s e m b l e  t h e  r i s e r  t h r u s t  b e a r i n g  o n
t h e  w e i g h t  s h a f t  w i t h  t h e  b e a r i n g  r a c e
h a v i n g  t h e  s m a l l e r  i n s i d e  d i a m e t e r
a g a i n s t  t h e  t h r u s t  r i s e r .  I n c o r r e c t  i n -
s ta l la t ion  o f  the  bear ing  w i l l  resu l t  i n  e r -
ra t i c  opera t ion  o f  the  governor .

8 .  I n s e r t  t h e  w e i g h t  c a r r i e r  a n d  s h a f t
assembly  in  the  we igh t  hous ing .

9 .  S u p p o r t  t h e  s p l i n e d  e n d  o f  t h e  s h a f t
o n  t h e  b e d  o f  a n  a r b o r  p r e s s .  S t a r t  t h e
s h a f t  e n d  b e a r i n g  i n  t h e  h o u s i n g  a n d
o v e r  t h e  e n d  o f  t h e  s h a f t  w i t h  t h e  n u m -
b e r e d  s i d e  o f  t h e  b e a r i n g  f a c i n g  a w a y
f r o m  t h e  s h a f t .  P r e s s  t h e  b e a r i n g  i n
p lace  w i th  a  s leeve  tha t  bears  aga ins t  the
inner  race .

1 0 .  P l a c e  a  w a s h e r  ( F i g u r e  1 1 C - 6 8  o n
p a g e  1 1 C - 4 0 )  o v e r  t h e  b e a r i n g  r e t a i n i n g
b o l t .  T h r e a d  t h e  b o l t  i n t o  t h e  t a p p e d
e n d  o f  t h e  s h a f t  a n d  t i g h t e n  i t .  B e n d
t h e  t a n g  o f  t h e  w a s h e r  a g a i n s t  t h e  h e a d
o f  the  bo l t .

1 1 .  P l a c e  a  g a s k e t  i n  t h e  h o u s i n g  a n d
a g a i n s t  t h e  b e a r i n g .  A p p l y  a  L o c t i t e
s e a l a n t ,  g r a d e  H V ,  o r  e q u i v a l e n t ,  t o  t h e
f u l l  3 6 0 °  c i r c u m f e r e n c e  o f  t h e  e n d  p l u g
a n d  t h r e a d  t h e  p l u g  i n t o  t h e  t a p p e d  e n d
o f  t h e  g o v e r n o r  w e i g h t  h o u s i n g .  T i g h t -
e n  t h e  p l u g  t o  4 5  l b - f t  ( 6 1  N m )  t o r q u e
w i t h  e i t h e r  t h e  f l a t  o r  t h e  p o i n t  o f  t h e
head on a hor izontal  l ine.

Assemble Variable Speed Spring Housing

1. Refer to Figure 11C-71 on page
1 1 C - 4 3  a n d  F i g u r e  1 1 C - 7 2  o n  p a g e
11C-43 .  Lubr i ca te  the  speed  con t ro l  l ever
s h a f t  n e e d l e  b e a r i n g s  w i t h  S h e l l  A l v a n i a
N o .  2  g r e a s e  o r  e q u i v a l e n t .  T h e n  s t a r t
o n e  o f  t h e  b e a r i n g s ,  n u m b e r e d  e n d  u p ,
s t r a i g h t  i n  t h e  b e a r i n g  b o r e  i n  t h e  r i g h t
hand s ide  o f  the  spr ing  hous ing .



Figure  11C-71 .  Cross  Sec t ion  o f
Governor Variable Speed Spring

Housings

I n s t a l l  t h e  n e e d l e  b e a r i n g  p i l o t  r o d  J
9196-2  in  the  ins ta l le r  body  J  9196-1  and
s e c u r e  i t  i n  p l a c e  w i t h  t h e  r e t a i n i n g
screw.

2 .  P lace  the  p i lo t  rod  end  o f  the  bear ing
i n s t a l l e r  a s s e m b l y  i n  t h e  b e a r i n g .  S u p -
p o r t  t h e  s p r i n g  h o u s i n g ,  b e a r i n g  a n d  i n -
stal ler  on a short  s leeve on the bed of  an
a r b o r  p r e s s  a s  s h o w n  i n  F i g u r e  1 1 C - 7 3
o n  p a g e  1 1 C - 4 4 ,  t h e n  p r e s s  t h e  b e a r i n g
i n  t h e  h o u s i n g  u n t i l  t h e  s h o u l d e r  o n  t h e
ins ta l le r  con tac ts  the  hous ing .

NOTE

When the  shou lder  on  the  ins ta l l e r
b o d y  c o n t a c t s  t h e  h o u s i n g ,  t h e
b e a r i n g  w i l l  b e  p r o p e r l y  p o s i t i o n e d
in  the  hous ing .

3 .  I f  r e m o v e d ,  i n s t a l l  t h e  s p r i n g  l e v e r
Woodru f f  key  in  the  cen ter  keyway in  the
speed con t ro l  l ever  sha f t .

4 .  P l a c e  t h e  s p r i n g  l e v e r  a s s e m b l y  b e -
t w e e n  t h e  b e a r i n g  b o r e s  i n s i d e  t h e
s p r i n g  h o u s i n g  w i t h  t h e  a r m  ( r o l l e r  e n d )
o f  the  lever  fac ing  ou t .

5 .  I n s e r t  t h e  c o r r e c t  e n d  o f  t h e  s i n g l e
l e v e r  t y p e , s p e e d  c o n t r o l  l e v e r  s h a f t
( F i g u r e  1 1 C - 7 1 )  t h r o u g h  t h e  b e a r i n g
b o r e  i n  t h e  s i d e  o f  t h e  s p r i n g  h o u s i n g ,
o p p o s i t e  t h e  b e a r i n g  p r e v i o u s l y
i n s t a l l e d .  A l i g n  t h e  k e y  i n  t h e  s h a f t
w i t h  t h e  k e y w a y  i n  t h e  s p r i n g  l e v e r ,  a n d
p u s h  t h e  s h a f t  t h r o u g h  t h e  l e v e r  a n d  i n
t h e  b e a r i n g  u n t i l  t h e  f l a t  o n  t h e  t o p  o f
the  sha f t  i s  cen te red  under  the  se t  sc rew
ho le  in  the  lever .

6 .  T h r e a d  t h e  s e t  s c r e w  i n t o  t h e  s p r i n g
l e v e r ,  m a k e  s u r e  t h e  p o i n t  o f  t h e  s c r e w
is  sea ted  in  the  f la t  on  the  sha f t .

7 .  P l a c e  t h e  s e c o n d  s p e e d  c o n t r o l  l e v e r
s h a f t  n e e d l e  b e a r i n g ,  n u m b e r e d  e n d  u p ,
o v e r  t h e  p r o t r u d i n g  e n d  o f  t h e  s h a f t  a n d
s t a r t  i t  s t r a i g h t  i n  t h e  b o r e  o f  t h e  h o u s -
ing.

Figure 11C-72. Variable Speed Spring Housing Details

Fuel System and Governor 11C-43



8 .  R e m o v e  t h e  b e a r i n g  p i l o t  r o d  J 9 1 9 6 - 2
f r o m  i n s t a l l e r  b o d y  J  9 1 9 6 - 1  a n d  p l a c e
t h e  i n s t a l l e r  b o d y  o v e r  t h e  e n d  o f  t h e
s h a f t  a n d  a g a i n s t  t h e  b e a r i n g .  S u p p o r t
t h e  s p r i n g  h o u s i n g ,  b e a r i n g  a n d  i n s t a l l e r
on  a  shor t  s leeve  on  the  bed  o f  an  a rbor
p r e s s  a s  s h o w n  i n  F i g u r e  1 1 C - 7 3 ,  t h e n
p r e s s  t h e  b e a r i n g  i n  t h e  h o u s i n g  u n t i l
the  shou lder  on  the  ins ta l le r  con tac ts  the
h o u s i n g .

9 .  I f  a  s ing le  lever  sha f t  was  ins ta l led  in
t h e  s p r i n g  h o u s i n g ,  a p p l y  a  t h i n  c o a t  o f
sea l ing  compound to  the  ou ts ide  d iamete r
o f  t h e  c u p  p l u g .  S t a r t  t h e  c u p  p l u g
s t r a i g h t  i n  t h e  b e a r i n g  b o r e  i n  t h e  h o u s -
i n g ,  t h e n  s u p p o r t  t h e  s p r i n g  h o u s i n g ,
bear ings  and  sha f t  assembly  on  a  s leeve
o n  t h e  b e d  o f  a n  a r b o r  p r e s s ,  a n d  p r e s s
t h e  c u p  p l u g  i n  f l u s h  w i t h  t h e  o u t s i d e
f a c e  o f  t h e  h o u s i n g  ( s e e  F i g u r e  1 1 C - 7 1
on page 11C-43).

1 0 .  C l a m p  t h e  s p r i n g  h o u s i n g  a s s e m b l y
i n  a  b e n c h  v i s e  e q u i p p e d  w i t h  s o f t  j a w s .
T h e n  t i g h t e n  t h e  s p r i n g  l e v e r  r e t a i n i n g
s e t  s c r e w  t o  5 - 7  l b - f t  ( 7 - 1 0  N m )  t o r q u e .

1 1 .  S t a k e  t h e  e d g e  o f  t h e  s p r i n g  l e v e r
se t  sc rew ho le  w i th  a  sma l l  cen te r  punch
a n d  h a m m e r  t o  r e t a i n  t h e  s e t  s c r e w  i n
t h e  l e v e r .

12 .  On a  s ing le  lever  sha f t ,  p lace  a  sea l
r i n g  o v e r  t h e  e n d  o f  t h e  s h a f t  a n d  p u s h
i t  i n t o  t h e  b e a r i n g  b o r e  a n d  a g a i n s t  t h e
b e a r i n g .  P l a c e  t h e  p l a i n  w a s h e r  o v e r  t h e
s h a f t  a n d  a g a i n s t  t h e  h o u s i n g ,  t h e n  i n -
s t a l l  t h e  W o o d r u f f  k e y  i n  t h e  k e y w a y  i n
t h e  s h a f t .

1 3 .  P l a c e  t h e  s p e e d  c o n t r o l  l e v e r ( s )  o n
t h e  s h a f t  i n  i t s  o r i g i n a l  p o s i t i o n .  A l i g n
t h e  k e y w a y  i n  t h e  l e v e r  w i t h  t h e  k e y  i n
t h e  s h a f t  a n d  p u s h  t h e  l e v e r  i n  a g a i n s t
t h e  p l a i n  w a s h e r  a n d  s e c u r e  i t  i n  p l a c e
wi th  the  re ta in ing  bo l t  and  lock  washer .

1 4 .  I f  r e m o v e d ,  t h r e a d  t h e  l o c k  n u t  o n
t h e  i d l e  s p e e d  a d j u s t i n g  s c r e w .  T h e n ,
th read  the  id le  speed ad jus t ing  sc rew in -
to  the  spr ing  hous ing  cover  approx imate-
ly  1" .

Assemble Variable Speed Spring Housing
in Control Housing

1. Refer to Figure 11C-72 on page
1 1 C - 4 3  a n d  i n s e r t  t h e  s m a l l  e n d  o f  t h e
s p r i n g  p l u n g e r  i n  t h e  p l u n g e r  g u i d e .
I n s e r t  t h e  s o l i d  s t o p  i n  t h e  g o v e r n o r
con t ro l  hous ing .

11C-44

F i g u r e  1 1 C - 7 3 .  I n s t a l l i n g  S p e e d
Cont ro l  Sha f t  Bear ings

2. Place the spring retainer in the
s p r i n g h o u s i n g , w i t h  t h e  c l o s e d  e n d  o f
t h e  r e t a i n e r  a g a i n s t  t h e  s p r i n g  l e v e r .  I f
s h i m s  w e r e  u s e d ,  p l a c e  t h e m  i n s i d e  o f
t h e  s p r i n g  r e t a i n e r .  I n s e r t  t h e  s p l i t
s t o p  i n  t h e  s p r i n g  h o u s i n g  a n d  a g a i n s t
t h e  s p r i n g  r e t a i n e r .

NOTE

Be sure to use shims with an
0 . 3 4 4 "  i n s i d e  d i a m e t e r .  E i t h e r
s p r i n g  r e t a i n e r  m a y  b e  u s e d  w i t h
s h i m s  w h i c h  h a v e  a  0 . 7 5 0 "  I . D . .
H o w e v e r ,  d o  n o t  u s e  t h e  0 . 3 4 4 ”
I . D .  s h i m s  w i t h  a  s p r i n g  r e t a i n e r
which has only one air  b leed hole.

3 .  I n s e r t  t h e  v a r i a b l e  s p e e d  s p r i n g  i n
t h e  s p r i n g  p l u n g e r  w i t h  t h e  t i g h t l y
w o u n d  e n d  o f  t h e  s p r i n g  a g a i n s t  t h e
sh ims.

4 .  I n s e r t  t h e  b o l t s  t h r o u g h  t h e  s p r i n g
h o u s i n g .  P l a c e  a  n e w  g a s k e t  o v e r  t h e
bo l ts  and aga ins t  the  hous ing .

5 .  P l a c e  t h e  s p r i n g  h o u s i n g  i n  p o s i t i o n
a g a i n s t  t h e  c o n t r o l  h o u s i n g  w i t h  t h e
spr ing  p lunger  engaged in  the  end  o f  the
v a r i a b l e  s p e e d  s p r i n g .  T h r e a d  t h e  b o l t s
i n  t h e  c o n t r o l  h o u s i n g  a n d  t i g h t e n  t h e m
s e c u r e l y .



Install  Governor

1 .  A f f i x  a  n e w  g o v e r n o r - t o - b l o w e r  g a s -
k e t  t o  t h e  g o v e r n o r  w e i g h t  h o u s i n g .  R e -
fe r  to  F igu re  11C-61  on  page  11C-36  and
s t a r t  t h e  s p l i n e d  e n d  o f  t h e  w e i g h t  s h a f t
i n t o  t h e  u p p e r  b l o w e r  r o t o r  a n d  p o s i t i o n
t h e  h o u s i n g  a g a i n s t  t h e  b l o w e r  e n d
p la te .

2 .  P l a c e  a  n e w  c o p p e r  g a s k e t  o n  e a c h
w e i g h t  h o u s i n g - t o - b l o w e r  b o l t  a n d  t h r e a d
t h e  b o l t s  i n t o  t h e  b l o w e r  e n d  p l a t e ,  f i n -
g e r  t i g h t  o n l y .

3 .  P lace  a  new gaske t  (F igure  11C-68  on
p a g e  1 1 C - 4 0 )  o v e r  t h e  d o w e l s  a n d
a g a i n s t  t h e  s i d e  o f  t h e  w e i g h t  h o u s i n g
fac ing  the  eng ine .

4 .  M o v e  t h e  t h r u s t  b e a r i n g  a s s e m b l y  a n d
r iser  toward  the  we igh t  end  o f  the  sha f t .

c o n t r o l  h o u s i n g  o v e r  t h e  d o w e l  p i n s  o f
t h e  w e i g h t  h o u s i n g .

5. Refer to Figure 11C-61 on page
11C-36  and  pos i t ion  the  lower  end  o f  the

i n g  f o r k  m u s t  b e  p l a c e d  a g a i n s t
the  outer  s ide  of  the  thrust  bear -
ing.

The f inished surface of the operat-

NOTE

F o r  e a s e  i n  a s s e m b l i n g  t h e  g o v e r -
n o r  c o n t r o l  h o u s i n g  t o  t h e  i n t e r i m
w e i g h t  h o u s i n g ,  i n s t a l l  a  s p e c i a l
b o l t  ( 3 / 8 " - 2 4  x  3 / 4 "  o r  7 / 8 " ) ,  f r o m
w h i c h  t h e  o u t e r  1 / 2 "  o f  t h r e a d
down to  a  d iamete r  o f  5 /16"  to  1 /4 "
has  been removed,  as  a  too l  in  the
1 / 8 "  N P T F  o i l  h o l e  t o  p r e v e n t  t h e
t h r u s t  b e a r i n g  f r o m  m o v i n g  t o o  f a r
t o w a r d  t h e  w e i g h t  h o u s i n g .  T h e
w e i g h t  h o u s i n g  h a s  t w o  r i b s  c a s t
o n  t h e  i n n e r  s u r f a c e  o f  t h e  h o u s -
i n g  t o  p r e v e n t  a n y  p a r t  o f  t h e
r i s e r  t h r u s t  b e a r i n g  f r o m  s l i d i n g
f o r w a r d  t o  w h e r e  t h e  o p e r a t i n g
f o r k  c o u l d  b e  i n s e r t e d  o n  t h e
wrong  s ide  o f  one  o r  more  par ts  o f
t h e  b e a r i n g .

6 .  Use  a  new gaske t  and  a t tach  the  gov-
e r n o r  c o n t r o l  h o u s i n g  t o  t h e  c y l i n d e r
h e a d  w i t h  t w o  b o l t s  ( s e e  F i g u r e  1 1 C - 6 1
o n  p a g e  1 1 C - 3 6 ) .  T i g h t e n  t h e  b o l t s .

7 .  T i g h t e n  t h e  g o v e r n o r - t o - b l o w e r  b o l t s
with tool  J 4242.

8 .  P l a c e  c o v e r  i n  p o s i t i o n  a n d  i n s t a l l  t h e
f o u r  w e i g h t  h o u s i n g - t o - c o n t r o l  h o u s i n g
b o l t s  w i t h  l o c k  w a s h e r s  a n d  t i g h t e n  t h e
bo l ts .

9 .  C o n n e c t  t h e  o i l  t u b e  t o  t h e  r e s t r i c t e d
f i t t i n g  o n  t h e  w e i g h t  h o u s i n g ,  o r  c o v e r  i f
used.

1 0 .  R e f e r  t o  F i g u r e  1 1 C - 6 0  o n  p a g e
11C-36  and  pos i t ion  the  fue l  rod  over  the
d i f f e r e n t i a l  l e v e r  p i n .  P l a c e  a  f l a t  w a s h -
e r  o v e r  t h e  p i n  a n d  s e c u r e  i t  w i t h  a  r e -
t a i n e r .

1 1 .  A t t a c h  t h e  f u e l  r o d  t o  t h e  i n j e c t o r
c o n t r o l  t u b e  l e v e r  w i t h  a  p i n  a n d  c o t t e r
p i n .

1 2 .  P l a c e  a  n e w  g a s k e t  o n  t h e  g o v e r n o r
c o n t r o l  h o u s i n g  a n d  m o u n t  t h e  g o v e r n o r
c o v e r  o n  t h e  h o u s i n g  w i t h  t h e  p i n  o n  t h e
l e v e r  s h a f t  r e g i s t e r i n g  w i t h  t h e  m a c h i n e d
s l o t  i n  t h e  d i f f e r e n t i a l  l e v e r  a s  s h o w n  i n
Figure 11C-60 on page 11C-36.

1 3 .  S e c u r e  t h e  c o v e r  t o  t h e  g o v e r n o r
h o u s i n g  w i t h  t h r e e  r e g u l a r  s c r e w s ,  o n e
special  screw and lock washers.

1 4 .  H o o k  t h e  t o r s i o n  r e t r a c t i o n  s p r i n g  t o
t h e  s p e c i a l  c o v e r  s c r e w  a n d  s t o p  l e v e r
(see Figure 11C-61 on page 11C-36).

1 5 .  P e r f o r m  a n  e n g i n e  t u n e - u p  a s  o u t -
l ined in Subsect ion 11H.

SHOP NOTES -  TROUBLESHOOTING

Shop Notes

I N J E C T O R  C A L I B R A T O R  R E A D I N G S .
S e v e r a l  f a c t o r s  a f f e c t  t h e  i n j e c t o r  c a l i -
b r a t o r  o u t p u t  r e a d i n g s .  T h e  f o u r  i t e m s
are :

1 .  O p e r a t o r  E r r o r s :  I f  t h e  c o l u m n  o f  l i q -
u i d  i n  t h e  v i a l  i s  r e a d  a t  t h e  t o p  o f  t h e
men iscus  ins tead  o f  a t  the  bo t tom,  a  var -
i a t i o n  o f  1  o r  2  p o i n t s  w i l l  r e s u l t  ( s e e
Figure 11C-74 on page 11C-46).

2 .  A i r  I n  L i n e s :  T h i s  c a n  b e  c a u s e d  b y
s t a r t i n g  a  t e s t  b e f o r e  t h e  a i r  i s  p u r g e d
f r o m  t h e  i n j e c t o r  a n d  l i n e s ,  o r  f r o m  a n
air  leak on the vacuum side of  the pump.
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Figure 11C-74. Checking Fuel Output

3 .  C o u n t e r  I m p r o p e r l y  S e t :  T h e  c o u n t e r
s h o u l d  b e  s e t  t o  d i v e r t  t h e  i n j e c t o r  o u t -
pu t  a t  1 ,000  s t rokes .

Th is  shou ld  no t  be  con fused  w i th  coun te r
o v e r r u n  t h a t  w i l l  v a r y  f r o m  2  t o  6  d i g i t s ,
d e p e n d i n g  u p o n  i n t e r n a l  f r i c t i o n .  T h e
fue l  d ive rs ion  i s  accompl i shed  e lec t r i ca l l y
a n d  w i l l  o c c u r  a t  1 , 0 0 0  s t r o k e s  ( i f  p r o p -
e r l y  s e t )  a l t h o u g h  t h e  c o u n t e r  m a y
o v e r r u n  s e v e r a l  d i g i t s .

4 .  Tes t  O i l :  A  spec ia l  tes t  o i l  i s  supp l ied
w i t h  t h e  c a l i b r a t o r  a n d  s h o u l d  a l w a y s  b e
u s e d .  1  r e g u l a r  d i e s e l  f u e l  o i l  ( o r  a n y
o t h e r  f l u i d )  i s  u s e d ,  v a r i a t i o n s  a r e  u s u -
al ly  noted because of  the ef fect  of  the oi l
on  the  so leno id  va lve  and o ther  par ts .

T h e  f u e l  o i l  i n t r o d u c e d  i n t o  t h e  t e s t  o i l
w h e n  t h e  f u e l  i n j e c t o r  I S  p l a c e d  i n  t h e
ca l ib ra to r  fo r  a  ca l i b ra t ion  check  con tam-
i n a t e s  t h e  t e s t  o i l . T h e r e f o r e ,  i t  i s  i m -
por tan t  tha t  the  tes t  o i l  and  tes t  o i l  f i l te r
b e  c h a n g e d  e v e r y  s i x  m o n t h s ,  o r  s o o n e r
i f  r e q u i r e d .

I n  a d d i t i o n , other malfunct ions such as a
s l i p p i n g  d r i v e  b e l t ,  l o w  l e v e l  o f  t e s t  o i l ,
a  c l o g g e d  f i l t e r ,  a  d e f e c t i v e  p u m p  o r
leak ing  l i ne  connec t ions  cou ld  cause  bad
r e a d i n g s . A  f r e q u e n t  c h e c k  s h o u l d  b e
made for any of these tell-tale
c o n d i t i o n s .

CHECK INJECTOR TESTER J  23010 .  The
in jec to r  tes te r  shou ld  be  checked  month -
l y  t o  b e  s u r e  t h a t  i t  i s  o p e r a t i n g  p r o p e r -
T h e  f o l l o w i n g  c h e c k  c a n  b e  m a d e
very  qu ick ly  us ing  tes t  b lock  J  9787-49 .

11C-46

Fi l l  the  supp ly  tank  in  the  in jec to r  tes te r
w i th  c lean  in jec to r  tes t  o i l  J  26400.  Open
t h e  v a l v e  i n  t h e  f u e l  s u p p l y  l i n e .  P l a c e
t h e  t e s t  b l o c k  o n  t h e  i n j e c t o r  l o c a t i n g
p l a t e  a n d  s e c u r e  t h e  b l o c k  i n  p l a c e  w i t h
t h e  f u e l  i n l e t  c o n n e c t o r  c l a m p .  O p e r a t e
the  pump hand le  un t i l  a l l  o f  the  a i r  i s  ou t
o f  t h e  t e s t  b l o c k ,  t h e n  c l a m p  t h e  f u e l
o u t l e t  c o n n e c t o r  o n t o  t h e  t e s t  b l o c k .
B r e a k  t h e  c o n n e c t i o n  a t  t h e  g a u g e  a n d
o p e r a t e  t h e  p u m p  h a n d l e  u n t i l  a l l  o f  t h e
a i r  bubb les  in  the  fue l  sys tem d isappear .
T i g h t e n  t h e  c o n n e c t i o n  a t  t h e  g a u g e .
O p e r a t e  t h e  p u m p  h a n d l e  t o  p r e s s u r i z e
t h e  t e s t e r  f u e l  s y s t e m  t o  2 4 0 0 - 2 5 0 0  p s i
( 1 6 , 5 3 6 - 1 7 , 2 5 5  k P a ) .  C l o s e  t h e  v a l v e  o n
t h e  f u e l  s u p p l y  l i n e .  A f t e r  a  s l i g h t  i n i -
t i a l  d r o p ,  t h e  p r e s s u r e  s h o u l d  r e m a i n
s t e a d y .  T h i s  i n d i c a t e s  t h a t  t h e  i n j e c t o r
t e s t  i s  o p e r a t i n g  p r o p e r l y .  O p e n  t h e  f u -
el  valve and remove the test  block.

I f  there  i s  a  leak  in  the  tes t  fue l  sys tem,
it will be indicated by a drop in
p r e s s u r e .  T h e  l e a k  m u s t  b e  l o c a t e d ,
c o r r e c t e d  a n d  t h e  t e s t e r  r e c h e c k e d  b e -
fo re  check ing  an  in jec to r .

O c c a s i o n a l l y  d i r t  w i l l  g e t  i n t o  t h e  p u m p
c h e c k  v a l v e  i n  t h e  t e s t e r ,  r e s u l t i n g  i n
in te rna l  pump va lve  leakage  and  the  ina -
b i l i t y  t o  b u i l d  u p  p r e s s u r e  i n  t h e  t e s t e r
f u e l  s y s t e m .  P u m p  v a l v e  l e a k a g e  m u s t
b e  c o r r e c t e d  b e f o r e  a n  i n j e c t o r  c a n  b e
p r o p e r l y  t e s t e d .

W h e n  t h e  a b o v e  o c c u r s ,  l o o s e n  t h e  f u e l
i n l e t  c o n n e c t o r  c l a m p  a n d  o p e r a t e  t h e
t e s t e r  p u m p  h a n d l e  i n  a n  a t t e m p t  t o
p u r g e  t h e  d i r t  f r o m  t h e  p u m p  c h e c k
v a l v e .  A  f e w  q u i c k  s t r o k e s  o f  t h e  p u m p
h a n d l e  w i l l  u s u a l l y  c o r r e c t  a  d i r t  c o n d i -
t i o n .  O t h e r w i s e ,  t h e  p u m p  c h e c k  v a l v e
mus t  be  removed ,  l apped  and  c leaned  o r
r e p l a c e d  ( J  9 7 8 7 ) .  T h e  p u m p  c h e c k
valve must be replaced on tester J 23010.

I f  an  in jec to r  tes te r  supp ly  o r  gauge l ine
i s  d a m a g e d  o r  b r o k e n ,  i n s t a l l  a  n e w  r e -
p lacement  l i ne  (ava i lab le  f rom the  tes te r
m a n u f a c t u r e r ) .  D o  n o t  s h o r t e n  t h e  o l d
l ines  o r  the  vo lume o f  tes t  o i l  w i l l  be  a l -
t e r e d  s u f f i c i e n t l y  t o  g i v e  a n  i n a c c u r a t e
va lve  ho ld ing  pressure  tes t .

I f  i t  i s  s u s p e c t e d  t h a t  t h e  l i n e s  h a v e
b e e n  a l t e r e d ,  b y  s h o r t e n i n g  o r  r e p l a c i n g
wi th  a  longer  l i ne ,  check  the  accuracy  o f
t h e  t e s t e r  w i t h  a  m a s t e r  i n j e c t o r  o n
w h i c h  t h e  p r e s s u r e  h o l d i n g  t i m e  i s
k n o w n .  I f  t h e  p r e s s u r e  h o l d i n g  t i m e
does  no t  agree  w i th  tha t  recorded  fo r  the
mas te r  in jec to r , replace the l ines.



R E F I N I S H  L A P P I N G  B L O C K S .  A s  t h e
c o n t i n u e d  u s e  o f  t h e  l a p p i n g  b l o c k s  w i l l
c a u s e  w o r n  o r  l o w  s p o t s  t o  d e v e l o p  i n
t h e i r  l a p p i n g  s u r f a c e s ,  t h e y  s h o u l d  b e
ref in ished from t ime to t ime.

I t  i s  g o o d  p r a c t i c e ,  w h e r e  c o n s i d e r a b l e
l a p p i n g  w o r k  i s  d o n e ,  t o  d e v o t e  s o m e
t i m e  e a c h  d a y  t o  r e f i n i s h i n g  t h e  b l o c k s .
T h e  q u a l i t y  o f  t h e  f i n i s h e d  w o r k  d e p e n d s
to  a  g rea t  degree  on  the  cond i t ion  o f  the
lapp ing  su r faces  o f  the  b locks .

T o  r e f i n i s h  t h e  b l o c k s ,  s p r e a d  s o m e  6 0 0
g r i t  l a p p i n g  p o w d e r  o f  g o o d  q u a l i t y  o n
o n e  o f  t h e  b l o c k s .  P l a c e  a n o t h e r  b l o c k
on  top  o f  th i s  one  and  work  the  b lock  to -
g e t h e r  a s  s h o w n  i n  F i g u r e  1 1 C - 7 5 .  A l -
te rna te  the  b locks  f rom t ime  to  t ime .  For
example, a s s u m i n g  t h e  b l o c k s  a r e  n u m -
bered  1 ,  2  and  3 ,  work  1  and  2  toge ther ,
t h e n  1  a n d  3 ,  a n d  f i n i s h  b y  w o r k i n g  2
a n d  3  t o g e t h e r .  C o n t i n u e  t h i s  p r o c e d u r e
u n t i l  a l l  o f  t h e  b l o c k s  a r e  p e r f e c t l y  f l a t
and  f ree  o f  imper fec t ions .

I m p e r f e c t i o n s  a r e  e v i d e n t  w h e n  t h e
b locks  a re  c lean  and  he ld  under  a  s t rong
l i g h t .  T h e  b l o c k s  a r e  s a t i s f a c t o r y  w h e n
t h e  e n t i r e  s u r f a c e  i s  a  s o l i d  d a r k  g r e y .
B r i g h t  o r  e x c e p t i o n a l l y  d a r k  s p o t s  i n d i -
c a t e  d e f e c t s  a n d  a d d i t i o n a l  l a p p i n g  i s
r e q u i r e d .

A f t e r  t h e  s u r f a c e s  h a v e  b e e n  f i n i s h e d ,
r e m o v e  t h e  p o w d e r  b y  r i n s i n g  t h e  l a p -
p i n g  b l o c k s  i n  t r i c h l o r o e t h y l e n e  a n d
s c r u b b i n g  w i t h  a  b r i s t l e  b r u s h .

W h e n  n o t  i n  u s e ,  p r o t e c t  t h e  l a p p i n g
b l o c k s  a g a i n s t  d a m a g e  a n d  d u s t  b y  s t o r -
i n g  t h e m  i n  a  c l o s e  f i t t i n g  w o o d e n  c o n -
t a i n e r .

M A S T E R  I N J E C T O R  C A L I B R A T I N G  K I T .
U s e  M a s t e r  I n j e c t o r  C a l i b r a t i n g  K i t  J
2 6 2 9 8  t o  d e t e r m i n e  t h e  a c c u r a c y  o f  t h e
in jec to r  ca l ib ra to r .

W i t h  t h e  t e s t  f l u i d  t e m p e r a t u r e  a t  1 0 0 o F
± 1 °  ( 3 8 ° C  ± 1 ° )  a n d  e a c h  i n j e c t o r  w a r m
a f t e r  s e v e r a l  t e s t  c y c l e s ,  r u n  t h e  t h r e e
i n j e c t o r s  c o n t a i n e d  i n  t h e  k i t .  S e v e r a l
read ings  shou ld  be  taken  w i th  each  in jec -
tor to check for accuracy and
r e p e a t a b i l i t y .  I f  t h e  o u t p u t  r e a d i n g s  a r e
w i t h i n  2 %  o f  t h e  v a l u e s  a s s i g n e d  t o  t h e
c a l i b r a t e d  m a s t e r ,  t h e  c a l i b r a t o r  c a n  b e
cons idered  accura te .

i n j e c t o r  t e s t i n g  c a n  b e  c a r r i e d  o u t  n o w
w i t h o u t  a n y  a d j u s t m e n t  o f  f i g u r e s .  H o w -
e v e r ,  w h e n  t e s t i n g  n e w  i n j e c t o r s  f o r

Figure 11C-75. Refreshing Lapping

o u t p u t ,  a n y  d i f f e r e n c e  b e t w e e n  t h e  c a l i -
b ra to r  and  the  mas te rs  shou ld  be  used  to
c o m p u t e  n e w  i n j e c t o r  c a l i b r a t i o n .  I f
m o r e  t h a n  a  2 %  v a r i a t i o n  f r o m  t h e  m a s -
t e r s  i s  n o t e d ,  c o n s u l t  t h e  c a l i b r a t o r
manufac tu re r  fo r  poss ib le  causes .

T h e  c a l i b r a t e d  m a s t e r s  s h o u l d  o n l y  b e
u s e d  t o  q u a l i f y  i n j e c t o r  o u t p u t  c a l i -
b ra t ion  tes t  equ ipment .

I N J E C T O R  T I M I N G  I f  i t  i s  s u s p e c t e d
t h a t  a  f u e l  i n j e c t o r  i s  “ o u t  o f  t i m e ” ,  t h e
i n j e c t o r  r a c k - t o - g e a r  t i m i n g  m a y  b e
checked w i thou t  d isassembl ing  the  in jec -
t o r .

A  h o l e  l o c a t e d  i n  t h e  i n j e c t o r  b o d y ,  o n
t h e  s i d e  o p p o s i t e  t h e  i d e n t i f i c a t i o n  t a g ,
may be  used to  v isua l l y  de te rmine  wheth-
e r  o r  n o t  t h e  i n j e c t o r  r a c k  a n d  g e a r  a r e
c o r r e c t l y  t i m e d .  W h e n  t h e  r a c k  i s  a l l  t h e
w a y  i n  ( f u l l - f u e l  p o s i t i o n ) ,  t h e  f l a t  s i d e
o f  the  p lunger  w i l l  be  v is ib le  in  the  ho le ,
i n d i c a t i n g  t h a t  t h e  i n j e c t o r  i s  “ i n  t i m e ” .
I f  t h e  f l a t  s i d e  o f  t h e  p l u n g e r  d o e s  n o t
c o m e  i n t o  f u l l  v i e w  a n d  a p p e a r s  i n  t h e
“ a d v a n c e d ”  o r  “ r e t a r t e d ”  p o s i t i o n  p o s i -
t i on ,  d isassemble  the  in jec to r  and  cor rec t
the rack-to-gear timing (see
Figure 11C-76 on page 11C-48).

I N J E C T O R  S P R A Y  T I P S .  D u e  t o  a  s l i g h t
var ia t ion  in  the  s ize  o f  the  smal l  o r i f i ces
i n  t h e  e n d  o f  e a c h  s p r a y  t i p ,  t h e  f u e l
o u t p u t  o f  a n  i n j e c t o r  m a y  b e  v a r i e d  b y
r e p l a c i n g  t h e  s p r a y  t i p .

Flow gauge J 25600 may be used to select
a  spray  t ip  tha t  w i l l  i nc rease  or  decrease
f u e l  i n j e c t o r  o u t p u t  f o r  a  p a r t i c u l a r  i n -
j e c t o r  a f t e r  i t  h a s  b e e n  r e b u i l t  a n d  t e s t -
ed  on  the  ca l ib ra to r .
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Figure 11C-76. Injector Rack-To-Gear
Timing

EFFECT OF PRE- IGNITION ON FUEL
I N J E C T O R .  P r e - i g n i t i o n  i s  d u e  t o  i g -
n i t ion o f  f u e l  o r  l u b r i c a t i n g  o i l  i n  t h e
combust ion chamber before the normal  in-
j e c t i o n  p e r i o d .  T h e  p i s t o n  c o m p r e s s e s
the  burn ing  mix tu re  to  excess ive  temper -
a tu res  and  p ressures  and  may even tua l l y
c a u s e  b u r n i n g  o f  t h e  i n j e c t o r  s p r a y  t i p
a n d  l e a d  t o  f a i l u r e  o f  t h e  i n j e c t o r s  i n
o t h e r  c y l i n d e r s .

W h e n  p r e - i g n i t i o n  o c c u r s ,  r e m o v e  a l l  o f
the  in jec to rs  and  check  fo r  burned  spray
t ips  o r  en la rged spray  t ip  o r i f i ces .

Be fo re  rep lac ing  the  in jec to rs ,  check  the
engine f o r  t h e  c a u s e  o f  p r e - i g n i t i o n  t o
a v o i d  r e c u r r e n c e  o f  t h e  p r o b l e m .  C h e c k
f o r  d a m a g e d  b l o w e r  h o u s i n g  g a s k e t ,  d e -
f e c t i v e  b l o w e r  o i l  s e a l s ,  h i g h  c r a n k c a s e
p r e s s u r e , p l u g g e d  a i r  b o x  d r a i n s ,  i n e f -
fec t i ve  o i l  con t ro l  r ings  o r  d i lu t ion  o f  the
l u b r i c a t i n g  o i l .

I N J E C T O R  P L U N G E R S .  T h e  f u e l  o u t p u t
a n d  t h e  o p e r a t i n g  c h a r a c t e r i s t i c s  o f  a n
i n j e c t o r  a r e ,  t o  a  g r e a t  e x t e n t ,  d e t e r -
m i n e d  b y  t h e  t y p e  o f  p l u n g e r  u s e d .
T h r e e  t y p e s  o f  p l u n g e r s  a r e  i l l u s t r a t e d
i n  F i g u r e  1 1 C - 7 7 .  T h e  b e g i n n i n g  o f  t h e
i n j e c t i o n  p e r i o d  i s  c o n t r o l l e d  b y  t h e  u p -
p e r  h e l i x  a n g l e .  T h e  l o w e r  h e l i x  a n g l e
r e t a r d s  o r  a d v a n c e s  t h e  e n d  o f  t h e  i n -
jection period. Therefore, it is
impera t i ve  tha t  the  cor rec t  p lunger  i s  in -
stalled whenever an injector is
o v e r h a u l e d .

I f  i n j e c t o r s  w i t h  d i f f e r e n t  t y p e  p l u n g e r s
(and spray tips) are mixed in an
eng ine ,  e r ra t i c o p e r a t i o n  w i l l  r e s u l t  a n d
may  cause ser ious  damage to  the  eng ine
or to the machine.

I n j e c t o r  p l u n g e r s  c a n n o t  b e  r e w o r k e d  t o
c h a n g e  t h e  o u t p u t  o r  o p e r a t i n g  c h a r a c -
t e r i s t i c s .  G r i n d i n g  w i l l  d e s t r o y  t h e  h a r -
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Figure 11C-77. Types of Injector
Plungers

d e n e d  c a s e  a n d  r e s u l t  i n  c h i p p i n g  a t  t h e
h e l i c e s  a n d  s e i z u r e  o r  s c o r i n g  o f  t h e
p l u n g e r .

REFINISHING INJECTOR FOLLOWER
F A C E .  W h e n  r e f i n i s h i n g  t h e  f a c e  o f  a n
i n j e c t o r  f o l l o w e r ,  i t  i s  e x t r e m e l y  i m p o r -
t a n t  t h a t  t h e  d i s t a n c e  b e t w e e n  t h e  f o l -
l o w e r  f a c e  a n d  t h e  p l u n g e r  s l o t  i s  n o t
l e s s  t h a n  1 . 6 4 5 "  m i n i m u m  a s  s h o w n  i n
F i g u r e  1 1 C - 7 8  o n  p a g e  1 1 C - 4 9 .  I f  t h i s
d i s t a n c e  i s  l e s s  t h a n  s p e c i f i e d ,  t h e
he igh t  o f  the  in jec to r  fo l lower  in  re la t ion
t o  t h e  i n j e c t o r  b o d y  w i l l  b e  a l t e r e d  a n d
p r o p e r  i n j e c t o r  t i m i n g  c a n n o t  b e
real ized.

F U E L  L I N E S .  F l e x i b l e  f u e l  l i n e s  a r e
used to faci l i tate connect ion of  l ines lead-
i n g  t o  a n d  f r o m  t h e  f u e l  t a n k ,  a n d  t o
m i n i m i z e  t h e  e f f e c t s  o f  a n y  v i b r a t i o n  i n
the  ins ta l la t ion .

B e  s u r e  a  r e s t r i c t e d  f i t t i n g  o f  t h e  p r o p e r
s i z e  i s  u s e d  t o  c o n n e c t  t h e  f u e l  r e t u r n
l i n e  t o  t h e  f u e l  r e t u r n  m a n i f o l d .  D o  n o t
u s e  r e s t r i c t e d  f i t t i n g s  a n y w h e r e  e l s e  i n
the  fue l  sys tem.

W h e n  i n s t a l l i n g  f u e l  l i n e s ,  i t  i s  r e c o m -
mended tha t  connec t ions  be  t igh tened  on-
ly  su f f i c ien t l y  to  p reven t  leakage o f  fue l ;
thus  f l a red  ends  o f  the  fue l  l i nes  w i l l  no t
b e c o m e  t w i s t e d  o r  f r a c t u r e d  b e c a u s e  o f
e x c e s s i v e  t i g h t e n i n g .  A f t e r  a l l  f u e l  l i n e s
a r e  i n s t a l l e d ,  r u n  t h e  e n g i n e  l o n g
e n o u g h  t o  d e t e r m i n e  w h e t h e r  o r  n o t  a l l
c o n n e c t i o n s  a r e  s u f f i c i e n t l y  t i g h t .  I f
a n y  l e a k s  o c c u r ,  t i g h t e n  t h e  c o n n e c t i o n s
o n l y  e n o u g h  t o  s t o p  t h e  l e a k .  A l s o
check the filter cover bolts for
t i g h t n e s s .

L O C A T I N G  A I R  L E A K S  I N  F U E L  L I N E S .
A i r  d r a w n  i n t o  t h e  f u e l  s y s t e m  m a y  r e -
s u l t  i n  u n e v e n  r u n n i n g  o f  t h e  e n g i n e ,
s t a l l i n g  w h e n  i d l i n g ,  o r  a  l o s s  o f  p o w e r .
Poor  eng ine  opera t ion  i s  par t i cu la r l y  no-
t i c e a b l e  a t  t h e  l o w e r  e n g i n e  s p e e d s .  A n
o p e n i n g  i n  t h e  f u e l  s u c t i o n  l i n e s  m a y  b e
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t o o  s m a l l  f o r  f u e l  t o  p a s s  t h r o u g h   b u t
may al low appreciable quant i t ies of   a i r  to
e n t e r .

C h e c k  f o r  l o o s e  o r  f a u l t y  c o n n e c t i o n s .
A l s o  c h e c k  f o r  i m p r o p e r  f u e l  l i n e  c o n -
nec t ions  such  as  a  fue l  pump suc t ion  l i ne
connec ted  to  the  shor t  fue l  re tu rn  l i ne  in
the  fue l  tank  wh ich  cou ld  cause  the  pump
t o  d r a w  a i r .

P resence  o f  an  a i r  l eak  may  be  de tec ted
b y  o b s e r v i n g  t h e  f u e l  f i l t e r  c o n t e n t s  a f -
t e r  t h e  f i l t e r  i s  b l e d  a n d  t h e  e n g i n e  i s
o p e r a t e d  f o r  1 5  t o  2 0  m i n u t e s  a t  a  f a i r l y
h i g h  s p e e d .  N o  l e a k s  i s  i n d i c a t e d  i f  t h e
f i l t e r  she l l  i s  fu l l  when  loosened  f rom i t s
c o v e r .  I f  t h e  f i l t e r  s h e l l  i s  o n l y  p a r t l y
fu l l ,  an  a i r  leak  i s  ind ica ted .

PRESSURIZE FUEL SYSTEM -  CHECK
F O R  L E A K S .  A l w a y s  c h e c k  t h e  f u e l  s y s -
t e m  f o r  l e a k s  a f t e r  i n j e c t o r  o r  f u e l  p i p e
r e p l a c e m e n t  a n d  a n y  t i m e  t h e  f u e l  c o n -
nec t ions  under  the  rocker  cover  a re  sus-
p e c t e d  o f  l e a k i n g .  F a i l u r e  t o  c o r r e c t  a
ser ious  fue l  l eak  in  th is  a rea  can  lead  to
d i l u t i o n  o f  t h e  l u b e  o i l  a n d  b e a r i n g
a n d / o r  c y l i n d e r  k i t  d a m a g e .

P r i m e  a n d / o r  p u r g e  t h e  e n g i n e  f u e l  s y s -
t e m  b e f o r e  s t a r t i n g  t h e  f u e l  l e a k  c h e c k .
P r i m e  t h e  s y s t e m  b y  b l o c k i n g  o r  d i s c o n -
nec t ing  the  l i ne  f rom the  fue l  pump,  then
a p p l y  f u e l  u n d e r  p r e s s u r e  ( 6 0 - 8 0  p s i  o r
4 1 3 - 5 5 2  k P a )  t o  t h e  i n l e t  o f  t h e  s e c o n d -
a r y  f i l t e r .  I f  t h e  s y s t e m  i s  t o  b e  p u r g e d
o f  a i r  as  we l l ,  a l l ow  the  fue l  to  f l ow  f ree -
l y  f r o m  t h e  f u e l  r e t u r n  l i n e  u n t i l  a  s o l i d
s t ream wi thout  a i r  bubb les  i s  observed.

U s e  o n e  o f  t h e  f o l l o w i n g  m e t h o d s  t o
check  fo r  l eaks :

1 .  Use  when the  eng ine  has  been opera t -
ing 20-30 minutes

A f t e r  o p e r a t i n g  t h e  e n g i n e ,  s h u t  i t  o f f
a n d  r e m o v e  t h e  r o c k e r  c o v e r s .  I n s p e c t
t h e  l u b e  o i l  p u d d l e s  t h a t  n o r m a l l y  f o r m
w h e r e  t h e  f u e l  c o n n e c t o r  j o i n s  t h e  c y l i n -
d e r  h e a d  a n d  w h e r e  t h e  f u e l  p i p e s  j o i n
the  fue l  p ipe  nu ts .

I f  t h e r e  i s  a n y  l e a k a g e  a t  t h e s e  c o n -
n e c t i o n s ,  t h e  l u b e  o i l  p u d d l e s  w i l l  b e
s m a l l e r  o r  t h i n n e r  t h a n  t h e  p u d d l e s  o n
t h e  c o n n e c t o r s  t h a t  a r e  n o t  l e a k i n g .  D i -
sassemb le ,  i nspec t  and  co r rec t  o r  rep lace
t h e  s u s p e c t e d  p a r t  ( c o n n e c t o r ,  w a s h e r ,
i n j e c t o r  o r  j u m p e r  l i n e ) .  T e s t  a n d  r e i n -
spec t .

2 .  U s e  w h e n  t h e  e n g i n e  i s  n o t  o p e r a t i n g
s u c h  a s  d u r i n g  o r  a f t e r  r e p a i r s .

R e m o v e  t h e  r o c k e r  c o v e r s .  P o u r  l u b e  o i l
o v e r  a l l  f u e l  p i p e s  a n d  c o n n e c t o r s  w h i c h
w o u l d  n o r m a l l y  b e  s p l a s h e d  w i t h  o i l  d u r -
i n g  e n g i n e  o p e r a t i o n .  T h i s  w i l l  c a u s e  o i l
p u d d l e s  t o  f o r m  a t  t h e  j o i n i n g  s u r f a c e s
as ment ioned above.

B l o c k  o f f  t h e  f u e l  r e t u r n  l i n e  a n d  d i s -
c o n n e c t  t h e  f u e l  p u m p  s u p p l y  l i n e  a t  t h e
s e c o n d a r y  f i l t e r .  I n s t a l l  a  p r e s s u r e
g a u g e  i n  t h e  f i l t e r  a d a p t o r ,  t h e n  a p p l y
60-80  ps i  (413-522  kPa)  fue l  to  the  ou t le t
s i d e  o f  t h e  s e c o n d a r y  f i l t e r  w i t h  t h e  i n -
l e t s  p l u g g e d .
i m m e d i a t e l y .  M i n o r  l e a k s  c a u s e d  b y

Severe  leaks  w i l l  show up

n i c k s  o r  b u r r s  o n  s e a l i n g  s u r f a c e s  w i l l
t a k e  l o n g e r  t o  a p p e a r .  A f t e r  m a i n t a i n i n g
40-80 psi  (276-553 kPa) for  20 to 30 min-
u t e s ,  a  c a r e f u l  p u d d l e  i n s p e c t i o n  s h o u l d
revea l  any  suspec ted  connec tors .  Inspec t
a n d  r e p a i r  o r  r e p l a c e  c o n n e c t o r  a s  n e c -
e s s a r y .  T e s t  a n d  r e i n s p e c t .

3 .  U s e  w h i l e  e n g i n e  i s  o p e r a t i n g  a t
400-600 RPM.

A p p l y  a n  o u t s i d e  f u e l  s o u r c e  c a p a b l e  o f
60-80 psi  (413-522 kPa) to the out let  s ide
o f  t h e  s e c o n d a r y  f i l t e r .  P o u r  l u b e  o i l
over  jumper  l i nes  and  connec to rs  so  tha t
o i l  pudd les  fo rm where  l i nes  and  connec-
tors meet. Install a valve and a
p r e s s u r e  g a u g e  i n  t h e  f u e l  r e t u r n  l i n e .
W i t h  t h e  e n g i n e  i d l i n g ,  c l o s e  t h e  v a l v e
enough to  ra ise  the  eng ine  fue l  p ressure
t o  7 0  p s i  ( 4 8 3  k P a ) .  A f t e r  1 0  t o  2 0  m i n -
u tes  inspec t  the  o i l  pudd les  to  see  i f  any
have become smal ler  or  run of f  complete-
l y .  T h e  u n d i l u t e d  o i l  w i l l  h a n g  t h e  s a m e
a s  w h e n  t h e  o i l  w a s  p o u r e d  o n .  R e p a i r
a n d  r e t e s t .
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NOTE

W i t h  t h e  e n g i n e  a t  r e s t ,  a l l  i n j e c -
t o r s  w i l l  l e a k  t o  s o m e  e x t e n t  w h e n
p r e s s u r i z e d .  T h e  l e a k a g e  o c c u r s
b e c a u s e  t h e r e  i s  n o  p l a c e  e l s e  f o r
t h e  p r e s s u r i z e  f u e l  t o  g o .  W h e n
t h e  l o w  a n d  h i g h  p r e s s u r e  c a v i t i e s
in  the  in jec to r  a re  sub jec ted  to  the
h i g h  t e s t  p r e s s u r e ,  f u e l  i s  f o r c e d
p a s t  t h e  p l u n g e r  i n t o  t h e  r a c k  a n d
g e a r  c a v i t y .  R e s u l t :  D r o p l e t s  o f
fue l  f o rm a t  the  rack  and  d r ip  o f f .

S l i g h t l y  w o r n  p l u n g e r s  m a y  l e a k
m o r e  u n d e r  t h e s e  c o n d i t i o n s .  T h i s
l e a k a g e  w i l l  n o t  o c c u r  w h i l e  t h e
e n g i n e  i s  r u n n i n g  b e c a u s e  o f  t h e
d y n a m i c  a n d  p r e s s u r e  c o n d i t i o n s
tha t  ex i s t s .

I f  i n j e c t o r s  a r e  s u s p e c t e d  o f  l e a k -
i n g  a n d  c o n t r i b u t i n g  t o  d i l u t i o n  o f
t h e  l u b e  o i l ,  t h e y  s h o u l d  n o t  b e
t e s t e d  b y  p r e s s u r i z i n g  t h e  f u e l
s y s t e m  a s  d e s c r i b e d  i n  2  a b o v e .
I n j e c t o r s  s h o u l d  b e  r e m o v e d  f r o m
t h e  e n g i n e  a n d  t e s t e d  f o r  p r e s s u r e
h o l d i n g  c a p a b i l i t y .

L u b e  o i l  p u d d l e  i n s p e c t i o n  i s  t h e  k e y  t o
p r e s s u r e  t e s t i n g  t h e  f u e l  s y s t e m  f o r  i n -
t e r n a l  l e a k s .  T h i s  t e s t  c a n  b e  p e r f o r m e d
a n y  t i m e  t h e  r o c k e r  c o v e r s  a r e  r e m o v e d ,
a f t e r  t h e  f u e l  p i p e s  a n d  c o n n e c t o r s  h a v e
b e e n  s p l a s h e d  w i t h  o i l  a n d  t h e r e  i s  n o r -
m a l  f u e l  p r e s s u r e  i n  t h e  s y s t e m .  T h e
w e a k  o r  m i s s i n g  p u d d l e s  s h o w  w h e r e  t h e
leaks are.

A l l  l eakage  o r  sp i l l age  o f  fue l  du r ing  leak
d e t e c t i o n  t e s t i n g  f u r t h e r  d i l u t e s  t h e  l u b e
o i l ,  s o  t h e  f i n a l  s t e p  i n  m a i n t e n a n c e  o f
th is  t ype  shou ld  inc lude  lube  o i l  and  lube
o i l  f i l t e r  changes .

TROUBLESHOOTING

Fuel Pump

The fue l  pump i s  so  cons t ruc ted  as  to  be
i n h e r e n t l y  t r o u b l e  f r e e .  B y  u s i n g  c l e a n ,
w a t e r - f r e e  f u e l  a n d  m a i n t a i n i n g  t h e  f u e l
f i l t e r s  i n  g o o d  c o n d i t i o n ,  t h e  f u e l  p u m p
w i l l  p r o v i d e  l o n g  s a t i s f a c t o r y  s e r v i c e  a n d
requ i re  very  l i t t l e  ma in tenance.

H o w e v e r ,  i f  t h e  f u e l  p u m p  f a i l s  t o  f u n c -
t i o n  s a t i s f a c t o r i l y ,  f i r s t  c h e c k  t h e  f u e l
l e v e l  i n  t h e  f u e l  t a n k ,  t h e n  m a k e  s u r e
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t h e  f u e l  s u p p l y  v a l v e  i s  o p e n .  A l s o
c h e c k  f o r  e x t e r n a l  f u e l  l e a k s  a t  t h e  f u e l
l i n e  c o n n e c t i o n s  a n d  f i l t e r  g a s k e t s .
M a k e  c e r t a i n  t h a t  a l l  f u e l  l i n e s  a r e  c o n -
n e c t e d  i n  t h e i r  p r o p e r  o r d e r .

N e x t ,  c h e c k  f o r  a  b r o k e n  p u m p  d r i v e
s h a f t  o r  d r i v e  c o u p l i n g .  I n s e r t  t h e  e n d
o f  a  w i r e  t h r o u g h  t h e  p u m p  f l a n g e  d r a i n
h o l e ,  t h e n  c r a n k  t h e  e n g i n e  m o m e n t a r i l y
a n d  n o t e  w h e t h e r  t h e  w i r e  v i b r a t e s .  V i -
b r a t i o n  w i l l  b e  f e l t  i t  t h e  p u m p  s h a f t
r o t a t e s .

A l l  f ue l  pump fa i l u res  resu l t  i n  no  fue l  o r
i n s u f f i c i e n t  f u e l  b e i n g  d e l i v e r e d  t o  t h e
f u e l  i n j e c t o r s  a n d  m a y  b e  i n d i c a t e d  b y
u n e v e n  r u n n i n g  o f  t h e  e n g i n e ,  e x c e s s i v e
v i b r a t i o n , s t a l l i n g  a t  i d l i n g  s p e e d s  o r  a
loss of  power.

The  mos t  common reason  fo r  f a i l u re  o f  a
fue l  pump to  func t ion  p roper l y  i s  a  s t i ck -
i n g  r e l i e f  v a l v e .  T h e  r e l i e f  v a l v e ,  d u e
to  i t s  c lose  f i t  in  the  va lve  bore ,  may be-
c o m e  s t u c k  i n  a  f u l l y  o p e n  o r  p a r t i a l l y
o p e n  p o s i t i o n  d u e  t o  a  s m a l l  a m o u n t  o f
g r i t  o r  f o r e i g n  m a t e r i a l  l o d g e d  b e t w e e n
t h e  v a l v e  a n d  i t s  b o r e  o r  s e a t .  T h i s
p e r m i t s  t h e  f u e l  t o  c i r c u l a t e  w i t h  t h e
p u m p  r a t h e r  t h a n  b e i n g  f o r c e d  t h r o u g h
the  fue l  sys tem.

T h e r e f o r e , i f  t h e  f u e l  p u m p  i s  n o t  f u n c -
t i o n i n g  p r o p e r l y ,  r e m o v e  t h e  r e l i e f  v a l v e
p l u g ,  s p r i n g  a n d  p i n  a n d  c h e c k  t h e
m o v e m e n t  o f  t h e  v a l v e  w i t h i n  t h e  v a l v e
b o r e .  I f  t h e  v a l v e  s t i c k s ,  r e c o n d i t i o n  i t
b y  u s i n g  f i n e  e m e r y  c l o t h  t o  r e m o v e  a n y
s c u f f  m a r k s .  O t h e r w i s e ,  r e p l a c e  t h e
v a l v e .  C l e a n  t h e  v a l v e  b o r e  a n d  t h e
v a l v e  c o m p o n e n t s .  T h e n  l u b r i c a t e  t h e
v a l v e  a n d  c h e c k  i t  f o r  f r e e  m o v e m e n t
t h o r o u g h o u t  t h e  e n t i r e  l e n g t h  o f  i t s
t r a v e l .  R e i n s t a l l  t h e  v a l v e .

A f t e r  t h e  r e l i e f  v a l v e  h a s  b e e n  c h e c k e d ,
s t a r t  t h e  e n g i n e  a n d  c h e c k  t h e  f u e l  f l o w
a t  s o m e  p o i n t  b e t w e e n  t h e  r e s t r i c t e d  f i t -
t i n g  i n  t h e  f u e l  r e t u r n  m a n i f o l d  a t  t h e
cy l inder  head  and  the  fue l  tank .

Checking Fuel Flow

1 .  D i s c o n n e c t  t h e  f u e l  r e t u r n  h o s e  f r o m
t h e  f i t t i n g  a t  t h e  f u e l  t a n k  a n d  h o l d  t h e
o p e n  e n d  i n  a  c o n v e n i e n t  r e c e p t a c l e .
(see Figure 11C-79 on page 11C-51).

2 .  S ta r t  and  run  the  eng ine  a t  1200 RPM
and  measure  the  fue l  f l ow . Refe r  to  the



Figure 11C-79. Measuring Fuel Flow

e n d  o f  S e c t i o n  1 1 A  f o r  t h e  s p e c i f i e d
q u a n t i t y  p e r  m i n u t e .

3 .  I m m e r s e  t h e  e n d  o f  t h e  f u e l  h o s e  i n
t h e  f u e l  i n  t h e  c o n t a i n e r .  A i r  b u b b l e s
r i s ing  to  the  sur face  o f  the  fue l  w i l l  i nd i -
ca te  a i r  be ing  d rawn in to  the  fue l  sys tem
o n  t h e  s u c t i o n  s i d e  o f  t h e  p u m p .  I f  a i r
i s  p r e s e n t ,  t i g h t e n  a l l  f u e l  l i n e  c o n -
n e c t i o n s  b e t w e e n  t h e  f u e l  t a n k  a n d  t h e
fue l  pump.

4 .  I f  t h e  f u e l  f l o w  i s  i n s u f f i c i e n t  f o r  s a t -
i s fac to ry  eng ine  per fo rmance ,  then :

A. Replace the element in the fuel
s t r a i n e r .  T h e n  s t a r t  t h e  e n g i n e  a n d
r u n  i t  a t  1 2 0 0  R P M  t o  c h e c k  t h e  f u e l
f l o w .  I f  t h e  f l o w  i s  s t i l l  u n s a t i s f a c -
t o r y ,  p e r f o r m  t h e  n e x t  s t e p .

B .  Rep lace  the  e lement  in  the  fue l  f i l t e r .
I f  t h e  f l o w  i s  s t i l l  u n s a t i s f a c t o r y ,  p e r -
f o r m  t h e  n e x t  s t e p .

C .  S u b s t i t u t e  a n o t h e r  f u e l  p u m p  t h a t  i s
k n o w n  t o  b e  i n  g o o d  c o n d i t i o n  a n d
a g a i n  c h e c k  t h e  f u e l  f l o w .  W h e n
chang ing  a  fue l  pump,  c lean  a l l  o f  t he
f u e l  l i n e s  w i t h  c o m p r e s s e d  a i r  a n d  b e
s u r e  a l l  f u e l  l i n e  c o n n e c t i o n s  a r e
t i g h t .  C h e c k  t h e  f u e l  l i n e s  f o r  r e -
s t r i c t i o n s  d u e  t o  b e n d s  o r  o t h e r
damage.

f a c t o r i l y ,  o n e  o r  m o r e  t u e l  i n j e c t o r s  m a y
be at fault and may be checked as
fo l lows :

I f  the  eng ine  s t i l l  does  no t  per fo rm sa t i s -

1 .  R u n  t h e  e n g i n e  a t  i d l e  s p e e d  a n d  c u t
o u t  e a c h  i n j e c t o r  i n  t u r n  b y  h o l d i n g  t h e
i n j e c t o r  f o l l o w e r  d o w n  w i t h  a  s c r e w  d r i v -
e r .  I f  a  c y l i n d e r  h a s  b e e n  m i s f i r i n g ,
t h e r e  w i l l  b e  n o  n o t i c e a b l e  d i f f e r e n c e  i n
t h e  s o u n d  a n d  o p e r a t i o n  o f  t h e  e n g i n e
w h e n  t h a t  p a r t i c u l a r  i n j e c t o r  h a s  b e e n
c u t  o u t .

2 .  S t o p  t h e  e n g i n e  a n d  r e m o v e  t h e  f u e l
p i p e  b e t w e e n  t h e  f u e l  r e t u r n  m a n i f o l d
and  the  in jec to r .

3 .  H o l d  a  f i n g e r  o v e r  t h e  i n j e c t o r  f u e l
o u t l e t  a n d  c r a n k  t h e  e n g i n e  w i t h  t h e
s t a r t e r .  A  g u s h  o f  f u e l  w h i l e  t u r n i n g
t h e  e n g i n e  i n d i c a t e s  a n  a m p l e  f u e l
s u p p l y ;  o t h e r w i s e ,  t h e  i n j e c t o r  f i l t e r s
a re  c logged  and  the  in jec to r  mus t  be  re -
moved fo r  serv ice .
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Chart 1

TROUBLE SHOOTING CHARTS (Needle Valve Injectors)

SUGGESTED REMEDY

1. Replace the needle valve and spray tip assembly.

2. Replace the needle valve and spray tip assembly.

3. Replace the spring seat.

4. Replace the valve spring.

5. Disassemble the injector and clean all of the parts.

6. Remove the carbon in the spray tip with tip reamer
J 9464-01 which is especially designed and ground for
this purpose.

7. Check the size of the spray tip orifices. Then, using
tool J 4298-1 with the proper size wire, clean the
orifices.
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Chart 2

TROUBLE SHOOTING CHARTS (Needle Valve Injectors)

SUGGESTED REMEDY

I. Lap the injector body. 10. Replace the seal rings.

2. Tighten the injector nut to 75-85 lb-ft (102-115
Nm) torque. Do not exceed the specified torque.

I I. Install new body plugs.

12. Replace the filter cap gaskets and tighten the filter
caps to 65-75 lb-ft (88-102 Nm) torque.3. Replace the plunger and bushing.

4, 5, 6 and 7. Replace the needle valve and spray tip
assembly.

8. Replace the valve spring.

13. Clean up the sealing surfaces or replace the filter
caps, if necessary. Replace the filter if a cap is
replaced.

9. Replace the valve spring seat. 14. Disassemble the injector and clean all of the parts.
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Chart 3

TROUBLE SHOOTING CHARTS (Needle Valve Injectors)

SUGGESTED REMEDY

1. Clean the spray tip as outlined under Clean Injector
Parts.

5. Replace the needle valve and spray tip assembly.

6. Replace the spring seat.
2. Replace the needle valve and spray tip assembly.

7. Replace the valve spring.

3. Clean the spray tip with tool J 1243.

4. After the possibility of an incorrect or faulty spray
tip has been eliminated and the injector output still
does not fall within its specific limits, replace the
plunger and bushing with a new assembly.

NOTE: The fuel output of an injector varies
with the use of different spray tips of the same
size due to manufacturing tolerances in drilling
the tips. If the fuel output does not fall within
the specified limits of the Fuel Output Check
Chart, try changing the spray tip. However, use
only a tip specified for the injector being tested.

8. Replace the cracked parts.

9. Replace the plunger and bushing assembly.

10. Lap the sealing surfaces.

11. Disassemble the injector and clean all of the parts.

12. Assemble the gear with the drill spot mark on the
tooth engaged between the two marked teeth on the
rack.

13. Replace the spray tip and the plunger and bushing
assembly to provide the correct output.
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SPEClFlCATlONS

STANDARD BOLT AND NUT TORQUE SPECIFICATIONS

THREAD
SIZE

260M BOLTS
TORQUE

(lb-ft) Nm
THREAD

SIZE

280M OR BETTER
TORQUE

(lb-ft) Nm

1/4 -20 ................................. 5- 7
1/4 -28 ................................. 6- 8
5/16-18 ................................. 10-13
5/16-24 ................................ 11-14
3/8 -16 ................................. 23-26
3/8 -24 ................................. 26-29
7/16-14 ................................. 35-38
7/16-20 ................................. 43-46
1/2 -13 ................................ 53-56
1/2 -20 ................................. 62-70
9/16-12 ................................. 68-75
9/16-18 ................................ 80-88
5/8 -11 ................................ 103-110
5/8 -18 ................................. 126-134
3/4 -10 ................................ 180-188
3/4 -16 ................................. 218-225
7/8 -  9 ................................ 308-315
7/8 -14 ................................. 356-364

1  -  8 ................................ 435-443
1 -14 ................................. 514-521

7- 9
8-11

14-18
15-19
31-35
35-40
47-51
58-62
72-76
84-95
92-102

109-119
140-149
171-181
244-254
295-305
417-427
483-494
590-600
697-705

1 /4  -20 .................................... 7-9
1/4 -28 .................................... 8-10
5/16-18 .................................... 13-17
5/16-24 .................................... 15-19
3 /8  -16 .................................... 30-35
3/8 -24 .................................... 35-39
7/16-14 .................................... 46-50
7/16-20 ................................... 57-61
1/2 -13 .................................... 71-75
1/2 -20 .................................... 83-93
9/16-12 .................................... 90-100
9/16-18 .................................... 107-117
5/8 -11 .................................... 137-147
5/8 -18 .................................... 168-178
3/4 -10 .................................... 240-250
3/4 -16 .................................... 290-300
7/8 -  9 ................................... 410-420
7/8 -14 .................................... 475-485

1   - 8 .................................. 580-590
1  -14 ................................... 685-695

10-12
11-14
18-23
20-26
41-47
47-53
62-68
77-83
96-102

113-126
122-136
146-159
186-200
228-242
325-339
393-407
556-569
644-657
786-800
928-342

Grade identification markings are normally stamped on the heads of the bolts. To aid identification of the various
bolts used in Detroit Diesel engines, refer to the following chart.

BOLT IDENTIFICATION CHART
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EXCEPTIONS TO STANDARD BOLT AND NUT TORQUE SPECIFICATIONS

APPLICATION
THREAD

SIZE TORQUE TORQUE
(lb-ft) (Nm)

. . . . . . . . . . .

Injector clamp bolt . . . . . . . . . . . . . . . . . . . . . .
Injector clamp stud

5/16-24 5-7

3/8 -16 20-25
3/8 -16 10-25

. . . . . . . . . . . . . . . . . . . . . . 3/8 -24 12-15
3/8 -24 20-25

10-32 20 in-lbLimiting speed low weight set screw

Variable speed spring lever set screw . . . . .

. . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . .
Fuel pipe nut
Injector clamp nut

Fuel manifold connector nut . . . . . . . . . . . . . . . . . . . . . . 7/16-20 30-35 41-47
*Fuel manifold connector (nylon insert) ............... 7/16-20 30-35 41-47
*Fuel manifold connector (steel washer) ............... 7/16-20 40-45 54-61

* R o c k e r  a r m  b r a c k e t  b o l t 90-100...................... 1/2 -13

I n j e c t o r  f i l t e r  c a p 5/8 -24 65-75. . . . . . . . . . . . . . . . . . . . . .

Injector nut (needle valve) ...................... 15/16-24 75-85

122-136

88-102

102-115

2.26

7-10

27-34
14-34

16-20
27-34

*Lubricate before assembly.
†75-85 lb-ft (102-115 Nm) torque on the two bolts attaching load limit or power control screw bracket (if used) to the
rocker arm shaft brackets.
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SERVICE TOOLS

TOOL NAME TOOL NO.

INJECTOR

Spray tip flow gage ...................................................................................
Spray tip gage ...................................................................................
Spring tester .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Wire brush (brass) ...................................................................................

Injector tip concentricity gage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Injector vise and rack freeness tester .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Injector vise jaws (offset body) ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Injector tester .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Injector tester modification package (J23010 only) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Auxiliary injector tester ...................................................................................
Fuel pipe socket ......................................................................................
Fuel system primer ........................................................................................
Injector body reamer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Injector body thread reconditioning set ...............................................................
Injector calibrator  ...............................................................................................................
Injector nut seal ring installer .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Injector service set (includes *tools) ....................................................................
Injector service set (includes §tools) ................................................................

*Deburring tool ...........................................................................................
§*Fuel hole brush ......................................................................................
§*lnjector nut socket wrench ......................................................................
§*lnjector nut and seat carbon remover set . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
§*lnjector spray tip driver ...............................................................................

*Injector tip cleaner ..............................................................................
§*Pin vise ......................................................................................................
§*Rack hole brush .....................................................................................
§*Spray tip carbon remover ............................................................................

*Spray tip seat remover ................................................................................

§*Spray tip wire (.0055") ...................................................................................
§*Spraytip wire (.005") ...................................................................................

§*Spray tip wire (.006") . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
§*Wire sharpening stone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

†lnjector test oil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Lapping Block set ...................................................................................
Polishing compound ...................................................................................
Polishing stick set ...................................................................................

J 22640
J 8932-01
J 5956
J 21089
J 22690
J 22410
J 29197
J 1241-07
J 23435-02
J 7174
J 8152
J 4983-01
J 9418
J 1291-02
J 1243-01
J 4298-1
J 8150
J 24838
J 4986-01
J 21459-01
J 21460-01
J 21461-01
J 8170
J 26400
J 23010
J 23010-194
J 29584
J 22396
J 8912
J 22090
J 23038
J 22964
J 25600
J 9462-02
J 22738-02
J 7944

INJECTOR TUBE

Cylinder head holding plates ...............................................................................
Injector protrusion gage ......................................................................................

J 3087-01

Injector tube service tool set ..............................................................................
J 25521

Injector tube service tool set (for power equipment) .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
J 22525

Injector tube swaging tool .................................................................................
J 22515
J 28611-A

†Available in 5, 15, 30 and 55 gallons.
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TOOL NAME

FUEL PUMP

TOOL NO.

Fuel pump tool set ............................................................................................... J 1508-03
Fuel pump wrench ............................................................................................... J 4242
Fuel system primer ................................................................................................ J 5956

MECHANICAL GOVERNOR

Adjustable spanner wrench .................................................................................... J 5345-5
Elastic stop nut adjustment tool ......................................................................... J 28598-A
Governor cover bearing installer ........................................................................... J 21068
Governor cover baring remover/installer ............................................................ J 21967-01
High-speed spring retainer nut wrench ................................................................ J 1652-01
Variable speed spring housing bearing installer set .......................................... J 9196
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SUBSECTION 11D

AIR INTAKE SYSTEM

GENERAL

T h i s  s u b s e c t i o n  c o n t a i n s  r e p a i r  i n f o r m a -
t ion  on  the  b lower  and  tu rbocharger .

DESCRIPTION

I n  t h e  s c a v e n g i n g  p r o c e s s  e m p l o y e d  i n
t h i s  e n g i n e , a  charge  o f  a i r  i s  fo rced  in -
t o  t h e  c y l i n d e r s  b y  t h e  b l o w e r  a n d  t h o r -
o u g h l y  s w e e p s o u t  a l l  o f  t h e  b u r n e d
g a s e s  t h r o u g h  t h e  e x h a u s t  v a l v e  p o r t s .
T h i s  a i r  a l s o  h e l p s  t o  c o o l  t h e  i n t e r n a l
e n g i n e  p a r t s , p a r t i c u l a r l y  t h e  e x h a u s t
va lves. A t  t h e  b e g i n n i n g  o f  t h e  c o m -
p r e s s i o n  s t r o k e ,  t h e r e f o r e ,  e a c h  c y l i n d e r
i s  f i l l e d  w i t h  f r e s h ,  c l e a n  a i r  w h i c h  p r o -
v ides  fo r  e f f i c ien t  combust ion .

The  a i r ,  en te r ing  the  b lower  f rom the  a i r
c l e a n e r  i s  p i c k e d  u p  b y  t h e  b l o w e r  r o t o r
l o b e s  a n d  c a r r i e d  t o  t h e  d i s c h a r g e  s i d e
o f  t h e  b l o w e r  a s  i n d i c a t e d  b y  t h e  a r r o w s
i n  F i g u r e  1 1 D - 1 . T h e  c o n t i n u o u s  d i s -
c h a r g e  o f  f r e s h  a i r  f r o m  t h e  b l o w e r
c r e a t e s  a n  a i r  p r e s s u r e  o f  a p p r o x i m a t e l y
7  p s i  ( 4 8  k P a )  i n  t h e  a i r  c h a m b e r  o f  t h e
cy l inder  b lock  a t  max imum eng ine  speed .
T h i s  a i r  s w e e p s  t h r o u g h  t h e  i n t a k e
p o r t s , wh ich  s ta r ts  to  open as  the  p is ton
a p p r o a c h e s  t h e  e n d  o f  i t s  d o w n w a r d
t r a v e l  a n d  c l o s e  a f t e r  t h e  c o m p r e s s i o n
s t roke  beg ins .

T h e  a n g l e  o f  t h e  p o r t s  i n  t h e  c y l i n d e r
l i n e r s  c r e a t e s  a  u n i f o r m  s w i r l i n g  m o t i o n
t o  t h e  i n t a k e  a i r  a s  i t  e n t e r s  t h e  c y l i n -
d e r s . T h i s  m o t i o n  p e r s i s t s  t h r o u g h o u t
t h e  c o m p r e s s i o n s t r o k e  a n d  f a c i l i t a t e s
scaveng ing  and  combust ion .

T u r b o p o w e r i n g o f  t h e  e n g i n e  i s  a c c o m -
p l i s h e d  b y  i n t r o d u c i n g  a  t u r b o c h a r g e r  i n
s e r i e s  w i t h  t h e  b l o w e r  o f  t h e  a i r  s y s t e m
as i l l u s t r a t e d  i n  F i g u r e  1 1 D - 2  o n  p a g e
11D-2. T h e  e x p a n d i n g  e x h a u s t  g a s e s

Figure 11D-1. Air  Flow Through
Blower and Engine

t u r n  a  s i n g l e  s t a g e  t u r b i n e  w h e e l  w h i c h
d r i v e s  a n i m p e l l e r  t h u s  s u p p l y i n g  a i r
u n d e r  p r e s s u r e  t o  t h e  b l o w e r . Even
though  the  b lower  speed  i s  reduced  con-
s i d e r a b l y  t h r o u g h  a n  a d d i t i o n a l  p a i r  o f
g e a r s  i n  t h e  b l o w e r  g e a r  t r a i n ,  t h e  a i r
b o x  p r e s s u r e  i s  n e a r l y  d o u b l e d  b y  t h e
i n c r e a s e d  f l o w  o f  a i r  a n d  t h e  r e s u l t  i s
f r e e r  b r e a t h i n g , q u i e t e r  o p e r a t i o n  a n d
more complete combust ion and
s c a v e n g i n g .

BLOWER

Description

The b lower ,  des igned  espec ia l l y  fo r  e f f i -
c ien t  d iese l  opera t ion ,  supp l ies  the  f resh
a i r  n e e d e d  f o r  c o m b u s t i o n  a n d  s c a v e n g -
i n g . I ts  opera t ion  is  s imi la r  to  tha t  o f  a
g e a r  t y p e  o i l  p u m p , T w o  h o l l o w  t h r e e

Subsection 11D 11D-1



Figure 11D-2. Air  Flow Through
Turbocharger and Blower

l o b e  r o t o r s r e v o l v e s  w i t h  v e r y close
clearances in a housing bol ted to the cyl-
i n d e r  b l o c k . T o  p r o v i d e  c o n t i n u o u s  a n d
u n i f o r m  d i s p l a c e m e n t  o f  a i r , t h e  r o t o r
l o b e s  a r e  m a d e  w i t h  a  h e l i c a l  ( s p i r a l )
form (see Figure 11D-3 on page 11D-3).

T w o  t i m i n g  g e a r s , l o c a t e d  o n  t h e  d r i v e
e n d  o f  t h e  r o t o r  s h a f t s ,  s p a c e  t h e  r o t o r
l o b e s  w i t h  a  c l o s e  t o l e r a n c e ;  t h e r e f o r e ,
a s  t h e  l o b e s  o f  t h e  u p p e r  a n d  l o w e r  r o -
t o r s  d o  n o t  t o u c h  a t  a n y  t i m e ,  n o  l u b r i -
ca t ion  is  requ i red .

Oi l  seals located in the blower end plates
preven t  a i r  l eakage  and  a lso  keep  the  o i l
used  fo r  lub r i ca t ing  the  t im ing  gears  and
r o t o r s h a f t  b e a r i n g s  f r o m  e n t e r i n g  t h e
ro to r  compar tmen t .

M e t a l  r i n g  t y p e  o i l  s e a l s  a r e  i n s t a l l e d  i n
t h e  b l o w e r  e n d  p l a t e s . E a c h  r i n g  t y p e
o i l  sea l  cons is ts  o f  a  car r ie r  p ressed in to
the  ro to r  sha f t ,  a  co l la r  p ressed  in to  the
end  p la te , and a seal  r ing contained in a
g r o o v e  o f  t h e  c a r r i e r .  T h e  o u t s i d e  d i a m -
e t e r  o f  t h e  s e a l  r i n g  s e a l s  a g a i n s t  t h e
col lar  to prevent leakage of  a i r  or  o i l .

E a c h  r o t o r  i s  s u p p o r t e d  i n  t h e  d o w e l e d
e n d  p l a t e s  o f  t h e  b l o w e r  h o u s i n g  b y  a
r o l l e r  b e a r i n g  a t  t h e  f r o n t  e n d  a n d  t w o
r o w  p r e - l o a d e d  r a d i a l  a n d  t h r u s t  b a l l
bear ing  a t  the  gear  end .

T h e  b l o w e r  u p p e r  r o t o r  i s  d r i v e n  b y  t h e
b l o w e r  d r i v e  s h a f t  w h i c h  i s  c o u p l e d  t o
t h e  u p p e r  r o t o r  t i m i n g  g e a r  b y  m e a n s  o f
a  f l e x i b l e  d r i v e  h u b  ( 2 0 ,  F i g u r e  1 1 D - 3
on page 11D-3).

A  f l e x i b l e  c o u p l i n g ,  f o r m e d  b y  a n  e l l i p -
t i c a l  c a m  d r i v e n  b y  t w o  b u n d l e s  o f  l e a f
s p r i n g s which r i d e on f o u r
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semi -cy l ind r i ca l s u p p o r t s and s p r i n g
seats is a t t a c h e d  t o  t h e  b l o w e r  d r i v e
g e a r  ( 4 2 ) ,  a n d  p r e v e n t  t h e  t r a n s f e r  o f
to rque  f luc tua t ions  to  the  b lower .

S i n c e  t h e  l o w e r  r o t o r  ( t i m i n g )  g e a r  ( 1 4 )
i s  a l s o  s p l i n e d  t o  t h e  l o w e r  r o t o r  s h a f t ,
i t  d r i v e s  t h e  u p p e r  r o t o r  ( t i m i n g )  g e a r
(13) .

T h e  b l o w e r  r o t o r s  a r e  t i m e d  b y  t h e  t w o
r o t o r  ( t i m i n g )  g e a r s  ( 1 3  a n d  1 4 )  a t  t h e
r e a d  e n d  o f  t h e  r o t o r  s h a f t s . T h i s  t i m -
i n g m u s t  b e  c o r r e c t , o t h e r w i s e  t h e  r e -
qu i red  c lea rance  be tween  the  ro to r  l obes
wi l l  not be maintained.

N o r m a l  g e a r  w e a r  c a u s e s  a  d e c r e a s e  i n
t h e  r o t o r - t o - r o t o r  c l e a r a n c e  b e t w e e n  t h e
lead ing  edge  o f  the  upper  ro to r  l obe  and
t h e  t r a i l i n g  e d g e  o f  t h e  t o w e r  r o t o r
lobes.

Whi le the rotor  lobe c learance may be ad-
j u s t e d  b y  t h e  u s e  o f  s h i m s  b e h i n d  t h e
gears , gear backlash c a n n o t  b e
c o r r e c t e d .  W h e n  g e a r s  h a v e  w o r n  t o  t h e
point  where the backlash exceeds 0.004”,
the gears must be replaced.

Lubrication

O i l  d r a i n s  f r o m  t h e  v a l v e  o p e r a t i n g  m e -
chanism on the cyl inder head into the ba-
lance  sha f t  pocke t  in  the  cy l inder  b lock ;
t h e n , w h e n  i t  r e a c h e s  a  c e r t a i n  l e v e l ,
t h e  o i l  f l o w s  f r o m  t h e  p o c k e t  i n t o  t h e
cav i t ies a t  t h e  u p p e r  c o r n e r s  o f  t h e
b l o w e r  a n d  t h r o u g h  p a s s a g e s  i n  t h e
b l o w e r  a n d  e n d  p l a t e s  t o  l u b r i c a t e  t h e
b e a r i n g s , g o v e r n o r  a n d w a t e r  p u m p
d r i v e s  a t  t h e  f r o n t  e n d ,  a n d  b e a r i n g s
and  gears  a t  the  read  end  o f  the  b lower .
A  s l i n g e r  a t t a c h e d  t o  t h e  f r o n t  e n d  o f
t h e  l o w e r  r o t o r  s h a f t  t h r o w s  o i l  o n t o  t h e
f r o n t ro l l e r bear ings and g o v e r n o r
w e i g h t s . A dam in the blower end plates
main ta ins  o i l  a t  a  leve l  adequate  to  sub-
merge t h e  l o w e r  p o r t i o n  o f  t h e  s l i n g e r
and dr iven  gear .

Surplus oi l  overf lows the dams in the end
p l a t e s  a n d  r e t u r n s  t h r o u g h  t w o  d r i l l e d
ho les  in  the  cy l inder  b lock  in  the  eng ine
c rankcase .

Inspection of Blower

T h e  b l o w e r  m a y  b e  i n s p e c t e d  f o r  a n y  o f
t h e  f o l l o w i n g c o n d i t i o n s  w i t h o u t  b e i n g



F
ig

u
re

 1
1

D
-3

. B
lo

w
e

r A
s

s
e

m
b

ly

A
ir 

In
take 

S
ystem

11D
-3



r e m o v e d  f r o m  t h e  e n g i n e .  H o w e v e r ,  t h e
a i r  shu t -down hous ing  must  be  removed.

W h e n  i n s p e c t i n g  a  b l o w e r  o n  a n
e n g i n e  w i t h  t h e  e n g i n e  r u n n i n g ,
k e e p  f i n g e r s  a n d  c l o t h i n g  a w a y
from the moving parts of the blow-
er and run the engine at low
speeds only.

D i r t  o r  c h i p s  d r a w n  t h r o u g h  t h e  b l o w e r
w i l l  m a k e  d e e p  s c r a t c h e s  i n  t h e  r o t o r s
a n d  h o u s i n g  a n d  t h r o w  u p  b u r r s  a r o u n d
such abras ions . I f  b u r r s  c a u s e  i n t e r f e r -
e n c e  b e t w e e n  t h e  r o t o r s  o r  b e t w e e n  t h e
r o t o r s  a n d  h o u s i n g ,  r e m o v e  t h e  b l o w e r
f r o m  t h e  e n g i n e  a n d  d r e s s  t h e  p a r t s
d o w n  t o  e l i m i n a t e  t h e  i n t e r f e r e n c e ,  o r
r e p l a c e  t h e  r o t o r s  i f  t h e y  a r e  t o o  b a d l y
scored .

Leaky  o i l  sea ls  a re  usua l l y  man i fes ted  by
t h e  p r e s e n c e  o f  o i l  o n  t h e  b l o w e r  e n d
p l a t e s  a n d  r o t o r s  o r  t h e  i n s i d e  s u r f a c e s
o f  t h e  h o u s i n g . T h i s  c o n d i t i o n  m a y  b e
c h e c k e d  b y  r u n n i n g  t h e  e n g i n e  a t  l o w
speed and d i rec t ing  a  l igh t  in to  the  ro to r
compartment at  the end plates and the oi l
seals. A  t h i n  f i l m  o f  o i l  r a d i a t i n g  a w a y
from the seals is indicat ive of  an oi l  leak.

A  w o r n  b l o w e r  d r i v e ,  r e s u l t i n g  i n  a  r a t t l -
i n g  n o i s e  i n s i d e  t h e  b l o w e r ,  m a y  b e  d e -
t e c t e d  b y  g r a s p i n g  t h e  t o p  r o t o r  f i r m l y
a n d  a t t e m p t i n g  t o  r o t a t e  i t . Rotors may
move  f rom 3 /8 "  to  5 /8 " ,  measured  a t  the
l o b e  c r o w n , w i t h  a  s p r i n g i n g  a c t i o n .
When  re leased , t h e  r o t o r s  s h o u l d  m o v e
b a c k  a t  l e a s t  1 / 4 ” . I f  t h e  r o t o r s  c a n n o t
be  moved as  d i rec ted  above ,  o r  i f  the  ro -
to rs  move too  f ree ly ,  inspec t  the  f lex ib le
b l o w e r  d r i v e  c o u p l i n g  a n d  r e p l a c e  i t  i f
necessary .

I f  t h e  d r i v e  c o u p l i n g  i s  w o r n ,  t h e  b l o w e r
d r i v e  g e a r a s s e m b l y  m a y  b e  r e m o v e d
f r o m  t h e  c y l i n d e r  b l o c k  e n d  p l a t e  a f t e r
t h e  b l o w e r  h a s  b e e n  r e m o v e d  f r o m  t h e
eng ine a n d  t h e  d r i v e  g e a r  h u b  b e a r i n g
suppor t  to  cy l inder  b lock  end  p la te  bo l t s
are removed.

L o o s e  r o t o r  s h a f t s  o r  d a m a g e d  b e a r i n g s
w i l l  c a u s e  r u b b i n g  a n d  s c o r i n g  b e t w e e n
t h e  c r o w n s  o f  t h e  r o t o r  l o b e s  a n d  t h e
mat ing r o t o r  r o o t s ,  b e t w e e n  t h e  r o t o r s
a n d  t h e  e n d  p l a t e s ,  o r  b e t w e e n  t h e  r o -
t o r s  a n d t h e  h o u s i n g . G e n e r a l l y ,  a
c o m b i n a t i o n  o f  t h e s e  c o n d i t i o n s  e x i s t s .
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A loose  sha f t  usua l l y  causes  rubb ing  be-
tween t h e  r o t o r s  a n d  t h e  e n d  p l a t e s .
Worn or  damaged  bear ing  w i l l  cause  rub -
b i n g  b e t w e e n  t h e  m a t i n g  r o t o r  l o b e s  a t
some point  or  perhaps al low the rotor as-
semblies t o  r u b  t h e  b l o w e r  h o u s i n g .
T h i s  c o n d i t i o n  w i l l  u s u a l l y  s h o w  u p  a t
the  end  where  the  bear ings  have  fa i led .

Excess ive  back lash  in  be tween the  b lower
t i m i n g  g e a r s  u s u a l l y  r e s u l t s  i n  t h e  r o t o r
l o b e s  r u b b i n g t h r o u g h o u t  t h e i r  e n t i r e
leng th .

T o  c o r r e c t  a n y  o f  t h e  a b o v e  c o n d i t i o n s ,
r e m o v e  t h e  b l o w e r  f r o m  t h e  e n g i n e  a n d
e i ther  repa i r  o r  rep lace  i t .

I n s p e c t  t h e  b l o w e r  i n l e t  s c r e e n  p e r i o d -
i ca l l y ,  fo r  an  accumula t ion  o f  d i r t  wh ich ,
a f te r  p ro longed  opera t ion ,  may  a f fec t  the
a i r  f l o w . S e r v i c i n g  o f  t h e  s c r e e n  c o n -
s i s t s  o f  t h o r o u g h l y  w a s h i n g  i t  i n  f u e l  o i l
a n d  c l e a n i n g  w i t h  a  s t i f f  b r u s h  u n t i l  t h e
screen i s  f ree  o f  a l l  the  d i r t  depos i ts .

Remove Blower

In most cases, removal  of  the blower,  to-
g e t h e r  w i t h  t h e  g o v e r n o r  d r i v e ,  f r e s h
wate r  pump,  fue l  o i l  pump and  the  b low-
e r  d r i v e  s h a f t  c o v e r ,  w i l l  b e  f o u n d  m o s t
advantageous. F o r  r e m o v a l  o f  t h i s  a s -
sembly , refer to Figure 11D-4 on page
11D-5 and proceed as fo l lows:

1 .  Dra in  the  coo l ing  sys tem.

2 .  R e m o v e  t h e  g o v e r n o r  c o n t r o l  h o u s i n g
assembly as outlined under "Remove
Governor ”  in  Subsec t ion  11C.

3 .  D i s c o n n e c t  t h e  f u e l  l i n e s  a t  t h e  f u e l
pump.

4 .  Loosen  the  wate r  pump connec t ions  a t
the  pump cover  and  the  cy l inder  b lock .

5 .  L o o s e n  t h e  t u r b o c h a r g e r  h o s e  c l a m p s
a n d  s l i d e  t h e  h o s e  a n d  c l a m p s  b a c k  o n
the  a i r  in le t  hous ing .

6 .  Remove the  a i r  in le t  hous ing ,  gaske t ,
s t r i k e r p l a t e  a n d  a i r  i n l e t  s c r e e n  f r o m
the  b lower .

7 .  R e m o v e  t h e  b l o w e r  d r i v e r  s h a f t  a s
out l ined  in  Subsec t ion  11B.

8 .  L o o s e n  t h e  b l o w e r  d r i v e  s h a f t  c o v e r
s e a l  c l a m p  a t  t h e  b l o w e r  d r i v e  g e a r  h u b
s u p p o r t .



Figure 11D-4. Blower Mount ing

9 .  R e m o v e  t h e  b o l t s  a n d  p l a i n  w a s h e r s
s e c u r i n g
b l o c k .

t h e  b l o w e r  t o  t h e  c y l i n d e r
Sl ide t h e b l o w e r s l i g h t l y

f o r w a r d ,  w i t h d r a w  t h e  b l o w e r  d r i v e  s h a f t
c o v e r  f r o m  t h e  s e a l ,  t h e n  l i f t  t h e  b l o w e r
away  f rom the  cy l inder  b lock .

Remove Accessories from Blower

1. Remove the three bol ts and seal  wash-
e r  a s s e m b l i e s  s e c u r i n g  t h e  f u e l  p u m p  t o
t h e  b l o w e r  r e a r  e n d  p l a t e  c o v e r ,  t h e n
r e m o v e  t h e  f u e l  p u m p ,  g a s k e t  a n d  d r i v e
c o u p l i n g  f o r k .

2 .  L o o s e n  t h e  s e a l  c l a m p  s e c u r i n g  t h e
b l o w e r  d r i v e  s h a f t  c o v e r  t o  t h e  b l o w e r
end  p la te  cover ,  then  remove cover ,  sea l
and c lamp f rom the end plate cover.

3 .  Remove the  th ree  bo l t s  and  sea l  wash-
e r  assembl ies  secur ing  the  wate r  pump to
t h e  b l o w e r  f r o n t  e n d  p l a t e  c o v e r ,  t h e n
r e m o v e  t h e  w a t e r  p u m p  a n d a s k e t .  I f
necessary , t a p  t h e  p u m p w i th a  p l a s t i c
hammer to loosen it.

4 .  R e m o v e  t h e  s i x  b o l t s  a n d  s e a l  w a s h e r
a s s e m b l i e s  s e c u r i n g  t h e  g o v e r n o r  w e i g h t
h o u s i n g  t o  t h e  b l o w e r  f r o n t  e n d  p l a t e
c o v e r , t h e n  r e m o v e  t h e  w e i g h t  h o u s i n g
and gaske t .

Disassemble Blower

Refer to Figure 11D-3 on page 11D-3 and
F igure  11D-11  on  page  11D-8  and  d isas -
semble the blower as fo l lows:

1.  Remove the ten bol ts and lock washers
s e c u r i n g  t h e  e n d  p l a t e  c o v e r s  ( 2 8  a n d
2 9 )  t o  t h e  b l o w e r  f r o n t  a n d  r e a r  e n d
p la tes . T a p  t h e  e n d s  o f  t h e  e n d  p l a t e
c o v e r s  w i t h  a  p l a s t i c  h a m m e r  t o  l o o s e n
t h e  c o v e r s  f r o m  t h e  g a s k e t s  a n d  d o w e l
p i n s  i n  t h e  e n d  p l a t e s .  T h e n  r e m o v e  t h e
covers  and  gaske ts  f rom the  end  p la tes .

2 .  P l a c e  a  c l e a n  f o l d e d  s h o p  t o w e l  b e -
tween the  ro to rs  and  a  towe l  be tween the
r o t o r  a n d  t h e  h o u s i n g  t o  p r e v e n t  t h e  r o -
t o r s  f r o m  t u r n i n g . T h e n , remove  the
b o l t  s e c u r i n g  t h e  w a t e r  p u m p  d r i v e  c o u -
p l i n g  t o  t h e  b l o w e r  r o t o r  s h a f t  a s  s h o w n
in  F igure  11D-5 .

Figure 11D-5. Removing Water Pump
D r i v e

3 .  T h r e a d  a d a p t o r  J  6 4 7 1 - 4  ( 1 / 2 " - 2 0
th reads)  o r  adap to r  J  6471-10  (9 /16" -18)
in to  the  water  pump dr ive  coup l ing ,  then
attach s l ide hammer and shaf t  J  2619-5 to
t h e  a d a p t o r  a n d  p u l l  t h e  d r i v e  c o u p l i n g
f rom the  b lower  ro to r  sha f t .

4 .  R e m o v e  b o l t s  ( 2 1 ) ,  l o c k  w a s h e r s  a n d
p la in washers s e c u r i n g  b l o w e r  r o t o r
d r i v e  h u b  ( 2 0 )  a n d  d r i v e n  h u b  p l a t e
(115)  to  b lower  ro to r  t im ing  gear  (13 )  o r
drive gear (140). Then remove the
d r i v e  h u b  p l a t e s  a n d  s p a c e r  ( 1 1 6 )  f r o m
t h e  g e a r . I f  n e c e s s a r y ,  r e m o v e  t h r e e
bo l ts  (22) ,  l ock  washers  and  p la in  wash-
ers s e c u r i n g  t h e  d r i v e  p l a t e s  t o  t h e
d r i v e  h u b .

5 .  R e m o v e  t h e  b l o w e r  r o t o r  t i m i n g  g e a r s
as fol lows:
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A.  Remove bo l t ,  l ock  washer  and  re ta in -
e r  s e c u r i n g  t h e  t i m i n g  g e a r ,  t o  t h e
r i g h t  h a n d  h e l i x  r o t o r  s h a f t .  T h e n
remove  the  bo l t ,  l ock  washer  and  fue l
p u m p  c o u p l i n g  d i s c  ( 1 8 )  s e c u r i n g  t h e
o ther  t im ing  gear ,  to  the  le f t  hand  he-
l i x  r o t o r  s h a f t .

B .  B a c k  o u t  t h e  c e n t e r  s c r e w  o f  b o t h
pu l l e rs  J  6270-1  and  secure  the  pu l l -
e r s  t o  t h e  g e a r s  w i t h  5 / 1 6 " - 2 4  x
1-1/2" bolts.

NOTE

Both gears must  be pul led f rom the
rotor shafts at  the same t ime.

C .  W i t h  t h e  s h o p t o w e l s  b e t w e e n  t h e
b l o w e r  r o t o r s  a n d  h o u s i n g  t o  p r e v e n t
t h e m  f r o m  t u r n i n g ,  t u r n  t h e  p u l l e r
screws u n i f o r m l y  c l o c k w i s e  a n d  p u l l
t h e  g e a r s  f r o m  t h e  r o t o r  s h a f t s  ( s e e
F i g u r e  1 1 D - 6 ) .

D .  R e m o v e  t h e  s h i m s  f r o m  t h e  r o t o r
sha f ts  o r  the  inner  face  o f  the  gears ,
and  no te  the  number  and  th i ckness  o f
the shims used with each gear.

Figure 11D-6. Removing Blower Rotor
Gears

6. Remove the bol ts and lock washers se-
c u r i n g r o t o r  s h a f t  b e a r i n g  r e t a i n e r  ( 6 )
t o  b o t h  t h e  f r o n t  a n d  r e a r  e n d  p l a t e s .
Remove the retainers.

7 .  Remove  the  b lower  rea r  end  p la te  and
b e a r i n g  a s s e m b l y  f r o m  t h e  b l o w e r  h o u s -
i n g  a n d  r o t o r s  w i t h  t h e  t w o  p u l l e r s  J
6270-1 as follows:

A .  Remove two f i l l i s te r  head sc rews (26)
secur ing r e a r  e n d  p l a t e  ( 2 4 )  t o  t h e

b lower  hous ing . Loosen the two f i l l is-
t e r  h e a d  s c r e w s  s e c u r i n g  f r o n t  e n d
p la te  (23)  to  the  hous ing  approx imate-
l y  t h r e e  t u r n s .

B .  Back  ou t  the  cen te r  sc rew o f  the  pu l -
l e r s  f a r  e n o u g h  t o  p e r m i t  t h e  f l a n g e
o f  e a c h  p u l l e r  t o  l a y  f l a t  o n  t h e  f a c e
of the end plate.

C .  S e c u r e  t h e  p u l l e r s  t o  t h e  e n d  p l a t e
w i t h  s i x  1 / 4 ”  x  1 - 1 / 4 ”  b o l t s .

NOTE

B e  s u r e  t h a t  t h e  1 / 4 ” - 2 0  b o l t s  a r e
t h r e a d e d all the way i n t o  t h e
t a p p e d  h o l e s i n  t h e  e n d  p l a t e  t o
e l i m i n a t e  p o s s i b l e  d a m a g e  t o  t h e
end plate.

D .  T u r n  t h e  t w o  p u l l e r  s c r e w s  u n i f o r m l y
c l o c k w i s e  a n d  w i t h d r a w  t h e  e n d  p l a t e
and  bear ings  f rom the  b lower  hous ing
and ro to rs  as  shown in  F igure  11D-7 .

Figure 11D-7. Removing Blower End
P la te

8 .  R e m o v e  t h e  b l o w e r  f r o n t  e n d  p l a t e  i n
the same manner as descr ibed above.

9 .  W i t h d r a w  t h e  b l o w e r  r o t o r s  f r o m  t h e
housing.

10. Remove
oil seals, carriers and collars from the

t h e  b e a r i n g s  a n d  r i n g  t y p e

b lower  ro to r  sha f t  and  end  p la tes  as  fo l -
lows:

A. Clamp one lobe of the rotor in a
b e n c h  v i s e  e q u i p p e d  w i t h  s o f t  j a w s
( s e e  F i g u r e  1 1 D - 8  o n  p a g e  1 1 D - 7 ) .
T i g h t e n  t h e  v i s e  j u s t  e n o u g h  t o  h o l d
t h e  r o t o r  s t a t i o n a r y .
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B.

C .

Figure 11D-8. Removing Oi l  Seal  Ring
f r o m  C a r r i e r

Remove the oi l  seal  r ing f rom the seal
r ing  car r ie r  on  each  b lower  ro to r  w i th
a  p a i r  o f  s n a p  r i n g  p l i e r s  J  4 8 8 0  a s
shown in  F igure  11D-8 .

Refer to Figure 11D-9 and place the
seal r i n g  c a r r i e r  r e m o v e r  a d a p t o r  J
6 2 7 0 - 2  o v e r  t h e  c a r r i e r .  M a k e  s u r e
the  adaptor  i s  sea ted  in  the  g roove o f
t h e  c a r r i e r .

Figure 11D-9. Removing Oi l  Seal  Ring
C a r r i e r

D .  Back  ou t  the  cen te r  sc rew o f  pu l le r  J
6270-1  fa r  enough  to  pe rm i t  the  pu l le r
f l a n g e  t o  l a y  f l a t  a g a i n s t  a d a p t o r  J
6270-2.

E .  P l a c e  t h e  p u l l e r  o v e r  t h e  e n d  o f  t h e
ro to r  sha f t  and  aga ins t  the  adapto r  on
t h e  o i l  s e a l  r i n g  c a r r i e r .  T h e n  s e c u r e
t h e  p u l l e r  t o  t h e  a d a p t o r  w i t h  t w o
bo l ts .

F .  T u r n  t h e  p u l l e r  s c r e w  c l o c k w i s e  a n d
pu l l  t he  o i l  sea l  ca r r ie r  f rom the  ro to r
sha f t  ( see  F igure  11D-9) .

G .  R e m o v e  t h e  r e m a i n i n g  o i l  s e a l  r i n g
c a r r i e r s  f r o m  t h e  r o t o r  s h a f t s  i n  t h e
same manner.

H .  R e f e r  t o  F i g u r e  1 1 D - 1 0  a n d  s u p p o r t
the  ou te r  face  o f  the  b lower  end  p la te
on wood blocks on the bed of  an arbor
p r e s s .

I.

J.

F igure 11D-10. Removing Seal Ring
and Bear ing f rom End Plate

P lace  the  long  end  o f  the  o i l  sea l  re -
mover and i n s t a l l e r  J  6 2 7 0 - 3  d o w n
t h r o u g h  t h e  o i l  s e a l  r i n g  c o l l a r  a n d
i n t o  t h e  b e a r i n g , w i t h  t h e  o p p o s i t e
e n d  o f  t h e  r e m o v e r  u n d e r  t h e  r a m  o f
t h e  p r e s s . T h e n  p r e s s  t h e  b e a r i n g
and  o i l  sea l  r i ng  co l la r  ou t  o f  the  end
p la te .

Remove the remaining bear ings and oi l
s e a l  r i n g  c o l l a r s  f r o m  t h e  e n d  p l a t e s
in the same manner.

Inspection

Wash al l  of  the blower parts in c lean fuel
o i l  and  d ry  them w i th  compressed a i r .

Examine the  bear ings  fo r  any  ind ica t ions
o f  c o r r o s i o n  o r  p i t t i n g . Lubr i ca te  each
b e a r i n g  w i t h  l i g h t  e n g i n e  o i l .  T h e n  w h i -
l e  ho ld  the  bear ing  inner  race  f rom tu rn -
i n g , r e v o l v e  t h e  o u t e r  r a c e  s l o w l y  b y
hand  and  check  fo r  rough  spo ts .

T h e doub le row ball bear ings are
pre - loaded  and  have  no  end  p lay .  A  new
d o u b l e - r o w  b e a r i n g  w i l l  s e e m  t o  h a v e
c o n s i d e r a b l e  r e s i s t a n c e  t o  m o t i o n  w h e n
r e v o l v e d  b y  h a n d .

C h e c k  t h e  o i l  s e a l  r i n g s ,  c a r r i e r s  a n d
c o l l a r s  f o r  w e a r  a n d  s c o r i n g . I f  w o r n
e x c e s s i v e l y ,  t h e y  m u s t  b e  r e p l a c e d .  T h e
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o i l  sea ls  a re  ch rome f l ashed  and  the  ca r -
r i e r s  a r e  l i q u i d  n i t r i d e d . When replace-
ment of an oil seal ring or carrier is
necessary , b o t h  p a r t s  m u s t  b e  r e p l a c e d
t o g e t h e r .

Inspec t  the  b lower  ro to r  lobes ,  espec ia l l y
t h e  s e a l i n g  r i b s , f o r  b u r r s  a n d  s c o r i n g .
Ro to rs  mus t  be  smooth  fo r  e f f i c ien t  oper -
a t i o n  o f  t h e  b l o w e r . I f  t h e  r o t o r s  a r e
s l i g h t l y  s c o r e d  o r  b u r r e d ,  t h e y  m a y  b e
c leaned  up  w i th  emery  c lo th .

E x a m i n e  t h e  r o t o r  s h a f t  s e r r a t i o n s  f o r
w e a r ,  b u r r s ,  o r  p e e n i n g .  A l s o ,  i n s p e c t
the bear ings and oi l  seal  contact  surfaces
fo r  wear  and  scor ing .

i n s p e c t  t h e  i n s i d e  s u r f a c e  o f  t h e  b l o w e r
h o u s i n g  f o r  b u r r s  a n d  s c o r i n g .  T h e  i n -
s ide  su r face  mus t  be  smooth  fo r  e f f i c ien t
opera t ion o f  t h e  b l o w e r . I f  t h e  i n s i d e

s u r f a c e  o f  t h e  h o u s i n g  i s  s l i g h t l y  s c o r e d
or  bur red ,  i t  may  be  c leaned  up  w i th  em-
e r y  c l o t h .

Check t h e  f i n i s h e d  e n d s  o f  t h e  b l o w e r
h o u s i n g  f o r  f l a t n e s s  a n d  b u r r s .  T h e  e n d
plates m u s t  s e t  f l a t  a g a i n s t  t h e  b l o w e r
h o u s i n g .

T h e f i n i s h e d  i n s i d e  f a c e  o f  e a c h  e n d
p la te m u s t  b e  s m o o t h  a n d  f l a t . I f  t h e
f i n i s h e d face is s l i g h t l y s c o r e d  o r
bur red ,  i t  may  be  c leaned up  w i th  emery
c l o t h .

Examine the  ser ra t ions  in  the  lower  b low-
e r t i m i n g  g e a r s  f o r  w e a r  a n d  p e e n i n g .
A lso c h e c k  t h e  t e e t h  f o r  w e a r ,  c h i p p i n g
or damage. I f  the  gears  a re  worn  to  the
p o i n t w h e r e  t h e  b a c k l a s h  b e t w e e n  t h e
g e a r t e e t h  e x c e e d s  0 . 0 0 4 " ,  o r  d a m a g e d

Figure 11D-11. B lower  Deta i l s
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s u f f i c i e n t l y  t o  r e q u i r e  r e p l a c e m e n t ,  b o t h
gears must be replaced as a set .

C h e c k  t h e  b l o w e r  d r i v e  s h a f t  s e r r a t i o n s
f o r  w e a r  o r  p e e n i n g .  R e p l a c e  t h e  s h a f t
i f  i t  i s  bent .

I n s p e c t t h e b l o w e r d r i v e coup l ing
spr ings  (pack )  and  cam fo r  wear .

Rep lace  a l l  worn  o r  excess ive ly  damaged
b l o w e r  p a r t s .

Assemble Blower

The lobes  on  the  upper  b lower  ro to r  and
t h e  t e e t h  o n  i t s  g e a r  f o r m  a  r i g h t  h a n d
h e l i x  w h i l e  t h e  l o b e s  a n d  t e e t h  o f  t h e
l o w e r  b l o w e r  r o t o r  a n d  g e a r  f o r m  a  l e f t
h a n d  h e l i x . T h e r e f o r e , a  r o t o r  w i t h  a
r i g h t  h a n d  h e l i x  l o b e  m u s t  b e  u s e d  w i t h
a  g e a r  h a v i n g  a  r i g h t  h a n d  h e l i x  t e e t h
and v ice  versa  (see  F igure  11D-12) .

Figure 11D-12. Upper and Lower
Rotors and Gears

W i t h  t h i s  p r e c a u t i o n  i n  m i n d ,  p r o c e e d
wi th  b lower  assembly .

1 .  I n s t a l l  t h e  r i n g  t y p e  o i l  s e a l ,  c a r r i e r s
and  co l la rs  on  the  ro to r  sha f ts  and  in  the
end plates as fo l lows:

A .  S u p p o r t  o n e  o f  t h e  r o t o r  a s s e m b l i e s
on wood blocks on the bed of  an arbor
p r e s s  a s  s h o w n  i n  F i g u r e  1 1 D - 1 4  o n
page 11D-10.

B .  L u b r i c a t e  t h e  i n s i d e  d i a m e t e r  o f  t h e
o i l  s e a l  r i n g  c a r r i e r  w i t h  e n g i n e  o i l .

T h e n  s t a r t  t h e  c a r r i e r  s t r a i g h t  o v e r
t h e  e n d  o f  t h e  r o t o r  s h a f t  w i t h  t h e
c h a m f e r e d  i n s i d e  d i a m e t e r  e n d  f a c i n g
t h e  r o t o r .

C .  P lace  the  o i l  sea l  r ing  car r ie r  ins ta l le r
J  6 2 7 0 - 4  o v e r  t h e  e n d  o f  t h e  r o t o r
s h a f t  a n d  a g a i n s t  t h e  c a r r i e r  w i t h  t h e
e n d  o f  t h e  i n s t a l l e r  u n d e r  t h e  r a m  o f
t h e  p r e s s . T h e n  p r e s s  t h e  c a r r i e r
d o w n  t i g h t  a g a i n s t  t h e  r o t o r .

D .  Ins ta l l  the  rema in ing  o i l  sea l  r ing  car -
r i e r s  o n  t h e  r o t o r  s h a f t s  i n  t h e  s a m e
m a n n e r .

T o  a v o i d  b r e a k i n g  t h e  o i l  s e a l
r i n g s ,  d o  n o t  s p r e a d  t h e m  m o r e
than necessary to place them over
the end of the carrier.

E.  Suppor t  one  o f  the  b lower  end  p la tes ,
i n n e r  f a c e  u p , on  wood  b locks  on  the
b e d  o f  a n  a r b o r  p r e s s  a s  s h o w n  i n
F igure  11D-13 .

Figure 11D-13. I n s t a l l i n g  S e a l  R i n g
C o l l a r

F .  L u b r i c a t e  t h e  o u t s i d e  d i a m e t e r  o f  a
sea l  r ing  co l la r  w i th  eng ine  o i l . Then
s t a r t  t h e  c h a m f e r e d  o u t s i d e  d i a m e t e r
e n d  o f  t h e  c o l l a r  s t r a i g h t  i n t o  t h e
bore  in  the  end  p la te .
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G.

Figure 11D-14. I n s t a l l i n g  O i l  S e a l
R ing  Car r ie r  on  B lower  Ro to r

P lace  the  o i l  sea l  r i ng  co l la r  i ns ta l l e r
J  6270-4  on  top  o f  the  sea l  r i ng  co l l a r
and  under  the  ram o f  the  p ress  in  the
same manner as shown in
F igure  11D-13  on  page  11D-9 . T h e n
press the col lar  into the end plate un-
til the s h o u l d e r  o n t h e  i n s t a l l e r
contacts the end plate.

NOTE

A  s t e p  u n d e r  t h e  s h o u l d e r  o f  t h e
ins ta l le r  w i l l  pos i t ion  the  co l la r  ap-
p r o x i m a t e l y 0 . 0 0 5 "  b e l o w  t h e  f i n -
i shed  face  o f  the  end  p la te . T h i s
is  w i th in  the  0 .002"  to  0 .008"  spec-
i f ied .

H.  Ins ta l l  the  rema in ing  o i l  sea l  r ing  co l -
lar  in the end plates in the same man-
n e r .

Assemble Rotors and End Plates

N o t e  t h a t  n o  g a s k e t s  a r e  u s e d  b e t w e e n
t h e  e n d  p l a t e s  a n d  t h e  h o u s i n g . T h e r -
f o r e , t h e  m a t i n g  s u r f a c e s  m u s t  b e  p e r -
fec t l y  f l a t  and  smooth .

11D-10

1 .  A p p l y  a  r u b b e r  b a s e  s e a l a n t  b e t w e e n
t h e  e n t i r e  j o i n t  f a c e  o f  b o t h  e n d s  o f
b l o w e r  h o u s i n g  t o  e n d  p l a t e s  i n t e r f a c e s ,
especial ly  around the bol t  holes and dow-
els.

NOTE

B e  s u r e  n o  s e a l a n t  p r o t r u d e s  i n t o
the  b lower  hous ing .  A lso  the  sea l -
a n t mus t n o t  p r e v e n t  t h e  e n d
plates from laying against the
housing.

2 .  Ins ta l l  the  b lower  ro to rs  in  the  b lower
rear end plate as out l ined below:

NOTE

T h e  f r o n t  a n d  r e a r  b l o w e r  e n d
p la tes  a re  in te rchangeab le .

A .  C h e c k  t h e  d o w e l  p i n s . T h e  d o w e l
p ins  mus t  p ro jec t  0 .380"  f rom the  f l a t
inner  face , and  0 .270"  f rom the  ou te r
f a c e  o f  t h e  r e a r  e n d  p l a t e  t o  a s s u r e
p r o p e r  a l i g n m e n t  o f  t h e  e n d  p l a t e  t o
t h e  h o u s i n g  a n d  t h e  c o v e r  t o  t h e  e n d
p la te .

B. S u p p o r t  t h e  r e a r  e n d  p l a t e  o n  t w o
w o o d  b l o c k s ,  a p p r o x i m a t e l y  4 "  h i g h ,
w i t h  t h e  i n n e r  f a c e  o f  t h e  e n d  p l a t e
fac ing  up  and  the  TOP end  o f  the  end
p la te f a c i n g  t o t h e r i g h t (see
Figure 11D-15 on page 11D-11).

C. Lubr ica te  the  o i l  sea l  r ing  in  the  car -
r i e r  o n  t h e  r e a r  ( s p l i n e d )  e n d  o f  t h e
r i g h t  h a n d  h e l i x  r o t o r  s h a f t  w i t h  e n -
g ine  o i l .

D. H o l d  t h e  r i g h t  h a n d  h e l i x  r o t o r  i n  a
v e r t i c a l  p o s i t i o n  ( g e a r  e n d  u p )  a n d
pos i t ion  the  sea l  r ing  in  the  car r ie r  so
t h e  r i n g  p r o t r u d e s  f r o m  i t s  g r o o v e
the same amount on each s ide and the
g a p  i s  f a c i n g  a w a y  f r o m  t h e  s e r v i c e -
man.

E .  W i t h  o m i t t e d  s e r r a t i o n  i n  t h e  s p l i n e s
o f  t h e  s h a f t  f a c i n g  t o w a r d  t h e  t o p
s ide  o f  the  end  p la te ,  s ta r t  the  end  o f
t h e  r o t o r  s h a f t  i n t o  t h e  r i g h t  h a n d
shaf t  open ing  in  the  end  p la te  so  tha t
t h e  g a p  p o r t i o n  o f  t h e  s e a l  r i n g  i s
s t a r t e d in to t h e  r i n g  c o l l a r (see
F igure  11D-15  on  page  11D-11) .  Con-
t i n u e  t o  l o w e r  t h e  r o t o r  a n d  v e r y



F i g u r e  1 1 D - 1 5 .  I n s t a l l i n g  B l o w e r
Rotor in Rear End Plate

c a r e f u l l y  a p p l y  p r e s s u r e  t o  t h e  s e a l
r i n g  a p p r o x i m a t e l y  1 8 0 °  f r o m  t h e  g a p
w h i l e  g e n t l y  w o r k i n g  t h e  s e a l  r i n g  i n -
t o  t h e  c o l l a r  u n t i l  t h e  r o t o r  c o n t a c t s
the  end  p la te .

F .  R e p e a t  S t e p s  C  a n d  D  a b o v e  o n  t h e
le f t  hand he l i x  ro to r .

G .  P o s i t i o n  t h e  t w o  r o t o r s  t o g e t h e r  s o
the  lobes  a re  in  mesh  and  the  omi t ted
s e r r a t i o n in s p l i n e s  o f  b o t h  s h a f t s
face  toward  the  top  o f  the  end  p la te .
T h e n  s t a r t  t h e  s p l i n e d  e n d  o f  t h e
s h a f t  s t r a i g h t  i n t o  t h e  l e f t  h a n d  s h a f t
o p e n i n g  i n  t h e  e n d  p l a t e .  C o n t i n u e  t o
lower  the  ro to r  in  p lace  as  ou t l i ned  in
Step E.

3 .  D e t e r m i n e  t h e  r o t a t i o n  o f  t h e  b l o w e r
be ing  assembled , t h e n  i n s t a l l  t h e  b l o w e r
hous ing  over  the  ro to rs  as  fo l lows:

A.  Pos i t ion  the  b lower  hous ing  above the
ro to rs  w i th  i t s  mount ing  f lange fac ing
t o w a r d  t h e  r i g h t  h a n d  h e l i x  r o t o r .
Lower  the  hous ing  over  the  ro to rs  un-
t i l  i t  c o n t a c t s  t h e  d o w e l  p i n s  i n  t h e
end plate.

A .  C h e c k  t h e  d o w e l  p i n s .  T h e  d o w e l
p ins  mus t  p ro jec t  0 .380"  f rom the  f l a t
i n n e r  f a c e , and  0 .270"  f rom the  ou te r
f a c e  o f  t h e  f r o n t  e n d  p l a t e  t o  a s s u r e
p r o p e r  a l i g n m e n t  o f  t h e  e n d  p l a t e  t o
t h e  h o u s i n g  a n d  t h e  c o v e r  t o  t h e  e n d
p la te .

B .  L u b r i c a t e  t h e  o i l  s e a l  r i n g s i n  t h e
c a r r i e r s  o n  t h e  r o t o r  s h a f t  w i t h  e n -
g ine  o i l .

C .  P o s i t i o n  t h e  o i l  s e a l  r i n g s  i n  t h e  c a r -
r i e r s s o  t h e  r i n g  p r o t r u d e s  f r o m  i t s
groove the same amount on each side.

B .  A l ign  the  dowe l  p in  ho les  in  the  b low-
er  hous ing  w i th  the  p ins  and push the
h o u s i n g  t i g h t  a g a i n s t  t h e  e n d  p l a t e .
I f  n e c e s s a r y , t a p  t h e  h o u s i n g  l i g h t l y
wi th a plast ic hammer.

4 .  I n s t a l l  t h e  b l o w e r  f r o n t  e n d  p l a t e  o n
the  ro to rs  and  hous ing  as  fo l lows :

D .  P o s i t i o n  t h e  f r o n t  e n d  p l a t e  o v e r  t h e
t o p  o f  t h e  r o t o r  s h a f t s  w i t h  t h e  i n n e r
face  o f  the  end  p la te  fac ing  the  ro to rs
a n d  t h e  m a r k  “ T O P ”  o n  t h e  e n d  p l a t e
a t  t h e  f l a n g e  s i d e  o f  t h e  h o u s i n g  a s
shown in
11D-12.

F i g u r e  1 1 D - 1 6  o n  p a g e

E .  L o w e r  t h e  e n d  p l a t e  s t r a i g h t  o v e r  t h e
ro to r  sha f t  un t i l  the  dowe l  p ins  in  the
end  p la te  con tac t  the  b lower  hous ing .
T h e n  c a r e f u l l y  w o r k  t h e  d o w e l  p i n s
i n t o  t h e  d o w e l  p i n  h o l e s  i n  t h e  h o u s -
i n g a n d  t h e  o i l  s e a l  r i n g s  i n t o  t h e
co l l a rs . P u s h  t h e  e n d  p l a t e  t i g h t
a g a i n s t  t h e  h o u s i n g . I f  n e c e s s a r y ,
tap  the  end p la te  l igh t l y  w i th  a  p las t i c
hammer.

F .  I n s e r t  t h e  t w o  f i l l i s t e r  h e a d  s c r e w s
t h r o u g h t h e  f r o n t  e n d  p l a t e  a n d
t h r e a d  t h e m  i n t o  t h e  h o u s i n g .  T i g h t -
en  the  sc rews  to  5 -10  lb - f t  (7 -14  Nm)
t o r q u e . D o  n o t  u s e  l o c k  w a s h e r s  o n
these screws.

Installer Blower Rotor Shaft Bearings
and Gears

1 .  W i t h  t h e  b l o w e r  h o u s i n g ,  r o t o r s  a n d
e n d  p l a t e s  s u p p o r t e d  i n  a  v e r t i c a l  p o s i -
t i o n  o n  t h e  t w o  w o o d  b l o c k s ,  i n s t a l l  t h e
ro l le r  bear ings  on  the  ro to r  sha f ts  and  in
the f ront  end plate as fo l lows:

A .  L u b r i c a t e  o n e  o f  t h e  r o l l e r  b e a r i n g s
w i t h  e n g i n e  o i l . S t a r t  t h e  b e a r i n g ,
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F i g u r e  1 1 D - 1 6 .  I n s t a l l i n g  F r o n t  E n d
P l a t e

n u m b e r e d  e n d  u p , s t r a i g h t  o n  o n e  o f
the  ro to r  sha f ts .

B .  P lace  ins ta l le r  J  6270-4  on  top  o f  the
b e a r i n g  a n d  t a p  t h e  b e a r i n g  o n  t h e
s h a f t  a n d  i n t o  t h e  f r o n t  e n d  p l a t e  a s
shown in  F igure  11D-17.

C .  I n s t a l l  t h e  s e c o n d  r o l l e r  b e a r i n g  o n
t h e  r e m a i n i n g  r o t o r  s h a f t  i n  t h e  s a m e
manner.

D .  P l a c e  t h e  b e a r i n g  r e t a i n e r s  o n  t o p  o f
t h e  b e a r i n g s  a n d  t h e  e n d  p l a t e .  T h e n
i n s t a l l  t h e  r e t a i n e r  b o l t s  a n d  l o c k
washers . T i g h t e n  t h e  b o l t s  t o  7 - 9
Ib - f t  (9 -12  Nm)  to rque .

2 .  S ta r t  the  end  o f  the  water  pump dr ive
c o u p l i n g  s t r a i g h t  i n t o  t h e  l e f t  h a n d  h e l i x
r o t o r  s h a f t . T h e n  p l a c e  a  c l e a n  s h o p
t o w e l  b e t w e e n  t h e  b l o w e r  r o t o r s  t o  p r e -
v e n t  t h e m  f r o m  t u r n i n g . I n s t a l l  t h e
d r i v e  c o u p l i n g  r e t a i n i n g  b o l t  a n d  d r a w
t h e  c o u p l i n g  a n d s l i n g e r  t i g h t  a g a i n s t
t h e  e n d  o f  t h e  s h a f t .  T h e n  t i g h t e n  t h e
bo l t  t o  18  lb - f t  (24  Nm)  to rque .

3 .  A f f i x  a  n e w  g a s k e t  ( 3 2 )  t o  b l o w e r
f ron t  end  p la te  cover  (38) .

11D-12

F i g u r e  1 1 D - 1 7 .  I n s t a l l i n g  B e a r i n g s
in  End P la te

4 .  P o s i t i o n  t h e  e n d  p l a t e  c o v e r  o v e r  t h e
end p la te  dowe l  p ins ,  w i th  the  la rge  ho le
i n  t h e  c o v e r  t o w a r d  t h e  t o p  o f  t h e  e n d
p la te . T h e n  p u s h  t h e  c o v e r  a g a i n s t  t h e
end  p la te . Ins ta l l  the  ten  bo l t s  and  lock
washers . T i g h t e n  t h e  b o l t s  t o  1 3 - 1 7
lb - f t  (18 -23  Nm)  to rque .

5 .  I n s t a l l  t h e  b a l l  b e a r i n g s  o n  t h e  r o t o r
s h a f t s  a n d  i n  t h e  r e a r  e n d  p l a t e  a s  f o l -
lows:

A .  R e v e r s e  t h e  p o s i t i o n  o f  t h e  b l o w e r
h o u s i n g  o n  t h e  t w o  w o o d  b l o c k s  ( s e e
Figure 11D-18 on page 11D-13).

B .  I n s e r t  t h e  t w o  f i l l i s t e r  h e a d  s c r e w s
th rough  the  rear  end  p la te  and  th read
t h e m  i n t o  t h e  h o u s i n g . T i g h t e n  t h e
screws to 5-10 lb-ft (7-14 Nm)
t o r q u e . Do no t  use  lock  washers  on
these screws.

C .  L u b r i c a t e  o n e  o f  t h e  b a l l  b e a r i n g s
w i t h  e n g i n e  o i l . S t a r t  t h e  b e a r i n g
numbered  end  up , s t r a i g h t  o n  o n e  o f
t h e  r o t o r  s h a f t s .



D.  P lace  ins ta l l e r  J  6270-7  on  top  o f  the
b e a r i n g  a n d  t a p  t h e  b e a r i n g  s t r a i g h t
o n  t h e  s h a f t  a n d  i n t o  t h e  r e a r  e n d
p l a t e  a s  s h o w n  i n  F i g u r e  1 1 D - 1 8  o n
page 11D-13.

E .  Ins ta l l  the  second ba l l  bear ing  on  the
rema in ing r o t o r  s h a f t  i n  t h e  s a m e
manner .

F .  P l a c e  t h e  b e a r i n g  r e t a i n e r s  o n  t o p  o f
t h e  b e a r i n g  a n d  e n d  p l a t e .  T h e n  i n -
s ta l l  the  re ta iner  bo l t s  and  lock  wash-
ers. Tighten the bolts to 7-9 lb-ft
(9 -12  Nm)  to rque .

6 .  M a k e  a  p r e l i m i n a r y  c h e c k  o f  t h e
r o t o r - t o - e n d  p l a t e  a n d  r o t o r - t o - h o u s i n g
c l e a r a n c e s  a t  t h i s  t i m e  w i t h  a  f e e l e r
g a u g e  a s s h o w n  i n  F i g u r e  1 1 D - 2 3  o n
page 11D-16. Refer to Figure 11D-21 on
p a g e  1 1 D - 1 5  f o r  m i n i m u m  b l o w e r  c l e a r -
ances.

7 .  I n s t a l l  t h e  b l o w e r  r o t o r  t i m i n g  g e a r s
as fol lows:

F i g u r e  1 1 D - 1 8 .  I n s t a l l i n g  B a l l
Bear ings  on  Rotor  Shaf t

One ser ra t ion  i s  omi t ted  on  the  dr ive  end
o f  e a c h  b l o w e r  r o t o r  s h a f t  a n d  a  c o r r e -
s p o n d i n g  s e r r a t i o n  i s  o m i t t e d  i n  e a c h
g e a r .  A s s e m b l e  t h e  g e a r s  o n  t h e  r o t o r
shaf ts  w i th  the  ser ra t ions  in  a l ignment .

A .

B .

C .

D.

E.

F.

P l a c e  t h e  b l o w e r  h o u s i n g  a n d  r o t o r
assembly  on  the  bench w i th  the  a i r  in -
l e t  s i d e  o f  t h e  h o u s i n g  f a c i n g  u p  a n d
t h e  r e a r  e n d  ( s e r r a t e d  e n d  o f  t h e  r o -
t o r  s h a f t s )  o f  t h e  b l o w e r  f a c i n g  t h e
outs ide  o f  the  bench .

Rota te  the  ro to rs  to  b r ing  the  omi t ted
s e r r a t i o n s  o n  t h e  s h a f t s  i n  a l i g n m e n t
and  fac ing  the  top  o f  the  b lower  hous-
ing (see Figure 11D-22 on page
1 1 D - 1 6 ) .

Instal l  the same number and th ickness
o f  sh ims on  the  ro to r  sha f ts  tha t  were
removed at the t ime of disassembly.

NOTE

When rebu i ld ing  a  b lower  w i th  new
r o t o r s  o r  n e w  g e a r s ,  f i r s t  i n s t a l l
the  gears  on  the  ro to r  sha f ts  w i th -
o u t  t h e  s h i m s . T h e n  c h e c k  t h e
c l e a r a n c e s  b e t w e e n  t h e  r o t o r s  t o
d e t e r m i n e  t h e  l o c a t i o n  a n d  t h i c k -
ness of shims to be used (see
Figure 11D-22 on page 11D-16).

L u b r i c a t e  t h e  s e r r a t i o n s  o f  t h e  r o t o r
shaf ts  w i th  eng ine  o i l .

P l a c e  t h e  t e e t h  o f  t h e  r o t o r  g e a r s  i n
m e s h  s o  t h a t  t h e  o m i t t e d  s e r r a t i o n s
ins ide  the  gears  a re  in  a l ignment  and
f a c i n g  t h e  s a m e  d i r e c t i o n  a s  t h e  s e r -
ra t ions  on  the  shaf ts .

NOTE

A cen te r  punch  mark  p laced  in  the
end of  each rotor shaft  at  the omit-
t e d  s e r r a t i o n s  w i l l  a s s i s t  i n  a l i g n -
ing  the  gears  on  the  sha f ts .

S t a r t  b o t h  r o t o r  g e a r s  s t r a i g h t  o n  t h e
r o t o r  s h a f t s  w i t h  t h e  r i g h t  h a n d  h e l i x
g e a r  o n  t h e  r i g h t  h a n d  h e l i x  r o t o r
a n d  t h e  l e f t  h a n d  h e l i x  g e a r  o n  t h e
l e f t  h a n d  h e l i x  r o t o r ,  a n d  t h e  o m i t t e d
s e r r a t i o n s  i n  t h e  g e a r s  i n  l i n e  w i t h
t h e  o m i t t e d  s e r r a t i o n s  o n  t h e  r o t o r
s h a f t s .
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G. Thread  an  ins ta l le r  sc rew J  6270-8  in
t h e  e n d  o f  e a c h  r o t o r  s h a f t  u n t i l  i t
bot toms. Place gear instal ler  J 6270-7
o v e r  t h e  i n s t a l l e r  s c r e w  a n d  a g a i n s t
t h e  r i g h t  h a n d  h e l i x  g e a r ,  a n d  g e a r
i n s t a l l e r  J  6 2 7 0 - 6  o v e r  t h e  i n s t a l l e r
s c r e w  a n d  a g a i n s t  t h e  l e f t  h a n d  h e l i x
gear . Then  th read  a  nu t  on  each  in -
s ta l le r  sc rew (see  F igure  11D-19) .

H .

I .

J .

K .

F i g u r e  1 1 D - 1 9 .  I n s t a l l i n g  R o t o r
Gears on Rotor Shaft

P lace  a  c lean  shop  towe l  be tween  the
r o t o r s , a n d  a n o t h e r  o n e  b e t w e e n  t h e
r o t o r  a n d  t h e  h o u s i n g  t o  p r e v e n t  t h e
r o t o r s  f r o m  t u r n i n g . T h e n  t u r n  t h e
nuts  on  the  ins ta l le r  sc rews c lockwise
a s  s h o w n  i n  F i g u r e  1 1 D - 1 9  a n d  f o r c e
t h e  g e a r s  i n t o  p o s i t i o n  t i g h t  a g a i n s t
the  sh ims and  bear ing  inner  races .

NOTE

Both  gears  mus t  be  p ressed  on  the
rotor shafts at  the same t ime.

R e m o v e  t h e  r o t o r  t i m i n g  g e a r  i n s t a l -
l e rs  f rom the  ro to r  sha f t s .

Place a lock washer (16) and gear re-
t a i n i n g  w a s h e r  ( 1 9 )  o n  o n e  o f  t h e
g e a r  r e t a i n i n g  b o l t s  ( 1 5 ) .  T h r e a d  t h e
b o l t  i n t o  t h e  r i g h t  h a n d  h e l i x  r o t o r
s h a f t  a n d  g u i d e  t h e  l u g s  o n  t h e  r e -
t a i n i n g  w a s h e r  i n  t h e  s l o t  i n  t h e  g e a r
h u b . Then  bend  one  o f  the  tangs  on
t h e  l o c k  w a s h e r  o v e r  i n t o  t h e  s l o t  o f
t h e  r e t a i n i n g  w a s h e r . T i g h t e n  t h e
g e a r r e t a i n i n g  b o l t  t o  5 5 - 6 5  l b - f t
(75-88 Nm) torque.

P l a c e  a  l o c k  w a s h e r  ( 1 6 )  a n d  f u e l
p u m p  d r i v e  c o u p l i n g  d i s c  ( 1 8 )  o n  t h e
remaining gear r e t a i n i n g bo l t .

11D-14

Thread  the  bo l t  i n to  the  le f t  hand  he-
l i x  r o t o r  s h a f t  a n d  g u i d e  t h e  l u g s  o n
t h e  d i s c  i n  t h e  s l o t s  i n  t h e  g e a r  h u b .
T h e n  b e n d  o n e  o f  t h e  t a n g s  o n  t h e
l o c k  w a s h e r  o v e r  i n t o  t h e  s l o t  i n  t h e
d i s c . T i g h t e n  t h e  g e a r  r e t a i n i n g  b o l t
to  55 -65  lb - f t  (75 -88  Nm)  to rque .

L .  B e n d  o n e  o f  t h e  t a n g s  o f  e a c h  l o c k
w a s h e r  o v e r  a g a i n s t  t h e  h e a d  o f  t h e
g e a r  r e t a i n i n g  b o l t .  R e m o v e  t h e  c l o t h
from the blower rotors.

Timing Blower Rotors

A f t e r  t h e  b l o w e r  r o t o r s  a n d  t i m i n g  g e a r s
a r e  i n s t a l l e d ,  t h e  b l o w e r  r o t o r s  m u s t  b e
t imed.

T h e  b l o w e r  r o t o r s ,  w h e n  p r o p e r l y  p o s i -
t i o n e d  i n  t h e  h o u s i n g ,  r u n  w i t h  a  s l i g h t
c learance between the lobes. T h i s  c l e a r -
ance  may be  var ied  by  mov ing  one  o f  the
he l i ca l  gears  in  o r  ou t  on  the  sha f t  re la -
t i ve  to  the  o ther  gear .

I f  t h e  r i g h t  h a n d  h e l i x  g e a r  i s  m o v e d
o u t ,  t h e  r i g h t  h a n d  h e l i x  r o t o r  w i l l  t u r n
c o u n t e r c l o c k w i s e  w h e n  v i e w e d  f r o m  t h e
g e a r  e n d . I f  t h e  l e f t  h a n d  h e l i x  g e a r  i s
m o v e d  o u t ,  t h e  l e f t  h a n d  h e l i x  r o t o r  w i l l
t u r n  c l o c k w i s e  w h e n  v i e w e d  f r o m  t h e
g e a r  e n d . T h i s  p o s i t i o n i n g  o f  t h e  g e a r ,
t o  o b t a i n  t h e  p r o p e r  c l e a r a n c e  b e t w e e n
t h e  r o t o r  l o b e s , i s  known as  b lower  t im-
i n g .

Mov ing  the  gears  OUT or  IN  on  the  ro to r
s h a f t s  i s  a c c o m p l i s h e d  b y  a d d i n g  o r  r e -
mov ing  sh ims be tween the  gears  and  the
b e a r i n g s .

T h e  c l e a r a n c e  b e t w e e n  t h e  r o t o r  l o b e s
shou ld  be  checked  w i th  1 /2 "  fee le r  gaug-
es  in  the  manner  shown in  F igure  11D-20
on  page  11D-15 . When  measur ing  c lea r -
a n c e s  o f  m o r e  t h a n  0 . 0 0 5 " ,  l a m i n a t e d
feeler gauges that are made up of
0 . 0 0 2 " ,  0 . 0 0 3 "  o r  0 . / 0 0 5 "  f e e l e r  s t o c k
a r e more p r a c t i c a l  a n d  s u i t a b l e  t h a n  a
s i n g l e  f e e l e r  g a u g e . C lea rances  shou ld
be  measured  f rom bo th  the  in le t  and  ou t -
let  s ides of  the blower.

A  s p e c i a l l y  d e s i g n e d  f e e l e r  g a u g e  s e t  J
1698-02  fo r  the  b lower  c lea rance  opera -
t ion  is  ava i lab le . Time the rotors as fo l -
lows:

1 .  T i m e  t h e  r o t o r s  t o  h a v e  0 . 0 0 2 "  t o
0 . 0 0 6 "  c l e a r a n c e  b e t w e e n  t h e  T R A I L I N G



Figure 11D-20. Measuring "CC" and "C" Clearances Between Blower Lobes

e d g e  o f  t h e  U P P E R  r o t o r  a n d  L E A D I N G
e d g e  o f t h e L O W E R  r o t o r  ( “ C C ”
c l e a r a n c e )  m e a s u r e d  f r o m  b o t h  t h e  i n l e t
a n d  o u t l e t  s i d e s . I f  p o s s i b l e ,  k e e p  t h i s
c lea rance  to  the  m in imum (0 .002" ) .  Then
c h e c k  t h e  c l e a r a n c e  b e t w e e n  t h e  L E A D -
ING edge of t h e  U P P E R  a n d t h e
T R A I L I N G  e d g e  o f  t h e  L O W E R  r o t o r s
( " C "  c l e a r a n c e )  f o r  t h e  m i n i m u m  c l e a r -
ances shown in Figure 11D-21.
R o t o r - t o - r o t o r  m e a s u r e m e n t s  s h o u l d  b e

t a k e n  1 "  f r o m  t h e  g o v e r n o r  e n d ,  a t  t h e
cen te r ,  and  1"  f rom the  d r i ve  end .

2 .  A f t e r  d e t e r m i n i n g  t h e  a m o u n t  o n e  r o -
t o r  m u s t  b e  r e v o l v e d  t o  o b t a i n  t h e  p r o p -
e r  c l e a r a n c e , a d d  s h i m s  b a c k  o f  t h e
p r o p e r  g e a r  a s  s h o w n  i n  F i g u r e  1 1 D - 2 2
o n  p a g e  1 1 D - 1 6  t o  p r o d u c e  t h e  d e s i r e d
r e s u l t . When more or  less shims are re-
qu i red ,  bo th  gears  mus t  be  removed  f rom
t h e  r o t o r s . P l a c i n g  a  0 . 0 0 3 "  s h i m  i n

Figure 11D-21. Chart  of  Minimum Clearances
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b a c k  o f  a  r o t o r  w i l l  r e v o l v e  t h e  r o t o r
0 .001" .

3 .  Ins ta l l  the  requ i red  th ickness  o f  sh ims
b a c k  o f  t h e  p r o p e r  g e a r  a n d  n e x t  t o  t h e
b e a r i n g  i n n e r r a c e  a n d  r e i n s t a l l  b o t h
gears . R e c h e c k  t h e  c l e a r a n c e  b e t w e e n
the  ro to r  lobes .

Figure 11D-22. Sh im Loca t ions  fo r
Correct  Lobe Clearances

4 .  D e t e r m i n e  t h e  m i n i m u m  c l e a r a n c e s  a t
point "A" and "B" shown in
F i g u r e  1 1 D - 2 1  o n  p a g e  1 1 D - 1 5  I n s e r t
t h e  f e e l e r  g a u g e s ,  a s  s h o w n  i n
F igure  11D-23 , b e t w e e n  t h e  e n d  p I a t e s
a n d  t h e  e n d s  o f  t h e  r o t o r s . T h i s  o p e r a -
t i o n  m u s t  b e  p e r f o r m e d  a t  t h e  e n d s  o f
each lobe ,  mak ing  twe lve  measurements
i n a l l . S e e  F i g u r e  1 1 D - 2 1  o n  p a g e
11D-15 for  the minimum clearances.

5 .  Check  the  c lea rance  be tween  each  ro -
t o r  l o b e  a n d  t h e  b l o w e r  h o u s i n g  a t  b o t h
t h e  i n l e t  a n d  o u t l e t  s i d e -  t w e l v e  m e a s -
u r e m e n t  i n  a l l . S e e  F i g u r e  1 1 D - 2 1  o n
page 11D-15 for  the minimum clearances.

A f t e r  t h e  b l o w e r  r o t o r s  a r e  t i m e d ,  c o m -
p l e t e  t h e  a s s e m b l y  o f  t h e  b l o w e r  a s  f o l -
lows:

1. Refer to Figure 11D-11 on page 11D-8
a n d  a t t a c h  b l o w e r  r o t o r  d r i v e  h u b  ( 2 0 )
and  d r i ve  hub  p la tes  (115)  to  the  b lower
gears as fo l lows:
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A. If removed, a t t a c h  r o t o r  d r i v e  h u b
p l a t e s  ( 1 1 5 )  t o  d r i v e  h u b  ( 2 0 )  w i t h
t h r e e  b o l t s  ( 2 2 ) , l o c k  w a s h e r s  a n d
p l a i n  w a s h e r s . T i g h t e n  t h e  b o l t s  t o
25 -30  lb - f t  (34 -41  Nm)  to rque .

B. Attach the rotor drive hub and drive
plates to the right hand helix rotor
timing gear with three bolts (21),
lock  washers ,  p la in  washers  and  th ree
s p a c e r s  ( 1 1 6 )  a n d  b e a r i n g  r e t a i n e r s
(117)  be tween  the  p la tes  and  the  face
o f  t h e  g e a r . T i g h t e n  t h e  b o l t s  t o
25 -30  lb - f t  (34 -41  Nm)  to rque .

C. Check the runout of the splines in
t h e  r o t o r  d r i v e  h u b  w i t h  a n  i n d i c a t o r .
T h e  s p l i n e  r u n o u t  m u s t  n o t  e x c e e d
0.020"  to ta l  ind ica to r  read ing .

2. Affix a new gasket (32) to blower rear
end  p la te  (29 ) .

Figure 11D-23. Measuring End
Clearance

3 .  P o s i t i o n  t h e  e n d  p l a t e  c o v e r  o v e r  t h e
e n d  p l a t e  d o w e l  p i n s . T h e n  p u s h  t h e
c o v e r  a g a i n s t  t h e  e n d p la te . I n s t a l l  t h e
t e n  b o l t s  a n d  l o c k  w a s h e r s .  T i g h t e n  t h e
bo l t s  to  13 -17  lb - f t  (18 -23  Nm)  to rque .

Attach Accessories to Blower

Refer to Figure 11D-3 on page 11D-3 and
a t tach  the  fue l  pump,  wa te r  pump,  b low-
er  d r ive  shaf t  cover  and governor  we igh t
housing as fol lows:

1 .  A t tach  the  fue l  pump to  the  b lower  as
o u t l i n e d  u n d e r “ A t t a c h  F u e l  P u m p  t o
Blower" in Subsect ion 11C.



2 .  A t t a c h  t h e  w a t e r  p u m p  t o  t h e  b l o w e r
as  ou t l i ned  under  “ Ins ta l l  Wate r  Pump”  in
Subsect ion 11F.

3 .  A t t a c h  t h e  g o v e r n o r  w e i g h t  h o u s i n g  t o
t h e  b l o w e r  a s  o u t l i n e d  u n d e r  " I n s t a l l
Governor ”  in  Subsec t ion  11C.

4 .  A t t a c h  b l o w e r  d r i v e  s h a f t  c o v e r  ( 3 3 )
t o  b l o w e r  r e a r  e n d  p l a t e  c o v e r  ( 2 9 )  w i t h
c o v e r  s e a l  ( 3 7 )  a n d  s e a l  c l a m p  ( 1 1 4 )  a s
shown in Figure 11D-3 on page 11D-3.

Attach Blower to Engine

Refer to Figure 11D-4 on page 11D-5 and
at tach  the  b lower  assembly  to  the  eng ine
as fol lows:

B e f o r e  a t t a c h i n g  t h e  b l o w e r  a s s e m b l y  t o
the  eng ine ,  check  the  ins ide  o f  the  b low-
e r  f o r  a n y  f o r e i g n  m a t e r i a l  a n d  r e v o l v e
t h e  r o t o r s  b y  h a n d  t o  b e  s u r e  t h e y  t u r n
f r e e l y .

1 .  A f f i x  a  n e w  b l o w e r  t o  b l o c k  g a s k e t  t o
the  cy l inder  b lock  w i th  Sco tch  Gr ip  Rub-
b e r  A d h e s i v e  N o .  4 3 0 0 ,  o r  e q u i v a l e n t ,  t o
p r e v e n t  t h e  g a s k e t  f r o m  s h i f t i n g  w h e n
p lac ing  the  b lower  aga ins t  the  b lock .

2 .  P I a c e  a  n e w  d r i v e  s h a f t  c o v e r  s e a l
(37) and seal  c lamp (114) over the end of
d r i v e  s h a f t  c o v e r  ( 3 3 ) .

3 .  P l a c e  t h e  w a t e r  p u m p  o u t l e t  p a c k i n g
f l a n g e ,  f l a t  f a c e  t o w a r d  p u m p  b o d y ,  a n d
s l i d e  a  n e w  p a c k i n g  r i n g  o v e r  t h e  p u m p
o u t l e t . T h e n  p l a c e  a  n e w  w a t e r  p u m p
c o v e r  s e a l  a n d  c l a m p  o n  t o p  o f  t h e  o i l
coo le r  hous ing  ou t le t  open ing .

4 .  P l a c e  t h e  b l o w e r  a s s e m b l y  i n t o  p o s i -
t i o n  a g a i n s t  t h e  c y l i n d e r  b l o c k ,  b e i n g
ca re fu l no t t o  d i s l o d g e  t h e  b l o w e r
gasket .

5 .  I n s t a l l  t h e  e i g h t  b l o w e r  t o  c y l i n d e r
b lock  bo l t s  and  p la in  washers ,  and  t igh t -
e n  t h e  b o l t s  t o  5 5 - 6 0  l b - f t  ( 7 5 - 8 1  N m )
t o r q u e .

6 .  S l i d e  b l o w e r  d r i v e  s h a f t  c o v e r  s e a l
(37) i n t o  p o s i t i o n  a g a i n s t  t h e  b l o w e r
d r i v e  g e a r  h u b  s u p p o r t  a n d  t i g h t e n  t h e
seal clamp.

7 .  I n s t a l l  b l o w e r  d r i v e  s h a f t  ( 3 8 )  b y
p u s h i n g  t h e  p l a i n  e n d ,  w i t h o u t  s q u a r e d
hole, o r  t h e  s h a f t  t h r o u g h  t h e  b l o w e r
d r i v e  c o u p l i n g  f r o m  t h e  r e a r  o f  t h e  e n -
g i n e , t h e n  i n t o  t h e  b l o w e r  d r i v e  g e a r

h u b . I f  necessary , ro ta te  the  b lower  ro -
t o r s  s l i g h t l y  t o  a l i g n  t h e  s p l i n e s  o f  t h e
d r i v e  s h a f t  w i t h  t h o s e  i n  g e a r  h u b  ( 2 0 ) .
T h e n  i n s t a l l  t h e  l o c k  r i n g  i n  t h e  b l o w e r
dr ive  cam.

8 .  Ins ta l l  t he  f l ywhee l  hous ing  sma l l  ho le
c o v e r .

9 .  C o n n e c t  t h e  w a t e r  p u m p  o u t l e t  p a c k -
i n g  f l a n g e  t o  t h e  c y l i n d e r  b l o c k .  A l s o ,
t ighten the seal  c lamp connect ing the wa-
ter pump over to the oi l  cooler housing.

10 .  P lace  the  b lower  a i r  shu tdown hous-
i n g ,  t o g e t h e r  w i t h  t h e  s t r i k e  p l a t e  g a s -
k e t , s t r i k e  p l a t e  ( i f  u s e d )  a n d  s c r e e n
and gaske t  assembly  aga ins t  the  b lower ,
t h e  s c r e e n  s i d e  o f  t h e  g a s k e t  a s s e m b l y
t o w a r d  t h e  b l o w e r  a n d  s e c u r e  t h e m  i n
p l a c e  w i t h b o l t s  a n d  l o c k  w a s h e r s .
T i g h t e n  t h e  b o l t s  t o  1 6 - 2 0  l b - f t  ( 2 2 - 2 7
Nm)  to rque .

1 1 .  I n s t a l l  t h e  g o v e r n o r  c o n t r o l  h o u s i n g
assembly  as  ou t l ined  under  “ Ins ta l l  Gov-
ernor ”  in  Subsec t ion  11C.

1 2 .  C o n n e c t  t h e  f u e l  l i n e s  t o  t h e  f u e l
pump.

13 .  S l ide  the  tu rbocharger  hose  in to  po-
s i t ion  on  the  a i r  in le t  hous ing  and tu rbo-
charger (Figure 11D-4 on page 11D-5)
and secure i t  in place with hose clamps.

1 4 .  F i l l  t h e  c o o l i n g  s y s t e m  w i t h  c l e a n
f r e s h  w a t e r  p l u s  r u s t  i n h i b i t o r  ( o r  s u f f i -
c i e n t  q u a n t i t y  o f  h i g h  b o i l i n g  p o i n t  a n t i -
f reeze) and check the system for  leaks.

TURBOCHARGER

Description

T h e  t u r b o c h a r g e r ( F i g u r e  1 1 D - 2 4  o n
page 11D-18 and Figure 11D-25 on page
11D-18) is designed to increase the over-
a l l  e f f i c i e n c y o f  t h e  e n g i n e . Power  to
d r i v e  t h e  t u r b o c h a r g e r  i s  e x t r a c t e d  f r o m
t h e  w a s t e  e n e r g y  i n  t h e  e n g i n e  e x h a u s t
gas .

The  tu rbocharger  cons is ts  o f  a  rad ia l  i n -
w a r d  f l o w  t u r b i n e  w h e e l  a n d  s h a f t ,  a
cen t r i f uga l  compressor  whee l ,  and  a  cen-
t e r  h o u s i n g  w h i c h  s e r v e s  t o  s u p p o r t  t h e
r o t a t i n g  a s s e m b l y , b e a r i n g s ,  s e a l s ,  a
t u r b i n e  h o u s i n g  a n d  a  c o m p r e s s o r  h o u s -
i n g . The center housing has connect ions
fo r  o i l  i n le t  and  o i l  ou t le t  f i t t i ngs .
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T h e  t u r b i n e  w h e e l  i s  l o c a t e d  i n  t h e  t u r -
b ine  hous ing  and  i s  mounted  on  one  end
o f  t h e  t u r b i n e  s h a f t . The  compresso r
whee l  i s  loca ted  in  the  compressor  hous-
i n g  a n d  i s  m o u n t e d  o n  t h e  o p p o s i t e  e n d
o f  the  tu rb ine  whee l  sha f t  to  fo rm an  in -
tegra l  ro ta t ing  assembly .

Figure 11D-24. Turbocharger Assembly

T h e  r o t a t i n g  a s s e m b l y  c o n s i s t s  o f  a  t u r -
b i n e  w h e e l  a n d  s h a f t  a s s e m b l y ,  p i s t o n
r i n g ( s ) , t h r u s t spacer, compressor
w h e e l  a n d  w h e e l  r e t a i n i n g  n u t . T h e  r o -
t a t i n g  a s s e m b l y  i s  s u p p o r t e d  o n  t w o
p r e s s u r e l u b r i c a t e d  b e a r i n g s  w h i c h  a r e
r e t a i n e d  i n  t h e  c e n t e r  h o u s i n g  b y  s n a p
r i n g s . I n t e r n a l  o i l  p a s s a g e s  a r e  d r i l l e d
i n  t h e  c e n t e r  h o u s i n g  t o  p r o v i d e  l u b r i -
c a t i o n  t o t h e t u r b i n e wheel s h a f t
b e a r i n g s , t h r u s t  w a s h e r ,  t h r u s t  c o l l a r
a n d  t h r u s t  s p a c e r .

T h e  t u r b i n e  h o u s i n g  i s  a  h e a t  r e s i s t a n t
a l l o y  c a s t i n g  w h i c h  e n c l o s e s  t h e  t u r b i n e
whee l  and  p rov ides  a  f langed eng ine  ex-
h a u s t  g a s  i n l e t  a n d  a n  a x i a l l y  l o c a t e d
t u r b o c h a r g e r e x h a u s t  g a s  o u t l e t . T h e
turb ine  hous ing  is  secured  to  the  tu rb ine
e n d  o f  t h e  c e n t e r  h o u s i n g  w i t h  a  " V "
b a n d  c o u p l i n g , thus  p rov id ing  a  compact
and v ib ra t ion  f ree  assembly .

T h e  c o m p r e s s o r  h o u s i n g  w h i c h  e n c l o s e s
the  compressor  whee l ,  p rov ides  an  amb i -
e n t  a i r  i n l e t  a n d  a  c o m p r e s s e d  a i r  d i s -
c h a r g e  o u t l e t . T h e  c o m p r e s s o r  h o u s i n g
i s  s e c u r e d  t o  t h e  c o m p r e s s o r  e n d  o f  t h e
cen te r  hous ing  backp la te  assembly  w i th  a
" V "  b a n d  c o u p l i n g .

Figure 11D-25. Turbocharger Mount ing

Operation

T h e  t u r b o c h a r g e r  i s  m o u n t e d  o n  t h e  e x -
haus t  ou t le t  f l ange  o f  the  eng ine  exhaus t
man i fo ld . A f t e r  t h e  e n g i n e  i s  s t a r t e d ,
t h e  e x h a u s t  g a s e s  f l o w i n g  f r o m  t h e  e n -
g i n e  a n d  t h r o u g h  t h e  t u r b i n e  h o u s i n g
cause  the  tu rb ine  whee l  and  sha f t  to  ro -
t a t e (see Figure 11D-26 on page
11D-19). T h e  g a s e s  a r e  d i s c h a r g e d  i n t o
the  a tmosphere  a f te r  pass ing  th rough  the
t u r b i n e  h o u s i n g .

The  compressor  whee l ,  wh ich  i s  mounted
on the  oppos i te  end  o f  the  tu rb ine  whee l
s h a f t , r o t a t e s  w i t h  t h e  t u r b i n e  w h e e l .
T h e  c o m p r e s s o r  w h e e l  d r a w s  i n  f r e s h
a i r , compresses i t  a n d  d e l i v e r s  h i g h
p r e s s u r e  a i r  t h r o u g h  t h e  e n g i n e  b l o w e r
to  the  eng ine  cy l inders .

D u r i n g  o p e r a t i o n , t h e  t u r b o c h a r g e r  r e -
s p o n d s  t o  t h e  e n g i n e  l o a d  d e m a n d s  b y
r e a c t i n g  t o  t h e  f l o w  o f  t h e  e n g i n e  e x -
haus t  gases . A s  t h e  e n g i n e  p o w e r  o u t -
p u t increases o r decreases, t h e
t u r b o c h a r g e r r e s p o n d s  t o  t h e  e n g i n e ’ s
demand to  de l i ve r  the  requ i red  amount  o f
a i r  under  a l l  cond i t ions .

Lubrication

L u b r i c a t i n g  o i l  f o r  t h e  t u r b o c h a r g e r  i s
s u p p l i e d  u n d e r  p r e s s u r e  t h r o u g h  a n  e x -
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Figure 11D-26. Schematic Air  Flow Diagram

t e r n a l  o i l  l i n e  e x t e n d i n g  f r o m  t h e  e n g i n e
c y l i n d e r  b l o c k  t o  t h e  t o p  o f  t h e  c e n t e r
h o u s i n g . From the  o i l  i n le t  i n  the  cen te r
hous ing ,  the  o i l  f l ows  th rough the  d r i l l ed
o i l  p a s s a g e s  i n  t h e  h o u s i n g  t o  t h e  s h a f t
b e a r i n g s , t h r u s t  r i n g , t h r u s t  b e a r i n g
a n d  b a c k p l a t e  o r  t h r u s t  p l a t e  ( s e e
Figure 11D-28 on page 11D-20). The oi l
r e t u r n s  b y  g r a v i t y  t o  t h e  e n g i n e  o i l  p a n
t h r o u g h  a n  e x t e r n a l  o i l  l i n e  e x t e n d i n g
f rom the  bo t tom o f  the  tu rbocharger  cen -
te r  hous ing  to  the  cy l inder  b lock .

B e f o r e  t h e  i n i t i a l  e n g i n e  s t a r t ,  w h e n  a
n e w  o r  o v e r h a u l e d  t u r b o c h a r g e r  i s  i n -
s t a l l e d ,  t h e  t u r b o c h a r g e r  m u s t  b e  p r e l u -
b r i c a t e d  a s  o u t l i n e d  u n d e r  “ I n s t a l l
Turbocharger" on page 11D-28.

NOTE F i g u r e  1 1 D - 2 7 .  I n l e t  S h i e l d

F a i l u r e  t o  p e r f o r m  t h e  p r e l u b r i -
cat ion p r o c e d u r e  m a y  r e s u l t  i n
p r e m a t u r e  b e a r i n g  f a i l u r e  d u e  t o
o i l  l a g ”  o r  l a c k  o f  l u b r i c a t i o n .

Periodic Inspection

NOTE

A  t u r b o c h a r g e r  c o m p r e s s o r  i n l e t
shield J 26554 (Figure 11D-27) is
a v a i l a b l e  f o r  u s e  a n y t i m e  t h e  e n -
g i n e  i s  o p e r a t e d  w i t h  t h e  a i r  i n l e t
p i p i n g  r e m o v e d . The  sh ie ld  he lps
to  p reven t  fo re ign  ob jec ts  f rom en-
t e r i n g  t h e  t u r b o c h a r g e r  a n d  p r e -
v e n t s  a  s e r v i c e m a n  f r o m  t o u c h i n g
t h e  m o v i n g  i m p e l l e r . T h e  u s e  o f
t h i s  s h i e l d  d o e s  n o t  p r e c l u d e  a n y
o t h e r  s a f e t y  p r a c t i c e s  c o n t a i n e d  i n
th is  manua l .

I n a d e q u a t e  a i r f i l t e r i n g  a n d  e x c e s s i v e
r e s t r i c t i o n s  t o  a i r  a n d  e x h a u s t  f l o w s  w i l l
a d v e r s e l y  a f f e c t  t u r b o c h a r g e r  l i f e  a n d
per fo rmance . D o  n o t  p e r m i t  r e s t r i c t i o n
leve ls  to  exceed the  spec i f ied  l im i ts  (see
Subsec t ion  11A) .

A  per iod ic  inspec t ion  o f  the  tu rbocharger
shou ld  be  made a long  w i th  an  eng ine  in -
spec t ion .

I n s p e c t  t h e  t u r b o c h a r g e r  m o u n t i n g s  a n d
c h e c k  a l l  o f  t h e  a i r  d u c t i n g  a n d  c o n -
n e c t i o n s  f o r  l e a k s .
w i t h  t h e  e n g i n e

Make the  inspec t ion

s h u t d o w n .
r u n n i n g  a n d  w i t h  i t

Check  fo r  l eaks  a t  the  man i -
f o l d  c o n n e c t i o n s , t h e  t u r b i n e  i n l e t  a n d
exhaus t  man i fo ld  gaske t .
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Figure 11D-28. Turbocharger Oi l  F low Diagram

NOTE

Do no t  opera te  the  eng ine  i f  l eaks
a r e  f o u n d  i n  t h e  t u r b o c h a r g e r
d u c t i n g  o r  i f  t h e  a i r  c l e a n e r  i s  n o t
f i l t e r i n g  e f f i c i e n t l y .  D u s t  l e a k i n g
i n t o  t h e  a i r  d u c t i n g  c a n  d a m a g e
the  tu rbocharger  and  the  eng ine .

Remove the  in le t  duc t  to  the  tu rbocharg -
e r c o m p r e s s o r  h o u s i n g  a n d  c h e c k  f o r
ca rbon  o r  d i r t  bu i ldup  on  the  impe l le r  o r
i n  t h e  h o u s i n g . Excessive accumulat ions
ind ica te  e i ther  a  leak  in  the  duc t ing  o r  a
f a u l t y  a i r  f i l t e r i n g  s y s t e m . Remove all
s u c h  a c c u m u l a t i o n s  a n d  d e t e r m i n e  a n d
c o r r e c t  t h e  c a u s e , R e f e r  t o  “ T r o u b l e -
shoot ing ,  Spec i f i ca t ions  & Serv ice  Too ls ”
on page 11D-31. Uneven deposits lef t  on
the  compressor  whee l  can  a f fec t  the  ba l -
ance and cause prematu re b e a r i n g
f a i l u r e .

NOTE

Do not at tempt to remove carbon or
d i r t  b u i l d u p  o n  t h e  c o m p r e s s o r  o r
t u r b i n e  w h e e l s  w i t h o u t  r e m o v i n g
t h e  t u r b o c h a r g e r  f r o m  t h e  e n g i n e .
The  b lades  on  the  whee ls  mus t  be
t h o r o u g h l y  c l e a n e d . I f  c h u n k s  o f
c a r b o n  a r e  l e f t  o n  t h e  b l a d e s ,  a n
unbalance cond i t ion w o u l d  e x i s t
and  subsequen t  fa i l u re  o f  the  bear -
ings wou ld r e s u l t i f t h e
t u r b o c h a r g e r  i s  o p e r a t e d .  H o w e v -
e r , i t is no t n e c e s s a r y  t o
d i s a s s e m b l e  t h e  t u r b o c h a r g e r  t o
remove d i r t  o r  dus t  bu i ldup .

F o r  p r o p e r  o p e r a t i o n ,  t h e  t u r b o c h a r g e r
ro ta t ing  assembly  mus t  tu rn  f ree . When-
e v e r  t h e  e x h a u s t  d u c t i n g  i s  r e m o v e d ,
s p i n  t h e  t u r b i n e  w h e e l  b y  h a n d . If it
d o e s  n o t  s p i n  f r e e l y ,  r e f e r  t o  C h a r t  1  o f
F i g u r e  1 1 D - 2 9  o n  p a g e  1 1 D - 2 1 .  I n s p e c t
t h e  c o m p r e s s o r  a n d  t u r b i n e  w h e e l s  f o r
n i c k s  o r  l o s s  o f  m a t e r i a l . Bo th  whee ls
a r e  p r e c i s i o n  b a l a n c e d .  A  b r o k e n  o r
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F igure  11D-29 .  Inspec t ion  Checks  fo r  Turbocharger
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bent  b lade  can  th row the  ro ta t ing  assem-
b ly  ou t  o f  ba lance  and  shor ten  the  l i f e  o f
t h e  t u r b o c h a r g e r .

I n s p e c t  t h e  o i l  i n l e t  a n d  o i l  r e t u r n  l i n e s
to make certa in al l  of  the connect ions are
t igh t  and  tha t  the  l ines  a re  no t  den ted  o r
l o o p e d  s o  t h a t  o i l  f l o w  t o  a n d  f r o m  t h e
c e n t e r hous ing i s  r e s t r i c t e d . Looping
t h e  o i l  r e t u r n  l i n e s  d i s r u p t s  g r a v i t y  f l o w
of the oi l  back to the engine.

NOTE

Be sure the oi l  in let  l ines are f i l led
w i t h  o i l  a n d  t h a t  t h e y  a r e  c l e a r  o f
t h e  t u r b i n e  h o u s i n g s .

C h e c k  f o r  s i g n s  o f  o i l  l e a k i n g  f r o m  t h e
t u r b o c h a r g e r  h o u s i n g s .

L u b r i c a n t  a p p l i e d  u n d e r  p r e s s u r e  t o  t h e
c e n t e r  h o u s i n g  w h i l e  t h e  s h a f t  i s  n o t
tu rn ing  may  a l low o i l  to  en te r  the  tu rb ine
and  compressor  hous ings . H o w e v e r ,  a f -
t e r  t h e  t u r b o c h a r g e r  h a s  b e e n  o p e r a t e d
fo r  a  t ime under  load  cond i t ions  and  w i th
t h e  i n l e t  r e s t r i c t i o n  a t  n o r m a l ,  o i l  i n
t h e s e  s e c t i o n s  s h o u l d  d i s a p p e a r . I f  t h e
o i l  d o e s  n o t  d i s a p p e a r ,  r e f e r  t o  C h a r t  2
of Figure 11D-29 on page 11D-21.

E v i d e n c e  o f  o i l  i n  t h e  i n l e t  o r  o u t l e t
d u c t s  o r  d r i p p i n g  f r o m  e i t h e r  h o u s i n g
ind ica tes  a  sea l  p rob lem tha t  w i l l  requ i re
o v e r h a u l  o f  t h e  t u r b o c h a r g e r . Re fe r  to
Char t  3 .

T e s t s  s h o w  t h e r e  a r e  t h r e e  c o n d i t i o n s
tha t  con t r ibu te  to  o i l  sea l  leakage a t  the
in te rna l  tu rbocharger  o i l  sea l .

1 .  A  w o r n  o r  d e f e c t i v e  o i l  s e a l ,  w h i c h
must be replaced.

2 .  H igh  a i r  in le t  res t r i c t ion  (above spec i -
f i e d  l i m i t s ) . T h i s  w i l l  c a u s e  o i l  t o  b e
pul led past the oi l  seal .

3 .  L o n g  p e r i o d s  o f  o p e r a t i o n  w h e r e  t h e
e n g i n e  i s  b e i n g  m o t o r e d  ( u s i n g  t h e  e n -
g i n e  a s  a  b r a k i n g  d e v i c e . ) .  T h i s  c a n  a l -
so cause oil to pass by the oil seal.

To  con f i rm  o i l  l eakage  f rom one  o r  more
of  these cond i t ions , remove the compres-
s o r  h o u s i n g  a n d  i n s p e c t  t h e  b a c k p l a t e .
I f  the  sur face is  wet  w i th  o i l ,  i t  ind ica tes
leakage.

I f  t h i s  t e s t  d o e s  n o t  s h o w  l e a k a g e  p a t -
t e r n s , t h e  o i l  s e a l  a s s e m b l y  i s  g o o d  f o r
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n o r m a l  o p e r a t i o n . T h i s  s i m p l e  t e s t  w i l l
a l l o w  s o m e  p o s i t i v e  t e s t i n g  o n  e a c h  e n -
gine in al l  cases.

T u r b o c h a r g e r  c o m p r e s s o r  e n d  s h a f t  o i l
s e a l  e f f e c t i v e n e s s  c a n  b e  d e t e r m i n e d  b y
the  fo l l ow ing  p rocedure :

1 .  D e t e r m i n e  t h a t  a i r  i n l e t  r e s t r i c t i o n  i s
w i t h i n  t h e  D e t r o i t  D i e s e l  m a x i m u m  l i m i t .
Refer to Subsect ion 11A.

2 .  B e  c e r t a i n  t h a t  t h e  t u r b o c h a r g e r  o i l
d r a i n  l i n e  i s  u n r e s t r i c t e d .

3 .  B e  c e r t a i n  t h a t  t h e  t u r b o c h a r g e r  h a s
no t  obv ious ly  been damaged and  in  need
o f  ma jo r  repa i r .

4 .  R e m o v e  t h e  a i r  i n t a k e  d u c t i n g .  I n -
s p e c t  i n s i d e  o f  t h e  d u c t i n g  f o r  e v i d e n c e
o f  o i l . I f  o i l  i s  f o u n d  i n  t h e  i n t a k e  s y s -
tem, d e t e r m i n e  t h e  s o u r c e  b e f o r e  p r o -
c e e d i n g  w i t h  t h e  c o m p r e s s o r  s e a l  t e s t
a n d  a l s o  t h o r o u g h l y  r e m o v e  o i l  f r o m  t h e
i n t a k e . Some external  sources of  o i l  are
a  l e a k  n e a r  a n  o i l  s o u r c e  a s  a n  e n g i n e
b r e a t h e r ,  e t c .

5 .  R e m o v e  t h e  c o m p r e s s o r  h o u s i n g  f r o m
t h e  t u r b o c h a r g e r .

6 .  T h o r o u g h l y  c l e a n  t h e  i n t e r n a l  s u r -
faces of  the compressor housing,  impel ler
c a v i t y  b e h i n d  t h e  i m p e l l e r ,  a n d  t h e
b a c k p l a t e  a n n u l u s  w i t h  s u i t a b l e  s o l v e n t
spray  and then  dry  comple te ly  w i th  shop
a i r .

7 .  S p r a y  t h e  b a c k p l a t e  a n n u l u s  w i t h  a
l i g h t  c o a t i n g  o f  “ S p o t - C h e c k ”  d e v e l o p e r
t y p e  S K D - M F ,  o r  e q u i v a l e n t .

8 .  Ins ta l l  the  compressor  hous ing  on  the
tu rbocharger  and  reconnec t  the  in le t  and
out le t  connec t ions .

9 .  Warm up  the  eng ine  to  no rma l  opera t -
ing  tempera tu re .

10 .  Opera te  the  eng ine  a t  no  load  a t  the
g o v e r n o r  l i m i t e d  h i g h  s p e e d  f o r  a p p r o x i -
mate ly  f i ve  minu tes .

1 1 .  R e t u r n  t h e  e n g i n e  t o  l o w  i d l e  a n d
t h e n  s t o p  i t .

1 2 .  R e m o v e  t h e  i n t a k e  d u c t  a n d  o u t l e t
h o s e  a n d  t h e n  r e m o v e  t h e  c o m p r e s s o r
hous ing . E v i d e n c e  o f  c o m p r e s s o r  e n d
shaft  seal  o i l  leakage wi l l  be observed as
oil streaks in the "Spot-Check” develop-
er on t h e  b a c k p l a t e  a n n u l u s . T h i s



s u r f a c e  s h o u l d  b e  c o m p l e t e l y  f r e e  o f  o i l
s t reaks  a f te r  the  tes t .

13. I f  leakage is detected, and oi l  is pos-
i t i v e l y  n o t  e n t e r i n g  t h r o u g h  t h e  i n t a k e
d u c t ,  t h e n  t h e  t u r b o c h a r g e r  m a y  b e  r e -
moved  f rom the  eng ine  and  inspec ted  fo r
damaged components.

Remove Turbocharger

1.  D isconnec t t h e exhaus t mani fo ld
adaptor  a t tached to  the  tu rb ine  hous ing .

2 .  D isconnec t  the  a i r  in le t  hose  a t tached
to  the  compressor  hous ing .

3 .  Remove the  o i l  i n le t  l i ne  f rom the  top
o f  the  cen te r  hous ing .

4 .  R e m o v e  t h e  o i l o u t l e t  l i n e  f r o m  t h e
bottom of  the center hous ing .

5 .  A t t a c h  a  c h a i n
l i f t i n g  s l i n g  t o  t h e
b l y .

h o i s t  a n d  a  s u i t a b l e
tu rbocharger  assem-

6 .  Remove the  nu ts  and  lock  washers  se-
c u r i n g  t h e  t u r b o c h a r g e r  a s s e m b l y  t o  t h e
m o u n t i n g  b r a c k e t . T h e n  l i f t  t h e  t u r b o -
c h a r g e r  a s s e m b l y  a w a y  f r o m  t h e  e n g i n e
and place i t  on a bench.

7 .  Cover  the  end  o f  each  o i l  i n le t  and  o i l
o u t l e t  l i n e  a n d  t h e  a i r  i n l e t  a n d  e x h a u s t
ou t le t  open ings  on  the  eng ine  to  p revent
the  en t ry  o f  fo re ign  mater ia l .

Disassemble Turbocharger

C l e a n  t h e  e x t e r i o r  o f  t h e  t u r b o c h a r g e r
w i t h  n o n - c a u s t i c  c l e a n i n g  s o l v e n t  b e f o r e
disassembly and proceed as fo l lows:

NOTE

Mark  re la ted  pos i t ions  o f  the  com-
p r e s s o r h o u s i n g , c e n t e r  h o u s i n g
a n d  t u r b i n e  h o u s i n g  w i t h  a  p u n c h
o r  s c r i b e  p r i o r  t o  d i s a s s e m b l y  t o
assure  reassembly  in  the  same re l -
a t ive pos i t ion.

1. Refer to F i g u r e  1 1 D - 3 0  o n  p a g e
11D-24  and  loosen  "V"  band  coup l ing  (1 )
s e c u r i n g  c o m p r e s s o r  h o u s i n g  ( 2 )  t o
b a c k p l a t e  a s s e m b l y  ( 1 4 )  a n d  r e m o v e  t h e
compressor  hous ing  and  "V"  band .

NOTE

E x e r c i s e  c a r e  w h e n  r e m o v i n g  t h e
compressor hous ing a n d  t u r b i n e
h o u s i n g  t o  p r e v e n t  d a m a g e  t o  t h e
compressor  and  tu rb ine  whee ls .

2.  Loosen
i n g

"V"  band  coup l ing  (28 )  secur -
t u r b i n e

i n g  ( 2 7 ) .
h o u s i n g  ( 6 )  t o  c e n t e r  h o u s -
R e m o v e  t h e  t u r b i n e  h o u s i n g

f rom the  cen te r  hous ing .

NOTE

T a p  t h e  h o u s i n g  w i t h  a  s o f t  h a m -
mer i f  force is  needed for  removal .

3 .  P o s i t i o n  t u r b i n e  w h e e l  ( 9 )  o f  t h e  c e n -
t e r  h o u s i n g  a s s e m b l y  i n  a  s u i t a b l e  h o l d -
i n g  f i x t u r e  ( s e e  F i g u r e  1 1 D - 3 1  o n  p a g e
11D-25). Remove wheel  nut  (7)  f rom the
s h a f t .

NOTE

If a h o l d i n g  f i x t u r e  i s no t
avai lable, c lamp a  su i tab le  socke t
o r  b o x  e n d  w r e n c h  i n  a  v i s e  a n d
p l a c e  t h e  e x t e n d e d  h u b  o n  t h e
s h a f t  i n  t h e  s o c k e t  o r  w r e n c h .
H o l d  t h e  c e n t e r  h o u s i n g  u p r i g h t
and  remove  the  whee l  nu t  f rom the
s h a f t .

To prevent the possibility of bend-
i n g  t h e  t u r b i n e  w h e e l  s h a f t ,  r e -
m o v e  t h e  c o m p r e s s o r  w h e e l  n u t
f rom the  shaf t  wi th  a  double  uni -
versal socket and tee handle.

4 .  P r e s s compressor w h e e l  ( 8 )  f r o m
whee l  sha f t  assembly  (9 ) .

5 .  W i t h d r a w  w h e e l  s h a f t  a s s e m b l y  ( 9 )
from the center housing. Wheel shroud
( 1 0 ) ,  w h i c h  i s  n o t  r e t a i n e d ,  w i l l  f a l l  f r e e
when the wheel shaft  is removed.

6 .  R e m o v e  a n d  d i s c a r d  t u r b i n e  p i s t o n
r ing  (11 )  f rom the  whee l  sha f t .

7 .  B e n d  d o w n  t h e  l o c k  t a b s  a n d  r e m o v e
t h e  f o u r  b o l t s  ( 1 2 )  a n d  l o c k  p l a t e s  ( 1 3 )
secur ing  backp la te  assembly  (14 )  to  cen-
t e r  h o u s i n g  ( 2 7 )  a n d  r e m o v e  b a c k p l a t e
assembly.
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Figure 11D-30. Turbocharger  De ta i l s

T a p  t h e  b a c k p l a t e  l i g h t l y  t o  r e -
m o v e  i t  f r o m  t h e  c e n t e r  h o u s i n g
recess.

S o a k  a l l  p a r t s  i n  a  n o n - c a u s t i c  c l e a n i n g
s o l v e n t  f o r  a b o u t  2 5  m i n u t e s . A f t e r
s o a k i n g ,  u s e  a s t i f f  b r i s t l e  b r u s h  a n d
remove a l l  d i r t  pa r t i c les . D r y  a l l  o f  t h e
p a r t s  t h o r o u g h l y .

NOTE

8. Remove a n d  d i s c a r d  s e a l  r i n g  ( 1 5 )
f rom the  g roove  in  the  cen te r  hous ing .

9 .  R e m o v e  t h r u s t  s p a c e r  ( 1 6 )  a n d  p i s t o n
ring(s) (17) from the backplate
a s s e m b l y .  d i s c a r d  t h e  p i s t o n  r i n g ( s ) .

1 0 .  R e m o v e  t h r u s t  c o l l a r  ( 1 8 ) ,  i n b o a r d
t h r u s t  w a s h e r  ( 1 9 ) ,  b e a r i n g  ( 2 0 ) ,  b e a r -
i n g  w a s h e r  ( 2 1 )  a n d  s n a p  r i n g  ( 2 2 )  f r o m
t h e  c e n t e r  h o u s i n g . D i s c a r d  t h e  t h r u s t
w a s h e r ,  b e a r i n g , washer  and  snap r ing .

1 1 .  R e m o v e  s n a p  r i n g  ( 2 3 ) ,  b e a r i n g
( 2 4 ) ,  b e a r i n g  w a s h e r  ( 2 5 )  a n d  s n a p  r i n g
(26)  f rom the  oppos i te  end  o f  the  cen te r
h o u s i n g . D i s c a r d  t h e  s n a p  r i n g s ,  b e a r -
ing  and washers .

Cleaning

B e f o r e  c l e a n i n g , i n s p e c t  t h e  p a r t s  f o r
s i g n s  o f  b u r n i n g , rubb ing  o r  o the r  dam-
age wh ich  migh t  no t  be  ev iden t  a f te r  c le -
a n i n g .
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Never  use  a  caust ic  c leaning sol -
ution for cleaning as this will dam-
age certain par ts . Use the
cleaning solution in an open or well
vent i la ted  area . Avoid breathing
the fumes. Keep away from open
flames. Do not use a wire brush
o r  s t e e l  b l a d e  s c r a p e r  t o  c l e a n
par ts .

M a k e  s u r e  t h a t  b o t h  w h e e l  b l a d e s  a r e
t h o r o u g h l y  c l e a n . D e p o s i t s  l e f t  o n  t h e
b l a d e s  w i l l  a f f e c t  t h e  b a l a n c e  o f  t h e  r o -
ta t ing  assembly .

C l e a n  a l l  o f  t h e  i n t e r n a l  c a v i t i e s  a n d  o i l
passages  in  the  cen te r  hous ing  thorough-
ly  w i th  d ry  compressed a i r .

Clean the oi l  passage in the center hous-
i n g  t h r u s t  p l a t e  w i t h  d r y  c o m p r e s s e d
a i r .



Figure  11D-31 .  Turbocharger  Ho ld ing  F ix tu re
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Remove the oi l  in let  and out let  l ines f rom
t h e  e n g i n e  a n d  t h o r o u g h l y  c l e a n  t h e  o i l
l i n e s  i n s i d e  a n d  o u t .  A n  o i l  l i n e  t h a t  i s
den ted  o r  c r imped enough to  res t r i c t  the
f low of  o i l  must  be replaced.

Inspection

Inspec t  a l l  o f  the  par ts  fo r  s igns  o f  dam-
a g e ,  c o r r o s i o n  o r  d e t e r i o r a t i o n .  C h e c k
f o r  n i c k e d ,  c r o s s e d  o r  s t r i p p e d  t h r e a d s .

V i s u a l l y  c h e c k t h e  t u r b i n e  w h e e l  f o r
s i g n s  o f  r u b b i n g  o r  w e a r .  F o r  s h a f t
bear ing  jou rna l  d imens ions  and  wear  l im-
i t s , r e f e r  t o “ S p e c i f i c a t i o n s ”  o n  p a g e
11D-32.

I n s p e c t  t h e  s h a f t  f o r  s i g n s  o f  s c o r i n g ,
sc ra tches  o r  bear ing  se izure .

Check  the  compressor  whee l  fo r  s igns  o f
rubb ing  o r  damage  f rom fo re ign  mate r ia l .
C h e c k  t o  s e e  t h a t  t h e  w h e e l  b o r e  i s  n o t
ga l l ed . T h e  w h e e l  m u s t  b e  f r e e  o f  d i r t
and  o ther  fo re ign  mate r ia l .

I n s p e c t  t h e  s e a l  p a r t s  f o r  s i g n s  o f  r u b -
b ing  o r  scor ing  o f  the  runn ing  faces .

I n s p e c t  t h e  b a c k p l a t e  f o r  w e a r  o r  d a m -
aged bore  (p is ton  r ing  g roove) .

I n s p e c t  t h e  h o u s i n g  f o r  c o n t a c t  w i t h  t h e
r o t a t i n g  p a r t s . The oi l  and air  passages
must be c lean and free of  obstruct ions.

M i n o r  s u r f a c e  d a m a g e  m a y  b e  b u r n i s h e d
or  po l i shed . Use a si l icone carbide abra-
s i ve  c lo th  fo r  a luminum par ts  o r  a  c rocus
abras ive  c lo th  fo r  s tee l  par ts .

It is recommended t h a t t h e  p i s t o n
r i n g ( s ) , t h r u s t  w a s h e r s ,  b e a r i n g ,  b e a r -
i n g  w a s h e r s  a n d  s n a p  r i n g s  b e  r e p l a c e d
at t ime of disassembly.

I n s p e c t  t h e  e x h a u s t  o u t l e t  e l b o w  s e a l
r ing  fo r  s igns  o f  wear  o r  b reakage.

Assemble Turbocharger

C h e c k  e a c h  p a r t  p r i o r  t o  i n s t a l l a t i o n  t o
ensure  c lean l iness . As  the  par ts  a re  as-
sembled, c o v e r  t h e  o p e n i n g s  t o  p r e v e n t
en t ry  o f  d i r t  o r  o ther  fo re ign  mater ia l .

Refer to Figure 11D-30 on page 11D-24
fo r  par ts  o r ien ta t ion  and  p roceed  as  fo l -
lows:
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1 .  L u b r i c a t e  n e w  b e a r i n g s  ( 2 0  a n d  2 4 )
with clean engine oi l .

2 .  I n s t a l l  a  n e w  s n a p  r i n g  ( 2 6 ) ,  b e a r i n g
w a s h e r  ( 2 5 ) ,  b e a r i n g  ( 2 4  a n d  s n a p  r i n g
(23)  in  the  tu rb ine  end  o f  cen te r  hous ing
(27) .

3 .  I n s t a l l  a  n e w  s n a p  r i n g  ( 2 2 ) ,  b e a r i n g
washer (21)  and  bear ing  in  the  compres-
sor  end  o f  the  cen te r  hous ing .

NOTE

I n s t a l l  t h e  i n b o a r d  t h r u s t  b e a r i n g
( th ree  o i l  g rooves)  w i th  the  smooth
s ide  aga ins t  the  center  hous ing .

4 .  I n s t a l l  a  n e w  p i s t o n  r i n g ( s )  ( 1 7 )  o n
t h r u s t  s p a c e r  ( 1 6 )  a n d  g e n t l y  i n s e r t  t h e
spacer into backplate assembly (14).

5.
in

M a k e  s u r e  t h e  c o m p r e s s o r  b e a r i n g  i s
p l a c e ,  t h e n  p o s i t i o n  t h e  n e w  i n b o a r d

t h r u s t  b e a r i n g  ( 1 9 )  f l a t  a g a i n s t  t h e  c e n -
t e r  h o u s i n g  w i t h  t h e  h o l e  a n d  c u t o u t  i n
t h e  t h r u s t  w a s h e r  i n  a l i g n m e n t  w i t h  t h e
p ins  in  the  center  hous ing .

Do not force the piston rings into
place.

6 .  I n s t a l l  t h r u s t  c o l l a r  ( 1 8 )  s n u g l y
a g a i n s t  t h e  t h r u s t  w a s h e r . L u b r i c a t e
t h e  t h r u s t  c o l l a r  a n d  t h r u s t  w a s h e r  w i t h
clean engine oi l .

7. Install a new seal ring (15) in the
groove at  the compressor end of  the cen-
t e r  h o u s i n g .

8 .  A l i g n  t h e  o i l  f e e d  h o l e s  i n  t h e  c e n t e r
hous ing  and  the  backp la te  assembly  and
a t tach  the  backp la te  to  the  cen te r  hous-
i n g  w i t h  f o u r  b o l t s  ( 1 2 )  a n d  n e w  l o c k -
p l a t e  ( 1 3 ) . T i g h t e n  t h e  b o l t s  t o  8 0 - 1 0 0
l b - i n  ( 9 - 1 1  N m )  t o r q u e  a n d  b e n d  t h e
lockplate tangs up against the side of  the
bol t  heads.

NOTE

I f  a  n e w  b a c k p l a t e  w i t h  a  w a r n i n g
p l a t e  i s i n a d v e r t e n t l y ins ta l led ,
the  warn ing  p la te  mus t  be  removed
a n d  t h e  t h r e e  d r i v e  s c r e w  h o l e s
p lugged  to  p reven t  a i r  l eakage .



9 .  I n s t a l l  a  n e w  p i s t o n  r i n g  ( 1 1 )  o n  t h e
tu rb ine  whee l  sha f t  assembly .

NOTE

B e f o r e  i n s t a l l i n g  t h e  p i s t o n  r i n g ,
f i l l  t h e  p i s t o n r i n g  g r o o v e  w i t h
Dow Corn ing  H igh  Vacuum S i l i cone
grease , o r  e q u i v a l e n t .

P o s i t i o n  w h e e l  s h r o u d  ( 1 0 )  a g a i n s t
t h e  c e n t e r  h o u s i n g  a n d  i n s e r t  w h e e l
s h a f t  a s s e m b l y  ( 9 )  t h r o u g h  t h e  w h e e l
shroud and in to  the  cen te r  hous ing .

10.

NOTE

B e  c a r e f u l  n o t  t o  s c u f f  o r  s c r a t c h
t h e  b e a r i n g s  w h e n  i n s t a l l i n g  t h e
s h a f t .

11. P lace  the  tu rb ine  whee l  sha f t  assem
b l y ,
p la te

s h r o u d ,  c e n t e r  h o u s i n g  a n d  b a c k -
u p r i g h t in a s u i t a b l e  h o l d i n g

f i x t u r e  a s  s h o w n  i n  F i g u r e  1 1 D - 3 1  o n
page 11D-25.

NOTE

If a holding fixture is not
a v a i l a b l e ,  c l a m p  a  s u i t a b l e  s o c k e t
o r  b o x  w r e n c h  i n  a  v i s e  a n d  p l a c e
t h e  e x t e n d e d  h u b  o n  t h e  s h a f t  i n
the  socke t  o r  wrench .

1 2 .  W i t h  t h e  c o m p r e s s o r  w h e e l  a t  r o o m
t e m p e r a t u r e ,  p o s i t i o n  i t  o v e r  t h e  s h a f t .

1 3 .  L i g h t l y  l u b r i c a t e  t h e  s h a f t  t h r e a d s
and  whee l  face  tha t  w i l l  be  under  the  nu t
w i t h  e n g i n e  o i l  a n d  i n s t a l l  t h e  r e t a i n i n g
n u t . T i g h t e n  t h e  n u t  t o  1 2 5 - 1 5 0  l b - i n
(14-17 Nm) torque to seat  the compressor
whee l  aga ins t  the  th rus t  spacer .

1 4 .  L o o s e n  t h e  n u t  a n d  i n s p e c t  t h e  n u t
f a c e  a n d  f r o n t  f a c e  o f  t h e  c o m p r e s s o r
w h e e l  t o  b e  s u r e  t h e y  a r e  s m o o t h  a n d
clean.

1 5 .  R e t i g h t e n  t h e  n u t  t o  3 5 - 5 5  l b - i n  ( 4 - 6
Nm)  to rque .

1 6 .  C o n t i n u e  t o  t i g h t e n  t h e  r e t a i n i n g  n u t
u n t i l t h e  s h a f t  i n c r e a s e s
0 . 0 0 9 ” - 0 . 0 1 0 ” .

i n  l e n g t h

17.

A .

NOTE

T i g h t e n  t h e  n u t  i n  s u c h  a  m a n n e r
as  no t  to  impose  bend ing  loads  on
t h e  s h a f t s .

I f  e q u i p m e n t  i s n o t  a v a i l a b l e  t o
m e a s u r e  t h e  s h a f t  s t r e t c h ,  t i g h t e n
t h e  w h e e l  r e t a i n i n g  n u t  t o  3 5 - 5 5
l b - i n  ( 4 - 6  N m )  t o r q u e .  T h e n  c o n -
t i n u e  t o  t i g h t e n  t h e  n u t  t h r o u g h
an angle of  120-130°.

Check  the  bear ing  ax ia l  end  p lay :

C l a m p  t h e  c e n t e r  h o u s i n g  i n  a  b e n c h
v ise  equ ipped wi th  so f t  jaws as  shown
in  F igure  11D-32.

Figure 11D-32. Checking Bearing
Ax ia l  End P lay

B.  Fas ten  the  d ia l  ind ica to r  and  magnet ic
base  (J  7872-2)  to  the  cen te r  hous ing
s o  t h a t  t h e  i n d i c a t o r  t i p  r e s t s  o n  t h e
e n d  o f  t h e  r o t a t i n g  s h a f t  o n  t h e  c o m -
p r e s s o r s i d e  ( s e e  F i g u r e  1 1 D - 3 3  o n
page 11D-28).
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Figure 11D-33. Checking Shaft  Radial
Movement

C .  M o v e  t h e  s h a f t  a x i a l l y  b a c k  a n d  f o r t h
b y  h a n d . T o t a l  i n d i c a t o r  r e a d i n g
( t h r u s t  f l o a t ) s h o u l d  b e  b e t w e e n
0 . 0 0 3 "  a n d  0 . 0 1 0 " . I f  t h e  t o t a l  d i a l
i n d i c a t o r  r e a d i n g s  d o  n o t  f a l l  w i t h i n
t h e  s p e c i f i e d  l i m i t s ,  r e p a i r  o r  r e p l a c e
the  ro ta t ing  assembly .

18.  Pos i t ion t u r b i n e  h o u s i n g (6) as
marked  a t  d isassembly  aga ins t  the  cen te r
hous ing  and  secure  i t  i n  p lace .

1 9 .  S e c u r e  t h e  t u r b i n e  h o u s i n g  w i t h  “ V ”
b a n d  c o u p l i n g  ( 2 8 ) .  T i g h t e n  t h e  t o g g l e
nut as fol lows:

A .  L u b r i c a t e  t h e  t o g g l e  b o l t  t h r e a d s  w i t h
a  h i g h  t e m p e r a t u r e  a n t i - s e i z e  c o m -
p o u n d  s u c h  a s  J e t  L u b e  ( M i l  S p e c
A - 9 0 7 D ) ,  o r  e q u i v a l e n t .

B .  T i g h t e n  t h e  n u t  o n  t h e  " V "  b a n d  t o g -
g le  bo l t  to  approx imate ly  160  lb - in  (18
Nm)  to rque .

NOTE

D o  n o t  p u l l  a  m i s a l i g n e d  t u r b i n e
h o u s i n g  i n t o  a l i g n m e n t  w i t h  t h e
" V "  b a n d  c o u p l i n g .  T h e  p a r t s
must  be  a l igned  and  sea ted  f i r s t .

C .  L o o s e n  t h e  " V "  b a n d  c o u p l i n g  n u t  t o
approx imate ly  50  lb - in  (6  Nm)  to rque ,
then  re to rque  the  nu t  to  152-168  lb - in
(17 -19  Nm)  to rque .

2 0 .  P o s i t i o n  c o m p r e s s o r  h o u s i n g  ( 2 )  a s
marked  a t  d isassembly  aga ins t  the  back-
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p l a t e  a n d  s e c u r e  i t  i n  p l a c e  w i t h  " V "
b a n d  c o u p l i n g  ( 1 ) . L i g h t l y  l u b r i c a t e  t h e
th reads  o f  the  togg le  bo l t  w i th  eng ine  o i l
a n d  t i g h t e n t h e  n u t  t o  1 1 0 - 1 3 0  l b - i n
(12 -15  Nm)  to rque .

21 .  Check  the  sha f t  rad ia l  movement :

A .  Pos i t i on t h e  m a g n e t i c  b a s e  J  7 8 7 2 - 2
w i t h  t h e  s w i v e l  a d a p t o r  J  7 8 7 2 - 3  o n
t h e  f l a t  s u r f a c e  o f  t h e  t u r b i n e  h o u s -
i n g i n l e t f l a n g e  a s shown in
F igure  11D-33 .

B .  F a s t e n  t h e  d i a l  i n d i c a t o r  e x t e n s i o n
r o d  J  7 8 7 2 - 1  t o  t h e  d i a l  i n d i c a t o r  J
8001-3  and  a t tach  the  d ia l  ind ica to r  to
the  swive l  adaptor .

C.  Inser t  the  ex tens ion  rod  J  7872-1  in to
the  o i l  d ra in  tube  mount ing  pad  open-
i n g  s o  t h a t  t h e  r o d  i s  a g a i n s t  t h e
w h e e l  s h a f t  a n d  i s  p e r p e n d i c u l a r  t o
t h e  s h a f t .

NOTE

M a k e  s u r e  t h e  e x t e n s i o n  r o d  d o e s
not  make con tac t  w i th  the  s ides  o f
t h e  c e n t e r  h o u s i n g . O t h e r w i s e  i t
w i l l  be  imposs ib le  to  ob ta in  an  ac -
c u r a t e  r e a d i n g .

D .  G r a s p  e a c h  e n d  o f  t h e  r o t a t i n g  a s -
s e m b l y  a n d , a p p l y i n g  e q u a l  p r e s s u r e
a t  e a c h  e n d , m o v e  t h e  r o t a t i n g  s h a f t
f i r s t  f o r w a r d  a n d  t h e n  a w a y  f r o m  t h e
d i a l  i n d i c a t o r , c r e a t i n g  a  t r a n s v e r s e
movement in t h e s h a f t (see
F i g u r e  1 1 D - 3 3 ) .
d i s p l a c e m e n t  s h o u l d  b e  b e t w e e n

T h e  d i a l  i n d i c a t o r

0 .003" a n d  0 . 0 0 7 " . I f  t h e  d i s p l a c e -
ment  does  no t  fa l l  w i th in  these  l im i ts ,
d i sassemble  and  repa i r  o r  rep lace  the
ro ta t ing  assembly .

2 2 .  I f  i t  i s  t o  b e  s t o r e d ,  l u b r i c a t e  t h e
un i t  in te rna l l y  and ins ta l l  p ro tec t i ve  cov-
ers on al l  openings.

23 .  S tamp the  le t te r  "R"  in  the  lower  le f t
hand  corner  o f  the  name p la te  to  iden t i f y
t h a t  t h e  t u r b o c h a r g e r  h a s  b e e n
r e w o r k e d .

Install  Turbocharger

I f  a  t u r b o c h a r g e r  i s  t o  b e  i n s t a l l e d  o n  a
n e w  o r  o v e r h a u l e d  e n g i n e ,  o p e r a t e  t h e
eng ine  fo r  approx imate ly  one  hour  be fo re
t h e  t u r b o c h a r g e r  i s  i n s t a l l e d .  T h i s  m u s t



be done to ensure that  no foreign mater i -
a l  i s  c a r r i e d  f r o m  t h e  e n g i n e  i n t o  t h e
tu rbocharger  lubr i ca t ion  sys tem.

1 .  A t t a c h  a  c h a i n  h o i s t  a n d  a  s u i t a b l e
l i f t i n g  s l i n g  t o  t h e  t u r b o c h a r g e r  a s s e m -
b l y .

2 .  R e m o v e  t h e  c o v e r s  f r o m  t h e  a i r  i n l e t
a n d  e x h a u s t  o u t l e t  o p e n i n g s  o n  t h e  e n -
g i n e  t h a t  w e r e  p l a c e d  o v e r  t h e  o p e n i n g s
w h e n  t h e  t u r b o c h a r g e r  w a s  r e m o v e d .
Ins ta l l  i n le t  sh ie ld  J  26554 in  p lace  (see
Figure 11D-27 on page 11D-19).

3 .  P l a c e  t h e  t u r b o c h a r g e r  a s s e m b l y  i n t o
p o s i t i o n  o n  t h e  m o u n t i n g  b r a c k e t .  U s e  a
new gaske t  be tween the  exhaus t  man i fo ld
adapto r  and  the  tu rb ine  hous ing  f lange .

4 .  Secure  the  tu rbocharger  to  the  mount -
ing  b racke t  w i th  bo l ts ,  lock  washers  and
n u t s . T i g h t e n  t h e  n u t s  j u s t  e n o u g h  t o
h o l d  t h e  t u r b o c h a r g e r  t i g h t  a g a i n s t  t h e
b r a c k e t .

When self-locking nuts are used to
secure t h e  t u r b o c h a r g e r  t o  t h e
mounting bracket,  be sure there is
full thread engagement (at least one
f u l l  t h r e a d  a b o v e  t h e  n u t )  o f  t h e
self-locking nuts on the bolts.

5 .  S l i d e  t h e  b l o w e r  a i r  i n l e t  t u b e  h o s e
over  the  compressor  hous ing  ou t le t  open-
i n g  a n d  s e c u r e  i t  i n  p l a c e  w i t h  t h e  h o s e
clamps.

6 .  T i g h t e n  t h e  t u r b o c h a r g e r  t o  e x h a u s t
m a n i f o l d  a d a p t o r  b o l t s  s e c u r e l y . Then
r e m o v e  t h e  c h a i n  h o i s t  a n d  l i f t i n g  s l i n g
f rom the  tu rbocharger .

7 .  I n s t a l l  t h e  o i l  d r a i n  l i n e  b e t w e e n  t h e
o p e n i n g  i n  t h e  b o t t o m  s i d e  o f  t h e  c e n t e r
hous ing  and  the  cy l inder  b lock .

8 .  A t tach  the  o i l  i n le t  l i ne  to  the  cy l inder
b lock .

9 .  A f t e r  i n s t a l l i n g  a  r e b u i l t  o r  n e w  t u r -
b o c h a r g e r , i t  i s  v e r y  i m p o r t a n t  t h a t  a l l
m o v i n g  p a r t s  o f  t h e  t u r b o c h a r g e r  c e n t e r
housing be lubr icated as fol lows:

A .  C lean  the  a rea  and  d isconnec t  the  o i l
i n l e t  l i n e  a t  t h e  b e a r i n g  h o u s i n g  ( s e e
Figure 11D-28 on page 11D-20).

B.

C.

D.

F i l l  t h e  b e a r i n g  h o u s i n g  c a v i t y  w i t h
c l e a n  e n g i n e  o i l . T u r n  t h e  r o t a t i n g
assembly by hand to coat al l  of  the in-
te rna l  sur faces  w i th  o i l .

A d d  a d d i t i o n a l  c l e a n  e n g i n e  o i l  t o
c o m p l e t e l y  f i l l  t h e  b e a r i n g  h o u s i n g
c a v i t y  a n d  r e i n s t a l l  t h e  o i l  l i n e . Cle-
an of f  any spi l led oi l .

S ta r t  and  run  the  eng ine  a t  id le  un t i l
o i l  p r e s s u r e  a n d  s u p p l y  h a s  r e a c h e d
a l l  o f  t h e  t u r b o c h a r g e r  m o v i n g  p a r t s .
A  g o o d  i n d i c a t o r  t h a t  a l l  o f  t h e  m o v -
i n g  p a r t s  a r e  g e t t i n g  l u b r i c a t i o n  i s
when the  o i l  p ressure  gauge reg is te rs
p r e s s u r e ( 1 0  p s i g  o r  6 9  k P a  a t  i d l e
s p e e d ) .

Do not hold the compressor wheel
for any reason, while the engine is
running. T h i s  c o u l d  r e s u l t  i n
personal injury.

T h e  f r e e  f l o a t i n g  b e a r i n g s  i n  t h e  t u r -
bocharger  cen te r  hous ing  requ i re  pos-
i t i v e  l u b r i c a t i o n . T h i s  i s  p r o v i d e d  b y
t h e  a b o v e  p r o c e d u r e  b e f o r e  t h e  t u r -
bocharger  reaches  i t s  max imum oper -
a t i n g  s p e e d  w h i c h  i s  p r o d u c e d  b y
h i g h eng ine speeds. S t a r t i n g  a n y
tu rbocharged  eng ine  and  acce le ra t ing
to  any  speed above id le  be fo re  eng ine
o i l  s u p p l y  a n d  p r e s s u r e  h a s  r e a c h e d
t h e  f r e e  f l o a t i n g  b e a r i n g s  c a n  c a u s e
severe  damage to  the  sha f t  and  bear -
ings  o f  the  tu rbocharger .

1 0 .  C h e c k  a l l  d u c t s  a n d  g a s k e t s  f o r
leaks.

1 1 .  O p e r a t e  t h e  e n g i n e  a t  r a t e d  o u t p u t
and  l i s ten  fo r  sounds  o f  meta l l i c  con tac t
f r o m  t h e  t u r b o c h a r g e r . I f  a n y  s u c h
no ise  is  apparent , stop the engine imme-
d ia te ly  and  cor rec t  the  cause .

NOTE

A f t e r  t h e  t u r b o c h a r g e r  h a s  b e e n
o p e r a t i n g  l o n g  e n o u g h  t o  p e r m i t
t h e  u n i t  a n d  t h e  o i l  t o  w a r m  u p ,
the  ro ta t ing  assembly  shou ld  coas t
f ree ly  to  a  s top  a f te r  the  eng ine  i s
s topped. I f  the  ro ta t ing  assembly
j e r k s  t o  a  s u d d e n  s t o p ,  t h e  c a u s e
s h o u l d  b e  i m m e d i a t e l y  d e t e r m i n e d
and el iminated.
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12. Remove in let  shie ld J 26554 from the
t u r b o c h a r g e r .
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Turbocharger

TROUBLE SHOOTING

CONDITION

NOISY OPERATION OR
VlBRATION

PROBABLE CAUSE SUGGESTED REMEDY

WHEEL SHAFT BEARINGS ARE NOT Locate cause of loss of oil pressure
BEING LUBRICATED and repair. Remove, dis-assemble and

inspect turbocharger for bearing dam-
age.

IMPROPER CLEARANCE BETWEEN Remove, disassemble, and inspect
TURBINE WHEEL AND HOUSING turbocharger.

LEAK IN ENGINE AIR INTAKE OR Tighten all loose connections or
EXHAUST MANIFOLD replace exhaust manifold gaskets

as necessary.

ENGINE WILL NOT DELIVER
RATED POWER

CLOGGED AIR INTAKE SYSTEM

FOREIGN MATERIAL LODGED IN
COMPRESSOR OR TURBINE
WHEELS

Check air cleaner and clean air
intake ducts,

Remove, disassemble and clean
turbocharger.

EXCESSIVE DIRT BUILD-UP IN
COMPRESSOR

Thoroughly clean compressor as-
s embly. Clean air cleaner and
check for leaks.

LEAK IN ENGINE AIR INTAKE OR Tighten all loose connections or
EXHAUST MANIFOLD replace exhaust manifold gaskets

as necessary.

ROTATING ASSEMBLY BEARING Remove and overhaul turbo-
SEIZURE charger.
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Specifications

Spec i f i ca t ions , c learances and wear l imi ts
a r e  l i s t e d  b e l o w . I t  s h o u l d  b e  s p e c i f -
i ca l l y  no ted  tha t  the  c learances  app ly  on-
l y  w h e n a l l  n e w  p a r t s  a r e  u s e d  a t  t h e
p o i n t w h e r e  t h e  v a r i o u s  s p e c i f i c a t i o n s
a p p l y . T h i s  a l s o  a p p l i e s  t o  r e f e r e n c e s
w i t h  t h e  t e x t  o f  t h e  m a n u a l . The co lumn
e n t i t l e d “ L i m i t s ” i n  t h i s  c h a r t  l i s t s  t h e
a m o u n t  o f  w e a r  o r  i n c r e a s e  i n  c l e a r a n c e

w h i c h  c a n  b e  t o l e r a t e d  i n  u s e d  e n g i n e
p a r t s  a n d  s t i l l  e n s u r e  s a t i s f a c t o r y  p e r -
formance. I t  s h o u l d  b e  e m p h a s i z e d  t h a t
t h e  f i g u r e s  g i v e n  a s  " L i m i t s "  m u s t  b e
q u a l i f i e d  b y  t h e  j u d g e m e n t  o f  p e r s o n n e l
r e s p o n s i b l e  f o r  i n s t a l l i n g  n e w  p a r t s .
T h e s e  w e a r  l i m i t s  a r e ,  i n  g e n e r a l ,  l i s t e d
o n l y  f o r  p a r t s  m o r e  f r e q u e n t l y  r e p l a c e d
in e n g i n e  o v e r h a u l  w o r k . F o r  a d d i t i o n
in fo rmat ion , r e f e r  t o  t h e  t e x t .

TABLE OF SPECIFICATIONS, NEW CLEARANCES AND WEAR LIMITS

These limits also apply to oversize and undersize parts.

ENGINE PARTS (Standard Size, New) MINIMUM MAXIMUM LIMITS

Blower
B a c k l a s h  ( t i m i n g  g e a r s ) . . . . . . . . . . . . . . . . . .
Oil seal or seal collar (below end plate surface) . . . . . .
Dowel pin (projection beyond inside face

of end plates) . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . .

Turbocharger

End play -- rotating shaft
Radial movement -- rotating shaft

. . . . . . . . . . . . . . . . . .

Turbine wheel shaft journal bearings:
Inside diameter

. . . . . . . . . . . . . . . . . .

O u t s i d e  d i a m e t e r
Journal diameter -- turbine wheel shaft . . . . . .

. . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . .

Bearing bore -- center housing:
Inside diameter

Back plate seal bore:

. . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . .

Inside diameter
Thrust collar:

Thickness

. . . . . . . . . . . . . . . . . .

Bore - inside diameter
Thrust Spacer:

. . . . . . . . . . . . . . . . . .

Outside diameter
Ring groove width

Thrust washer, inboard:
Thickness

Compressor wheel bore:
Inside diameter (TV61)

.0005 ”
.0020 ”

.3800 ”

.0030 ”

.0030 ”

.6268 ”

.9782 ”

.6250 ”

.9827 ”

.6875 ”

.2990 ”

.3754 “

.6715 ”

.0685 ”

.0900 ”

.3121 ”

.0025 ”
.0080 ”

.0100 ”

.0070 ”

.6272 ”

.9787 ”

.6254 ”

.9832 ”

.6885 ” .6895 ”

.3000 ”

.3758 ”

.6725 ”

.0695 ”

.0920 ”

.3124 ”

.0040 ”

.9842 ”

.2970 ”

.3778 ”

.6705 ”

.0715 ”

.3134 ”
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STANDARD BOLT AND NUT TORQUE SPECIFICATIONS

THREAD
SIZE

260M BOLTS
TORQUE

(lb-ft) Nm
THREAD

SIZE

280M OR BETTER
TORQUE

(lb-ft) Nm

1/4-20 . . . . . . . . 5 - 7
1/4-28 . . . . . . . . . . 6 - 8
5/16-18 . . . . . . . . 10-13
5/16-24 . . . . . . . . . . . . . . . . . . 11-14
3 /8 -16 . . . . . . . . . 23-26
3/8-24 . . . . . . . . . 26-29
7/16-14 . . . . . . . . . . . . 35-38
7/16-20 . . . . . . . . . . 43-46
1/2-13 . . . . . . . . . . . . 53-56
1/2-20 . . . . . . . . . 62-70
9/16-12 . . . . . . . . . . . 68-75
9/16-18 . . . . . . . . . . . . . 80-88
5/8-11

. . . . . . . . . . . .
103-110

5 /8 -18
. . . . . . . . . . . . . . . . . .

. . . . . . . . . .
126-134

3 / 4 - 1 0 180-188
3 / 4 - 1 6 218-225
7 / 8 - 9

. . . . . . . . . . . .
308-315

7 /8 -14

. . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . .

356-364
1 - 8 435-443
1 - 1 4 . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . .
514-521

7 - 9
8-11

14-18
15-19
31-35
35-40
47-51
58-62
72-76
84-95
92-102

109-119
140-149
171-181
244-254
295-305
417-427
483-494
590-600
697-705

1 /4 -20 . . . . . . . . . . . . . . . . . . 7-9
1 /4 -28 8-10
5/16-18 13-17
5/16-24 15-19
3 /8 -16 30-35
3 / 8 - 2 4 35-39
7/16-14 46-50
7/16-20 57-61
1 /2 -13 71-75
1 /2 -20

. . . . . . . . . . . . . . . . . .
83-93

9/16-12

. . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . .

90-100
9/16-18 107-117
5/8-11

. . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . .
137-147

5 /8 -18 168-178
3 / 4 - 1 0 . . . . . . . . . . . . . . . . . . 240-250
3 /4 -16

. . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . .

290-300
7 / 8 - 9

. . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . 410-420

7 /8 -14

. . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . 475-485
1 - 8

. . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . 580-590
1 - 1 4 . . . . . . . . . . . . . . . . . . 685-695

10-12
11-14
18-23
20-26
41-47
47-53
62-68
77-83
96-102

113-126
122-136
146-159
186-200
228-242
325-339
393-407
556-569
644-657
786-800
928-942

Grade identification markings are normally stamped on the heads of the bolts. To aid identification of the various
bolts used in Detroit Diesel engines, refer to the following chart.

BOLT IDENTIFICATION CHART
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EXCEPTIONS TO STANDARD BOLT AND NUT TORQUE SPECIFICATIONS

APPLICATION THREAD TORQUE TORQUE
SIZE lb-ft N m

Blower drive hub-to-blower rotor gear bolt . . . . . . . . . . . .
Blower drive plate-to-drive hub bolt . . . . . . . . . . . .
Blower lower front bearing retaining bolt (Allen head)

5/16-24 25-30 34-41
5/16-24 25-30 34-41

. . 5/16-24 18 24

Air inlet housing-to-blower housing bolt . . . . . . . . . . . .

Blower housing-to-cylinder block b o l t . . . . . . . . . . . .

Blower rotor timing gear bolt

3 / 8 - 1 6 16-20 22-27

7/16-14 55-60 75-81

. . . . . . . . . . . .

Blower rotor timing gear bolt . . . . . . . . . . . .
Fuel pump drive disc bolt

7/16-20 5 5 - 6 5 75-88

1/2 -20 55-65 75-88
75-881/2 -20 55-65. . . . . . . . . . . .

SERVICE TOOLS

TOOL NO.TOOL NAME

Blower

Blower clearance feeler set . . . . . . . . . . . . J 1698-02

Blower rotor shaft remover and installer set J 4254. . . . . . . . . . . .
J 6270-FBlower service tool set . . . . . . . . . . . .
J 6471-02Slide hammer set . . . . . . . . . . . .

Snap ring pliers (external type) . . . . . . . . . . . . J 4880

Turbocharger

Compressor wheel nut wrench . . . . . . . . . . . . J 21223-02

Compressor wheel remover . . . . . . . . . . . . J 9496
J 21224Dial indicator adaptor

Dial indicator set (magnetic base)
. . . . . . . . . . . .

J 7872. . . . . . . . . . . .
T u r b o c h a r g e r  t o o l  s e t J 29149. . . . . . . . . . . .
Turbocharger inlet shield J 26554-A. . . . . . . . . . . .
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SUBSECTION 11E

LUBRICATION SYSTEM

GENERAL

Th is  sec t ion  covers  repa i r  in fo rmat ion  on
t h e  o i l  p u m p ,
f i l t e r s ,

o i l  p r e s s u r e  r e g u l a t o r ,  o i l
o i l  c o o l e r ,  d i p s t i c k ,  o i l  p a n ,  a n d

vent i la t ion  sys tem.

DESCRIPTION

General

Figure 11E-1 on page 11E-2 schematical ly
i l l us t ra tes  the  f low o f  o i l  th rough  the  lu -
b r i c a t i n g s y s t e m  i n c l u d i n g  t h e  v a r i o u s
components s u c h  a s  t h e  o i l  p u m p ,  o i l
c o o l e r ,  b y - p a s s  a n d  f u l l - f l o w  f i l t e r s ,  t h e
p r e s s u r e
va l ve .

r e g u l a t o r  v a l v e  a n d  b y - p a s s

T h e  l u b r i c a t i n g  o i l  i s  c i r c u l a t e d  b y  a
gear - t ype  p ressure  pump mounted  on  the
N o .  1  a n d  N o .  2  m a i n  b e a r i n g  c a p s  a n d
gear  d r i ven  f rom the  c ranksha f t .

A l l  t h e  o i l  l e a v i n g  t h e  p u m p  i s  f o r c e d
t h r o u g h  t h e  f u l l - f l o w  o i l  f i l t e r  t o  t h e
coo le r  and  then  in to  the  o i l  ga l le ry  in  the
c y l i n d e r  b l o c k  f r o m  w h e r e  i t  i s  d i s t r i b -
u t e d  t o  t h e  v a r i o u s  e n g i n e  b e a r i n g s .
T h e  d r a i n  f r o m  t h e  c y l i n d e r  h e a d  a n d
o t h e r  e n g i n e  p a r t s  l e a d s  b a c k  t o  t h e  o i l
pan .

A  s p r i n g - l o a d e d  i n t e g r a l  p l u n g e r - t y p e
r e l i e f  v a l v e , l o c a t e d  i n  t h e  o i l  p u m p
body,  by-passes  excess  o i l  f rom the  d is -
c h a r g e  t o  t h e  i n t a k e  s i d e  o f  t h e  p u m p
w h e n  t h e  p r e s s u r e  i n  t h e  e n g i n e  o i l  g a l -
l e r y  e x c e e d s  a p p r o x i m a t e l y  1 0 5  p s i  ( 7 2 4
k P a ) .

I f  t he  o i l  coo le r  shou ld  become c logged ,
the  o i l  w i l l  f l ow  f rom the  pump th rough  a
s p r i n g - l o a d e d  b y - p a s s
the  o i l  ga l le ry .

v a l v e  d i r e c t l y  i n t o

C l e a n  e n g i n e  o i l  i s  a s s u r e d  a t  a l l  t i m e s
by  the  use  o f  a  rep laceab le  e lement  t ype
fu l l - f l ow o i l  f i l t e r  i ncorpora ted  in  the  en-
g i n e  l u b r i c a t i o n  s y s t e m .  W i t h  t h i s  t y p e
f i l t e r ,  w h i c h  i s  i n s t a l l e d  i n  t h e  l u b r i c a t -
i n g  s y s t e m  b e t w e e n  t h e  p u m p  a n d  t h e
cooler ,  a l l  of  the oi l  is  f i l tered before en-
t e r i n g  t h e  e n g i n e .

A  by-pass  type  f i l te r  w i th  rep laceab le  e l -
e m e n t  i s  u s e d , A  p o r t i o n  o f  t h e  o i l  i s
c o n t i n u a l l y  b y - p a s s e d  t h r o u g h  t h e  f i l t e r
a n d  t h e  f i l t e r e d  o i l  i s  r e t u r n e d  t o  t h e
engine oi l  pan.

Stab i l i zed  o i l  p ressure  is  ma in ta ined w i th -
in  the  eng ine  a t  a l l  speeds ,  regard less  o f
the  o i l  t empera tu re ,  by  means  o f  a  regu-
lator valve located between the pump out-
l e t  a n d  t h e  i n l e t  t o  t h e  c y l i n d e r  b l o c k .
W h e n  t h e  o i l  p r e s s u r e  a t  t h e  v a l v e  e x -
c e e d s  5 0  p s i  ( 3 4 5  k P a ) ,  t h e  r e g u l a t o r
v a l v e  o p e n s  a n d  r e m a i n s  o p e n  u n t i l  t h e
p r e s s u r e  i s  l e s s  t h a n  t h e  o p e n i n g  p r e s -
s u r e .

Oil Distribution

O i l  f r o m  t h e  c o o l e r  i s  c o n d u c t e d  b y  a
vert ical  passage to a longi tudinal  main oi l
ga l le ry  on  the  b lower  s ide  o f  the  cy l inder
b l o c k . A s  s h o w n  i n  F i g u r e  1 1 E - 1  o n
p a g e  1 1 E - 2 ,  t h i s  g a l l e r y  d i s t r i b u t e s  t h e
o i l , u n d e r  p r e s s u r e ,  t o  t h e  m a i n  b e a r -
ings  and to  a  hor izon ta l ,  t ransverse  pas-
s a g e  a t  e a c h  e n d  o f  t h e  c y l i n d e r  b l o c k .
F r o m  e a c h  o f  t h e s e  t w o  h o r i z o n t a l  p a s -
sages, o i l  f l o w s  t h r o u g h  t w o  v e r t i c a l
b o r e s  ( o n e  a t  e a c h  e n d  o f  t h e  c y l i n d e r
b l o c k )  t o  t h e  e n d  b e a r i n g s  o f  t h e  c a m -
sha f t  and  ba lance  sha f t . In  add i t ion ,  o i l
i s  f o r c e d  t h r o u g h  a n  o i l  p a s s a g e  i n  t h e
c a m s h a f t  w h i c h  l u b r i c a t e s  t h e  c a m s h a f t
in te rmed ia te  bear ings . O i l  f o r  l u b r i c a t -
i n g  t h e  c o n n e c t i n g  r o d  b e a r i n g s ,  p i s t o n
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Figure 11E-1. Schematic Diagram of Lubr icat ion System

p i n s  a n d  f o r  c o o l i n g  t h e  p i s t o n  h e a d  i s
p r o v i d e d  t h r o u g h  t h e  d r i l l e d  c r a n k s h a f t
f rom the  ad jacen t  fo rward  ma in  bear ings .
The gear  t ra in  i s  lubr ica ted  by  the  over -
f l o w  o f  o i l  f r o m  t h e  c a m s h a f t  p o c k e t
t h r o u g h  a c o m m u n i c a t i n g  p a s s a g e  i n t o
t h e  f l y w h e e l  h o u s i n g .  S o m e  o i l  s p i l l s  i n -
to the flywheel housing from the
b e a r i n g s  o f  t h e  c a m s h a f t ,  b a l a n c e  s h a f t
and  id le r  gear .

T h e  b l o w e r  d r i v e  g e a r  b e a r i n g  i s  l u b r i -
c a t e d  t h r o u g h  a n  e x t e r n a l  p i p e  f r o m  t h e
r e a r  h o r i z o n t a l  o i l  p a s s a g e  o f  t h e  c y l i n -
de r  b lock .

A  long i tud ina l  o i l  ga l le ry  on  the  camshaf t
s ide  o f  the  cy l inder  head is  supp l ied  w i th
o i l  f rom one  o f  the  ve r t i ca l  bo res  loca ted
a t  e a c h  e n d  o f  t h e  c y l i n d e r  b l o c k . Oil
f rom th is  ga l le ry  en te rs  the  d r i l l ed  rock -

e r  a r m  s h a f t s  t h r o u g h  t h e  r o c k e r  s h a f t
b racke ts  a t  the  lower  ends  o f  the  d r i l l ed
b o l t s  a n d  l u b r i c a t e s  t h e  r o c k e r  a r m  a n d
push rod  c lev is  bear ings .

E x c e s s  o i l  f r o m  t h e  r o c k e r  a r m s  l u b r i -
c a t e s  t h e  e n d s  o f  t h e  v a l v e  p u s h  r o d s ,
in jector  push rods and the cam fol lowers,
a n d  t h e n  d r a i n s  t o  c a m  p o c k e t s  i n  t h e
t o p  o f  t h e  c y l i n d e r  b l o c k  f r o m  w h i c h  t h e
cams a re  lub r i ca ted .  When these  pocke ts
a r e  f i l l e d ,  t h e  o i l  o v e r f l o w s  t h r o u g h  t w o
holes, o n e  a t  e a c h  e n d  o f  t h e  b l o w e r
h o u s i n g , a s  s h o w n  i n  F i g u r e  1 1 E - 1  a n d
Figure 11E-2 on page 11E-3, and thus
p r o v i d e s  l u b r i c a t i o n  f o r  t h e  b l o w e r  d r i v e
gears  a t  the  rear  end  and  fo r  the  gover -
nor  mechan ism a t  the  f ron t  end . A dam
in  the  b lower  rear  end  p la te  cover  ma in -
t a i n s  a n  o i l  l e v e l  i n  w h i c h  t h e  t e e t h  o f
t h e  l o w e r  b l o w e r  r o t o r  t i m i n g  g e a r  r u n .
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Figure  11E-2 .  B lower  Lubr ica t ion

A s l inger  a t  the  fo rward  end  o f  the  lower
r o t o r  t h r o w s  o i l  f r o m  t h e  d a m  o n t o  t h e
g o v e r n o r  w e i g h t  a s s e m b l y . S u r p l u s  o i l
o v e r f l o w s  t h e  d a m  i n  t h e  t w o  e n d  p l a t e
c o v e r s  a n d  p a s s e s  t h r o u g h  d r i l l e d  h o l e s
in  the  cy l inder  b lock  to  the  o i l  pan .

Lubrication System Maintenance

U s e  t h e  p r o p e r  v i s c o s i t y  g r a d e  a n d  t y p e
o f  h e a v y  d u t y  o i l  a s  o u t l i n e d  i n  t h e  L u -
b r i c a t i o n  S e c t i o n  I I I .  C h a n g e  t h e  o i l  a n d
replace the oi l  f i l ter  e lements at  the per i -
o d s  r e c o m m e n d e d  b y  t h e  o i l s u p p l i e r
(based on  h is  ana lys is  o f  the  d ra ined  en-
g i n e  o i l )  t o  e n s u r e  t r o u b l e - f r e e  l u b r i -
ca t ion  and  longer  eng ine  l i f e .

T h e  o i l  l e v e l  s h o u l d  n e v e r  b e  a l l o w e d  t o
drop  be low the  low mark  on  the  d ips t i ck .
O v e r f i l l i n g  t h e  c r a n k c a s e  m a y  c o n t r i b u t e
t o  a b n o r m a l  o i l  c o n s u m p t i o n ,  h i g h  o i l
t empera tu re , and  a lso  resu l t  i n  o i l  l eak -
ing  pas t  the  c ranksha f t  rear  o i l  sea l .

T o  o b t a i n  t h e  t r u e  o i l  l e v e l ,  t h e  e n g i n e
s h o u l d  b e  s t o p p e d  a n d  s u f f i c i e n t  t i m e
( a p p r o x i m a t e l y  t w e n t y  m i n u t e s )  a l l o w e d
fo r  the  o i l  to  d ra in  back  f rom the  var ious
p a r t s  o f  t h e  e n g i n e . I f  m o r e  o i l  i s  r e -
q u i r e d , a d d  o n l y  e n o u g h  t o  b r i n g  t h e
leve l  to  the  fu l l  mark  on  the  d ips t i ck .

Cleaning Lubrication System

T h o r o u g h  f l u s h i n g  o f  t h e  l u b r i c a t i o n  s y s -
t e m  i s  r e q u i r e d  a t  t i m e s .  S h o u l d  t h e  e n -
g i n e lubr ica t ion sys tem become
c o n t a m i n a t e d  b y  e t h y l e n e  g l y c o l  a n t i -
f reeze  so lu t ion  o r  o the r  so lub le  mate r ia l ,
r e f e r  t o  S u b s e c t i o n  1 1 F  f o r  t h e  r e c o m -
mended  c lean ing  p rocedure .

OIL PUMP

Description

The gear type oil pump shown in
Figure 11E-3 on page 11E-4 and
F i g u r e  1 1 E - 4  o n  p a g e  1 1 E - 5  i s  m o u n t e d
o n  t h e  f i r s t  a n d  s e c o n d  m a i n  b e a r i n g
c a p s  a n d  i s  g e a r  d r i v e n  f r o m  t h e  f r o n t
end  o f  the  c ranksha f t .

The oi l  pump hel ical  gears rotate inside a
housing (Figure 11E-3 on page 11E-4).
T h e  d r i v e  g e a r  ( 2 3 )  i s  k e y e d  t o  t h e
d r i v e  s h a f t  w h i c h  i s  s u p p o r t e d  i n s i d e  t h e
h o u s i n g  o n  t w o  b u s h i n g s  w i t h  a
d r i v e - d r i v e n  g e a r  k e y e d  t o  t h e  o u t e r  e n d
o f  t h e  s h a f t .
s u p p o r t e d  o n

T h e  d r i v e n  g e a r  ( 2 4 )  i s
t h e  d r i v e n  g e a r  s h a f t

wh ich  is  p ressed in to  the  pump body .

A n  i n t e g r a l  p l u n g e r - t y p e  r e l i e f  v a l v e  ( 4 )
b y - p a s s e s  e x c e s s  o i l  t o  t h e  i n l e t  s i d e  o f
t h e  p u m p  w h e n  t h e  p r e s s u r e  i n  t h e  o i l

Lubrication System 11E-3



Figure 11E-3. Oi l  Pump Mount ing

lines exceeds 105 pounds per square
i n c h .

A n  i n l e t  p i p e  ( 1 9 ) , a t t a c h e d  t o  t h e  i n l e t
o p e n i n g  i n  t h e  p u m p  b o d y ,  l e a d s  t o  i n l e t
s c r e e n  ( 2 )  w h i c h  i s  m o u n t e d  w i t h  b r a c k -
ets to a main bear ing cap.

The  in le t  sc reen  i s  loca ted  be low the  o i l
i n  t h e  p a n  a n d  s e r v e s  t o  s t r a i n  o u t  a n y
fo re ign  mate r ia l wh ich  m igh t  damage the
pump.

T h e  o i l  p u m p  i n l e t  s c r e e n  s h o u l d  b e  r e -
m o v e d  a n d  c l e a n e d  p e r i o d i c a l l y  i n  a d d i -
t ion  to  the  c lean ing  i t  rece ives  each t ime
the eng ine  is  recond i t ioned.

Remove Oil Pump

1. Remove t h e  d r a i n  p l u g  f r o m  t h e  o i l
pan  and  d ra in  the  o i l .

2 .  R e m o v e  t h e  o i l  p a n  b o l t s  a n d  r e m o v e
the  o i l  pan .

3.  Remove the bol ts and lock washers se-
c u r i n g  t h e  o i l  p u m p ,  r e g u l a t o r  b o d y  a n d
o i l  o u t l e t  t u b e  a n d  o i l  i n l e t  t u b e  s u p p o r t
f rom the  ma in  bear ing  caps ,  and  cy l inder
b l o c k  ( F i g u r e  1 1 E - 3 ) .

NOTE

R e m o v e  a n d  s a v e  t h e  s h i m s ,  i f
used  be tween  the  o i l  pump mount -
ing  fee t  and  the  bear ing  caps .

11E-4



Figure 11E-4. Oi l  Pump Assembly

Disassemble Oil Pump

O b s e r v e  c a r e f u l l y  t h e  p o s i t i o n  o f  a l l
p a r t s  i n c l u d i n g  t h e  o i l  i n l e t  a n d  o u t l e t
p ipes  dur ing  d isassembly  to  fac i l i ta te  re -
assembly of  the pump.

1 .  R e m o v e  t h e  o i l  p u m p  i n l e t  p i p e  ( 1 9 )
w i t h  t h e  s c r e e n c o v e r
b r a c k e t s .

a n d  m o u n t i n g

2 .  Remove the  o i l  p ressure  regu la to r  and
t h e  o i l  p u m p  o u t l e t  p i p e  ( 1 5 )  a s  a n  a s -
semb ly  f rom the  pump body  (3 ) .

3 .  Remove  the  fou r  bo l t s  and  lock  wash-
e r s  s e c u r i n g  t h e  c o v e r  t o  t h e  o i l  p u m p
b o d y  ( 3 ) .

4 .  Remove the  va lve  p lugs  (37)  and  cop-
p e r  g a s k e t s  ( 3 6 )  f r o m  e a c h  s i d e  o f  t h e
p u m p  b o d y , a n d  j a r  t h e  r e l i e f  v a l v e
p a r t s  f r o m  t h e  b o d y  ( F i g u r e  1 1 E - 3  o n
page 11E-4).

Lubrication System 11E-5



5 .  R e m o v e  t h e  p u m p  d r i v e n  g e a r  ( 2 2 )
f rom the  d r i ven  gear  sha f t  (24 ) .

6 .  S t r a i g h t e n  t h e  l i p  o f  t h e  l o c k  w a s h e r
(84)  and  unsc rew the  bo l t  (83 )  thus  f ree -
ing  the  id le r  gear  (56) .

7 .  C lamp the  pump body ,  d r i ve  sha f t  and
g e a r  a s s e m b l y  i n  a  b e n c h  v i s e .  P u l l  t h e
d r i v e  d r i v e n  g e a r  f r o m  t h e  o u t e r  e n d  o f
the pump drive shaft as shown in
F igure  11E-5 .

Figure 11E-5. Removing Oil Pump
Dr ive-Dr iven  Gear  f rom Shaf t

8 .  R e m o v e  t h e  W o o d r u f f  k e y  ( 1 4 )  f r o m
t h e  d r i v e  s h a f t  a n d  w i t h d r a w  t h e  s h a f t
a n d  d r i v e n  g e a r  ( 2 2 )  f r o m  t h e  p u m p
b o d y .

9 .  U n s c r e w  b o l t  ( 8 6 )  a n d  r e m o v e  i d l e r
gear  suppor t  (82 )  f rom the  pump body .

10. If the drive gear (23) is to be re-
p laced , p o s i t i o n  t h e  g e a r  a n d  s h a f t  a s -
s e m b l y  o n  b e d  o f  a n  a r b o r  p r e s s  w i t h
long end of s h a f t e x t e n d i n g  d o w n
t h r o u g h  s l o t  i n  b e d  p l a t e  a n d  w i t h  t h e
f a c e  o f  t h e  g e a r  r e s t i n g  o n  t h e  p l a t e  a s
s h o w n  i n  F i g u r e  1 1 E - 6 . P l a c e  a  s h o r t
1 / 2 " r o u n d  s t e e l  r o d  o n  t h e  e n d  o f  t h e
s h a f t , a n d  p r e s s  t h e  s h a f t  f r o m  t h e
g e a r .

Inspect Oil  Pump Parts

W a s h  a l l  p a r t s  i n  c l e a n  f u e l  o i l  a n d  d r y
them with compressed air .

E x a m i n e  t h e  g e a r  c a v i t y  i n  t h e  p u m p
b o d y  a n d  t h e  d r i v e  s h a f t  b u s h i n g s .  I f
t h e  d r i v e n  g e a r  b u s h i n g s  a r e  w o r n ,  r e -
p l a c e  t h e  b u s h i n g s .  S e r v i c e  r e p l a c e m e n t
b u s h i n g s i n  t h e  d r i v e n  g e a r s  m u s t  b e
r e a m e d  a f t e r  a s s e m b l y . B u s h i n g s  u s e d
w i t h  t h e  0 . 4 9 9 " d i a m e t e r  d r i v e n  g e a r
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Figure 11E-6. Removing Oil Pump
Dr ive  Gear  f rom Shaf t

sha f t  mus t  be  reamed to  0 .500"  ±0 .0005"
and bush ings  used w i th  the  0 .623"  d iam-
e t e r  s h a f t  m u s t  b e  r e a m e d  t o  0 . 6 2 5 "
±0.0005".

I n s p e c t  t h e  b u s h i n g s  i n  t h e  p u m p  b o d y
and cover . I f  the  bush ings  are  worn  ex-
cess i ve l y , r e p l a c e  t h e  p u m p  a n d  c o v e r
unless s u i t a b l e  b o r i n g  e q u i p m e n t  i s
ava i lab le  fo r  f in ish ing  the  new bush ings .
When ins ta l l i ng  new bush ings ,  rep lace  a l l
o f  t h e  b u s h i n g s . T h e  b u s h i n g s  m u s t  b e
l o c a t e d  a n d  p o s i t i o n e d  a s  s h o w n  i n
F i g u r e  1 1 E - 7  o n  p a g e  1 1 E - 7 .  A l s o ,  t h e
g e a r  b o r e  a n d  t h e  b u s h i n g  b o r e  i n  b o t h
t h e  p u m p  b o d y  a n d  c o v e r  o r  s c a v e n g i n g
p u m p  b o d y  m u s t  b e  c o n c e n t r i c  w i t h i n
0.001". The shaft-to-pump
body-bushing clearance with new parts
is 0.0008" to 0.0025”. The
s h a f t - t o - p u m p  c o v e r  b u s h i n g  c l e a r a n c e
wi th  new par ts  i s  0 .0010"  to  0 .0027" .

In an efficient oil pump, the gears
s h o u l d  h a v e  a  f r e e - r u n n i n g  f i t  ( w i t h  n o
percep t ib le  looseness)  in  the  pump hous-
i n g . I f  t h e  g e a r  t e e t h  a r e  s c o r e d  o r
w o r n , ins ta l l  new gears . The use  o f  ex -
c e s s i v e l y  w o r n  g e a r s  w i l l  r e s u l t  i n  l o w
e n g i n e  o i l  p r e s s u r e  w i t h  i n  t u r n ,  m a y
l e a d  t o  s e r i o u s  d a m a g e  t h r o u g h  o u t  t h e
eng ine .

I n s p e c t  t h e  p r e s s u r e  r e l i e f  v a l v e  a n d  i t s
s e a t  i n  t h e  p u m p  b o d y . I f  n e c e s s a r y ,
ins ta l l  new par ts .

Assemble Oil Pump

Refer to Figure 11E-4 on page 11E-5 and
assemble the oil pump as follows:



Figure 11E-7. Diameter and Locat ion of  Bushing in Oi l  Pump

1 .  I f  t h e  d r i v e  g e a r  ( 2 3 )  w a s  r e m o v e d
f r o m  t h e  d r i v e  s h a f t  ( 1 3 ) ,  i n s e r t  t h e
Woodru f f  key  (14)  in  the  keyway  and  ap-
ply a light coat of engine oil on the
s h a f t . S t a r t  t h e  s h a f t  s q u a r e l y  i n t o  t h e
bore of the gear and, as shown in
F igure  11E-7 , p r e s s  t h e  s h a f t  i n t o  t h e
gear .

The  gear  mus t  be  6 -15 /16" f rom the  key -
way end of the drive shaft
( F i g u r e  1 1 E - 8 ) .

2 .  P r e s s  t h e  d o w e l  ( 8 8 )
body ,  i f  removed.

i n t o  t h e  p u m p

3 .  P l a c e  t h e  i d l e r  g e a r  s u p p o r t  ( 8 2 )  i n
p o s i t i o n  a g a i n s t  t h e  f o r w a r d  e n d  o f  t h e
pump body  and  secure  the  suppor t  to  the
b o d y  w i t h  b o l t  ( 8 6 ) .

4 .  I n s t a l l  t h e  d r i v e  g e a r  a n d  s h a f t  a s -
s e m b l y  i n  t h e  p u m p  b o d y  a n d  s l i d e  t h e
dr iven  gear  (22)  on to  the  sha f t  (24) .

5 .  Secure  the  pump cover  (21)  to  the  o i l
p u m p  b o d y  w i t h  f o u r  b o l t s  ( 5 4 )  a n d  l o c k
washers .

6 .  S u p p o r t  t h e  d r i v e  g e a r  e n d  o f  t h e
d r i v e  s h a f t  ( 1 3 )  o n  t h e  b e d  o f  a n  a r b o r
p r e s s  a n d  i n s e r t  t h e  W o o d r u f f  k e y  ( 1 4 )
i n  t h e  k e y w a y  o f  t h e  s h a f t .  P o s i t i o n  t h e
d r i v e - d r i v e n  g e a r  ( 4 9 )  o n  t h e  e n d  o f  t h e
d r i v e  s h a f t  w i t h  t h e  e x t e n d e d  h u b  s i d e
u p  a w a y  f r o m  t h e  p u m p  b o d y . I n s e r t  a
0 . 0 0 5 "  f e e l e r  r i b b o n  b e t w e e n  t h e  d r i v e n
g e a r  a n d  t h e  p u m p  b o d y  a n d  p r e s s  t h e

F igure  11E-8 .  O i l  Pump Dr ive  Shaf t
and Gear Assembly

gear  on  the  sha f t  un t i l  t he  c lea rance  be-
tween the  gear  and the  body  is  0 .005" .

7 .  I f  t h e  l o c a t i n g  p i n  ( 8 7 )  w a s  r e m o v e d ,
i n s t a l l  i t  i n  t h e  i d l e r  g e a r  s u p p o r t  ( 8 2 ) ,
t h e n  l u b r i c a t e  t h e  b e a r i n g  s u r f a c e  w i t h
eng ine  o i l  and  p lace  the  gear  (56)  in  po-
s i t i o n  o n  t h e  s u p p o r t  ( 8 2 )  w i t h  t h e  f l a t
s ide  o f  gear  fac ing  the  suppor t .

8 .  P lace  the  lock  washer  (84 )  on  the  bo l t
(83)  and  the  spec ia l  washer  (85)  nex t  to
t h e  l o c k  w a s h e r  a n d  s t a r t  t h e  b o l t  i n t o
t h e  i d l e r  g e a r  s u p p o r t .  T h e n  r o t a t e  t h e
s p e c i a l  w a s h e r  a n d  l o c k  w a s h e r  s o  t h a t
t h e  s l o t  i n  e a c h  w a s h e r  e n g a g e s  t h e  l o -
c a t i n g  p i n  ( 8 7 ) .

9 .  T igh ten  the  id le r  gear  bo l t  so  the  bo l t
h e a d  i s  o v e r  t h e  e n d  o f  t h e  l o c a t i n g  p i n
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(87 ) . T h e n bend t h e  l o c k  w a s h e r
against  one f lat  of  the bol t  head.

1 0 .  S c r e w  t h e  r e l i e f  v a l v e  p l u g  ( 3 7 ) ,
w i t h  c o p p e r  g a s k e t  ( 3 6 ) ,  i n t o  p l a c e  i n
t h e  s i d e  o f  t h e  p u m p  b o d y  o p p o s i t e  t h e
i n l e t  o p e n i n g . T h e n  p l a c e  t h e  v a l v e  ( 4 )
a n d  s p r i n g  ( 3 0 )  i n  t h e  b o r e  a t  t h e  i n l e t
side of the pump body as shown in
Figure 11E-3 on page 11E-4, while com-
p r e s s i n g  t h e  s p r i n g ,  s t a r t  t h e  s e c o n d
relief valve plug (37), with gasket (36),
in to  the  body. T i g h t e n  t h e  p l u g s .

1 1 .  I f  t h e  c o v e r  ( 2 8 )  a n d  g a s k e t  ( 2 9 )
were  removed  f rom the  pump body ,  re in -
s t a l l  a n d  s e c u r e  t h e n  w i t h  t h e  t w o  b o l t s
(78)  and  lock  washers .

T h e  o i l  p u m p  m u s t  t u r n  f r e e l y  a f t e r  a s -
sembly. A n y  b i n d  i n  t h e  p u m p  m u s t  b e
removed be fo re  i t  i s  ins ta l led  on  the  en-
g i n e .

Remove Oil  Pump Driving Gear from
Crankshaf t

With  the  o i l  pan  and  lub r i ca t ing  o i l  pump
r e m o v e d ,  t h e  o i l  p u m p  d r i v i n g  g e a r  m a y
b e  r e m o v e d  f r o m  t h e  c r a n k s h a f t  a s  f o l -
lows :

1 .  S u p p o r t  t h e  f r o n t  e n d  o f  t h e  e n g i n e
a n d  r e m o v e  t h e  c r a n k s h a f t  f r o n t  c o v e r
(Subsec t ion  11A) .

2 .  Remove the  o i l  s l i nger .

3. If r e q u i r e d use puller J 3051
( F i g u r e  1 1 E - 9 )  t o  p u l l  t h e  p u m p  d r i v i n g
g e a r  f r o m  t h e  f r o n t  e n d  o f  t h e  c r a n k -
shaft  as fo l lows:

A .  S c r e w  t h e  c r a n k s h a f t  p u l l e y  o r  c a p
r e t a i n i n g  b o l t  ‘ i n t o  t h e  e n d  o f  t h e
c r a n k s h a f t .

B .  P l a c e  t h e  j a w s  o f  t h e  p u l l e r  b e h i n d
t h e  g e a r  a n d  l o c a t e  t h e  p o i n t  o f  t h e
p u l l e r  s c r e w  i n  t h e  c e n t e r  o f  t h e  r e -
t a i n i n g  b o l t .

C .  T u r n  t h e  p u l l e r  s c r e w  c l o c k w i s e  a n d
draw the  gear  f rom the  c ranksha f t .

4.  Remove t h e  W o o d r u f f  k e y  f r o m  t h e
c r a n k s h a f t .

Figure 11E-9. Removing Oil Pump
Dr iv ing  Gear  f rom Cranksha f t

Install  Oil  Pump Driving Gear on
Crankshaf t

1.  Ins ta l l  the  Woodru f f  key  in  the  c rank-
s h a f t .

2 .  P o s i t i o n  t h e  g e a r  ( 8 0 )  s o  t h e  c h a m f e r
on  the  gear  hub  i s  toward  the  ma in  bear -
i n g  c a p  a n d  s t a r t  t h e  g e a r  o n  t h e  s h a f t
and over  the  key .

3 .  S l i d e  t h e  g e a r  o n  t h e  c r a n k s h a f t  o r
use  a  s leeve  i f  requ i red ,  as  i l l us t ra ted  in
F igure  11E-10 , a n d  d r i v e  t h e  g e a r  t i g h t
aga ins t  the  shou lder  on  the  c ranksha f t .

Figure 11E-10. I n s t a l l i n g  O i l  P u m p
Driv ing Gear on Crankshaft

4 .  I n s t a l l  t h e  o i l  s l i n g e r  w i t h  t h e  d i s h e d
side away from the gear.

5 .  I n s t a l l  t h e  c r a n k s h a f t  f r o n t  c o v e r  a s
out l ined  in  Subsec t ion  11A.

11E-8



Install  Oil Pump

Refer  to  F igure  11E-3  on  page  11E-4  and
i n s t a l l  t h e  o i l  p u m p  o n  t h e  m a i n  b e a r i n g
caps as fo l lows:

1 .  H o l d  t h e  p u m p  a s s e m b l y  a g a i n s t  t h e
ma in  bear ing  caps  so  the  id le r  gear  (56)
meshes w i t h  t h e  d r i v i n g  g e a r  o n  t h e
c r a n k s h a f t .

2 .  I n s e r t  t h e  f o u r  b o l t s  ( 5 5 )  w i t h  l o c k
washers  th rough  the  mount ing  fee t  o f  the
p u m p  a n d  i n t o  t h e  b e a r i n g  c a p s  ( 3 9 ) .
A l i g n  t h e  p u m p  s o  t h a t  t h e  t e e t h  o f
c ranksha f t  gear  and  id le r  gear  a re  pa ra l -
le l ; t h e n  t i g h t e n  t h e  b o l t s  t o  3 5 - 3 9  l b - f t
a n d  c h e c k  c l e a r a n c e  b e t w e e n  t h e  g e a r
t e e t h  w i t h  a  f e e l e r  g a g e .  P r o p e r  c l e a r -
a n c e  b e t w e e n  t h e  c r a n k s h a f t  g e a r  a n d
id le r  gear  i s  0 .005"  m in imum,  0 .012"  max-
imum (F igu re  11E-11) .

A l w a y s  c h e c k  t h e  c l e a r a n c e  b e -
t w e e n  t h e  c r a n k s h a f t  g e a r  a n d  t h e
o i l  pump id le r  gear  w i th  the  eng ine
i n  t h e  u p r i g h t  o r  r u n n i n g  p o s i t i o n .

Figure 11E-11. Measur ing Clearance
Between Teeth of Oil Pump Gears

I f  the  sh ims were  used  be tween the  pump
m o u n t i n g  f e e t  a n d  t h e  b e a r i n g  c a p s  a n d
n e w  g e a r s a r e  n o t  i n s t a l l e d ,  t h e  s a m e
s h i m s  ( c l e a n e d )  o r  t h e  s a m e  n u m b e r  o f
n e w  ( i d e n t i c a l )  s h i m s  s h o u l d  b e  i n s t a l l e d
a n d  t h e  n u m b e r  t h e n  a d j u s t e d  t o  o b t a i n
the  p roper  c lea rance  be tween  gear  tee th .
However , i f  n e w  g e a r s h a v e  b e e n  i n -
s t a l l e d ,  a n u m b e r  o f shims w i l l  b e
r e q u i r e d  u n d e r  t h e  m o u n t i n g  f e e t . In  e i -

t h e r  e v e n t ,  t h e  p u m p  m u s t  b e  t i g h t e n e d
o n  t h e  b e a r i n g  c a p  b e f o r e  t h e  c l e a r a n c e
between the gear teeth is measured.

NOTE

When a d j u s t i n g  f o r  g e a r  t o o t h
c learance  by  ins ta l l i ng  o r  remov ing
sh ims, t h e  s a m e  n u m b e r  o f  s h i m s
m u s t  b e  c h a n g e d  u n d e r  e a c h  f o o t
s o  t h a t  t h e  p u m p  w i l l  a l w a y s  b e
l e v e l  o n  t h e  m a i n  b e a r i n g  c a p s .
T h e  i n s e r t i o n  o r  r e m o v a l  o f  o n e
0 . 0 0 5 "  s h i m  w i l l  c h a n g e  t h e  g e a r
too th  c learance  by  0 .0035" .

3 .  P l a c e  a  n e w  g a s k e t  ( 7 6 )  b e t w e e n  t h e
o u t l e t  p i p e  a n d  t h e  p r e s s u r e  r e g u l a t o r
a n d  b o l t  t h e  t w o  p a r t s  t o g e t h e r  l o o s e l y .
U s e  a  n e w  g a s k e t  ( 3 5 )  a n d  s e c u r e  t h e
ou t le t  p ipe  (15)  to  the  o i l  pump body  (3 )
w i t h  t h e  b o l t s  n o t  o v e r  7 . 8 "  l o n g .  A t -
t a c h  t h e  p r e s s u r e  r e g u l a t o r  ( 6 8 )  t o  t h e
cy l inder  b lock  us ing  a  new gaske t  (70) .

W h e n  a t t a c h i n g  t h e  p u m p  o u t l e t  a n d  t h e
p r e s s u r e  r e g u l a t o r ,  n o n e  o f  t h e  b o l t s
s h o u l d  b e  t i g h t e n e d  u n t i l  a l l  t h e  b o l t s
h a v e  b e e n  s t a r t e d .  A f t e r  a l l  b o l t s  a r e
s ta r ted ,  the  ou t le t  p ipe  bo l ts  (57)  shou ld
b e  t i g h t e n e d  a l t e r n a t e l y ,  t h e n  t h e  p r e s -
s u r e r e g u l a t o r  b o l t s  ( 7 1 )  s h o u l d  b e
t i g h t e n e d , and f i n a l l y t h e
p i p e - t o - r e g u l a t o r  b o l t s  ( 7 7 )  s h o u l d  b e
secured . T h i s  p r o c e d u r e  p r e v e n t s  t w i s t -
ing  the  ou t le t  p ipe .

4 .  A t t a c h  t h e  p u m p  s c r e e n  b r a c k e t s  ( 1 8 )
to  the  ma in  bear ing  caps  w i th  lock  wash-
e r s  a n d  b o l t s  ( 5 8 ) .  D o  n o t  t i g h t e n  t h e
b o l t s .

5 .  A f f i x  a  n e w  g a s k e t  ( 2 7 )  t o  t h e  p u m p
e n d  o f  t h e  i n l e t  p i p e  ( 1 9 ) ,  t h e n  a t t a c h
the pipe to the oi l  pump.

6 .  S e t  t h e  s c r e e n  c o v e r  ( 1 7 )  o v e r  t h e
o u t e r  e n d  o f  t h e  o i l  i n l e t  p i p e  ( 1 9 )  a n d
s e c u r e  i t  t o  t h e  p i p e  a n d  b r a c k e t s  ( 1 8 )
w i t h  b o l t s  ( 6 4 )  w a s h e r ,  l o c k  w a s h e r s ,
and n u t s  ( 6 5 ) . T i g h t e n  t h e  b r a c k e t
bo l ts  (58)  to  the  bear ing  caps .

7 .  P lace  the  sc reen  (2 )  in  the  cover  (17)
and  lock  i t  i n  p lace  w i th  re ta iner  (16) .

8 .  R e c h e c k  a l l  b o l t s  f o r  t i g h t n e s s  t o  a s -
s u r e  t h e r e  w i l l  b e  n o  l e a k s  i n  t h e  o i l
pump and  p ipe  mount ing  connec t ions .

9 .  P lace  a  new gaske t  on  the  o i l  pan  and
ins ta l l  the  o i l  pan  on  the  cy l inder  b lock .
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A l l  t h e  o i l  p a n  b o l t s  s h o u l d  b e  s t a r t e d
b e f o r e  a n y  a r e  t i g h t e n e d .  B o l t s  s h o u l d
b e  t i g h t e n e d  s n u g l y  b u t  n o t  e x c e s s i v e l y ,
s t a r t i n g  w i t h  t h e  c e n t e r  b o l t s  a n d  w o r k -
ing  toward  each  end  o f  the  o i l  pan . E x -
c e s s i v e  t i g h t e n i n g  o f  t h e  b o l t s  w i l l c r u s h
the  o i l  pan  gaske t  unnecessar i l y .

10 .  F i l l  t he  c rankcases  to  the  p roper  lev -
el  with oi l  recommended in Sect ion I I I .

LUBRICATING OIL PRESSURE REGULA-
T O R

D e s c r i p t i o n

S t a b i l i z e d  l u b r i c a t i n g  o i l  p r e s s u r e  i s
ma in ta ined w i t h i n the engine at all
speeds, regardless of the oil
t e m p e r a t u r e ,  b y  a n  o i l  p r e s s u r e  r e g u l a -
t o r  i n s t a l l e d  b e t w e e n  t h e  o i l  p u m p  o u t l e t
p ipe  and  the  cy l inder  b lock .

The  regu la to r  assembly  cons is ts  o f  a  re -
g u l a t o r b o d y ,  a hol low p i s t o n - t y p e
va l ve , a  s p r i n g  a n d  a  p l u g  t o  r e t a i n  t h e
v a l v e  a n d  s p r i n g  ( F i g u r e  1 1 E - 1 2 ) .  A  d i e
c a s t  l u b r i c a t i n g  o i l  p r e s s u r e r e g u l a t o r
assembly  i s  used  (F igure  11E-13) .

F i g u r e  1 1 E - 1 2 .  L u b r i c a t i n g  O i l
P ressure  Regu la to r  Par ts

The valve is held on its seat by the
s p r i n g , wh ich  i s  compressed by  the  p lug
t h r e a d e d  i n t o  t h e  v a l v e  o p e n i n g  i n  t h e
r e g u l a t o r  b o d y . T h e  e n t i r e  a s s e m b l y  i s
bo l ted  to  the  lower  f l ange  o f  the  cy l inder
b l o c k  a n d  s e a l e d  a g a i n s t  o i l  l e a k s  b y  a
g a s k e t  b e t w e e n  t h e  t w o  m e m b e r s .  W h e n
t h e  o i l p ressure  a t  the  va lve  exceeds 50
p s i  ( 3 4 5  k P a ) , t h e  v a l v e  i s  f o r c e d  f r o m
i t s  s e a t  a n d  o i l  f r o m  t h e  e n g i n e  o i l  g a l -
le ry  i s  by-passed to  the  o i l  pan.
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F i g u r e  1 1 E - 1 3 .  L u b r i c a t i n g  O i l
Pressure Regulator

U n d e r  n o r m a l  c o n d i t i o n s ,  t h e  p r e s s u r e
r e g u l a t o r  s h o u l d  r e q u i r e  v e r y  l i t t l e  a t -
t e n t i o n . I f  s ludge accumulates in the lu-
b r i c a t i o n  s y s t e m , the  va lve  may no t  work
f r e e l y ,  t h e r e b y  r e m a i n i n g  o p e n  o r  f a i l i n g
to open at the normal operating
p r e s s u r e .

W h e n e v e r  t h e  l u b r i c a t i n g  o i l  p u m p  i s  r e -
moved fo r  inspec t ion ,  the  regu la to r  va lve
and  spr ing  shou ld  a lso  be  removed,  tho -
r o u g h l y cleaned in fue l oil and
inspec ted .

Remove Oil Pressure Regulator

1. Remove the two oi l  pump out let  p ipe to
regu la to r  a t tach ing  bo l t s  and  lock  wash-
e r s .

2. Remove the two regulator
b o d y - t o - c y l i n d e r b l o c k  b o l t s  a n d  l o c k
washers .

3 .  T a p  t h e  l o w e r  e n d  o f  t h e  r e g u l a t o r
b o d y  l i g h t l y  t o  l o o s e n  t h e  b o d y  f r o m  t h e
g a s k e t  a n d  c y l i n d e r  b l o c k . Remove the
g a s k e t .

Disassemble Oil Pressure Regulator

1 .  C l a m p  t h e  f l a n g e  o f  t h e  r e g u l a t o r
b o d y  i n  a  b e n c h  v i s e  w i t h  s o f t  j a w s  a n d
remove the plug f rom the body.

2 .  Remove the  spr ing  and  va lve  f rom the
regu la to r  body .



Inspection

Clean  a l l  o f  t he  regu la to r  componen ts  i n
f u e l  o i l  a n d  d r y  t h e m  w i t h  c o m p r e s s e d
a i r . T h e n  i n s p e c t  t h e  p a r t s  f o r  w e a r  o r
damage.

T h e  r e g u l a t o r  v a l v e  m u s t  m o v e  f r e e l y  i n
t h e  v a l v e  b o d y .
t o r  b o d y  i s

I f  t h e  v a l v e  o r  r e g u l a -
scored and cannot be c leaned

u p  w i t h  c r o c u s  c l o t h ,  t h e y  m u s t  b e  r e -
p laced .

Rep lace  a  f rac tu red  o r  p i t ted  spr ing .

Assemble Oil  Pressure Regulator

R e f e r  t o  F i g u r e  1 1 E - 1 2  o n  p a g e  1 1 E - 1 0
and assemble the regulator  as fo l lows:

1 .  A p p l y  c l e a n  e n g i n e  o i l  t o  t h e  o u t e r
s u r f a c e  o f  t h e  v a l v e  a n d  s l i d e  i t  i n t o  t h e
r e g u l a t o r  b o d y ,  c l o s e d  e n d  f i r s t .

2 .  I n s e r t  t h e  s p r i n g  i n  t h e  v a l v e  a n d ,
w h i l e  c o m p r e s s i n g  t h e  s p r i n g ,  s t a r t  t h e
p l u g  i n t o  t h e  r e g u l a t o r  b o d y .  T i g h t e n
t h e  p l u g .

Install  Oil  Pressure Regulator

1 .  R e m o v e  a l l  t r a c e s  o f  t h e  o l d  g a s k e t
f r o m  t h e  r e g u l a t o r  b o d y ,  c y l i n d e r  b l o c k
and  pump ou t le t  p ipe  f l ange .

2 .  A f f i x  a  n e w  g a s k e t  t o  t h e  r e g u l a t o r
b o d y  w i t h  t h e  o i l  p a s s a g e  h o l e s  i n  t h e
gasket  in  a l ignment  w i th  the  o i l  passages
i n  t h e  b o d y  a n d  s e c u r e  t h e  r e g u l a t o r  t o
the  cy l inder  b lock  w i th  two bo l ts .

NOTE

When a t tach ing  a  new regu la to r  be
sure  the  new gasket  i s  ins ta l led  so
t h a t  t h e  t a b  o n  t h e  g a s k e t  f a c e s
t h e  o i l  p u m p  a n d  c r a n k s h a f t  d r i v e
gears  ( lower  f ron t  cover  s ide) .

3 .  P lace  a  new gaske t  be tween the  regu-
l a t o r  a n d  t h e  p u m p  o u t l e t  p i p e  a n d  c o n -
nec t  these par ts  together  w i th  two bo l ts .

OIL COOLER

I n  o r d e r  t o  p e r f o r m  i t s  f u n c t i o n s  s a t i s -
f a c t o r i l y ,
k e p t

t h e  l u b r i c a t i n g  o i l  m u s t  b e
w i t h i n

l im i ts .
t h e  p r o p e r t e m p e r a t u r e

I f  t h e  o i l  i s  t o o  c o l d ,  i t  w i l l  n o t

f l o w  f r e e l y . I f  the  o i l  i s  too  ho t ,  i t  can-
n o t  s u p p o r t  t h e  b e a r i n g  l o a d s ,  i t  c a n n o t
c a r r y  a w a y  e n o u g h  h e a t ,  a n d  i t  m a y r e -
sult in too great an oil flow. As a
consequence, o i l  p r e s s u r e  m a y  d r o p  b e -
low accep tab le  l im i t s  and  o i l  consumpt ion
may become excessive.

I n  p e r f o r m i n g  i t s  l u b r i c a t i n g  a n d  c o o l i n g
func t ions ,  the  o i l  absorbs  a  cons iderab le
a m o u n t  o f  h e a t  a n d  t h i s  h e a t  m u s t  b e
d iss ipa ted  by  an  o i l  coo le r .

T h e  l u b r i c a t i n g  o i l  c o o l e r  i s  l o c a t e d  o n
the  s ide  o f  the  eng ine  jus t  be low the  wa-
te r  pump (F igure  11E-14) .

F i g u r e  1 1 E - 1 4 .  L u b r i c a t i n g  O i l
Cooler Mount ing-Radiator Cooled

Engine

T o  a s s u r e  e n g i n e  l u b r i c a t i o n  i f  t h e  o i l
coo le r  becomes c logged ,  a  by -pass  va lve
l o c a t e d  a t  t h e  o i l  i n l e t  t o  t h e  c o o l e r
b y - p a s s e s  o i l  a r o u n d  t h e  c o o l e r  d i r e c t l y
to  the  o i l  ga l le ry  in  the  cy l inder  b lock .

T h e  c o r e  t h r o u g h  w h i c h  t h e  o i l  p a s s e s
w h i l e  b e i n g  c o o l e d  i s  s e a l e d  t o  p r e v e n t
c o o l a n t  f r o m  g e t t i n g  i n t o  t h e  o i l . When-
e v e r  a n  o i l  c o o l e r  i s  a s s e m b l e d ,  s p e c i a l
c a r e  m u s t  b e  t a k e n  t o  h a v e  t h e  p r o p e r
g a s k e t s  i n  p l a c e  a n d  t h e  r e t a i n i n g  b o l t s
t i g h t .
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Remove Lubricating Oil Cooler

1 .  D r a i n  t h e  c o o l i n g  s y s t e m  b y  o p e n i n g
t h e  d r a i n  v a l v e  a t  t h e  b o t t o m  o f  t h e  o i l
c o o l e r  h o u s i n g ( F i g u r e  1 1 E - 1 4  o n  p a g e
11E-11).

2 .  R e m o v e  t h e  b o l t s  a n d  l o c k  w a s h e r s
t h a t  a t t a c h  t h e  w a t e r  i n l e t  c o n n e c t o r  t o
the oi l  cooler housing.

3 .  L o o s e n  t h e  c l a m p  o n  t h e  w a t e r  p u m p
inlet  seal .

4 .  R e m o v e  t h e  b o l t s  a t t a c h i n g  t h e  o i l
c o o l e r  h o u s i n g  t o  t h e  a d a p t o r ,  a n d  r e -
move  the  hous ing  and  core  as  an  assem-
b l y . B e  c a r e f u l  w h e n  w i t h d r a w i n g  t h e
a s s e m b l y  n o t  t o  d r o p  o r  d a m a g e  t h e  o i l
cooler  core.

5 .  R e m o v e  a l l  t r a c e s  o f  g a s k e t  m a t e r i a l
f rom the oi l  cooler  components.

6 .  I f  t h e  c o r e  o p e n i n g s  a r e  n o t  m a r k e d
IN and  OUT,  mark  the  open ings .

7 .  I f  t h e  a d a p t o r  i s  t o  b e  r e m o v e d ,  r e -
m o v e  t h e  b o l t s  t h a t  h o l d  t h e  a d a p t o r  t o
the  cy l inder  b lock  and  remove  the  adap t -
o r  and  gaske ts .

8 .  C l e a n  t h e  o i l  c o o l e r  c o r e  a s  o u t l i n e d
under  "C lean  O i l  Coo le r  Core . "

9 .  P ressure  check  the  o i l  coo le r  co re  as
ou t l i ned  under  "Pressure  Check  O i l  Coo l -
e r  C o r e . "

2 .  C l e a n  w a t e r  s i d e  o f  C o r e  -  A f t e r  c l e -
a n i n g  o i l  s i d e  o f  c o r e ,  i m m e r s e  i t  i n  t h e
f o l l o w i n g  s o l u t i o n : a d d  o n e - h a l f  ( 1 / 2 )
p o u n d  o f  o x a l i c  a c i d  t o  e a c h  t w o  a n d
one-ha l f  (2  1 /2 )  ga l l ons  o f  so lu t i on  com-
p o s e d  o f  o n e - t h i r d  ( 1 / 3 )  m u r i a t i c  a c i d
a n d  t w o - t h i r d s  ( 2 / 3 )  w a t e r . The  c lean -
i n g  a c t i o n  i s  e v i d e n c e d  b y  b u b b l i n g  a n d
foaming. The  p rocess  mus t  be  ca re fu l l y
w a t c h e d  a n d ,  w h e n  b u b b l i n g  s t o p s  ( t h i s
usual ly takes f rom 30 to 60 seconds),  the
core should be removed f rom the c leaning
so lu t ion  and  thorough ly  f lushed  w i th  c le -
a n  h o t  w a t e r . A f t e r  c l e a n i n g ,  d i p  t h e
core  in  l igh t  o i l .

NOTE

Do not  at tempt to c lean an oi l  cool-
e r  co re  when  an  eng ine  fa i l u re  oc -
c u r s  i n  w h i c h  m e t a l  p a r t i c l e s  f r o m
w o r n  o r  b r o k e n  p a r t s  a r e  r e l e a s e d
i n t o  t h e  l u b r i c a t i n g  o i l . I n  t h i s
ins tance, r e p l a c e m e n t  o f  t h e  o i l
cooler co re is s t r o n g l y recom-
mended.

Pressure Check Oil Cooler ‘Core

1.  Make a  su i tab le  p la te  and  a t tach  i t  to
t h e  f l a n g e d  s i d e  o f  t h e  o i l  c o o l e r  c o r e .
Use a gasket  made f rom rubber to ensure
a  t i g h t  s e a l . D r i l l  a n d  t a p  t h e  p l a t e  t o
p e r m i t  a n  a i r  h o s e  f i t t i n g  t o  b e  a t t a c h e d
a t t h e in le t s ide of the oil core
(F igure  11E-15) .

Clean Oil Cooler Core

1 .  C l e a n  O i l  S i d e  o f  C o r e  -  C i r c u l a t e  a
s o l u t i o n  o f  t r i c h l o r o e t h y l e n e  t h r o u g h  t h e
c o r e  p a s s a g e s  w i t h  a  f o r c e  p u m p  t o  r e -
move carbon and s ludge.

This  operat ion should  be  done in
t h e  o p e n  o r  i n  a  w e l l  v e n t i l a t e d
room w h e n  t r i c h l o r o e t h y l e n e  o r
other toxic chemicals are used for
cleaning.

Clean t h e core be fo re t h e s ludge
hardens . I f  t h e  o i l  p a s s a g e s  a r e  b a d l y
clogged, c i r c u l a t e  a n  O a k i t e  o r  a l k a l i n e
so lu t ion  th rough  the  co re  and  f lush  tho r -
ough ly  w i th  c lean  ho t  water .

Figure 11E-15. Oi l  Cooler Core
Prepared for  Pressure Check

2 .  A t t a c h  a n  a i r  h o s e  a n d  a p p l y  7 5 - 1 5 0
p s i  ( 5 1 7 - 1  0 3 4  k P a )  a i r  p r e s s u r e .  T h e n ,
s u b m e r g e  t h e  o i l  c o o l e r  c o r e  a n d  p l a t e
assembly in a t a n k  o f  h e a t e d  w a t e r
(180°F  o r  82°C) . Any  leaks  w i l l  be  ind i -
ca ted  by  a i r  bubb les  in  the  water .
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When making this pressure test be
sure that personnel are adequately
p r o t e c t e d  a g a i n s t  a n y  s t r e a m  o f
p r e s s u r i z e d  w a t e r  f r o m  a  l e a k  o r
r u p t u r e  o f  a  f i t t i n g ,  h o s e  o r  t h e
oil cooler core.

3. After the pressure check is
completed,  remove the p late and a i r  hose
a n d  d r y  t h e  o i l  c o o l e r  c o r e  w i t h  c o m -
p r e s s e d  a i r . Replace the o i l  cooler  core
i f  leaks were ind icated.

NOTE

In  cases where a leaking o i l  cooler
c o r e  h a s  c a u s e d  c o n t a m i n a t i o n  o f
t h e  e n g i n e ,  t h e  e n g i n e  m u s t  b e
f l ushed  immed ia te l y  t o  p reven t  se -
r i ous  damage  ( re fe r  t o  Subsec t i on
11F).

Install  Lubricating Oil  Cooler

R e f e r  t o  F i g u r e  1 1 E - 1 6  o n  p a g e  1 1 E - 1 4
a n d  i n s t a l l  t h e  l u b r i c a t i n g  o i l  c o o l e r  a s
fo l lows:

1 .  I f  t he  o i l  coo le r  adap to r  was  removed
f r o m  t h e  c y l i n d e r  b l o c k ,  r e m o v e  t h e  o l d
g a s k e t s  f r o m  t h e  b o s s e s  w h e r e  t h e
a d a p t o r  s e t s  a g a i n s t  t h e  b l o c k .  A f f i x
n e w  a d a p t o r  t o  c y l i n d e r  b l o c k  g a s k e t s ;
t h e n  s e c u r e  t h e  a d a p t o r  t o  t h e  c y l i n d e r
b l o c k  w i t h  b o l t s ,  l o c k  w a s h e r s  a n d  c o p -
per  washer .

NOTE

T h e  c o p p e r  w a s h e r  m u s t  b e  i n -
sta l led on the second bol t  f rom the
bo t tom o f  t he  o i l  coo le r  adap to r  t o
p r e v e n t  l e a k a g e  o f  o i l  f r o m  t h e
adap to r .

2 .  A f f i x  new gaske ts  and  to  each  s ide  o f
the  co re  and  pos i t i on  the  co re  i ns ide  the
hous ing .

NOTE

T h e  i n l e t  a n d  o u t l e t  o p e n i n g s  i n
the o i l  cooler  core are marked “ IN”
a n d  “ O U T ” .  M a k e  s u r e  t h e  o i l
cooler  core is  re insta l led in  i ts  or i -
g i n a l  p o s i t i o n ,  o t h e r w i s e  t h e  o i l
f low wi l l  be reversed and could re-

s u l t  i n  f o r e i g n  p a r t i c l e s  t h a t  m a y
not  have been removed to be loos-
e n e d  a n d  c i r c u l a t e d  t h r o u g h  t h e
eng ine .

3 .  S e t  t h e  h o u s i n g  w i t h  t h e  c o o l e r  c o r e
against  the adaptor  and secure wi th bol ts
and lock washers,  at  the same t ime locat-
i n g  t h e  s e a l  a n d  c l a m p .  T i g h t e n  t h e
clamp (Figure 11E-14 on page 11E-11) .

4 .  A f f i x  a  n e w  g a s k e t  t o  t h e  o i l  c o o l e r
w a t e r  i n l e t  c o n n e c t o r  a n d  s e c u r e  w i t h
bol ts and lock washers.

LUBRICATING OIL COOLER BY-PASS
VALVE

Description

T o  a s s u r e  p r o p e r  l u b r i c a t i o n  i f  t h e  o i l
cooler  core becomes c logged,  a  va lve,  lo-
cated between the o i l  in let  and the core,
b y - p a s s e s  t h e  o i l  a r o u n d  t h e  c o o l e r  d i -
r e c t l y  t o  t h e  o i l  g a l l e r y  i n  t h e  c y l i n d e r
b lock .

T h e  b y - p a s s  v a l v e ,  s p r i n g ,  p l u g ,  a n d
g a s k e t  a r e  h o u s e d  i n  t h e  o i l  c o o l e r
adaptor  (F igure 11E-14 on page 11E-11).

T h e  b y - p a s s  v a l v e  s h o u l d  b e  r e m o v e d ,
c l e a n e d  a n d  r e a s s e m b l e d  w h e n e v e r  t h e
coo le r  co re  i s  c leaned  o r  rep lace .  How-
e v e r ,  i f  o c c a s i o n  r e q u i r e s ,  t h e  b y - p a s s
va l ve  can  be  r emoved  w i t hou t  r emov ing
the o i l  cooler .

Remove By-pass Valve

T h e  b y - p a s s  v a l v e  m a y  b e - - r e m o v e d  b y
removing the p lug and l i f t ing the gasket ,
va lve and spr ing f rom the adaptor .

Inspection

Clean the by-pass valve components wi th
f u e l  o i l  a n d  d r y  t h e m  w i t h  c o m p r e s s e d
a i r .

I nspec t  t he  va l ve  pa r t s  f o r  wear  and  re -
p lace the par ts i f  necessary.

Install  By-Pass Valve

1 .  App ly  c lean  eng ine  o i l  t o  t he  ou ts ide
s u r f a c e  o f  t h e  b y - p a s s  v a l v e  a n d  p l a c e
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t h e  v a l v e  i n  t h e  h o u s i n g  o r  a d a p t o r ,
c losed end f i rs t .

2 .  S l i d e  t h e  v a l v e  s p r i n g  i n t o  t h e  v a l v e
and  sc rew the  p lug ,  w i th  the  gaske t ,  i n -
to the housing or  adaptor .

O I L  L E V E L  D I P S T I C K

A  s t e e l  r i b b o n - t y p e  o i l  l e v e l  d i p s t i c k  i s
u s e d  t o  c h e c k  t h e  q u a n t i t y  o f  o i l  i n  t h e
e n g i n e  o i l  p a n .  T h e  d i p s t i c k  i s  l o c a t e d
i n  a n  a d a p t o r  a t t a c h e d ,  b y  m e a n s  o f  a
g u i d e ,  t o  a n  o p e n i n g  i n  t h e  c y l i n d e r
b l o c k .  T h e  e n g i n e  i n c l u d e s  a  3 / 4 ”  l o n g
r u b b e r  o i l  s e a l  w h i c h  p r e v e n t s  t h e  e s -
c a p e  o f  v a p o r s  c a r r y i n g  o i l  f r o m  t h e
d ips t i ck  t ube .

M a i n t a i n  t h e  o i l  l e v e l  b e t w e e n  t h e  f u l l
and  l ow  marks  on  the  d ips t i ck  and  neve r
a l l ow  i t  t o  d rop  be low  the  l ow  mark .  No
a d v a n t a g e  i s  g a i n e d  b y  h a v i n g  t h e  o i l
l e v e l  a b o v e  t h e  f u l l  m a r k .  O v e r f i l l i n g
w i l l  c a u s e  t h e  o i l  t o  b e  c h u r n e d  b y  t h e
c r a n k s h a f t  t h r o w s  c a u s i n g  f o a m i n g  o r
ae ra t i on  o f  t he  o i l .  Opera t i on  be low  the
l o w  m a r k  w i l l  e x p o s e  t h e  p u m p  p i c k - u p
causing aerat ion and/or  loss of  pressure.

Check  the  o i l  l eve l  a f t e r  t he  eng ine  has
b e e n  s t o p p e d  f o r  a  m i n i m u m  o f  t w e n t y
minutes to  permi t  o i l  in  the var ious par ts
o f  t h e  e n g i n e  t o  d r a i n  b a c k  i n t o  t h e  o i l
pan .

D i p s t i c k s  a r e n o r m a l l y  m a r k e d  f o r  u s e
only when the equipment the engine pow-
e r s  i s  o n  a  l e v e l  s u r f a c e .  I m p r o p e r  o i l
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l e v e l s  c a n result if the oil level is
checked wi th the equipment  on a grade.

Fi l l  the crankcase wi th o i l  as fo l lows:

1.  F i l l  the o i l  pan to  the fu l l  mark on the
d i p s t i c k .

2 .  S ta r t  and  run  the  eng ine  fo r  app rox i -
mate ly  ten minutes.

3. Stop the engine and wait a minimum of
t w e n t y  m i n u t e s .  T h e n  a d d  t h e  r e q u i r e d
a m o u n t  o f  o i l  t o  r e a c h  t h e  f u l l  m a r k  o n
t h e  d i p s t i c k .

OIL  PAN

The engine is  equipped wi th a deep sump
oil pan (Figure 11E-17 on page 11E-15,
which has a one piece gasket.

Remove and Install Oil Pan

1 .  Remove  the  d ra in  p lug  and  d ra in  t he
o i l .

2 .  R e m o v e  t h e  b o l t  a n d  w a s h e r  a s s e m -
b l i es .  Then  remove  the  o i l  pan  and  gas -
ke t .

3 .  C l e a n  a l l  o f  t h e  o l d  g a s k e t  m a t e r i a l
f r om the  cy l i nde r  b lock  and  the  o i l  pan .
Then  c lean  the  o i l  pan  w i th  f ue l  o i l  and
dry i t  wi th compressed a i r .

4 .  C h e c k  t h e  s t a m p e d  o i l  p a n  f o r  d e n t s
or  breaks in  the metal  which may neces-
s i t a t e  r e p a i r  o r  r e p l a c e m e n t .  C he c k  f o r



Figure 11E-17. Deep Sump-Type Oil
Pan

m i s a l i g n e d  f l a n g e s  o r  r a i s e d  s u r f a c e s
s u r r o u n d i n g  t h e  b o l t  h o l e s  b y  p l a c i n g
the pan on a sur face p late or  other  large
f l a t  su r f ace .

5 .  W h e n  i n s t a l l i n g  t h e  o i l  p a n ,  u s e  a
gaske t  and ,  s ta r t i ng  w i th  the  cen te r  bo l t
on  each  s ide  and  work ing  a l te rna te l y  to -
ward each end of the pan, tighten the
b o l t s  t o  1 0 - 2 0  l b - f t  ( 1 4 - 2 7  N m )  t o r q u e .
D o  n o t  o v e r t i g h t e n  t h e  b o l t s .  O n c e  t h e
b o l t s  a r e  t i g h t e n e d  t o  t h e  s p e c i f i e d  t o r -
que,  do not  ret ighten them as i t  could be
d e t r i m e n t a l  t o  t h e  o i l  p a n  g a s k e t .  I f  a
leak should develop at  the o i l  pan,  check
i f  t h e  l o c k  w a s h e r  i s  c o m p r e s s e d .  I f
not, the bolt may be tightened.
H o w e v e r ,  i f  t h e  l o c k  w a s h e r  i s  c o m -  
p r e s s e d  a n d  l e a k i n g  o c c u r s ,  r e m o v e  t h e
o i l  p a n  a n d  d e t e r m i n e  t h e  c a u s e  o f  t h e
leakage.

NOTE

O i l  p a n  b o l t s  a r e  c o a t e d  w i t h  a
l ock ing  ma te r i a l .  To  reac t i va te  t he
l o c k i n g  a b i l i t y  o f  t h e  b o l t s ,  a p p l y
a drop or two of Loctite J
2 6 5 8 8 - 2 4 2 ,  o r  e q u i v a l e n t  t o  t h e
threads of  the bol ts  at  reassembly.

6. Install and tighten the drain plug to
25-35 lb- f t  (34-27 Nm)

7.  F i l l  the o i l  pan wi th  new o i l  to  the fu l l
m a r k  o n  t h e  d i p s t i c k .  T h e n  s t a r t  a n d
r u n  t h e  e n g i n e  f o r  a  s h o r t  p e r i o d  t o
check for  o i l  leaks.

8 .  S t o p  t h e  e n g i n e  a n d ,  a f t e r  a p p r o x i -
mate ly  twenty  minutes,  check the o i l  lev-
e l .  A d d  o i l ,  i f  n e c e s s a r y .

V E N T I L A T I N G  S Y S T E M

Description

H a r m f u l  v a p o r s  w h i c h  m a y  b e  f o r m e d
w i t h i n  t h e  e n g i n e  a r e  r e m o v e d  f r o m  t h e
c r a n k c a s e ,  g e a r  t r a i n  a n d  v a l v e  c o m -
p a r t m e n t s  b y  a  c o n t i n u o u s  p r e s s u r i z e d
ven t i l a t i ng  sys tem.

A  s l i g h t  p r e s s u r e  i s  m a i n t a i n e d  i n  t h e
e n g i n e  c r a n k c a s e  b y  t h e  s e e p a g e  o f  a
smal l  amount  o f  a i r  f rom the a i r  box past
t h e  p i s t o n  r i n g s . T h i s  a i r  s w e e p s  u p
t h r o u g h  t h e  f l y w h e e l  h o u s i n g  a n d  i s  a d -
m i t t e d  t o  t h e  v a l v e  c o m p o n e n t  t h r o u g h
c a v i t i e s  i n  t h e  l i f t e r  b r a c k e t s  a n d  v e n t
cas t ings .

Ven t i l a t i ng  a i r  i n  t he  va l ve  compar tmen t
i s  d rawn  o f f  t h rough  a  b rea the r  a t tached
to the va lve rocker  cover .

M i n u t e  p a r t i c l e s  o f  l u b r i c a t i n g  o i l ,  c a r -
r i e d  a l o n g  w i t h  t h e  m o v i n g  v a p o r s ,  a r e
t r a p p e d  i n  a n  o i l  s e p a r a t o r  w i t h i n  t h e
b r e a t h e r  a n d  e v e n t u a l l y  r e t u r n e d  t o  t h e
c rankcase . The vapors are exhausted to
t h e  a t m o s p h e r e  t h r o u g h  t h e  b r e a t h e r
p i p e .

Service

C o n s u l t  t h e  O p e r a t o r ’ s  M a n u a l  f o r  f u r -
t he r  ma in tenance .
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SPEClFlCATlONS

STANDARD BOLT AND NUT TORQUE SPECIFICATIONS

THREAD
SIZE

26OM BOLTS
TORQUE

(lb-ft) Nm
THREAD

SIZE

280M OR BETTER
TORQUE

(lb-ft) Nm

1/4 -20 ..............................
1/4 -28 ..............................
5/16-18 ..............................
5/16-24 ..............................
3/8 -16 ..............................
3/8 -24 ..............................
7/16-14 ..............................
7/16-20 ..............................
1/2 -13 ..............................
1/2 -20 ..............................
9/16-12 ..............................
9/16-18 .............................
5/8 -11 ..............................
5/8 -18 ..............................
3/4 -10 ..............................
3/4 -16 ..............................
7/8 -  9 ..............................
7/8 -14 ..............................
1 - 8 .............................
1 -14 ..............................

5 - 7 7 - 9 1 / 4 - 2 0
6 - 8 8-11 1 / 4 - 2 8

10-13 14-18 5/16-18
11-14 15-19 5/16-24
23-26 31-35 3 / 8 - 1 6
26-29 35-40 3 / 8 - 2 4
35-38 47-51 7/16-14
43-46 58-62 7/16-20
53-56 72-76 1 / 2 - 1 3
62-70 84-95 1 / 2 - 2 0
68-75 92-102 9/16-12
80-88 109-119 9/16-18
103-110 140-149 5 / 8 - 1 1
126-134 171-181 5 / 8 - 1 8
180-188 244-254 3 / 4 - 1 0
218-225 295-305 3 / 4 - 1 6
308-315 417-427 7/8 - 9
356-364 483-494 7 / 8 - 1 4
435-443 590-600 1  -  8
514-521 697-705 1  -  14

.............................

..............................

............................

............................

............................

............................

.............................

..............................

..............................

..............................

..............................

..............................

..............................

..............................

..............................

.............................
............................
.................................
..............................
...............................

7-9 10-12
8-10 11-14

13-17 18-23
15-19 20-26
30-35 41-47
35-39 47-53
46-50 62-68
57-61 77-83
71-75 96-102
83-93 113-126
90-100 122-136

107-117 146-159
137-147 186-200
168-178 228-242
240-250 325-339
290-300 393-407
410-420 556-569
475-485 644-657
580-590 786-800
685-695 928-942

Grade identification markings are normally stamped on the heads of the bolts. To aid identification of the various
bolts used in Detroit Diesel engines, refer to the following chart.

None

None

BOLT IDENTIFICATION CHART
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EXCEPTIONS TO STANDARD BOLT AND NUT TORQUE SPECIFICATIONS

APPLICATION
THREAD
SIZE     TORQUE      TORQUE

(lb-ft) (Nm)

Oil pan bolts ......................... ...............................5/16-18 10-20 14-27
Oil pump-to-bearing cap bolt . ..............................3/8 -24
Oil pump drive idler gear nut ................ .......... .....112 .20 60-70 81-95
Oil pan drain plug (nylon washer) ........ ...............18mm 25-35 34-47
Oil pump relief valve plug .................... ...............7/8 -18 15-25 20-34
By-pass valve plug ............... .............................. .1 1/4-16 95-105 129-143

STUD TORQUE SPECIFICATIONS

APPLICATION TORQUE TORQUE
lb-ft) (Nm)

Oil filter center stud .. ........ ............................................... ............................... 50-60 68-81

SERVICE TOOLS

TOOL NAME TOOL NO.

Oil pump driving gear installer ……………………………………………………………
Spring tester ……………………………………………………………………………
Strap wrench (spin-on filter)  …………………………………………………………….
Universal puller (range 4" diam.)  ……………………………………………………….
Universal puller (range 13" diam.) …………………………………………………….....

J 22285
J 9666
J 24783
J 24420
J 8190
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SUBSECTION 11F

COOLING SYSTEM

GENERAL

The cool ing system inc ludes the
fan,  water  pump and thermostat .

r a d i a t o r ,

RADIATOR AND COOLING FAN

The  eng ine  coo lan t  i s  c i r cu la ted  th rough
t h e  r a d i a t o r  ( F i g u r e  1 1 F - 1  o n  p a g e
11F-2) where the heat  is  absorbed in the
a i r  s t r e a m  d e v e l o p e d  b y  a  s u c t i o n  f a n
wh ich  i s  be l t  d r i ven  f r om the  c ranksha f t .
T h e  w a t e r  p u m p  d r a w s  t h e  c o o l a n t
t h r o u g h  t h e  o i l  c o o l e r  a n d  d i s c h a r g e s  i t
i n t o  t h e  l o w e r  p a r t s  o f  t h e  c y l i n d e r
b l o c k .  O p e n i n g s  i n  t h e  w a t e r  j a c k e t
a r o u n d  t h e  c y l i n d e r  b o r e s  c o n n e c t  w i t h
c o r r e s p o n d i n g  o p e n i n g s  i n  t h e  c y l i n d e r
h e a d  t h r o u g h  w h i c h  t h e  l i q u i d  r i s e s  t o
c i r cu la te  a round  the  va l ves  and  fue l  i n -
j e c t o r s .  T h e n  t h e  c o o l a n t  p a s s e s
t h r o u g h  a  w a t e r  m a n i f o l d ,  b o l t e d  t o  t h e
c y l i n d e r  h e a d ,  p a s t  t h e  t h e r m o s t a t  a n d
in to  the  rad ia to r .

Upon  s ta r t i ng  a  co ld  eng ine  o r  when  the
c o o l a n t  i s  b e l o w  o p e r a t i n g  t e m p e r a t u r e
( t h e r m o s t a t  c l o s e d )  t h e  c o o l a n t  i s
b y - p a s s e d  f r o m  t h e  w a t e r  m a n i f o l d  d i -
rec t l y  t o  t he  pump,  t hus  p rov id ing  wa te r
c i r c u l a t i o n  w i t h i n  t h e  e n g i n e  d u r i n g  t h e
warm-up  pe r iod .

COOLING SYSTEM OF TURBOCHARGER
U N I T S

T h e  c o o l i n g  s y s t e m  h a s  b e e n  a l t e r e d  t o
p r o v i d e  a d e q u a t e  c o o l i n g  f o r  b o t h  t h e
tu rbocharge r  and  the  eng ine .

The  tu rbocharge r  i s  coo led  by  the  add i -
t ion of  a  l ine leading f rom the water  ga l -
l e r y  w i t h i n  t h e  c y l i n d e r  b l o c k ,  n e a r  t h e
rea r  o f  t he  b lower ,  t o  the  coo l i ng  wa te r
in le t ,  located near  the bot tom of  the tur -

b o c h a r g e r .  T h e  c o o l a n t  f l o w s  t h r o u g h  a
w a t e r  j a c k e t ,  w i t h i n  t h e  t u r b o c h a r g e r ,
wh ich  i s  ad jacen t  t o  the  tu rb ine  end ,  re -
t a r d i n g  t h e  f l o w  o f  h e a t  a t  t h i s  p o i n t .
The coolant  d ischarges at  the cool ing wa-
t e r  o u t l e t ,  l o c a t e d  n e a r  t h e  t o p  o f  t h e
tu rbocharge r  and  re tu rns  to  the  eng ine .

ENGINE COOLING SYSTEM MAINTE-
NANCE

General

A p rope r l y  ma in ta ined  and  c lean  coo l i ng
s y s t e m  w i l l  r e d u c e  e n g i n e  w e a r  a n d  i n -
c rease  the  sa t i s fac to ry  eng ine  opera t i ng
t i m e  b e t w e e n  e n g i n e  o v e r h a u l s .  T h i s  i s
a c c o m p l i s h e d  b y  t h e  e l i m i n a t i o n  o f  h o t
s p o t s  w i t h i n  t h e  e n g i n e .  T h u s ,  w h e n
o p e r a t i n g  w i t h i n  t h e  p r o p e r  e n g i n e  t e m -
p e r a t u r e  r a n g e  a n d  w h e n  n o t  e x c e e d i n g
t h e  r e c o m m e n d e d  h o r s e p o w e r  o u t p u t  o f
t h e  u n i t ,  a l l  e n g i n e  p a r t s  w i l l  b e  w i t h i n
the  opera t i ng  tempera tu re  ranges  and  a t
the i r  p roper  ope ra t i ng  c lea rances .

Engine Coolant

The  func t i on  o f  t he  eng ine  coo lan t  i s  t o
absorb the heat ,  developed as a resul t  o f
the  combus t ion  p rocess  i n  the  cy l i nde rs ,
f r o m  c o m p o n e n t s  p a r t s  s u c h  a s  e x h a u s t
va l ves ,  cy l i nde r  l i ne rs  and  p i s tons  wh ich
a r e  s u r r o u n d e d  b y  w a t e r  j a c k e t s .  I n
add i t i on ,  t he  hea t  abso rbed  by  the  o i l  i s
also removed by the engine coolant in the
o i l - t o -wa te r  o i l  coo le r .

Cooling System Capacity

The  capac i t y  o f  t he  bas i c  coo l i ng  sys tem
( c y l i n d e r  b l o c k ,  h e a d ,  t h e r m o s t a t  h o u s -
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i ngs  and  o i l  coo le r  hous ing )  i s  (5 .5  Ga l -
l ons /20 .8  L ) .

To ascertain the complete amount of cool-
an t  i n  t he  coo l i ng  sys tem,  the  add i t i ona l
c a p a c i t y  o f  t h e  r a d i a t o r ,  h o s e s  a n d  a c -
cessories such as a heater must be added
to  the  capac i t y  o f  t he  bas i c  eng ine .  The
c a p a c i t y  o f  t h e  s y s t e m  i s  g i v e n  i n  t h e
operator ’s  manual .

Drain Cooling System

D r a i n  t h e  c o o l a n t  b y  o p e n i n g  t h e  d r a i n
cocks in the water  out let  e lbow, o i l  cool -
e r  h o u s i n g ,  t h e  f r e s h  w a t e r  p u m p ,  a n d
the  rad ia to r .  Componen ts  o f  t he  coo l i ng
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Figure 11F-1. Cooling System With Radiator And Fan

s y s t e m  t h a t  d o  n o t  h a v e  a  d r a i n  c o c k ,
a re  d ra ined  th rough  the  o i l  coo le r  hous -
i ng  d ra in  cock .

Remove  the  coo l i ng  sys tem f i l l e r  cap  t o
p e r m i t  t h e  c o o l a n t  t o  d r a i n  c o m p l e t e l y
f rom the system.

T o  e n s u r e  t h a t  a l l  o f  t h e  c o o l a n t  i s
d r a i n e d  c o m p l e t e l y  f r o m  a n  e n g i n e ,  a l l
coo l i ng  sys tem d ra ins  shou ld  be  opened .
Shou ld  any  wa te r  t ha t  may  be  t rapped  in
t h e  c y l i n d e r  b l o c k  o r  r a d i a t o r  f r e e z e ,  i t
w i l l  e x p a n d  a n d  m a y  c a u s e  d a m a g e .
When f reez ing weather  is  expected,  dra in
a  un i t  no t  adequa te l y  p ro tec ted  by  an t i -
f r eeze .  Leave  a l l  d ra in  cocks  open  un t i l
re f i l l ing the cool ing system.



Fill Cooling System

B e f o r e  s t a r t i n g  t h e  e n g i n e ,  c l o s e  a l l  o f
t he  d ra in  cocks  and  f i l l  t he  coo l i ng  sys -
t e m  w i t h  w a t e r .  T h e  u s e  o f  c l e a n ,  s o f t
wa te r  w i l l  e l im ina te  the  need  fo r  desca l -
ing solut ions to c lean the cool ing system.
A  h a r d ,  m i n e r a l  l a d e n  w a t e r  s h o u l d  b e
made sof t  by us ing water  sof tener  chemi-
ca l s  be fo re  i t  i s  pou red  i n to  the  coo l i ng
s y s t e m .  T h e s e  w a t e r  s o f t e n e r s  m o d i f y
the minerals  in  the water  and great ly  re-
duce or el iminate the formation of scale.

S ta r t  t he  eng ine  and ,  a f t e r  no rma l  ope r -
a t i ng  tempera tu re  has  been  reached ,  a l -
l o w i n g  t h e  c o o l a n t  t o  e x p a n d  t o  i t s
m a x i m u m ,  c h e c k  t h e  c o o l a n t  l e v e l .  T h e
c o o l a n t  l e v e l  s h o u l d  b e  w i t h i n  2 ”  o f  t h e
top of  the f i l le r  neck.

S h o u l d  a  d a i l y  l o s s  o f  c o o l a n t  b e  o b -
served,  and there are no apparent  leaks,
t h e r e  i s  a  p o s s i b i l i t y  o f  g a s e s  l e a k i n g
p a s t  t h e  c y l i n d e r  h e a d  w a t e r  s e a l  r i n g s
in to  the  coo l i ng  sys tem.  The  p resence  o f
a i r  or  gases in the cool ing system may be
d e t e c t e d  b y  c o n n e c t i n g  a  r u b b e r  t u b e
f r o m  t h e  o v e r f l o w  p i p e  t o  a  w a t e r  c o n -
t a i n e r .  B u b b l e s  i n  t h e  w a t e r  i n  t h e
c o n t a i n e r  d u r i n g  e n g i n e  o p e r a t i o n  w i l l
i n d i c a t e  t h i s  l e a k a g e .  A n o t h e r  m e t h o d
f o r  o b s e r v i n g  t r a p p e d  a i r  i n  t h e  c o o l i n g
s y s t e m  i s  b y  i n s e r t i n g  a  t r a n s p a r e n t
tube in  the water  out le t  l ine.

F lush  Coo l i ng  Sys tem

T h e  c o o l i n g  s y s t e m  s h o u l d  b e  f l u s h e d
each  sp r i ng  and  fa l l .  The  f l ush ing  ope r -
at ion c leans the system of  ant i f reeze sol -
u t i o n  i n  t h e  s p r i n g  a n d  r e m o v e s  t h e
summer  rus t  i nh ib i t o r  i n  t he  f a l l ,  p repa r -
ing the cooling system for a new
s o l u t i o n .  T h e  f l u s h i n g  o p e r a t i o n  s h o u l d
be per formed as fo l lows:

1 .  D r a i n  t h e  p r e v i o u s  s e a s o n ’ s  s o l u t i o n
f r om the  un i t .

2 .  R e f i l l  t h e  c o o l i n g  s y s t e m  w i t h  s o f t ,
c l e a n  w a t e r .  I f  t h e  e n g i n e  i s  h o t ,  f i l l
s l ow ly  to  p reven t  rap id  coo l i ng  and  d i s -
tor t ion of  the engine cast ings.

3 .  S ta r t  t he  eng ine  and  ope ra te  i t  f o r  15
m i n u t e s  t o  t h o r o u g h l y  c i r c u l a t e  t h e
wate r .

4.  Dra in the cool ing system complete ly .

5.  Ref i l l  the system wi th the solut ion re-
qui red for  the coming season.

Cooling System Cleaners

I f  t he  eng ine  ove rhea ts  and  the  fan  be l t
t ens ion  and  wa te r  l eve l  a re  sa t i s fac to ry ,
i t  w i l l  b e  n e c e s s a r y  t o  c l e a n  a n d  f l u s h
t h e  e n t i r e  c o o l i n g  s y s t e m .  S c a l e  f o r m a -
t ion should be removed by us ing a qual i -
t y  d e s c a l i n g  s o l v e n t .  I m m e d i a t e l y  a f t e r
u s i n g  t h e  s o l v e n t ,  n e u t r a l i z e  a  s y s t e m
w i t h  a  n e u t r a l i z e r .  I t  i s  i m p o r t a n t  t h a t
the d i rect ions pr in ted on the conta iner  of
the  desca l i ng  so l ven t  be  tho rough ly  read
and fo l lowed.

A f t e r  t h e  s o l v e n t  a n d  n e u t r a l i z e r  h a v e
b e e n  u s e d ,  c o m p l e t e l y  d r a i n  t h e  e n g i n e
and  rad ia to r  and  f l ush  i t  w i th  c lean  wa-
t e r .  T h e n  f i l l  t h e  s y s t e m  w i t h  t h e  p r o p -
er  cool ing solut ion.

NOTE

Wheneve r  wa te r  i s  added  to  a  ho t
e n g i n e ,  i t  m u s t  b e  d o n e  s l o w l y  t o
a v o i d  r a p i d  c o o l i n g  w h i c h  m a y
c a u s e  d i s t o r t i o n  a n d  p o s s i b l e
cracking of  engine cast ings.

Reverse-Flushing

Af te r  t he  eng ine  and  rad ia to r  have  been
t h o r o u g h l y  c l e a n e d ,  t h e y  s h o u l d  b e  r e -
v e r s e - f l u s h e d .  T h e  w a t e r  p u m p  s h o u l d
be  removed  and  the  rad ia to r  and  eng ine
r e v e r s e - f l u s h e d  s e p a r a t e l y  t o  p r e v e n t
di r t  and scale deposi ts  c log ing the radi -
a t o r  t u b e s  o r  b e i n g  f o r c e  t h r o u g h  t h e
pump.  Reve rse - f l ush ing  i s  accomp l i shed
w i t h  h o t  w a t e r ,  u n d e r  a i r  p r e s s u r e ,  b e -
i ng  fo rced  th rough  the  coo l i ng  sys tem in
a d i rect ion opposi te  to  the normal  f low of
c o o l a n t ,  t h u s  l o o s e n i n g  a n d  f o r c i n g  t h e
scale deposi ts  out .

Reverse-Flush the radiator  as fo l lows:

1 .  R e m o v e  t h e  r a d i a t o r  i n l e t  a n d  o u t l e t
hoses and replace the radiator  cap.

2 .  A t tach  a  hose  to  the  top  o f  t he  rad i -
a t o r  t o  d i r e c t  t h e  w a t e r  a w a y  f r o m  t h e
eng ine .

3.  At tach a hose to the bot tom of  the ra-
d i a t o r  a n d  i n s e r t  a  f l u s h i n g  g u n  i n  t h e
hose.
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4 .  Connec t  the  wa te r  hose  o f  t he  gun  to
the  wa te r  ou t le t  and  the  a i r  hose  to  the
compressed a i r  out le t .

5 .  Tu rn  on  the w a t e r  a n d ,  w h e n  t h e  r a -
d i a t o r  i s  f u l l ,  t u r n  o n  t h e  a i r  i n  s h o r t
b las ts .

NOTE

A p p l y  a i r  g r a d u a l l y .  D o  n o t  e x e r t
m o r e  t h a n  3 0  p s i  ( 2 0 7  k P a )  a i r
p r e s s u r e .  T o o  g r e a t  a  p r e s s u r e
may  rup tu re  a  rad ia to r  t ube .

6 .  Con t i nue  f l ush ing  un t i l  on l y  c lean  wa-
ter  is  expel led f rom the rad iator .

Reve rse - f l ush  the  cy l i nde r  b lock  and  cy l -
inder head water passages as fo l lows:

1 .  Remove  the  the rmos ta t  and  the  wa te r
pump .

2.  At tach a hose to the water  in let  of  the
c y l i n d e r  b l o c k  t o  d r a i n  t h e  w a t e r  a w a y
from the engine.

3 .  A t t a c h  a  h o s e  t o  t h e  w a t e r  o u t l e t  a t
t h e  t o p  o f  t h e  e n g i n e  a n d  i n s e r t  t h e
f lushing gun in the hose.

4 .  B lock  t he  bo t t om open ing  and  f i l l  t he
c o o l a n t  p a s s a g e s  w i t h  w a t e r ;  t h e n  u n -
b l o c k  t h e  b o t t o m  o p e n i n g  a n d  b l o w  t h e
wa te r  f r om the  eng ine  w i th  f u l l  a i r  p res -
su re  f rom the  f l ush ing  gun .

5 .  A g a i n  f i l l  t h e  e n g i n e  c o o l i n g  s y s t e m
w i t h  w a t e r  a n d  b l o w  c l e a n  w i t h  f u l l  a i r
p r e s s u r e .  R e p e a t  t h i s  p r o c e d u r e  u n t i l
t he  f l ush ing  wa te r  runs  c lean .

I f  the scale deposi ts  in  the radiator  can-
no t  be  removed  by  chemica l  c l eane rs  o r
reve rse - f l ush ing ,  i t  may  be  necessa ry  to
r e m o v e  t h e  u p p e r  t a n k  a n d  r o d  o u t  t h e
i n d i v i d u a l  r a d i a t o r  t u b e s  w i t h  f l a t  s t e e l
r o d s .  C i r c u l a t e  w a t e r  t h r o u g h  t h e  r a d i -
a t o r  c o r e  f r o m  t h e  b o t t o m  t o  t h e  t o p
dur ing  th i s  ope ra t i on .

Miscellaneous Cooling System Checks

I n  add i t i on  to  t he  above  c lean ing  p roce -
dures,  the other  components of  the cool -
ing system should be checked
per iodical ly  to  keep the engine operat ing
a t  p e a k  e f f i c i e n c y .  T h e  t h e r m o s t a t  a n d
t h e  r a d i a t o r  p r e s s u r e  c a p  s h o u l d  b e
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checked and replaced, if found
d e f e c t i v e .

W h e n  w a t e r  c o n n e c t i o n  s e a l s  a n d  h o s e s
are i n s t a l l e d  b e  s u r e  t h e  c o n n e c t i n g
p a r t s  a r e  p r o p e r l y  a l i g n e d  a n d  t h e  s e a l
o r  h o s e  i s  i n  i t s  p r o p e r  p o s i t i o n  b e f o r e
t i gh ten ing  the  c lamps .  A l l  ex te rna l  l eaks
should be corrected as soon as detected.
The fan bel t  must  be adjusted to  prov ide
t h e  p r o p e r  t e n s i o n  a n d  t h e  f a n  s h r o u d
must  be t ight  against  the radiator  core to
p r e v e n t  r e c i r c u l a t i o n  o f  a i r  w h i c h  m a y
lower the cool ing ef f ic iency.

Contaminated Engine

W h e n  t h e  c o o l i n g  s y s t e m  o r  l u b r i c a t i n g
sys tem becomes  con tam ina ted ,  i t  shou ld
be f lushed thoroughly  to  remove the con-
tam inan ts  be fo re  the  eng ine  i s  se r ious l y
d a m a g e d .  O n e  p o s s i b l e  c a u s e  o f  s u c h
c o n t a m i n a t i o n  i s  a  c r a c k e d  o i l  c o o l e r
c o r e .  I n  s u c h  a  c a s e  o i l  w i l l  b e  f o r c e d
in to  the  coo l i ng  sys tem wh i l e  t he  eng ine
i s  o p e r a t i n g , and  coo lan t  w i l l  l eak  i n to
t h e  l u b r i c a t i n g  s y s t e m  w h e n  t h e  e n g i n e
is stopped.

Coo lan t  con tam ina t i on  o f  t he  l ub r i ca t i ng
system is  especia l ly  harmful  to  an engine
dur ing the cold season when the cool ing
system is  normal ly  f i l led wi th  an ethy lene
g l y c o l  a n t i f r e e z e  f o r m s  a  v a r n i s h  w h i c h
quick ly  immobi l izes moving engine par ts .

T o  r e m o v e  s u c h  c o n t a m i n a n t s  f r o m  t h e
eng ine , bo th  the  coo l i ng  sys tem and  the
l u b r i c a t i o n  s y s t e m  m u s t  b e  t h o r o u g h l y
f lushed as out l ined below:

COOLING SYSTEM

I f  t he  eng ine  has  had  a  fa i l u re  resu l t i ng
in  t he  con tam ina t i on  o f  t he  coo l i ng  sys -
t e m  w i t h  l u b r i c a t i n g  o i l ,  t h e  f o l l o w i n g
f lushing procedure is  recommended:

1 .  P r e p a r e  a m i x t u r e  o f  C a l g o n ,  o r  i t s
Equ iva len t ,  and  wa te r  a t  t he  ra te  o f  two
ounces (dry measure) to one gallon of
w a t e r .

2.  Remove the engine thermostat  to  per-
m i t  t he  Ca lgon  and  wa te r  m ix tu re  t o  c i r -
culate through the engine and the
rad ia to r .

3 .  F i l l  t he  coo l i ng  sys tem w i th  t he  Ca lgon
so lu t i on .



4.  Run the engine for  f ive minutes.

5.  Dra in the cool ing system.

6.  Repeat  Steps 3 through 5.

7.  F i l l  the cool ing system wi th c lean wa-
t e r .

8 .  Let  the engine run f ive minutes.

9.  Dra in the cool ing system complete ly .

10.  Insta l l  the engine thermostat .

11 .  C lose  a l l  o f  t he  d ra ins  and  re f i l l  t he
engine wi th f resh coolant .

LUBRICATION SYSTEM

When the  eng ine  l ub r i ca t i ng  sys tem has
been  con tam ina ted  by  an  e thy lene  g l yco l
ant i f reeze solut ion or  other  so luble mate-
r i a l ,  t h e  f o l l o w i n g  c l e a n i n g  p r o c e d u r e ,
us ing Buty l  Cel loso lve,  or  i ts  equiva lent ,
is recommended.

WARNING

Use ext reme care  in  the  handl ing
of these chemicals to prevent seri-
ous injury to the person or damage
t o  f i n i s h e d  s u r f a c e s . W a s h  o f f
spilled fluid immediately with clean
water .

If the engine is still in running
condi t ion,  proceed as fo l lows:

1.  Dra in a l l  o f  the lubr icat ing o i l .

2 .  Remove  and  d i sca rd  t he  o i l  f i l t e r  e l e -
men t .  C lean  and  d ry  t he  f i l t e r  she l l  and
install a new element.

3 .  M ix  two  pa r t s  o f  Bu ty l  Ce l l oso l ve ,  o r
i t s  equ i va len t ,  w i t h  one  pa r t  SAE 10  en -
g ine o i l .  F i l l  the engine crankcase to the
proper  operat ing level  wi th  the mixture.

4.  Star t  and run the engine at  a fast  id le
( 1 , 0 0 0  t o  1 , 2 0 0  r p m )  f o r  3 0  m i n u t e s  t o
o n e  h o u r .  C h e c k  t h e  o i l  p r e s s u r e  f r e -
q u e n t l y .

5 .  A f t e r  t he  spec i f i ed  t ime ,  s top  the  en -
g ine and immediate ly  dra in the crankcase
a n d  t h e  f i l t e r .  S u f f i c i e n t  t i m e  m u s t  b e
al lowed to  dra in  a l l  o f  the f lu id .

6 .  Re f i l l  t he  c rankcase  w i th  SAE 10  en -
g ine  o i l  a f t e r  t he  d ra in  p lug  i s  rep laced ,
and run the engine at  the same fast  id le
s p e e d  f o r  t e n  o r  f i f t e e n  m i n u t e s .  T h e n ,
s t o p  t h e  e n g i n e  a n d  d r a i n  t h e  o i l  t h o r -
o u g h l y .

7 .  Remove and d iscard the f i l ter  e lement ,
c lean the f i l ter  shel l  and insta l l  a  new el -
ement.

8 .  I n s t a l l  t h e  d r a i n  p l u g  a n d  f i l l  t h e
crankcase to the proper  level  wi th the o i l
r e c o m m e n d e d  f o r  n o r m a l  e n g i n e
opera t i on .

9.  To test  the ef fect iveness of  the c lean-
i n g  p r o c e d u r e ,  i t  i s  r e c o m m e n d e d  t h a t
t h e  e n g i n e  b e  s t a r t e d  a n d  r u n  a t  a  f a s t
i d l e  ( 1 , 0 0 0  t o  1 , 2 0 0  r p m )  f o r  a p p r o x i -
m a t e l y  3 0  m i n u t e s .  T h e n ,  s t o p  a n d  i m -
med ia te l y  res ta r t  t he  eng ine .  The re  i s  a
poss ib i l i t y  t ha t  t he  eng ine  i s  no t  en t i re l y
f ree of  contaminant  deposi ts  i f  the s tar t -
ing speed is slow.

1 0 .  I f  t h e  p r o c e d u r e s  f o r  c l e a n i n g  t h e
lub r i ca t i ng  o i l  sys tem were  no t  success -
f u l ,  i t  w i l l  b e  n e c e s s a r y  t o  d i s a s s e m b l e
t h e  e n g i n e  a n d  t o  c l e a n  t h e  a d d i c t e d
p a r t s  t h o r o u g h l y .

NOTE

Make cer ta in that  the cause of  the
internal  coolant  leak has been cor-
rec ted  be fo re  re tu rn ing  the  eng ine
to serv ice.

WATER PUMP

Description

T h e  c e n t r i f u g a l - t y p e  w a t e r  p u m p
(F igu re  11F-2  on  page  11F-6 )  c i r cu la tes
t h e  e n g i n e  c o o l a n t  t h r o u g h  t h e  c y l i n d e r
b l o c k ,  c y l i n d e r  h e a d ,  r a d i a t o r ,  a n d  t h e
o i l  c o o l e r .  T h e  d r i v e  e n d  o f  t h e  p u m p
shaft is supported by a sealed
doub le - row  comb ina t i on  rad ia l  and  th rus t
b a l l  b e a r i n g .  T h e  p u m p  s h a f t  s e r v e s  a s
the inner  race of  the bear ing.

T h e  w a t e r  p u m p  u s e s  a  c e r a m i c  i n s e r t
a n d  s p r i n g  l o a d e d  s e a l  a s s e m b l y .  T h e
spr ing - loaded  wa te r  pump sea l  assemb ly
b e a r s  a g a i n s t  t h e  i n s e r t .  T h e  c e r a m i c
i n s e r t  p r e v e n t s c o o l a n t  f r o m  p a s s i n g
along the shaft to the sealed ball
bea r ing .
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Figure 11F-2. Water Pump With
Ceram ic  I nse r t  i n  Impe l l e r

The impel ler  is  a press f i t  on one end of
a sta in less steel  shaf t .

The  pump i s  moun ted  a t  t he  f r on t  end  o f
the blower (Figure 11F-3) and is driven
b y  t h e  l o w e r  b l o w e r  r o t o r  s h a f t .  T h e
d r i v e  c o u p l i n g ,  p r e s s e d  o n  t h e  e n d  o f
p u m p  s h a f t ,  h a s  a n  i n t e g r a l  o i l
t h r o w e r  t h a t  s h r o u d s  t h e  f l a n g e  e n d  o f
the  pump body  and  de f l ec t s  t he  o i l  away
f rom the  bea r i ng .

Lubrication

T h e  s e a l e d  t y p e  b a l l  b e a r i n g  i s  f i l l e d
wi th lubr icant  at  the t ime i t  is  assembled
t o  t h e  p u m p  s h a f t ,  a n d  n o  f u r t h e r  l u b r i -
ca t i on  i s  requ i red .

Remove Water Pump

Refer to Figure 11F-4 on page 11F-7 and
remove the pump as fol lows:

1.  Open the dra in cock in  the pump body
and dra in the cool ing system.

2 .  Loosen  the  hose  c lamps  and  s l i de  the
w a t e r  p u m p  i n l e t  h o s e  b a c k  a g a i n s t  t h e
pump cover .

3 .  Remove  the  two  bo l t s  and  l ock  wash-
ers that  at tach the pump out le t  f lange to
t h e  c y l i n d e r  b l o c k .  R e m o v e  t h e  f l a n g e
and  pack ing  r i ng .

4.  Remove the three bol t  seal  assembl ies
that  at tach the pump to he b lower assem-
b l y .

5 .  W i t h d r a w  t h e  p u m p  a n d  r e m o v e  t h e
gaske t .

Disassemble Water Pump

1. Remove the pump cover and gasket.

NOTE
C l e a n  t h e  c o r r o s i o n  f r o m  a r o u n d
the impel ler  and shaf t  before sepa-
r a t i n g  t h e  s h a f t  a n d  b e a r i n g  a s -
sembly  f rom the impel ler ,  seal  and
pump body .

2 .  S u p p o r t  t h e  p u m p  o n  i t s  m o u n t i n g
f l a n g e  i n  a n  a r b o r  p r e s s  ( F i g u r e  1 1 F - 5
on  page  11F-7 ) .  P lace  a  sho r t  s tee l  rod
o n  t h e  e n d  o f  t h e  s h a f t  a n d  p r e s s  t h e
sha f t  and  bea r i ng  assemb ly  f r om the  im-
pel ler ,  seal  and pump body.

3. Remove the impeller and seal assembly
f rom the pump body.

Figure 11F-3. Water Pump Mounting
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Figure 11F-4.  Loosening Inner
Pump-to-Blower Bol t  wi th  Tool  J  4242

NOTE

W h e n  r e m o v i n g  t h e  i m p e l l e r ,  p r o -
t e c t  t h e  c e r a m i c  i n s e r t  f r o m  d a m -
a g e  a t all t imes d u r i n g  p u m p
ove rhau l . A lways  l ay  t he  impe l l e r
on  the  bench  w i th  t he  ce ramic  i n -
s e r t  u p  t o  p r e v e n t  d a m a g e  t o  t h e
i n s e r t .

4 .  I f  n e c e s s a r y ,  r e m o v e  t h e  p u m p  d r i v e
coup l i ng  f rom the  sha f t  w i t h  t oo l  J  1930
as shown in Figure 11F-6.

Inspection

C l e a n  a l l  o f  t h e  p a r t s  e x c e p t  t h e  s h a f t
a n d  b e a r i n g  a s s e m b l y .  T h e  s e a l e d  t y p e
pump shaf t  bear ing must  not  be immersed
i n  a  c l e a n i n g  f l u i d  s i n c e  d i r t  m a y  b e
washed in and the f lu id cannot  be ent i re-
ly  removed.

R e v o l v e  t h e  p u m p  s h a f t  b e a r i n g  s l o w l y
by  hand .  Rep lace  the  sha f t  and  the  sea l
assembly.

Figure 11F-5. Pressing Pump Shaft
f r o m  I m p e l l e r

I n s p e c t  t h e  c e r a m i c  i n s e r t  f o r  c r a c k s ,
s c r a t c h e s  a n d  b o n d  t o  t h e  i m p e l l e r .  I f
t he  i nse r t  i s  damaged ,  rep lace  i t  as  fo l -
lows:

Figure 11F-6. Removing Pump Drive
Coupling with Tool J 1930
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1.  Bake the inser t  and impel ler  assembly
a t  5 0 0 ° F  ( 2 6 0 ° C )  f o r  o n e  h o u r .  T h e  i n -
ser t  can be removed easi ly  whi le  the ad-
hesive is  hot .

2. Af te r  r emov ing  t he  i nse r t ,  c l ean  t he
inse r t  a rea  on  the  impe l l e r  w i th  sandpa-
p e r ,  w i r e  b r u s h  o r  a  b u f f i n g  w h e e l  t o
r e m o v e  t h e  o l d  a d h e s i v e ,  o x i d e ,  s c a l e ,
etc .

3 .  Examine  the  s tuds  i n  t he  pump body .
I f  i t  i s  necessary  to  rep lace  a  s tud ,  use
a  g o o d  g r a d e  o f  s e a l a n t  o n  t h e  t h r e a d s
a n d  d r i v e  t h e  s t u d  i n  t o  6 - 8  l b - f t  ( 8 - 1 1
Nm)  to rque .

Assemble Water Pump

Refer to Figure 11F-2 on page 11F-6 and
assemble the pump as follows:

1 .  We t  a  c l ean  c lo th  w i th  a  su i t ab le  so l -
ven t  such  as  a l coho l  and  tho rough ly  c le -
a n  t h e  i m p e l l e r  i n s e r t  a r e a  a n d  t h e
g r o o v e d  s i d e  o f  a  n e w  c e r a m i c  i n s e r t .
T h e n  w i p e  t h e  p a r t s  w i t h  a  c l e a n ,  d r y
cloth.

2 .  P lace  the  adhes i ve  washer  i n  t he  im-
pe l l e r  bond  a rea  w i th  the  ce ramic  i nse r t
on  top .  The  po l i shed  face  o f  t he  ce ram ic
inser t  should be v is ib le to the assembler .
C l a m p  t h e  i n s e r t  a n d  i m p e l l e r  t o g e t h e r
w i th  a  3 .8 ”  bo l t  and  nu t  and  two  smoo th
.125”  th i ck  washers .  T igh ten  the  bo l t  t o
10 lb- f t  (14 Nm) torque.

NOTE

Do not  mar the pol ished sur face of
the ceramic inser t .

3 .  P lace the impel ler  assembly  in  a  leve l
p o s i t i o n ,  w i t h  t h e  c e r a m i c  i n s e r t  u p ,  i n
an  oven  p rehea ted  to  350°F  (177°C)  and
bake it for one hour.

NOTE

The face of the ceramic insert must
be  square  w i th  the  ax i s  o f  t he  ta -
pe red  bo re  w i th in  .004 ” .  The  pump
shaft may be used as a mandrel for
i nspec t i on .

4 .  R e m o v e  t h e  i m p e l l e r  f r o m  t h e  o v e n
and ,  a f t e r  i t  has  coo led  to  room temper -
ature, install it in the pump. Do not
loosen the c lamping bol t  unt i l  the assem-
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b l y  c o o l s , M a k e  s u r e  t h e  m a t i n g  s u r -
faces  o f  t he  wa te r  sea l  and  the  ce ramic
i n s e r t  a r e  f r e e  o f  d i r t ,  m e t a l  p a r t i c l e s
and oi l  f i lm.

5 .  S u p p o r t  t h e  b e a r i n g  e n d  o f  t h e  s h a f t
o n  t h e  b e d  o f  a n  a r b o r  p r e s s .  T h e n
press the impel ler  on the shaf t  us ing tool
J 22437, Figure 11F-7. Do not press
a g a i n s t  t h e  o u t e r  r a c e  o f  t h e  b e a r i n g .
T h e  d i s t a n c e  b e t w e e n  t h e  e n d  o f  t h e
shaf t  and the face of  the impel ler  hub is
0 . 0 3 1 ” - 0 . 0 3 3 ” ,  w i t h  t h e  b e a r i n g  h e l d
a g a i n s t  t h e  s h o u l d e r  i n  t h e  p u m p  b o d y
(see Figure 11F-8 on page 11F-9) .

F igu re  11F-7 .  I ns ta l l i ng  Pump
Impe l l e r

6 .  Suppo r t  t he  impe l l e r  end  o f  t he  pump
s h a f t  o n  a  s u i t a b l e  a r b o r  a n d  p r e s s  t h e
c o u p l i n g  o n  t h e  s h a f t .  T h e  d r i v e  c o u p l -
i n g  m u s t  b e  f l u s h  w i t h  t h e  e n d  o f  t h e
s h a f t .  M a k e  s u r e  t h e  d r i v e  c o u p l i n g  i s
t i gh t  on  the  sha f t .

7 .  Th i s  pump inc ludes  a  neop rene  cove r
t o  a l l o w  c o o l a n t  t o  d r a i n ,  b u t  s t i l l  k e e p
d u s t  a n d  d i r t  o u t  o f  t h e  p u m p  b o d y  a t
the  weep  ho le .  The  neoprene  cove r  w i l l
s t re tch for  removal  or  insta l la t ion.

NOTE

Be sure the t ip  of  the cover  is  lo-
cated below the weep hole in the
pump body.



F igu re  11F-8 .  Impe l l e r  C lea rance

8. Place a new pump cover gasket
a g a i n s t  t h e  b o l t i n g  f l a n g e  o f  t h e  p u m p
b o d y .  S l i d e  t h e  p u m p  c o v e r  o v e r  t h e
s t u d s  a n d  s e c u r e  i t  t o  t h e  p u m p  b o d y
w i th  fou r  l ock  washers  and  nu ts .

9 .  I f  p r e v i o u s l y  r e m o v e d ,  i n s t a l l  t h e
dra in cock in  the pump body.

Install Water Pump

Refer  to F igure 11F-3 on page 11F-6 and
ins ta l l  t he  wa te r  pump on  the  eng ine  as
fo l l ows :

1.  P lace the pump out le t  f lange over  the
p u m p  o u t l e t  w i t h  t h e  f l a t  s i d e  o f  t h e
f l a n g e  f a c i n g  t h e  p u m p  b o d y .  S l i p  t h e
p a c k i n g  r i n g  o v e r  t h e  p u m p  o u t l e t  a n d
next  to  the f lange.

2.  Use a new gasket  at  the bol t ing f lange
a n d  p l a c e  t h e  p u m p  a g a i n s t  t h e  b l o w e r
e n d  p l a t e  c o v e r  s o  t h a t  t h e  l u g s  o n  t h e
d r i ve  coup l i ng  mesh  w i th  t he  l ugs  on  the
i n t e r m e d i a t e  s h a f t  c o u p l i n g .  S e c u r e  t h e
pump to  the  b lower  w i th  the  th ree  bo l t s
and seal  washers.

3 .  S l i d e  t h e  p u m p  o u t l e t  p a c k i n g  r i n g
a n d  p a c k i n g  f l a n g e  a g a i n s t  t h e  c y l i n d e r
b l o c k  a n d  s e c u r e  t h e  f l a n g e  w i t h  t w o
bol ts and lock washers.

4 .  S l i d e  t h e  w a t e r  p u m p  i n l e t  h o s e  i n
place and secure it with the hose clamps.

5.  Close the pump dra in cock and f i l l  the
engine cool ing system.

WATER MANIFOLD

Description

Coo l ing  wa te r , l eav ing  t he  cy l i nde r  head
t h r o u g h  a n  o p e n i n g  o v e r  e a c h  e x h a u s t
po r t ,  en te rs  the  wa te r  man i fo ld  wh ich  i s
a t t a c h e d  t o  t h e  h e a d  w i t h  t w o  n u t s  a n d
l o c k  w a s h e r s  a t  e a c h  o f  t h e  s i x  w a t e r
o p e n i n g s ,  a s  s h o w n  i n  F i g u r e  1 1 F - 9  o n
page 11F-10. A separate gasket is used
at  each at taching f lange between the ma-
ni fo ld and the cy l inder  head.

A  g r a d u a l l y  i n c r e a s i n g  a r e a  i n  t h e  c a s t
man i f o l d  f r om the  rea r  end  t e rm ina tes  i n
moun t i ng  f l ange  to  wh ich  the  the rmos ta t
h o u s i n g  i s  a t t a c h e d  b y  m e a n s  o f  b o l t s
and lock washers.

Remove Water Manifold

T h e  w a t e r  m a n i f o l d  m a y  b e  r e m o v e d  a s
fo l l ows :
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Figure 11F-9.  Water  Mani fo ld
Mounting

1.  Dra in the cool ing system to level  nec-
essa ry  by  open ing  the  va l ve  i n  t he  bo t -
t o m  o f  t h e  f r e s h  w a t e r  p u m p  a n d  t h e
valve in  the thermostat  hous ing.

2.  Loosen the bol ts  which secure the out-
l e t  e lbow and  the  the rmos ta t  hous ing  to
the water  mani fo ld .

3 .  Remove  the  coo l i ng  wa te r  t empera tu re
g a g e  a d a p t o r  f r o m  t h e  r e a r  e n d  o f  t h e
water  mani fo ld .

4 .  Remove  the  wa te r  man i fo ld  s tud  nu ts
a n d  l o c k  w a s h e r s  a n d  l i f t  t h e  m a n i f o l d
s t r a i g h t  u p  o f f  t h e  s t u d s .  R e m o v e  t h e
mani fo ld to  cy l inder  head gaskets.

Figure 11F-10. Thermostat Housing
Mounting

Install Water Manifold

1 .  W i th  new gaske ts  i n  p lace ,  l ower  the
w a t e r  m a n i f o l d  d o w n  o v e r  t h e  s t u d s  a n d
s e c u r e  i t  t o  t h e  c y l i n d e r  h e a d  w i t h  t w o
n u t s  a n d  l o c k  w a s h e r  a t  e a c h  r i s e r .
T i g h t e n  t h e  n u t s  t o  2 5 - 3 0  l b - f t  ( 3 4 - 4 1
Nm)  to rque .

2 .  I n s t a l l  t h e  t e m p e r a t u r e  g a g e  a d a p t o r
in the end of the manifold.

3 .  A t t a c h  t h e  t h e r m o s t a t  h o u s i n g  a n d
o u t l e t  e l b o w  t o  t h e  w a t e r  m a n i f o l d  w i t h
bol ts and lock washers.

4 .  F i l l  c o o l i n g  s y s t e m  t o  t h e  p r o p e r
level.

THERMOSTAT

Description

The temperature of  the engine coolant  is
au toma t i ca l l y  con t ro l l ed  by  a  t he rmos ta t
l o c a t e d  i n  a  h o u s i n g  c o n n e c t e d  t o  t h e
o u t l e t  e n d  o f  t h e  w a t e r  m a n i f o l d .  A
b l o c k i n g  t y p e  t h e r m o s t a t  F i g u r e  1 1 F - 1 0
is used.

Operation

A t  c o o l a n t  t e m p e r a t u r e s  b e l o w  a p p r o x i -
ma te l y  160°  t o  17O°F  (71°  t o  77°C) ,  t he
t h e r m o s t a t  v a l v e s  r e m a i n  c l o s e d  a n d
block the f low of  coolant  to  the radiator .
Du r ing  th i s  pe r i od ,  a l l  o f  t he  coo lan t  i n
t h e  s t a n d a r d  s y s t e m  i s  c i r c u l a t e d
t h r o u g h  o u t  t h e  e n g i n e  a n d  i s  d i r e c t e d
b a c k  t o  t h e  s u c t i o n  s i d e  o f  t h e  w a t e r
pump v ia  t he  bypass  tube .  As  the  coo l -
a n t  t e m p e r a t u r e  r i s e s  a b o v e  1 6 0 °  t o
170°F (71° to  77°)  the thermostat  va lves
s t a r t  t o  o p e n ,  r e s t r i c t i n g  t h e  b y p a s s
system, and permi t  a  por t ion of  the cool -
a n t  t o  c i r c u l a t e  t h r o u g h  t h e  r a d i a t o r .
W h e n  t h e  c o o l a n t  t e m p e r a t u r e  r e a c h e s
approximately 185° to 195°F (85 to
9 1 ° C )  t h e  t h e r m o s t a t  v a l v e s  a r e  f u l l y
o p e n ,  t h e  b y p a s s  s y s t e m  i s  p a r t i a l l y
b l o c k e d  o f f ,  a n d  m o s t  o f  t h e  c o o l a n t  i s
d i rec ted  th rough  the  rad ia to r .

A  p r o p e r l y  o p e r a t i n g  t h e r m o s t a t  i s  e s -
sen t i a l  f o r  e f f i c i en t  ope ra t i on  o f  t he  en -
gine. If the engine operating
t e m p e r a t u r e  d e v i a t e s  f r o m  t h e  n o r m a l
range of  160° to 185°F (71° to 85°C) or  
170° to 195°F (77° to 91°C), remove the
thermostat  and check i t .

11F-10



NOTE

T h e r e  a r e  a r e a s  w h e r e  a p p r o v e d
fue l  ( l ess  than  0 .5% su l fu r )  i s  no t
commerc i a l l y  ava i l ab l e  o r  econom-
i ca l l y  f eas ib l e  t o  ob ta in .  I t  i s  im -
po r tan t  t o  keep  the  eng ine  coo l i ng
s y s t e m  t e m p e r a t u r e  o f  t h e s e  e n -
g ines on the h igh s ide of  normal  to
p reven t  t he  condensa t i on  o f  su l f u r
t r i o x i d e  g a s ,  w h i c h  c o m b i n e s  w i t h
c o m b u s t i o n  w a t e r  t o  f o r m  s u l f u r i c
a c i d .  T h e r e f o r e ,  i n s t a l l  a  1 8 0 °  o r
1 9 0 ° F  ( 8 2 °  o r  8 8 ° C )  t e m p e r a t u r e
the rmos ta t  and  mod i f y  t he  coo l i ng
s y s t e m  t o  p r o v i d e  r a p i d  w a r m - u p
i n  o r d e r  t o  m a i n t a i n  c o o l a n t  t e m -
p e r a t u r e  a t  a  m i n i m u m  o f  1 7 5 ° F
(80°C) .

Remove Thermostat

1.  Drain the cool ing system to the neces-
sary  leve l  by opening the dra in  va lve.

2 .  R e m o v e  t h e  b o l t s  w h i c h  s e c u r e  t h e
ou t le t  e lbow and  the  the rmos ta t  hous ing
( b y p a s s  t u b e )  t o  t h e  w a t e r  m a n i f o l d
(Figure 11F-10 on page 11F-10).

3 .  Remove  the  the rmos ta t  and  c lean  the
out let  e lbow.

Inspection

I f  t h e  a c t i o n  o f  t h e  t h e r m o s t a t  h a s  b e -
c o m e  i m p a i r e d  d u e  t o  a c c u m u l a t e d  r u s t
and  co r ros ion  f rom the  eng ine  coo lan t  so
t h a t  i t  r e m a i n s  c l o s e d ,  o r  o n l y  p a r t i a l l y
open ,  t he reby  res t r i c t i ng  the  f l ow  o f  coo -
l a n t ,  o v e r h e a t i n g  o f  t h e  e n g i n e  w i l l  r e -
s u l t .  A  t h e r m o s t a t  w h i c h  i s  s t u c k  i n  t h e
w i d e  o p e n  p o s i t i o n  m a y  n o t  p e r m i t  t h e
engine to reach i ts  normal  operat ing tem-
p e r a t u r e .  T h e  i n c o m p l e t e  c o m b u s t i o n  o f
f u e l  d u e  t o  c o l d  o p e r a t i o n  w i l l  r e s u l t  i n
b u i l d - u p  o f  c a r b o n  d e p o s i t s  o n  t h e  p i s -
t ons ,  r i ngs  and  va l ves .

C h e c k  t h e  o p e r a t i o n  o f  a  t h e r m o s t a t  a s
fo l l ows :

1 .  Immerse  the  the rmos ta t  i n  a  con ta ine r
of water (Figure 11F-11).

Figure 11F-11. Method of Checking
Thermostat  Operat ion

2 .  P lace  a  t he rmomete r  i n  t he  con ta ine r
us ing  ca re  no t  t o  a l l ow  the  the rmomete r
to  touch  the  bo t tom o r  s ides  o f  t he  con -
t a i n e r .

3 .  W h i l e  s l o w l y  a g i t a t i n g  t h e  w a t e r  t o
mainta in  an even temperature,  apply  heat
to the container. As the water is
h e a t e d ,  t h e  t h e r m o s t a t  s h o u l d  b e g i n  t o
open  ( the  open ing  tempera tu re  i s  usua l l y
s t a m p e d  o n  t h e  t h e r m o s t a t ) .   T h e  t h e r -
m o s t a t  s h o u l d  b e  f u l l y  o p e n  a t
app rox ima te l y  185°  -  195°F  (85°  -  91°C)
Al low at  least  10 minutes for  the thermo-
stat  to  react .

Install  Thermostat

1.  Af f ix  a new gasket  to  each s ide of  the
the rmos ta t  hous ing .

2 .  Se t  new gaske t  and  the  the rmos ta t  i n
t h e  h o u s i n g .  A t t a c h  t h e  o u t l e t  e l b o w
and  the  the rmos ta t  hous ing  to  the  wa te r
mani fo ld .

3 .  C o n n e c t  a n y  o t h e r  p i p i n g  w h i c h  m a y
have been d isconnected.

4 .  F i l l  t he  coo l i ng  sys tem and  check  fo r
leaks.
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RADIATOR

Description

The  tempera tu re  o f  t he  coo lan t  c i r cu la t -
i ng  th rough  the  eng ine  i s  l owered  by  the
a c t i o n  o f  t h e  r a d i a t o r  a n d  t h e  f a n .  T h e
r a d i a t o r  i s  m o u n t e d  i n  f r o n t  o f  t h e  e n -
gine so that the fan will draw air
t h r o u g h  i t ,  t h e r e b y  l o w e r i n g  a n d  m a i n -
t a i n i n g  t h e  c o o l a n t  t e m p e r a t u r e  t o  t h e
degree necessary for  ef f ic ient  engine op-
e ra t i on .

The  l i f e  o f  t he  rad ia to r  w i l l  be  cons ide r -
able pro longed i f  the coolant  used is  l im-
i t e d  t o  e i t h e r  c l e a n ,  s o f t  w a t e r  a n d  a
co r ros ion  i nh ib i t o r  o r  a  m ix tu re  o f  wa te r
a n d  a  p e r m a n e n t  t y p e  a n t i f r e e z e .  T h e
u s e  o f  a n y  o t h e r  t y p e  a n t i f r e e z e  i s  n o t
recommended.

To  i nc rease  the  coo l i ng  e f f i c i ency  o f  t he
radiator ,  a metal  shroud is  p laced around
t h e  f a n .  T h e  f a n  s h r o u d  m u s t  b e  f i t t e d
a i r  t i g h t  a g a i n s t  t h e  r a d i a t o r  t o  p r e v e n t
r e c i r c u l a t i o n  o f  t h e  h o t  a i r  d r a w n
t h r o u g h  t h e  r a d i a t o r .  H o t  a i r  w h i c h  i s
p e r m i t t e d  t o  p a s s  a r o u n d  t h e  s i d e s  o r
bot tom of  the radiator  and is  again drawn
th rough  the  rad ia to r  w i l l  cause  ove rhea t -
ing of  the engine.

Ano the r  cause  o f  ove rhea t i ng  i s  s l i ppage
of  the fan dr ive bel ts  which is  caused by
i n c o r r e c t  b e l t  t e n s i o n ,  w o r n  b e l t s  o r
worn  fan  be l t  pu l l ey  g rooves ,  o r  t he  use
o f  f a n  b e l t s  o f  u n e q u a l  l e n g t h  w h e n  t w o
or  more  be l t s  a re  used .  The  be l t  t ens ion
a n d  c o n d i t i o n  o f  t h e  b e l t s  s h o u l d  b e
checked  pe r iod i ca l l y  as  s ta ted  i n  the  op -
erator ’s  manual .

A  r a d i a t o r  t h a t  h a s  a  d i r t y ,  o b s t r u c t e d
co re  o r  i s  l eak ing ,  a  l eak  i n  t he  coo l i ng
system, or  an inoperat ive thermostat  wi l l
a l s o  c a u s e  t h e  e n g i n e  t o  o v e r h e a t .  T h e
radiator  must  be c leaned,  the leaks e l im-
i n a t e d ,  a n d  d e f e c t i v e  t h e r m o s t a t s
rep laced  immed ia te l y  t o  p reven t  se r i ous
damage f rom overheat ing.

T h e  e x t e r n a l  c l e a n l i n e s s  o f  t h e  r a d i a t o r
s h o u l d  b e  c h e c k e d  i f  t h e  e n g i n e  o v e r -
heats and no other causes are apparent .

C lean ing  Rad ia to r

The radiator  should be c leaned whenever
t h e  f o r e i g n  d e p o s i t s  a r e  s u f f i c i e n t  t o
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h inde r  t he  f l ow  o f  a i r  o r  t he  t rans fe r  o f
h e a t  t o  t h e  a i r .  I n  a  h o t ,  d u s t y  a r e a ,
p e r i o d i c  c l e a n i n g  o f  t h e  r a d i a t o r  w i l l
prevent  a decrease in  ef f ic iency and add
l i fe  to  the engine.

T h e  f a n  s h r o u d  a n d  g r i l l  s h o u l d  b e  r e -
moved ,  i f  poss ib l e  t o  f ac i l i t a t e  c l ean ing
of  the radiator  core.

An  a i r  hose  w i th  a  su i tab le  nozz le  i s  o f -
t en  su f f i c i en t  t o  r emove  l oose  dus t  f r om
t h e  r a d i a t o r  c o r e .  O c c a s i o n a l l y ,
h o w e v e r ,  o i l  m a y  b e  p r e s e n t  r e q u i r i n g
t h e  u s e  o f  a  s o l v e n t ,  s u c h  a s  m i n e r a l
s p i r i t s ,  t o  l o o s e n  t h e  d i r t .  T h e  u s e  o f
k e r o s e n e ,  o r  f u e l  o i l  i s  N O T  r e c o m -
mended  as  a  so l ven t .  A  sp ray  gun  i s  an
e f f e c t i v e  m e a n s  o f  a p p l y i n g  t h e  s o l v e n t
t o  t h e  r a d i a t o r  c o r e .  U s e  a i r  t o  r e m o v e
t h e  r e m a i n i n g  d i r t .  R e p e a t  t h i s  p r o c e s s
a s  m a n y  t i m e s  a s  n e c e s s a r y ,  t h e n  r i n s e
t h e  r a d i a t o r  w i t h  c l e a n  w a t e r  a n d  d r y  i t
w i t h  a i r .

NOTE

Prov ide adequate vent i la t ion of  the
work ing area to avoid possib le tox-
ic  ef fects  of  the c leaning spray.

A n o t h e r  m e t h o d  o f  c l e a n i n g  t h e  r a d i a t o r
i s  t he  use  o f  s team o r  a  s team c lean ing
d e v i c e , i f  ava i lab le . I f  t h e  f o r e i g n  d e -
posi ts  are hardened,  i t  may be necessary
to apply  so lvents.

The scale deposi t  ins ide the radiator  is  a
r e s u l t  o f  u s i n g  h a r d ,  h i g h  m i n e r a l  c o n -
t e n t  w a t e r  i n  t h e  c o o l i n g  s y s t e m .  T h e
ef fect  o f  heat  on the minera ls  in  the wa-
t e r  c a u s e s  t h e  f o r m a t i o n  o f  s c a l e ,  o r
h a r d  c o a t i n g ,  o n  m e t a l  s u r f a c e s  w i t h i n
t h e  r a d i a t o r ,  t h e r e b y  r e d u c i n g  t h e
t r a n s f e r  o f  h e a t .  S o m e  h a r d  w a t e r ,  i n -
s t e a d  o f  f o r m i n g  s c a l e ,  w i l l  p r o d u c e  a
s i l t - l i k e  d e p o s i t  w h i c h  r e s t r i c t s  t h e  f l o w
o f  w a t e r .  T h i s  m u s t  b e  f l u s h e d  o u t  a t
l eas t  tw i ce  a  yea r .  More  o f ten  i f  neces -
s a r y .

A  d ra in  i s  p rov ided  a t  t he  bo t t om o f  t he
oi l  cooler  housing.

To  remove  the  ha rdened  sca le ,  a  d i rec t
chemica l  ac t i on  i s  necessa ry .  A  f l ush ing
compound s u c h  a s  s a l a m m o n i a c ,  a t  t h e
speci f ied rate of  1/4 pound per  each gal -
lon of  radiator  capaci ty ,  should be added
to the coolant  water  in  the form of  a d is-
s o l v e d  s o l u t i o n  w h i l e  t h e  e n g i n e  i s
runn ing .  Opera te  the  eng ine  fo r  a t  l eas t



15 m i n u t e s ,  t h e n  d r a i n  a n d  f l u s h  t h e
system wi th c lean water .

O t h e r  f l u s h i n g  c o m p o u n d s  a r e  c o m m e r -
c i a l l y  a v a i l a b l e  a n d  s h o u l d  b e  p r o c u r e d
f rom a  re l i ab le  sou rce .  Mos t  compounds
a t t a c k  m e t a l s  a n d  s h o u l d  n o t  r e m a i n  i n
the  eng ine  fo r  more  than  a  f ew  m inu tes .
A neutra l izer  should be used in the cool-
ing system immediate ly  a f ter  a  descal ing
solvent  is  used.

F o r  e x t r e m e l y  h a r d ,  s t u b b o r n  c o a t i n g s ,
such  as  l ime  sca le ,  i t  may  be  necessa ry
t o  u s e  a  s t r o n g e r  s o l u t i o n .  T h e  c o r r o -
s ive act ion of  a  s t ronger  so lut ion wi l l  a f -
f e c t  t h e  t h i n  m e t a l s  o f  t h e  r a d i a t o r ,
t h e r e b y  r e d u c i n g  i t s  o p e r a t i n g  l i f e .  A
comp le te  f l ush ing  and  r i ns ing  i s  manda-
tory  and must  be accompl ished sk i l l fu l ly .

A f t e r  t h e  s o l v e n t  a n d  n e u t r a l i z e r  h a v e
b e e n  u s e d  a n d  t h e  c o o l i n g  s y s t e m  i s
f l ushed ,  comp le te l y  d ra in  t he  en t i r e  sys -
tem aga in  and  f i l l  i t  w i t h  c l ean ,  so f t  wa -
ter plus a corrosion inhibitor or
p e r m a n e n t  t y p e  a n t i f r e e z e .  A f t e r  f i l l i n g
t h e  c o o l i n g  s y s t e m ,  i n s p e c t  t h e  r a d i a t o r
and engine for water leaks.

NOTE

When  d ra in i ng  o r  f i l l i ng ,  t he  coo l -
ing system must  be vented.

A f t e r  t h e  r a d i a t o r  c o r e  h a s  b e e n  t h o r -
o u g h l y  c l e a n e d  a n d  d r i e d ,  r e i n s t a l l  t h e
fan shroud and gr i l l ,  i f  removed.

Remove Radiator

Remove radiator as fol lows:

1 .  R e m o v e  t h e  r a d i a t o r  f i l l e r  c a p  a n d
open  the  d ra in  cock  to  d ra in  the  coo l i ng
sys tem.  A lso  open  the  d ra in  cock  on  the
oi l  cooler  and the engine b lock.

NOTE

When  d ra in ing  t he  coo l i ng  sys tem,
i t  i s  n e c e s s a r y  t o  o p e n  t h e  v e n t
v a l v e  a t  t h e  t o p  o f  t h e r m o s t a t
hous ing .

2 .  R e m o v e  b o l t s ,  n u t s ,  p l a i n  w a s h e r s ,
a n d  l o c k  w a s h e r s  w h i c h  a t t a c h  t h e  f a n
be l t  gua rds  to  the  rea r  o f  t he  fan  gua rd
and remove the guards.

3 .  W i t h d r a w  s c r e w s  r e l e a s i n g  f a n  g u a r d
f rom the fan shroud.

4.  Loosen the hose c lamps at  the radiator
i n le t  p ipe  e lbow o r  hose  and  remove  the
elbow or hose.

5.  Loosen the hose c lamps at  the radiator
o u t l e t  p i p e  e x t e n s i o n  t u b e  o r  h o s e  a n d
remove the tube or hose.

6.  Use a chain hois t  and a sui table l i f t ing
d e v i c e  ( t h r o u g h  t h e  f i l l  n e c k  o r  o t h e r -
wise)  and draw the hoist ing chain taut  to
s teady  the  rad ia to r .

7. Remove the bolts, nuts, plain
w a s h e r s ,  l o c k  w a s h e r  a n d  b e v e l  w a s h e r
h o l d i n g  t h e  r a d i a t o r  a s s e m b l y  t o  t h e
base.

NOTE

S i n c e  t h e  s h r o u d  i s  v e r y  c l o s e  t o
the  t i ps  o f  t he  fan  b lades ,  t o  p re -
v e n t  d a m a g e  t o  t h e s e  p a r t s  g r e a t
c a r e  m u s t  b e  e x e r c i s e d  w h e n e v e r
the rad iator  is  removed.

8.  L i f t  the radiator  assembly wi th a chain
hoist  and l i f t ing hook enough to c lear  the
engine base;  then move i t  away f rom the
eng ine .

9 .  The  fan  sh roud  and  rad ia to r  g r i l l  may
be  removed  f r om the  rad ia to r  by  r emov -
ing  the  a t tach ing  bo l t s ,  f l a t  washers  and
lock washers.

Inspection

C l e a n  a l l  r a d i a t o r  p a r t s  t h o r o u g h l y ,  r e -
moving d i r t ,  scale and other  deposi ts .

Examine  the  rad ia to r  f o r  c racks  o r  o the r
d a m a g e .  T h e  r a d i a t o r  c o r e  f i n s  s h o u l d
be  s t ra igh t  and  even l y  spaced  to  pe rm i t
t h e  f u l l  f l o w  o f  c o o l i n g  a i r .  T h e  c o r e
tubes  shou ld  be  c lean  ins ide  and  ou ts ide
and have no leaks.

I f  r e p a i n t i n g  t h e  r a d i a t o r  c o r e  b e c o m e s
necessary,  i t  is  recommended that  a th in
c o a t  o f  d u l l  b l a c k  r a d i a t o r  p a i n t  o r  a n -
o t h e r  h i g h  q u a l i t y  f l a t  b l a c k  p a i n t  b e
used .  Ord ina ry  o i l  pa in t s  have  an  unde-
s i rab le  g lossy  f i n i sh  and  do  no t  t ransmi t
heat as well.
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C h e c k  a l l  r a d i a t o r  h o s e s  a n d  c l a m p s .
Rep lace  c racked  and  de te r io ra ted  hoses
and damaged clamps.

Install  Radiator

Assemb le  the  rad ia to r ,  g r i l l  and  sh roud .
Then  moun t  t he  assemb ly  on  the  eng ine
b a s e  b y  r e v e r s i n g  t h e  p r o c e d u r e  g i v e n
for  remova l .

Check  the  c lea rance  be tween  the  t i ps  o f
the  fan  b lades  and  rad ia to r  sh roud  a f te r
t h e  r a d i a t o r  i s  i n  p l a c e .  T h e r e  m u s t  b e
su f f i c i en t  c lea rance  be tween  these  pa r t s
or  damage to the fan and shroud wi l l  re-
s u l t  w h e n  t h e  e n g i n e  i s  s t a r t e d .  U s e
sh ims  be tween  the  rad ia to r  and  base ,  i f
necessary to obtain the proper
c learance.

COOLANT PRESSURE CONTROL CAP

Description

Figure 11F-12.  Pressure Contro l  Cap
(Pressure Valve Open)

The  rad ia to r  has  a  p ressure  con t ro l  cap
w i th  a  no rma l l y  c l osed  va l ve .   The  cap ,
w i t h  a  n u m b e r  7  s t a m p e d  o n  i t s  t o p ,  i s
designed to permi t  a pressure of  approx-
ima te l y  seven  pounds  i n  t he  sys tem be -
f o r e  t h e  v a l v e s  o p e n s .  T h i s  p r e s s u r e
ra ises the boi l ing point  o f  the cool ing l i -
quid and permi ts  somewhat h igher engine
o p e r a t i n g  t e m p e r a t u r e s  w i t h o u t  l o s s  o f
any  coo lan t  f r om bo i l i ng .  To  p reven t  t he
co l lapse  o f  hoses  and  o the r  pa r t s  wh ich
a r e  n o t  i n t e r n a l l y  s u p p o r t e d ,  a  s e c o n d
v a l v e  i n  t h e  c a p  o p e n s  u n d e r  v a c u u m
when the system cools.

Use ext reme care  when removing
the  coolant  pressure  contro l  cap.
R e m o v e  t h e  c a p  s l o w l y  a f t e r  t h e
engine has cooled. The sudden re-
l e a s e  o f  p r e s s u r e  f r o m  a  h e a t e d
cooling system can result in loss of
coolant and possible personal inju-
ry (scaling) from the hot l iquid.

Figure 11F-13.  Pressure Contro l  Cap
(Vacuum Valve Open)

To ensure against  possib le damage to the
c o o l i n g  s y s t e m  f r o m  e i t h e r  e x c e s s i v e
p r e s s u r e  o r  v a c u u m ,  c h e c k  b o t h  v a l v e s
pe r iod i ca l l y  f o r  p rope r  open ing  and  c los -
i n g  p r e s s u r e s .  I f  t h e  p r e s s u r e  v a l v e
d o e s  n o t  o p e n  b e t w e e n  6 . 2 5  p s i  ( 4 3 . 1
kPa) and 7.5 ps i  (51.7 kPa) or  the vacu-
um va l ve  does  no t  open  a t  . 625  ps i  ( 4 .3
k P a )  ( d i f f e r e n t i a l  p r e s s u r e ) ,  r e p l a c e  t h e
pressure  con t ro l  cap .

ENGINE COOLING FAN

Description

T h e  e n g i n e  c o o l i n g  f a n  i s  b e l t  d r i v e n
f r o m t h e c r a n k s h a f t pu l l ey
(Figure 11F-14 on page 11F-15).

T h e  f a n  i s  b o l t e d  t o  a  h u b  a n d  p u l l e y
w h i c h  i s  c a r r i e d  o n  t w o  b e a r i n g s .  T h e
bracke t  and  sha f t  i s  moun ted  on  the  fan
suppor t  wh ich  i s  i n  tu rn  a t tached  to  the
b a l a n c e  w e i g h t  c o v e r .  T h e  b r a c k e t  i s
s l o t t e d  t o  p e r m i t  a d j u s t m e n t  o f  t h e  f a n
b e l t  t e n s i o n  b y  m o v i n g  t h e  b r a c k e t  a n d

F i g u r e  1 1 F - 1 5  o n  p a g e  1 1 F - 1 6 ) .
s h a f t  o n  t h e  a t t a c h i n g  b o l t s  ( s e e
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Figure 11F-14. Fan and Fan Hub
Assembly

Lubrication

The  bear ings  and  the  cav i t y  be tween  the
b e a r i n g s  a r e  p a c k e d  w i t h  g r e a s e  a t  t h e
time the fan hub is assembled.

Fan Belt Adjustment

A d j u s t  t h e  f a n  b e l t ( s )  p e r i o d i c a l l y  a s
out l ined in  the operator ’s  manual .

Remove and Install  Fan Blades

I f  e n o u g h  c l e a r a n c e  e x i s t s  b e t w e e n  t h e
f a n  b l a d e s  a n d  t h e  f a c e  o f  t h e  r a d i a t o r
c o r e ,  t h e  f a n  b l a d e  a n d  s p a c e r  m a y  b e
removed  by  t ak ing  ou t  t he  s i x  moun t i ng
b o l t s ,  n u t s  a n d  l o c k  w a s h e r s .  I f  t h e

blades cannot be removed in this
m a n n e r ,  t h e  f a n ,  h u b  a n d  b r a c k e t  m a y
b e  r e m o v e d  a s  a n  a s s e m b l y .  S e e  t h e
p rocedu re  f o r  r emov ing  the  f an ,  hub  and
b r a c k e t .

T h e  f a n  b l a d e s  m a y  b e  i n s t a l l e d  b y  r e -
vers ing the procedure used for  removal .

Remove Fan,  Hub and Adjust ing Brack-
e t

The  fan  b lades  mus t  ro ta te  i n  a  ve r t i ca l
p l a n e  p a r a l l e l  w i t h  a  s u f f i c i e n t  d i s t a n c e
f r o m  t h e  r a d i a t o r  c o r e .  B e n t  f a n  b l a d e s
reduce  the  e f f i c i ency  o f  t he  coo l i ng  sys -
t e m ,  m a y  t h r o w  t h e  f a n  o u t  o f  b a l a n c e ,
and are apt  to damage the radiator  core.
B e f o r e  r e m o v i n g  t h e  f a n ,  c h e c k  t h e
b l a d e s  f o r  a l i g n m e n t .  D o  n o t  r o t a t e  t h e
fan by pul l ing on the fan b lades.

1.  Remove the bel t  and fan guards.

2 .  R e m o v e  t h e  a t t a c h i n g  b o l t s ,  l o c k
w a s h e r s  a n d  n u t s ,  t h e n  r e m o v e  t h e  f a n
and  spacer .

NOTE

I f  i nsu f f i c i en t  c l ea rance  ex i s t s  be -
tween the fan and radiator ,  remove
the  fan ,  hub  and  ad jus t i ng  b racke t
as an assembly.

3 .  R e m o v e  t h e  t w o  a d j u s t i n g  b o l t s ,  l o c k
washers  and  p la in  washers ,  then  remove
the  d r i ve  be l t s .

4 .  L o o s e n  t h e  a d j u s t i n g  b o l t s  u n t i l  t h e
b r a c k e t  i s  f r e e .  R e m o v e  t h e  h u b  a n d
bracket  assembly f rom the engine.

Disassemble  Fan,  Hub,  and Bracket

Refe r  t o  F igu re  11F-15  on  page  11F-16 ,
F i g u r e  1 1 F - 1 7  o n  p a g e  1 1 F - 1 7 ,  a n d
Figure 11F-16 on page 11F-16 and disas-
s e m b l e  t h e  f a n ,  h u b  a n d  a d j u s t i n g
bracket  as fo l lows:

1 .  R e m o v e  t h e  f a n  a t t a c h i n g  b o l t s  a n d
lock  washers  and  de tach  the  fan  and  the
spacer .

2 .  Remove the fan hub cap.

3.  Remove the hub bol t  and washer.
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Figure 11F-15. Fan Mounting

Figure 11F-16. Shaft Type Fan Hub
Assembly

11F-16

4 . Wi thd raw the  hub  and  bea r ing  assem-
b l y  f r o m  t h e  s h a f t .  I t  m a y  b e  n e c e s s a r y
to  the tap the end of the shaft with a soft
hammer to loosen the hub assembly.

5 .  R e m o v e  t h e  b e a r i n g s  a n d  o i l  s e a l  a s
follows:

A .  R e m o v e  t h e  b a l l  b e a r i n g  b y  t a p p i n g
a l t e r n a t e l y  a r o u n d  t h e  o u t e r  e d g e  o f
t h e  b e a r i n g  w i t h  a  s m a l l  b r a s s  r o d
and hammer.

B .  D r i ve  t he  o i l  sea l  f r om the  hub .  D i s -
card the oil seal.

C .  Remove  the  i nne r  ( rea r )  r o l l e r  i n  t he
same manner as outl ined in Step A.

Inspection

Clean  the  fan  and  re la ted  pa r t s  w i th  f ue l
o i l  a n d  d r y  t h e m  w i t h  c o m p r e s s e d  a i r .
S h i e l d e d  b e a r i n g s  m u s t  n o t  b e  w a s h e d ;
d i r t  m a y  b e  w a s h e d  i n  a n d  t h e  c l e a n i n g
f l u i d  cou ld  no t  be  en t i r e l y  r emoved  f r om
t h e  b e a r i n g .  E x a m i n e  t h e  b e a r i n g s  f o r
a n y  i n d i c a t i o n  o f  c o r r o s i o n  o r  p i t t i n g .
Ho ld  t he  i nne r  race  o r  cone  and  revo l ve



Figure 11F-17.  Fan Hub and Adjust ing Bracket  Deta i ls

the  ou te r  race  o r  cup  s low ly  by  hand .  I f
rough  spo ts  a re  found ,  rep lace  the  bear -
i n g s .

C h e c k  t h e  f a n  b l a d e s  f o r  c r a c k s .  R e -
p l a c e  t h e  f a n  i f  t h e  b l a d e s  a r e  b a d l y
b e n t ,  s i n c e  s t r a i g h t e n i n g  m a y  w e a k e n
the the blades, particularly in the hub area.

R e m o v e  a n y  r u s t  o r  r o u g h  s p o t s  i n  t h e
g rooves  o f  t he  fan  pu l l ey  and  c ranksha f t
p u l l e y .  I f  t h e  g r o o v e s  a r e  d a m a g e d  o r
seve re l y  worn ,  rep lace  the  pu l l eys .

C h e c k  f o r  c r a c k s  i n  t h e  a d j u s t i n g  a n d
suppor t  b racke t  cas t ings .

T h e  f a n  s h a f t  r e a r  b e a r i n g  i n n e r  r a c e
s h o u l d  b e  i n s p e c t e d  f o r  a n y  m e a s u r a b l e
wear .  Rep lace  the  i nne r  race  i f  t he  ou t -
er  d iameter  is  less than 1.7299”.

NOTE

The inner and outer  races are only
s e r v i c e d  a s  a  r e a r  r o l l e r  b e a r i n g
assembly.

W h e n  i n s t a l l i n g  t h e  r e a r  b e a r i n g  i n n e r
r a c e ,  p r e s s  i t  o n  t h e  s h a f t  a n d  p o s i t i o n
it 1.35” to 1.37” from the end of the
s h a f t .

Assemble  Fan,  Hub and Bracket

Assemb le  the  fan  hub  and  b racke t  shown
i n  F i g u r e  1 1 F - 1 7  a n d  F i g u r e  1 1 F - 1 6  o n
page 11F-16 as follows:

1 .  App l y  Texaco  P rem ium RB g rease ,  o r
an  equ i va len t  L i t h i um base  mu l t i - pu rpose
g r e a s e ,  t o  t h e  r o l l e r s  o f  b o t h  b e a r i n g s
before insta l l ing them in the pul ley hub.

2 .  I n s t a l l  t h e  i n n e r  ( r e a r )  r o l l e r  b e a r i n g
a s s e m b l y ,  w i t h  t h e  p r o t r u d i n g  f a c e  o f
t h e  i n n e r  r a c e  f a c i n g  o u t w a r d  f r o m  t h e
h u b ,  ( 1 . 3 1 ”  f r o m  e n d  o f  s h a f t ) ,  b y  t a p -
p i n g  a l t e r n a t e l y  a r o u n d  t h e  f a c e  o f  t h e
bear ing outer  race wi th a smal l  brass rod
and hammer.

3 .  I ns ta l l  a  new o i l  sea l  w i th  the  rubber
s i d e  f l u s h  w i t h  t h e  o u t e r  e d g e  o f  t h e
h u b .

NOTE

C e r t a i n  e n g i n e s  u s e  a  r u b b e r  l i p
type o i l  seal .

4 .  P l a c e  t h e  a d j u s t i n g  b r a c k e t  a s s e m b l y
on  wood  b locks  se t t i ng  on  the  bed  o f  an
a r b o r  p r e s s .  T h e n  p r e s s  t h e  p u l l e y  h u b
on the fan shaf t .

5 .  P a c k  t h e  c a v i t y  2 0 - 3 0 %  f u l l  w i t h
grease as out l ined in Step 1.
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6. Install outer (front) bearing
assembly.

7 .  S e c u r e  t h e  h u b  w i t h  t h e  w a s h e r  a n d
bo l t .  T igh ten  the  1 /2 "  -  20  bo l t  t o  83 -93
lb - f t  ( 113 -126  Nm)  to rque  wh i l e  ro ta t i ng
the  pu l l ey .

8 .  F i l l  a  new  fan  hub  cap  75% m in imum
fu l l  o f  g rease  and  i ns ta l l  i t  i n  t he  end  o f
t h e  f a n  h u b  ( p u l l e y ) .

NOTE

The  cap  mus t  no t  p ro t rude  beyond
the face of  the hub.

9 .  S e c u r e  t h e  f a n  b l a d e  a n d  s p a c e r  t o
t h e  p u l l e y  h u b  w i t h  s i x  b o l t s ,  n u t s ,  a n d

l o c k  w a s h e r s .  T i g h t e n  t h e  n u t s  t o  1 5 - 1 9
lb - f t  ( 20 -26  Nm)  to rque .

Insta l l  Fan,  Hub and Bracket

1 .  A t t a c h  t h e  f a n  h u b  a n d  a d j u s t i n g
b racke t  assemb ly  to  the  suppor t  b racke t
o n  t h e  e n g i n e  w i t h  b o l t s ,  l o c k  w a s h e r s
a n d  p l a i n  w a s h e r s .  D o  n o t  t i g h t e n  t h e
bo l t s .

2 .  I n s t a l l  t h e  d r i v e  b e l t s  a n d  a d j u s t  t h e
be l t  t ens ion  as  ou t l i ned  i n  the  Opera to rs
M a n u a l s ,  S e c t i o n  V .  I n s t a l l  t h e  a d j u s t -
i ng  b racke t ,  bo l t  and  p la in  washer .

3 .  I n s t a l l  t h e  f a n  ( a n d  f a n  s p a c e r )  o n
the hub and secure i t  wi th bol ts  and lock
w a s h e r s .
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SPEClFlCATlONS

STANDARD BOLT AND NUT TORQUE SPECIFICATIONS

THREAD
SIZE

26OM BOLTS
TORQUE

(lb-ft) Nm
THREAD

SIZE

280M OR BETTER
TORQUE

(lb-ft) Nm

1/4 -20 ..............................
1/4 -28 ..............................
5/16-18 ..............................
5/16-24 ..............................
3/8 -16 ..............................
3/8 -24 ..............................
7/16-14 ..............................
7/16-20 ..............................
1/2 -13 ..............................
1/2 -20 ..............................
9/16-12 ..............................
9/16-18 .............................
5/8 -11 ..............................
5/8 -18 ..............................
3/4 -10 ..............................
3/4 -16 ..............................
7/8 -  9 ..............................
7/8 -14 ..............................
1 - 8 .............................
1 -14 ..............................

5 - 7  7 - 9  1 / 4 - 2 0
6 - 8  8-11 1 / 4 - 2 8

10-13 14-18 5/16-18
11-14 15-19 5/16-24
23-26 31-35 3 / 8 - 1 6
26-29 35-40 3 / 8 - 2 4
35-38 47-51 7/16-14
43-46 58-62 7/16-20
53-56 72-76 1 / 2 - 1 3
62-70 84-95 1 / 2 - 2 0
68-75 92-102 9/16-12
80-88 109-119 9/16-18
103-110 140-149 5 / 8 - 1 1
126-134 171-181 5 / 8 - 1 8
180-188 244-254 3 / 4 - 1 0
218-225 295-305 3 / 4 - 1 6
308-315 417-427 7/8 - 9
356-364 483-494 7 / 8 - 1 4
435-443 590-600 1  -  8
514-521 697-705 1  -  14

.............................

..............................

............................

............................

............................

............................

.............................

..............................

..............................

..............................

..............................

..............................

..............................

..............................

..............................

.............................
............................
.................................
..............................
...............................

7-9 10-12
8-10 11-14

13-17 18-23
15-19 20-26
30-35 41-47
35-39 47-53
46-50 62-68
57-61 77-83
71-75 96-102
83-93 113-126
90-100 122-136

107-117 146-159
137-147 186-200
168-178 228-242
240-250 325-339
290-300 393-407
410-420 556-569
475-485 644-657
580-590 786-800
685-695 928-942

Grade identification markings are normally stamped on the heads of the bolts. To aid identification of the various
bolts used in Detroit Diesel engines, refer to the following chart.

None

None

BOLT IDENTIFICATION CHART
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SERVICE TOOLS

TOOL NAME TOOL NO.

Water pump and fuel pump wrench .................................................................... J 4242
Water pump drive coupling remover .................................................................... J 1930
Water pump impeller installer ............................................................................... J 22437

EXCEPTIONS TO STANDARD BOLT AND NUT TORQUE SPECIFICATIONS

APPLICATION THREAD
SIZE (lb-ft) (Nm)

Water pump coupling
bolt . . . . . . . . . . . . . . 5/16-24 18 min. 24 min.

Water manifold nut . . . . . . . . . . . . . 3 / 8 - 2 4 25-30 34-41

STUD TORQUE SPECIFICATIONS

APPLICATION TORQUE
(lb-ft)

TORQUE
(Nm)

Water manifold stud ..................................................... 10-25 14-34
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SECTION 11G

EXHAUST SYSTEM

DESCRIPTION

T h i s  e n g i n e  i s  e q u i p p e d  w i t h  a n  a i r
c o o l e d  e x h a u s t  m a n i f o l d .  T h e  e x h a u s t
mani fo ld is  at tached to s tuds located be-
t w e e n  t h e  e x h a u s t  p o r t s  a n d  t h e  o u t e r
s ide  o f  t he  two  end  po r t s  i n  the  cy l i nde r
h e a d .  S p e c i a l  w a s h e r s  a n d  n u t s  s e c u r e
the mani fo ld  to  the cy l inder  head.

EXHAUST MANIFOLD

General

T h e  a i r  c o o l e d  e x h a u s t  m a n i f o l d  i s
m o u n t e d  o n  t h e  c y l i n d e r  h e a d  ( s e e
F igu re  11G-1 ) .

A n  e x h a u s t  m a n i f o l d  h o l d  d o w n  c r a b  i s
u s e d .  T h e  h o l d  d o w n  c r a b  i s  m a d e  o f  a
h a r d e n e d  s t e e l .  T h i s  w i l l  m i n i m i z e  w e a r
a n d  g o u g i n g  o f  t h e  m a n i f o l d ,  c r a b  a n d
cy l i nde r  head  ma t ing  su r faces ,  wh ich  re -

su l t s  i n  a  l oss  i n  the  to rque  on  the  ho ld
down c rab  nu t .

Also a specia l  washer is  used at  the cen-
t e r  p o r t i o n s  o f  t h e  e x h a u s t  m a n i f o l d s .
Th i s  washer  w i l l  more  accu ra te l y  con t ro l
t h e  s e a t i n g  a r e a  f o r  t h e  7 / 1 6 "  n u t  o r
b o l t .

Remove Exhaust Manifold

Remove the manifold as fol lows:

1 .  D i sconnec t  t he  exhaus t  p ipe  f rom the
exhaust  mani fo ld .

2 .  R e m o v e  t h e  n u t s  a n d  b e v e l  w a s h e r s
t h a t  a t t a c h  t h e  e x h a u s t  m a n i f o l d  t o  t h e
c y l i n d e r  h e a d .  I t  i s  s u g g e s t e d  t h a t ,  a s
a  s a f e t y  m e a s u r e ,  t h e  n u t s  b e  l o o s e n e d
b u t  l e f t  o n  t h e  c e n t e r  s t u d  u n t i l  a l l  o f
t h e  o t h e r  n u t s  a n d  w a s h e r s  h a v e  b e e n
removed.

Figure 11G-1.  A i r  Cooled Exhaust  Mani fo ld  Mount ing
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3 .  Suppo r t  t he  man i f o l d  and  remove  the
nut  and washer f rom the center  s tud.

4 .  L i f t  t he  man i f o l d  away  f r om the  cy l i n -
de r  head .

5. Remove the manifold gaskets.

Inspection

Remove  the  l oose  sca le  and  ca rbon  tha t
m a y  h a v e  a c c u m u l a t e d  o n  t h e  i n t e r n a l
wa l l s  o f  t he  exhaus t  man i f o l d . I t  i s  es -
pec ia l l y  impo r tan t  t o  c l ean  t he  man i f o l d
used  on  a  tu rbocharged  un i t  t o  e l im ina te
the possib i l i ty  of  loose scale enter ing and
damag ing  the  tu rbocharge r .

E x a m i n e  t h e  e x h a u s t  m a n i f o l d  s t u d s  f o r
d a m a g e .  I f  n e c e s s a r y ,  r e p l a c e  t h e
s tuds .  New s tuds  a re  d r i ven  in  to  25 -40
lb - f t  ( 34 -54  Nm)  to rque .

Install  Exhaust Manifold

Insta l l  the exhaust  mani fo ld  on the cy l in-
der head as fo l lows:

1 .  P lace  a  new gaske t (s )  ove r  the  s tuds
and up against  the cy l inder head.

NOTE

When  i ns ta l l i ng  t he  me ta l  c l ad  ex -
h a u s t  m a n i f o l d  g a s k e t ( s ) ,  b e  s u r e
the cr imped s ide of  the gasket  fac-
es the cylinder head (see
F igu re  11G-2 ) .

2 .  Posi t ion the exhaust  mani fo ld  over  the
s tuds  and  aga ins t  the  gaske t (s ) .

3 .  I n s t a l l  t h e  b e v e l  w a s h e r s  o n  t h e
s t u d s .

F igure 11G-2.  Meta l  Clad Exhaust
Manifold Gasket

NOTE

I ns ta l l  t he  beve l  washers  w i th  the
c rowned  s ides  toward  the  nu ts .

4 .  T h r e a d  t h e  n u t s  o n  t h e  s t u d s .  T h e n ,
s ta r t i ng  w i th  the  cen te r  nu t  and  work ing
a l te rna te l y  toward  each  end ,  t i gh ten  the
man i fo l d  nu t s  t o  30 -35  l b - f t  ( 41 -47  Nm)
t o r q u e .

NOTE

I f  t h e  c y l i n d e r  h e a d  w a s  r e m o v e d
f r o m  t h e  e n g i n e ,  d o  n o t  t i g h t e n
the  man i f o l d  nu t s  un t i l  AFTER the
h e a d  i s  r e i n s t a l l e d .  O t h e r w i s e ,  i n -
te r fe rence  may  be  encoun te red  be -
t w e e n  t h e  m a n i f o l d  a n d  c y l i n d e r
b l o c k  b o s s e s  w h i c h  s e r v e  a s  a
s u p p o r t  f o r  t h e  m a n i f o l d  w h e n  t h e
cyl inder  head is  insta l led.

5.  Connect  the exhaust  p ipe to the mani-
f o l d .  T i g h t e n  t h e  b r a s s  e x h a u s t  m a n i -
f o l d  o u t l e t  f l a n g e  n u t s  t o  2 0 - 2 5  l b - f t
(27-34 Nm) torque.
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SUBSECTION 11H

E N G I N E  T U N E - U P

GENERAL

T h i s  s u b s e c t i o n  w i l l  i n c l u d e  t u n e - u p  i n -
formation including governor
ad jus tmen ts ,  f ue l  i n j ec t i on  t im ing ,  t h ro t -
t l e  l i n k a g e  a d j u s t m e n t s  a n d  e x h a u s t
va lve c learance adjustments.

ENGINE TUNE-UP PROCEDURES

General

T h e r e  i s  n o  s c h e d u l e d  i n t e r v a l  f o r  p e r -
f o r m i n g  a n  e n g i n e  t u n e - u p .  A s  l o n g  a s
t h e  e n g i n e  p e r f o r m a n c e  i s  s a t i s f a c t o r y ,
no  tune-up  shou ld  be  needed .  M ino r  ad -
j us tmen ts  i n  t he  va l ve  and  i n j ec to r  ope r -
a t i n g  m e c h a n i s m ,  g o v e r n o r ,  e t c .  s h o u l d
on l y  be  requ i red  pe r i od i ca l l y  t o  compen-
sate for  normal  wear on par ts .

To comply wi th emiss ions regulat ions,  in-
j e c t o r  t i m i n g ,  e x h a u s t  v a l v e  c l e a r a n c e ,
e n g i n e  i d l e  a n d  n o - l o a d  s p e e d s ,  a n d
t h r o t t l e  d e l a y  o r  f u e l  m o d u l a t o r  s e t t i n g s
mus t  be  checked  and  ad jus ted ,  i f  neces -
sary, at 50,000 miles (80 467 km)
in te rva l s  ( re fe r  t o  Sec t i on  5  o f  ope ra to rs
manua l ) .  The  t ype  o f  gove rno r  used  de -
p e n d s  u p o n  t h e  e n g i n e  a p p l i c a t i o n .
S ince  each  gove rno r  has  d i f f e ren t  cha r -
ac te r i s t i cs ,  t he  tune -up  p rocedure  va r ies
acco rd ing l y .  The  va r i ab le  speed  mechan-
ica l  governor  is  used.

The  mechan i ca l  gove rno rs  a re  i den t i f i ed
by a name plate at tached to the governor
h o u s i n g .  T h e  l e t t e r s  D . W . - L . S .  s t a m p e d
on the name plate denote a double-weight
limiting speed governor. A
s i n g l e - w e i g h t  v a r i a b l e  s p e e d  g o v e r n o r
p la te  is  s tamped S.W.-V.S.

Norma l l y ,  when  pe r fo rm ing  a  t une -up  on
an engine in  serv ice,  i t  is  only  necessary
t o  c h e c k  t h e  v a r i o u s  a d j u s t m e n t s  f o r  a
poss ib le  change  in  se t t i ngs .  However ,  i f
t h e  c y l i n d e r  h e a d ,  g o v e r n o r  o r  i n j e c t o r s
have  been  rep laced  o r  ove rhau led ,  t hen
c e r t a i n  p r e l i m i n a r y  a d j u s t m e n t s  a r e  r e -
qu i red  be fo re  the  eng ine  i s  s ta r ted .

T h e  p r e l i m i n a r y  a d j u s t m e n t s  c o n s i s t  o f
t h e  f i r s t  f o u r  i t e m s  i n  t h e  t u n e - u p  s e -
q u e n c e .  T h e  p r o c e d u r e s  a r e  t h e  s a m e
excep t  t ha t  t he  va l ve  c l ea rance  i s  g rea t -
er  for  a co ld engine.

T o  t u n e  u p  a n  e n g i n e  c o m p l e t e l y ,  p e r -
f o r m  a l l  o f  t h e  a d j u s t m e n t s ,  e x c e p t  t h e
valve br idge adjustment  in  the appl icable
t u n e - u p  s e q u e n c e  g i v e n  b e l o w  a f t e r  t h e
eng ine h a s  r e a c h e d  n o r m a l  o p e r a t i n g
t e m p e r a t u r e ,  S i n c e  t h e  a d j u s t m e n t s  a r e
n o r m a l l y  m a d e  w h i l e  t h e  e n g i n e  i s
s topped ,  i t  may  be  necessary  to  run  the
e n g i n e  b e t w e e n  a d j u s t m e n t s  t o  m a i n t a i n
no rma l  ope ra t i ng  tempera tu re .

NOTE

The  exhaus t  va l ve  b r i dges  a re  ad -
j u s t e d  a t  t h e  t i m e  t h e  c y l i n d e r
h e a d  i s  i n s t a l l e d  o n  t h e  e n g i n e
a n d ,  u n t i l  w e a r  o c c u r s ,  n o  f u r t h e r
a d j u s t m e n t  i s  r e q u i r e d .  W h e n
w e a r  i s  e v i d e n t ,  p e r f o r m  a  c o m -
p l e t e  v a l v e  b r i d g e  a d j u s t m e n t  a s
out l ined in  Subsect ion 11B.

Use  a  new va l ve  rocke r  cove r  gaske t  a f -
ter  the tune-up is  completed.

Subsection 11H 11H-1



Tune-Up Sequence

Before start ing an engine after an
engine speed control adjustment or
after removal of the engine gover-
n o r  c o v e r ,  t h e  s e r v i c e m a n  m u s t
d e t e r m i n e  t h a t  t h e  i n j e c t o r  r a c k s
move to the no-fuel posit ion when
the governor  s top lever  is  p laced
in  the  s top posi t ion.  Engine over -

I  with the governor stop le-

s p e e d  w i l l  r e s u l t  i f  t h e  i n j e c t o r
r a c k s  c a n n o t  b e  p o s i t i o n e d  a t
no-fue
v e r .

1.  Adjust  the exhaust  va lve c learance.

2.  T ime the fue l  in jectors .

3 .  Ad jus t  t he  gove rno r  gap .

4 .  P o s i t i o n  t h e  i n j e c t o r  r a c k  c o n t r o l  l e -
v e r s .

5.  Adjust  the maximum no- load speed.

6.  Adjust  the id le speed.

7 .  Ad jus t  t he  bu f fe r  sc rew.

8 .  Ad jus t  t he  th ro t t l e  boos te r  sp r ing .

g i n e  p a r t s  d u r i n g  t h e  e n g i n e  w a r m - u p
p e r i o d . Th i s  w i l l  ensu re  a  va l ve  se t t i ng
t h a t  i s  c l o s e  e n o u g h  t o  t h e  s p e c i f i e d
c l e a r a n c e  t o  p r e v e n t  d a m a g e  t o  t h e
valves when the engine is  s tar ted.

Engines With Four Cylinder Heads

G E N E R A L .  T h e  e x h a u s t  v a l v e  b r i d g e s
m u s t  b e  a d j u s t e d  a n d  t h e  a d j u s t m e n t
s c r e w s  l o c k e d  s e c u r e l y  a t  t h e  t i m e  t h e
cy l i nde r  head  i s  i ns ta l l ed  on  the  eng ine .
T h e  n e c e s s a r y ad jus tmen t  p rocedure  i s
out l ined in  Subsect ion 11B.

The  exhaus t  va l ve  b r i dge  ba lance  shou ld
be checked when a general  va lve adjust -
m e n t  i s  p e r f o r m e d .  A f t e r  t h e  b r i d g e s
are  ba lanced , ad jus t  t he  va l ve  c l ea rance
at  the push rod only.

Do not disturb the exhaust valve adjust-
ing screw.

A l l  o f  t h e  e x h a u s t  v a l v e s  m a y  b e  a d -
j u s t e d  i n  f i r i n g  o r d e r  s e q u e n c e  d u r i n g
o n e  f u l l  r e v o l u t i o n  o f  t h e  c r a n k s h a f t .
R e f e r  t o  t h e  G e n e r a l  S p e c i f i c a t i o n s  i n
Subsec t i on  11A  fo r  t he  eng ine  f i r i ng  o r -
d e r .

VALVE CLEARANCE ADJUSTMENT
(COLD ENGINE)

1 .  Remove  t he  l oose  d i r t  f r om  the  va l ve
rocker  cover  and remove the cover .

2.  P lace the governor  speed contro l  lever
i n  t h e  i d l e  s p e e d  p o s i t i o n .  I f  a  s t o p  l e -
v e r  i s  p r o v i d e d ,  s e c u r e  i t  i n  t h e  s t o p
pos i t i on .

3 .  R o t a t e  t h e  c r a n k s h a f t ,  m a n u a l l y  o r
w i t h  t h e  s t a r t i n g  m o t o r ,  u n t i l  t h e  i n j e c -
to r  f o l l ower  i s  f u l l  dep ressed  on  the  pa r -
t i cu la r  cy l i nde r  t o  be  ad jus ted .

EXHAUST VALVE CLEARANCE AD-
JUSTMENT

General

T h e  c o r r e c t  e x h a u s t  v a l v e  c l e a r a n c e  a t
n o r m a l  e n g i n e  o p e r a t i n g  t e m p e r a t u r e  i s
impo r tan t  f o r  smoo th ,  e f f i c i en t  ope ra t i on
of  the engine.

Insuf f ic ient  va lve c learance can resul t  in
l o s s  o f  c o m p r e s s i o n ,  m i s f i r i n g  c y l i n d e r s
and ,  even tua l l y ,  bu rned  va l ve  sea ts  and
v a l v e  s e a t  i n s e r t s .  E x c e s s i v e  v a l v e
c lea rance  w i l l  r esu l t  i n  no i sy  ope ra t i on ,
increased va lve face wear  and va lve lock
damage.

W h e n e v e r  t h e  c y l i n d e r  h e a d  i s  o v e r -
hau led ,  t he  exhaus t  va l ves  a re  recond i -
tioned or replaced, or valve
opera t i ng  mechan ism i s  rep laced  o r  d i s -
t u r b e d  i n  a n y  w a y ,  t h e  v a l v e  c l e a r a n c e
must  be f i rs t  adjusted to the cold set t ing
to  a l l ow  fo r  no rma l  expans ion  o f  t he  en -

I f  a wrench is used on the crank-
shaf t  bo l t  a t  the  f ront  o f  the  en-
g i n e ,  d o  n o t  t u r n  t h e  c r a n k s h a f t
in a left-hand direction of rotation
or the bolt may loosen.

4 .  Loosen  the  exhaus t  va l ve  rocke r  a rm
push  rod  lock  nu t .

5.  Place a 0.017”  feeler  gage,  J  9708-01,
b e t w e e n  t h e  e n d  o f  t h e  e x h a u s t  v a l v e
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s t e m  a n d  t h e  v a l v e  b r i d g e  a d j u s t m e n t
screw (see Figure 11H-1 on page 11H-3).
A d j u s t  t h e  p u s h  r o d  t o  o b t a i n  a  s m o o t h
pul l  on the feeler  gauge.

F igu re  11H-1 .  Ad jus t i ng  Va l ve
Clearance

6 .  R e m o v e  t h e  f e e l e r  g a g e , H o l d  t h e
p u s h  r o d  w i t h  a  5 / 1 6 ”  w r e n c h  a n d  t i g h t -
en the lock nut  wi th a 1/2”  wrench.

7 .  Recheck  t he  c l ea rance .  A t  t h i s  t ime  i f
t h e  a d j u s t  i s  c o r r e c t ,  t h e  0 . 0 1 5 ”  g a g e
w i l l  p a s s  f r e e l y  b e t w e e n  t h e  v a l v e  s t e m
a n d  t h e  a d j u s t m e n t  s c r e w .  T h e  0 . 0 1 7 ”
w i l l  no t  pass  th rough ,  Read jus t  the  push
rod ,  i f  necessa ry .

8 .  A d j u s t  a n d  c h e c k  t h e  r e m a i n i n g  e x -
h a u s t  v a l v e s  i n  t h e  s a m e  m a n n e r  a s
above.

VALVE CLEARANCE ADJUSTMENT (HOT
ENGINE). Maintaining normal engine op-
e r a t i n g  t e m p e r a t u r e  i s  p a r t i c u l a r l y  i m -
p o r t a n t  w h e n  m a k i n g  t h e  f i n a l  e x h a u s t
v a l v e  c l e a r a n c e  a d j u s t m e n t .  I f  t h e  e n -
gine is  a l lowed to cool  before set t ing any
o f  t h e  v a l v e s ,  t h e  c l e a r a n c e  w h e n  r u n -
ning at full load, may become
insu f f i c i en t .

1 .  W i t h  t h e  e n g i n e  a t  n o r m a l  o p e r a t i n g
t e m p e r a t u r e  ( r e f e r  t o  S u b s e c t i o n  1 1 A ) ,
recheck the exhaust  va lve c learance wi th
f e e l e r  g a g e  J  9 7 0 8 - 0 1 .  A t  t h i s  t i m e ,  i f
the va lve c learance is  correct ,  the 0.013”
g a g e  w i l l  p a s s  f r e e l y  b e t w e e n  t h e  v a l v e
s t e m  a n d  t h e  v a l v e  b r i d g e  a d j u s t i n g
s c r e w .  T h e  0 . 0 1 5 ”  f e e l e r  g a g e  w i l l  n o t
p a s s  t h r o u g h .  R e a d j u s t  t h e  p u s h  r o d  i f
necessary .

2 .  A f t e r  t he  exhaus t  va l ve  c l ea rance  has
b e e n  a d j u s t e d ,  c h e c k  t h e  f u e l  i n j e c t o r
t i m i n g .

CHECK EXHAUST VALVE CLEARANCE
ADJUSTMENT

1 .  W i t h  t h e  e n g i n e  o p e r a t i n g  1 0 0 o F
( 3 8 ° C )  o r  l e s s ,  c h e c k  t h e  v a l v e
clearance.

2. If a 0.016” feeler gage (J 9708-01) ±
0.004” wi l l  pass between the  va lve  s tem
a n d  t h e  r o c k e r  a r m  b r i d g e ,  t h e  v a l v e
c l e a r a n c e  i s  s a t i s f a c t o r y .  I f  n e c e s s a r y
ad jus t  the  push  rod .

FUEL INJECTOR TIMING

General

To  t ime  an  i n j ec to r  p rope r l y ,  t he  i n j ec to r
f o l l o w e r  m u s t  b e  a d j u s t e d  t o  a  d e f i n i t e
height  re lat ion to the in jector  body.

Al l  o f  the in jectors  can be t imed in  f i r ing
o r d e r  s e q u e n c e  d u r i n g  o n e  f u l l  r e v o -
l u t i o n  o f  t h e  c r a n k s h a f t .  R e f e r  t o  G e n -
e ra l  Spec i f i ca t i ons  i n  Subsec t i on  11A  fo r
the  eng ine  f i r i ng  o rde r .

Time Fuel Injector

A f t e r  t h e  e x h a u s t  v a l v e  c l e a r a n c e  h a s
been  ad jus ted , t ime the fue l  in jectors  as
fo l l ows :

1.  P lace the governor  speed contro l  lever
i n  t h e  i d l e  s p e e d  p o s i t i o n .  I f  a  s t o p  l e -
v e r  i s  p r o v i d e d ,  s e c u r e  i t  i n  t h e  s t o p
pos i t i on .

2 .  R o t a t e  t h e  c r a n k s h a f t ,  m a n u a l l y  o r
w i t h  t h e  s t a r t i n g  m o t o r ,  u n t i l  t h e  e x -
h a u s t  v a l v e s  a r e  f u l l y  d e p r e s s e d  o n  t h e
pa r t i cu la r  cy l i nde r  t o  be  t imed .

I f  a wrench is used on the crank-
s h a f t  b o l t  a t  t h e  f r o n t  o f  t h e  e n -
g i n e ,  d o  n o t  t u r n  t h e  c r a n k s h a f t
in a left-hand direction of rotation
or the bolt may be loosened.

3. Place the small end of the injector t im-
ing  gage  i n  t he  ho le  p rov ided  i n  t he  top
o f  t h e  i n j e c t o r  b o d y  w i t h  t h e  f l a t  o f  t h e
g a g e  t o w a r d  t h e  i n j e c t o r  f o l l o w e r .  R e f e r
to Figure 11H-2 on page 11H-4.

Engine Tune-Up 11H-3



General

A f t e r  a d j u s t i n g  t h e  e x h a u s t  v a l v e  a n d
t im ing  t he  f ue l  i n j ec to rs ,  ad jus t  t he  gov -
e r n o r  a n d  t h e  i n j e c t o r  r a c k  c o n t r o l  l e -
v e r s .

Adjust  Governor  Gap

Wi th  the  eng ine  s topped ,  ad jus t  t he  gov -
ernor gap as fo l lows:

1.  Disconnect  any l inkage at tached to the
gove rno r  l eve rs .

2 .  Remove the governor  cover .

3. Place the speed control lever
( F i g u r e  1 1 H - 3 )  i n  t h e  m a x i m u m  s p e e d
pos i t i on .

F igu re  11H-2 .  T im ing  Fue l  I n j ec to r

4 .  L o o s e n  t h e  i n j e c t o r  r o c k e r  a r m  p u s h
rod  l ock  nu t .

5 .  T u r n  t h e  p u s h  r o d  a n d  a d j u s t  t h e  i n -
j ec to r  rocke r  a rm un t i l  t he  ex tended  pa r t
of  the gage wi l l  just  pass over  the top of
the in jector  fo l lower.

6 .  H o l d  t h e  p u s h  r o d  a n d  t i g h t e n  t h e
l o c k  n u t .  C h e c k  t h e  a d j u s t m e n t  a n d ,  i f
necessary ,  re -ad jus t  the  push  rod .

7 .  T i m e  t h e  r e m a i n i n g  i n j e c t o r s  i n  t h e
same manner as outl ined above.

8 .  I f  n o  f u r t h e r  e n g i n e  t u n e - u p  i s  r e - 6 .  S e c u r e  t h e  g o v e r n o r  t o  t h e  g o v e r n o r
q u i r e d ,  i n s t a l l  t h e  v a l v e  r o c k e r  c o v e r , h o u s i n g  w i t h  t h r e e  r e g u l a r  s c r e w s ,  o n e
using a new gasket. special  screw and lock washers.

4 .  I n s e r t  a  0 . 0 0 6 ”  f e e l e r  g a g e  b e t w e e n
t h e  s p r i n g  p l u n g e r  a n d  t h e  p l u n g e r
g u i d e .  I f  r e q u i r e d ,  l o o s e n  t h e  l o c k  n u t
a n d  t u r n  t h e  a d j u s t i n g  s c r e w  i n  o r  o u t
un t i l  a  s l i gh t  d rag  i s  no ted  on  the  fee le r
gage .

5 .  H o l d  t h e  a d j u s t i n g  s c r e w  a n d  t i g h t e n
t h e  l o c k  n u t .  C h e c k  t h e  g a p ,  a n d  r e s e t
i t ,  i f  necessa ry .

7 .  Hook  the  tens ion  re t rac t i ng  sp r ing  on
the  spec ia l  cove r  sc rew and  the  s top  l e -
ve r  (F igu re  11H-4  on  page  11H-5 ) .

VARIABLE SPEED MECHANICAL GOV-
ERNOR AND INJECTOR RACK CON-
TROL ADJUSTMENT

Figure 11H-3.  Adjust ing Governor  Gap
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F igu re  11H-4 .  Pos i t i on ing  No .  1
In jec to r  Rack  Con t ro l  Leve r

Position Injector Rack Control Levers

T h e  p o s i t i o n  o f  t h e  i n j e c t o r  c o n t r o l  r a c k
l e v e r s  m u s t  b e  c o r r e c t l y  s e t  i n  r e l a t i o n
to  t he  gove rno r .

T h e i r  p o s i t i o n  d e t e r m i n e s  t h e  a m o u n t  o f
f u e l  i n j e c t e d  i n t o  e a c h  c y l i n d e r  a n d  e n -
sures equal  d is t r ibut ion of  the load.

P rope r l y  pos i t i oned  i n jec to r  rack  con t ro l
l e v e r s  w i t h  t h e  e n g i n e  a t  f u l l  l o a d  w i l l
r esu l t  i n  t he  fo l l ow ing :

Speed control lever at the maximum
speed posi t ion.

Stop lever  in  the RUN posi t ion.

H igh  speed  sp r ing  p lunger  on  the  sea t
i n  t he  gove rno r  con t ro l  hous ing .

I n j e c t o r  f u e l  c o n t r o l  r a c k s  i n  t h e  f u l l
f ue l  pos i t i on .

Ad jus t  t he  No .  1  i n j ec to r  rack  con t ro l  l e -
v e r  ( F i g u r e  1 1 H - 4 )  f i r s t ,  t o  e s t a b l i s h  a
g u i d e  f o r  a d j u s t i n g  t h e  r e m a i n i n g  i n j e c -
to r  r ack  con t ro l  l eve rs .

1.  Disconnect  any l inkage at tached to the
s top  l eve r .

2 .  L o o s e n  t h e  l o c k  n u t  ( F i g u r e  1 1 H - 5 )
a n d  b a c k  o u t  t h e  b u f f e r  s c r e w  a p p r o x i -
ma te l y  5 /8 ” .

F igure 11H-5.  Buf fer  and Id le Speed
Ad jus t i ng  Sc rew

3 .  Loosen  a l l  t he  i nne r  and  ou te r  ad jus t -
i n g  s c r e w s  ( F i g u r e  1 1 H - 4 ) .  B e  s u r e  a l l
t h e  i n j e c t o r  r a c k  c o n t r o l  l e v e r s  a r e  f r e e
on the in jector  contro l  tubes.

4 .  M o v e  t h e  s p e e d  c o n t r o l  l e v e r  t o  t h e
maximum speed posit ion.

5 .  M o v e  t h e  s t o p  l e v e r  t o  t h e  r u n  p o s i -
t i o n . H o l d  i t  i n  t h a t  p o s i t i o n  w i t h  l i g h t
f i n g e r  p r e s s u r e . T u r n  t h e  i n n e r  a d j u s t -
ing screw of  the No.  1 in jector  rack con-
t r o l  l e v e r  d o w n  u n t i l  a  s t e p  u p  i n  e f f o r t
is  noted. This  wi l l  p lace the No.  1 in jec-
t o r  r a c k  i n  t h e  f u l l  f u e l  p o s i t i o n .  T u r n
d o w n  t h e  o u t e r  a d j u s t i n g  s c r e w  u n t i l  i t
b o t t o m s  l i g h t l y  o n  t h e  i n j e c t o r  c o n t r o l
t u b e . T h e n  a l t e r n a t e l y  t i g h t e n  b o t h  t h e
inner  and  ou te r  ad jus t ing  sc rews .

NOTE

Over t i gh ten ing  o f  t he  i n j ec to r  r ack
con t ro l  l eve r  ad jus t i ng  sc rews  du r -
i n g  i n s t a l l a t i o n  o r  a d j u s t m e n t  c a n
r e s u l t  i n  d a m a g e  t o  t h e  i n j e c t o r
c o n t r o l  t u b e .  T h e  r e c o m m e n d e d
t o r q u e  o f  t h e  a d j u s t i n g  s c r e w s  i s
24 -36  l b - i n  (3 -4  Nm. )

T h e  a b o v e  s t e p  s h o u l d  r e s u l t  i n
p l a c i n g  t h e  g o v e r n o r  l i n k a g e  a n d
con t ro l  t ube  assemb ly  i n  t he  same
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p o s i t i o n  t h a t  t h e y  w i l l  a t t a i n  w h i l e
the engine is  running at  fu l l  load.

6 .  T o  b e  s u r e  t h e  c o n t r o l  l e v e r  i s  p r o p -
e r l y  ad jus ted ,  ho ld  the  speed  con t ro l  l e -
v e r  i n  t h e  m a x i m u m  s p e e d  p o s i t i o n  a n d
p r e s s  d o w n  o n  t h e  i n j e c t o r  r a c k  w i t h  a
s c r e w  d r i v e r  o r  f i n g e r  t o p  a n d  n o t e  “ r o -
t a t i n g ”  m o v e m e n t  o f  t h e  i n j e c t o r  c o n t r o l
rack  (F igu re  11H-6 )  when  the  speed  con-
t r o l  l e v e r  i s  i n  t h e  m a x i m u m  s p e e d
position and, using a screw driver,
p r e s s  d o w n w a r d  o n  t h e  i n j e c t o r  c o n t r o l
r a c k .  T h e  r a c k  s h o u l d  t i l t  d o w n w a r d
(Figure 11 H-7) and when the pressure of
the  sc rew d r i ve r  i s  re leased ,  t he  con t ro l
r a c k  s h o u l d  “ s p r i n g ”  b a c k  u p w a r d .
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Figure 11H-6.  Checking Rotat ing
Movement  Of  In jector  Cont ro l  Rack
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F igu re  11H-7 .  Check ing  In jec to r
Con t ro l  Rack  "Sp r ing "

I f  the rack does not  return to i ts  or ig inal
p o s i t i o n ,  i t  i s  t o o  l o o s e .  T o  c o r r e c t ,
back  o f f  t he  ou te r  ad jus t i ng  sc rew s l i gh t -
l y  a n d  t i g h t e n  t h e  i n n e r  a d j u s t i n g  s c r e w
s l i g h t l y .
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T h e  s e t t i n g  i s  t o o  t i g h t  i f  w h e n  m o v i n g
the  s top  l eve r  f r om the  s top  to  t he  RUN
pos i t i on ,  t he  i n jec to r  rack  becomes  t i gh t
be fo re  the  s top  l eve r  reaches  the  end  o f
i t s  t r ave l  as  de te rm ined  by  the  s top  un -
d e r  t h e  g o v e r n o r  c o v e r .  T h i s  w i l l  r e s u l t
i n  a  s t e p  u p  i n  e f f o r t  r e q u i r e d  t o  m o v e
t h e  s t o p  l e v e r  t o  t h e  e n d  o f  i t s  t r a v e l .
T o  c o r r e c t  t h i s  c o n d i t i o n ,  b a c k  o f f  t h e
i n n e r  a d j u s t i n g  s c r e w  s l i g h t l y  a n d  t i g h t -
en  the  ou te r  ad jus t i ng  sc rew s l i gh t l y .

7 .  Manua l l y  ho ld  t he  No .  1  i n j ec to r  rack
i n  t h e  f u l l  f u e l  p o s i t i o n  a n d  t u r n  d o w n
t h e  i n n e r  a d j u s t i n g  s c r e w  ( F i g u r e  1 1 H - 4
on  page  11H-5 )  o f  t he  No .  2  i n jec to r  un -
t i l  t h e  i n j e c t o r  r a c k  h a s  m o v e d  i n t o  f u l l
f u e l  p o s i t i o n  a n d  t h e  i n n e r  a d j u s t i n g
sc rew i s  bo t tomed  on  the  i n jec to r  con t ro l
t u b e .  T u r n  t h e  o u t e r  a d j u s t i n g  s c r e w
down unt i l  i t  bot toms l ight ly  on the in jec-
tor control tube. Then alternately
t i g h t e n  b o t h  t h e  i n n e r  a n d  o u t e r  a d j u s t -
i ng  sc rews  un t i l  t i gh t .

8 .  Recheck  the  No .  1  i n jec to r  rack  to  be
s u r e  t h a t  i t  h a s  r e m a i n e d  s n u g  o n  t h e
b a l l  a n d  o f  t h e  r a c k  c o n t r o l  l e v e r  w h i l e
p o s i t i o n i n g  t h e  N o .  2  i n j e c t o r  r a c k .  I f
the rack of  the No.  1 in jector  has become
loose ,  back  o f f  s l i gh t l y  t he  i nne r  ad jus t -
i n g  s c r e w  o n  N o .  2  i n j e c t o r  c o n t r o l
l e v e r .  T i g h t e n  t h e  o u t e r  a d j u s t i n g
screw.

9 .  P o s i t i o n  t h e  r e m a i n i n g  i n j e c t o r  r a c k
con t ro l  l eve rs  as  ou t l i ned  i n  S teps  7  and
8.

Adjust Maximum No-Load Speed

The  max imum no - l oad  speed  on  eng ines
e q u i p p e d  w i t h  v a r i a b l e  s p e e d  g o v e r n o r s
m u s t  n o t  b e  l e s s  t h a n  1 2 5  r p m  o r  m o r e
than 150 rpm above the recommended fu l l
load speed.

W i t h  a  h a n d  t a c h o m e t e r  d e t e r m i n e  t h e
maximum n o - l o a d  s p e e d  o f  t h e  e n g i n e
then ,  make  the  f o l l ow ing  ad jus tmen ts ,  i f
r e q u i r e d :

1 .  Re fe r  t o  F igu re  11H-5  on  page  11H-5
and  d i sconnec t  the  boos te r  sp r ing .

2 .  R e m o v e  t h e  t w o  b o l t s  a n d  w i t h d r a w
t h e  v a r i a b l e  s p e e d  s p r i n g  h o u s i n g  a n d
t h e  v a r i a b l e  s p e e d  s p r i n g  p l u n g e r  f r o m
ins ide  the  sp r ing  hous ing .

A spl i t  s top can only be used wi th a sol id
stop (Figure 11H-8 on page 11H-7).



Figure 11H-8.  Locat ing of  Stops and
Shims

3 .  R e f e r  t o  t h e  f o l l o w i n g  t a b l e  a n d  d e -
t e r m i n e  t h e  s t o p s  o r  s h i m s  r e q u i r e d  f o r
the desi red fu l l  load speeds.

4 .  I ns ta l l  t he  va r iab le  speed  sp r ing  hous -
i n g  a n d  r e c h e c k  t h e  m a x i m u m  n o - l o a d
speed .

5 .  I f  r e q u i r e d , a d d  s h i m s  t o  o b t a i n  t h e
necessary  opera t ing  speed .

NOTE

I f  t h e  m a x i m u m  n o - l o a d  s p e e d  i s
ra ised or  lowered more than 50 rpm
b y  t h e  i n s t a l l a t i o n  o r  r e m o v a l  o f
t h e  g o v e r n o r  s h i m s ,  t h e  g o v e r n o r
gap  shou ld  be  rechecked .

I f  r e a d j u s t m e n t  o f  t h e  g o v e r n o r  g a p  i s
r e q u i r e d , t h e  p o s i t i o n  o f  t h e  i n j e c t o r
racks  mus t  be  rechecked .

A d j u s t  i d l e  S p e e d

With the maximum no- load speed proper ly
ad jus ted ,  t he  i d le  speed  may  be  ad jus ted
as fo l lows:

1 .  P l a c e  t h e  s p e e d  c o n t r o l  l e v e r  i n  t h e
i d l e  p o s i t i o n  a n d  t h e  s t o p  l e v e r  i n  t h e
run  pos i t i on .

2 .  W i th  t he  eng ine  runn ing  a t  no rma l  op -
e ra t i ng  tempera tu re ,  back  ou t  t he  bu f fe r
sc rew  to  avo id  con tac t  w i t h  t he  d i f f e ren -
t i a l  l e v e r .

3 .  Loosen  the  l ock  nu t  and  tu rn  the  i d le
speed  ad jus t ing  sc rew un t i l  t he  eng ine  i s
ope ra t i ng  a t  app rox ima te l y  15  rpm be low
the recommended id le speed.

The  recommended  id le  speed  i s  500 -600
rpm bu t  may  va ry  w i t h  t he  eng ine  app l i -
ca t i on .

4 .  H o l d  t h e  i d l e  s p e e d  a d j u s t i n g  s c r e w
and  t i gh ten  the  l ock  nu t .

Adjust  Buf fer  Screw

Wi th  t he  i d l e  speed  se t  a t  app rox ima te l y
1 5  r p m  b e l o w  t h e  r e c o m m e n d e d  i d l e
s p e e d ,  t h e  b u f f e r  s c r e w  m a y  b e  s e t  a s
fo l l ows :

1 .  T u r n  t h e  b u f f e r  s c r e w  i n  u n t i l  t h e
eng ine  i s  ope ra t i ng  a t  t he  recommended
i d l e  s p e e d .  D o  n o t  r a i s e  t h e  e n g i n e
s p e e d  m o r e  t h a n  1 5  r p m  w i t h  t h e  b u f f e r
sc rew.

2 .  Ho ld  the  bu f fe r  sc rew and  t i gh ten  the  
lock nut.

Adjust  Booster  Spr ing

W i t h  t h e  e n g i n e  i d l e  s p e e d  s e t ,  a d j u s t
the  boos te r  sp r ing  as  fo l l ows :

1 .  M o v e  t h e  s p e e d  c o n t r o l  l e v e r  t o  t h e
id le speed posi t ion.

2 .  Re fe r  t o  F igu re  11H-5  on  page  11H-5
a n d  l o o s e n  t h e  b o o s t e r  s p r i n g  r e t a i n i n g
n u t  o n  t h e  s p e e d  c o n t r o l  l e v e r .  L o o s e n
the  l ock  nu ts  on  the  eye  bo l t  a t  t he  op -
posi te end of  the spr ing.
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3 .  M o v e  t h e  s p r i n g  r e t a i n i n g  b o l t  i n  t h e
s l o t  o f  t h e  s p e e d  c o n t r o l  l e v e r  u n t i l  t h e
c e n t e r  o f  t h e  b o l t  i s  o n  o r  s l i g h t l y  o v e r
c e n t e r  ( t o w a r d  t h e  i d l e  s p e e d  p o s i t i o n )
o f  a n  i m a g i n a r y  l i n e  t h r o u g h  t h e  b o l t ,
l e v e r  s h a f t  a n d  e y e  b o l t .  H o l d  t h e  b o l t
and  t i gh ten  the  l ock  nu t .

4 .  S ta r t  t he  eng ine  and  move  the  speed
contro l  lever  to  the maximum speed pos i -
t i on  and  re lease  i t .  The  l eve r  shou ld  re -
t u r n  t o  t h e  i d l e  s p e e d  p o s i t i o n .  I f  i t
does  no t ,  reduce  the  boos te r  sp r ing  ten -
s ion .  I f  i t  does ,  con t i nue  to  i nc rease  the
sp r ing  tens ion  un t i l  t he  po in t  i s  reached
w h e r e  i t  w i l l  n o t  r e t u r n  t o  i d l e .  T h e n
reduce  the  sp r i ng  tens ion  un t i l  t he  l eve r
d o e s  r e t u r n  t o  i d l e  a n d  t i g h t e n  t h e  l o c k
n u t s  o n  t h e  e y e  b o l t .  T h i s  s e t t i n g  w i l l
r e s u l t  i n  t h e  m i n i m u m  f o r c e  r e q u i r e d  t o
operate the speed contro l  lever .

E N G I N E  R U N - I N  I N S T R U C T I O N S

General

Fol lowing a complete overhaul  or  any ma-
jor  repai r  job invo lv ing the insta l la t ion of
p i s t o n  r i n g s ,  p i s t o n s ,  c y l i n d e r  l i n e r s  o r
bear ings ,  the  eng ine  shou ld  be  “Run- In ”
o n  a  d y n a m o m e t e r  p r i o r  t o  r e l e a s e  f o r
se rv i ce .

The  dynamomete r  i s  a  dev i ce  f o r  app l y -
i n g  s p e c i f i c  l o a d s  t o  a n  e n g i n e .  I t  p e r -
m i t s  t h e  s e r v i c e m a n  t o  p h y s i c a l l y  a n d
v i s u a l l y  i n s p e c t  a n d  c h e c k  t h e  e n g i n e
w h i l e  i t  i s  o p e r a t i n g .  I t  i s  a n  e x c e l l e n t
m e t h o d  o f  d e t e c t i n g  i m p r o p e r  t u n e - u p
mis f i r i ng  i n jec to rs ,  l ow  compress ion  and
o the r  ma l func t i ons ,  and  may  save  an  en -
gine from damage at a later date.

T h e  o p e r a t i n g  t e m p e r a t u r e  w i t h i n  t h e
e n g i n e  a f f e c t s  t h e  o p e r a t i n g  c l e a r a n c e s
be tween  the  va r i ous  mov ing  pa r t s  o f  t he
e n g i n e  a n d  d e t e r m i n e s  t o  a  d e g r e e  h o w
the  pa r t s  w i l l  wea r .  No rma l  coo lan t  t em-
p e r a t u r e  ( 1 6 0 - 1 8 5 ° F  o r  7 1 - 8 5 ° C )  s h o u l d
be  ma in ta ined  th roughou t  t he  Run- In .

The  ra te  o f  wa te r  c i r cu la t i on  th rough  the
eng ine  on  a  dynamomete r  shou ld  be  su f -
f i c i en t  t o  avo id  hav ing  t he  eng ine  ou t l e t
w a t e r  t e m p e r a t u r e  m o r e  t h a n  1 0 °  h i g h e r
t h a n  t h e  w a t e r  i n l e t  t e m p e r a t u r e .
T h o u g h  a  1 0 °  r i s e  a c r o s s  a n  e n g i n e  i s
r e c o m m e n d e d ,  i t  h a s  b e e n  f o u n d  t h a t  a
1 5 °  t e m p e r a t u r e  r i s e  m a x i m u m  c a n  b e
pe rm i t t ed .
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A  t h e r m o s t a t  i s  u s e d  i n  t h e  e n g i n e  t o
c o n t r o l  t h e  c o o l a n t  f l o w .  T h e r e f o r e ,  b e
su re  i t  i s  i n  p lace  and  fu l l y  ope ra t i ve  o r
t h e  e n g i n e  w i l l  o v e r h e a t  d u r i n g  t h e
R u n - I n .  H o w e v e r ,  i f  t h e  d y n a m o m e t e r
has a water  standpipe wi th a temperature
con t ro l  r egu la to r ,  such  as  a  Tay lo r  va l ve
o r  equ iva len t ,  t he  eng ine  shou ld  be  tes t -
ed  w i thou t  t he  the rmos ta t .

T h e  B a s i c  E n g i n e  R u n - I n  S c h e d u l e  i s
s h o w n  i n  t h e  f o l l o w i n g  t a b l e .  T h e  h o r -
sepower  shown i s  a t  SAE cond i t i ons ;  d ry
a i r  d e n s i t y  0 . 0 7 0 5  I b / c u .  f t  ( 1 . 1 2 9
k g / m 3 ) ,  a i r  t e m p e r a t u r e  o f  8 5 ° F
(29.4°C),  and 500 f t .  (152 m) e levat ion.

BASIC ENGINE RUN-IN SCHEDULE

FINAL ENGINE RUN-IN SCHEDULE

Dynamometer Test and Run-In Proce-
dures

T H E  B A S I C  E N G I N E .  T h e  g r e a t  n u m b e r
o f  eng ine  app l i ca t i ons  make  any  a t t emp t
t o  e s t a b l i s h  c o m p a r i s o n s  f o r  e a c h  i n d i -
v i d u a l  m o d e l  i m p r a c t i c a l .  F o r  t h i s
reason,  each model  has basis engine rat-
ing for  compar ison purposes.

A basic engine inc ludes only those i tems
a c t u a l l y  r e q u i r e d  t o  r u n  t h e  e n g i n e .
The addi t ion of  any engine dr iven acces-
s o r i e s  w i l l  r e s u l t  i n  a  b r a k e  h o r s e p o w e r
f igure less than the values shown in Bas-
ic Engine Run-In Schedule. The
fo l lowing i tems are inc luded on the basic
eng ine :  b lower ,  f ue l  pump,  wa te r  pump,
and governor. The fan and
ba t te ry -cha rg ing  genera to r  t yp i f y  acces -



s o r i e s  n o t  c o n s i d e r e d  o n  t h e  b a s i c
eng ine .

In  s i tua t ions  where  o the r  than  bas ic  en -
g i n e  e q u i p m e n t  i s  u s e d  d u r i n g  t h e  t e s t ,
p r o p e r  r e c o r d  o f  t h i s  f a c t  s h o u l d  b e
m a d e  o n  t h e  E n g i n e  T e s t  R e p o r t .  T h e
e f f e c t s  o f  t h i s  a d d i t i o n a l  e q u i p m e n t  o n
eng ine  pe r fo rmance  shou ld  then  be  con -
s ide red  when  eva lua t i ng  tes t  resu l t s .

D Y N A M O M E T E R .  T h e  f u n c t i o n  o f  t h e
d y n a m o m e t e r  i s  t o  a b s o r b  a n d  m e a s u r e
the  eng ine  ou tpu t .  I t ’ s  bas i c  componen ts
a re  a  f rame ,  eng ine  moun ts ,  t he  abso rp -
t i o n  u n i t ,  a  h e a t  e x c h a n g e r ,  a n d  a  t o r -
que loading and measur ing device.

T h e  e n g i n e  i s  c o n n e c t e d  t h r o u g h  a  u n i -
v e r s a l  c o u p l i n g  t o  t h e  a b s o r p t i o n  u n i t .
The amount of  power absorbed in a water
b rake  t ype  dynamomete r  as  an  examp le ,
is  governed by the vo lume of  f lu id  wi th in
t h e  w o r k i n g  s y s t e m .  T h e  f l u i d  o f f e r s
res i s tance  to  a  ro ta t i ng  mo t ion .  By  con -
t r o l l i n g  t h e  v o l u m e  o f  w a t e r  i n  t h e
a b s o r p t i o n  u n i t ,  t h e  l o a d  m a y  b e  i n -
creased or decreased as required.

T h e  p o w e r  a b s o r b e d  i s  g e n e r a l l y  m e a s -
u r e d  i n  t o r q u e  ( l b - f t )  o n  a  s u i t a b l e
s c a l e .  T h e  v a l u e s  f o r  a  g i v e n  e n g i n e
s p e e d  w i l l  s h o w  t h e  b r a k e  h o r s e p o w e r
deve loped  i n  t he  eng ine  by  the  fo l l ow ing
f o r m u l a :

BHP=(T  x  RPM) /5250

Where:

BHP= b rake  ho rsepower
T -  t o r q u e  i n  l b - f t
RPM= revo lu t i ons  pe r  m inu te

Some dynamometers ind icate d i rect  brake
h o r s e p o w e r  r e a d i n g s .  T h e r e f o r e  t h e  u s e
o f  t h e  f o r m u l a  i s  n o t  r e q u i r e d  w h e n  u s -
ing  these  un i t s .

Dur ing the actual  operat ion,  a l l  data tak-
en should be recorded immediate ly  on an
Eng ine  Tes t  Repor t ,  shown a t  t he  end  o f
th i s  subsec t ion .

I N S T R U M E N T A T I O N .  C e r t a i n  i n s t r u m e n -
ta t i on  i s  necessary  so  tha t  da ta  requ i red
to  comp le te  t he  Eng ine  Tes t  Repo r t  may
b e  o b t a i n e d .  T h e  f o l l o w i n g  l i s t  c o n t a i n s
bo th  t he  m in imum amoun t  o f  i ns t r umen ts
and  the  p rope r  l oca t i on  o f  t he  f i t t i ngs  on
t h e  e n g i n e  s o  t h a t  t h e  r e a d i n g s  r e p r e -

s e n t  a  t r u e  e v a l u a t i o n  o f  e n g i n e  c o n d i -
t i o n s .

1 .  O i l  p r e s s u r e  g a g e  i n s t a l l e d  i n  o n e  o f
the engine main o i l  ga l ler ies.

2 .  O i l  t e m p e r a t u r e  g a g e  i n s t a l l e d  i n  t h e
o i l  p a n ,  o r  t h e r m o m e t e r  i n s t a l l e d  i n  t h e
dipst ick hole in  the o i l  pan.

3 .  A d a p t o r  f o r  c o n n e c t i n g  a  p r e s s u r e
gage or  mercury manometer  to  the engine
a i r  box .

4 .  W a t e r .  t e m p e r a t u r e  g a g e  i n s t a l l e d  i n
t h e  t h e r m o s t a t  h o u s i n g  o r  w a t e r  o u t l e t
mani fo ld .

5 .  A d a p t o r  f o r  c o n n e c t i n g  a  p r e s s u r e
g a g e  o r  w a t e r  m a n o m e t e r  t o  t h e  c r a n k -
case.

6 .  A d a p t o r  f o r  c o n n e c t i n g  a  p r e s s u r e
g a g e  o r  m e r c u r y  m a n o m e t e r  t o  t h e  e x -
haust  mani fo ld  at  the f lange.

7.  Adaptor  for  connect ing a vacuum gage
or water  manometer  to  the b lower in let .

8 .  A d a p t o r  f o r  c o n n e c t i n g  a  f u e l  p r e s -
su re  gage  to  t he  fue l  man i fo ld  i n l e t  pas -
sage.

9 .  A d a p t o r  f o r  c o n n e c t i n g  a  p r e s s u r e
gage or  mercury manometer  to  the turbo-
c h a r g e r .

In  some cases ,  gages  read ing  in  pounds
per  square  i nch  a re  used  fo r  de te rm in ing
p r e s s u r e s  w h i l e  s t a n d a r d  c h a r a c t e r i s t i c s
a re  g i ven  i n  i nches  o f  mercu ry  o r  i nches
o f  w a t e r .  I t  i s  e x t r e m e l y  i m p o r t a n t  t h a t
the scale of  such a gage be of  low range
and f ine ly  d iv ided i f  accuracy is  des i red.
Th is  i s  espec ia l l y  t u rn  o f  a  gage  read ing
i n  p s i ,  t h e  r e a d i n g  o f  w h i c h  i s  t o  b e
c o n v e r t e d  t o  i n c h e s  o f  w a t e r .  T h e  f o l -
l o w i n g  c o n v e r s i o n  f a c t o r s  m a y  b e
he lp fu l .

I nches  o f  wa te r  =ps i  x  27 .7 ”
Inches  o f  mercu ry  =ps i  x  2 .04 ”

NOTE

B e f o r e  s t a r t i n g  t h e  R u n - I n  o r
s ta r t i ng  the  eng ine  fo r  any  reason
fo l l ow ing  an  ove rhau l ,  i t  i s  o f  ex -
t r e m e  i m p o r t a n c e  t o  o b s e r v e  t h e
i n s t r u c t i o n s  o f  P r e p a r a t i o n  f o r
S t a r t i n g  E n g i n e  F i r s t  T i m e  i n  t h i s
subsec t ion .
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R U N - I N  P R O C E D U R E .  T h e  p r o c e d u r e
out l ined below wi l l  fo l low the order  of  the
sample Engine Test  Report .

1 .  P r e - S t a r t i n g

A .  F i l l  t he  l ub r i ca t i on  sys tem as  ou t l i ned
u n d e r  “ L u b r i c a t i o n  S y s t e m ”  o n  p a g e
11H-12.

B .  P r ime  the  fue l  sys tem as  ou t l i ned  un -
d e r  " F u e l  S y s t e m  o n  p a g e  1 1 H - 1 3 .

C .  A  p re l im ina ry  va l ve  c l ea rance  ad jus t -
men t  mus t  be  made  be fo re  t he  eng ine
i s  s ta r ted .  See  “Va l ve  C lea rance  Ad -
j u s t m e n t  ( C o l d  E n g i n e )  o n  p a g e
11H-2

D .  A  p r e l i m i n a r y  i n j e c t o r  t i m i n g  c h e c k
mus t  be  made  be fo re  s ta r t i ng  the  en -
g i n e .  S e e  “ F u e l  I n j e c t o r  T i m i n g ”  o n
page 11H-3

E .  P r e l i m i n a r y  g o v e r n o r  a n d  i n j e c t o r
rack adjustments must be made as out-
l i n e d  i n  “ V a r i a b l e  S p e e d  M e c h a n i c a l
G o v e r n o r  A n d  I n j e c t o r  R a c k  C o n t r o l
Adjustment” on page 11H-4.

NOTE

P r i o r  t o  s t a r t i n g  a  t u r b o c h a r g e d
eng ine ,  r emove  the  o i l  supp l y  l i ne
a t  the  tu rbocharge r  and  add  c lean
engine o i l  to  the o i l  in le t  to  ensure
p r e - l u b r i c a t i o n  o f  t h e  t u r b o c h a r g -
e r .  Reconnec t  t he  o i l  l i ne  and  i d le
the  eng ine  fo r  a t  l eas t  one  m inu te
a f t e r  s t a r t i n g  a n d  b e f o r e  i n c r e a s -
ing the speed.

2. Basic Engine Run- In

The  ope ra to r  shou ld  be  obse rvan t  a t  a l l
t imes  so  t ha t  any  ma l func t i on  wh i ch  may
d e v e l o p  w i l l  b e  d e t e c t e d .  S i n c e  t h e  e n -
g i n e  h a s  j u s t  b e e n  r e c o n d i t i o n e d ,  t h i s
Run- In  w i l l  be  a  tes t  o f  t he  workmansh ip
of  the serv iceman who per formed the ov-
e r h a u l .  M i n o r  d i f f i c u l t i e s  s h o u l d  b e
d e t e c t e d  a n d  c o r r e c t e d  s o  t h a t  a  m a j o r
problem wi l l  not  develop.

A f t e r  p e r f o r m i n g  t h e  p r e l i m i n a r y  s t e p s ,
b e  s u r e  a l l  w a t e r  v a l v e s ,  f u e l  v a l v e s ,
e t c .  a r e  o p e n .  A l s o  i n s p e c t  t h e  e x h a u s t
s y s t e m ,  b e i n g  s u r e  t h a t  i t  i s  p r o p e r l y
c o n n e c t e d  t o  t h e  e n g i n e .  A l w a y s  s t a r t
t h e  e n g i n e  w i t h  m i n i m u m  d y n a m o m e t e r
res i s tance .

11H-10

Af te r  t he  eng ine  s ta r t s ,  i f  us ing  a  wa te r
b rake  t ype  dynamomete r ,  a l l ow  su f f i c i en t
w a t e r ,  b y  m e a n s  o f  t h e  c o n t r o l  l o a d i n g
va l ves ,  i n to  t he  dynamomete r  abso rp t i on
uni t  to  show a reading of  approx imate ly  5
lb- f t  on the torque gage (or  10-15 HP on
a  h o r s e p o w e r  g a g e ) .  T h i s  i s  n e c e s s a r y ,
o n  s o m e  u n i t s ,  t o  l u b r i c a t e  t h e  a b s o r p -
t i on  un i t  sea l s  and  to  p ro tec t  t hem f rom
damage.

S e t  t h e  e n g i n e  t h r o t t l e  a t  i d l e  s p e e d ,
c h e c k  t h e  l u b r i c a t i n g  o i l  p r e s s u r e  a n d
c h e c k  a l l  c o n n e c t i o n s  t o  b e  s u r e  t h e r e
are no leaks.

Re fe r  t o  t he  Eng ine  Tes t  Repor t  samp le
which establ ishes the sequence of  events
fo r  t he  tes t  and  Run- In ,  and  to  the  Bas -
i c  E n g i n e  R u n - I n  S c h e d u l e  w h i c h  i n d i -
c a t e s  t h e  s p e e d  ( r p m ) ,  l e n g t h  o f  t i m e
a n d  t h e  b r a k e  h o r s e p o w e r  r e q u i r e d  f o r
each  phase  o f  t he  tes t .  A l so  re fe r  t o  the
Opera t i ng  Cond i t i ons  i n  t he  rea r  o f  Sub -
s e c t i o n  1 1 A ,  w h i c h  p r e s e n t s  t h e  e n g i n e
opera t i ng  cha rac te r i s t i cs .  These  cha rac -
t e r i s t i c s  w i l l  b e  a  g u i d e  f o r  t r a c i n g
faul ty  operat ion or  lack or  power.

I f  t h e  e n g i n e  i s  t o  b e  r u n  a t  s p e e d s  i n
excess  o f  1800  rpm i t  mus t  be  equ ipped
w i th  a  v i b ra t i on  damper .

Eng ine  gove rno rs  i n  mos t  cases  mus t  be
reset at the maximum full- load speed des-
i gna ted  fo r  t he  Run- In .  I f  a  gove rno r  i s
encoun te red  wh ich  canno t  be  ad jus ted  to
t h i s  s p e e d ,  a  s t o c k  g o v e r n o r  s h o u l d  b e
ins ta l l ed  fo r  t he  Run- In .

Af ter  checking the engine per formance at
i d le  speed  and  be ing  ce r ta in  the  eng ine
a n d  d y n a m o m e t e r  a r e  o p e r a t i n g
p r o p e r l y ,  i n c r e a s e  t h e  e n g i n e  s p e e d  t o
ha l f  speed  and  app ly  the  l oad  i nd i ca ted
on the Basic Engine Run-In Schedule.

T h e  e n g i n e  s h o u l d  b e  r u n  a t  t h i s  s p e e d
a n d  l o a d  f o r  1 0  m i n u t e s  t o  a l l o w  s u f f i -
c i en t  t ime  fo r  t he  coo lan t  t empera tu re  t o
r e a c h  t h e  n o r m a l  o p e r a t i n g  r a n g e .  R e -
co rd  l eng th  o f  t ime ,  speed ,  b rake  ho rse -
p o w e r ,  c o o l a n t  t e m p e r a t u r e  a n d
l u b r i c a t i n g  o i l  p r e s s u r e  o n  t h e  E n g i n e
Tes t  Repor t .

Run the engine at  each speed and rat ing
f o r  t h e  l e n g t h  o f  t i m e  i n d i c a t e d  i n  t h e
B a s i c  E n g i n e  R u n - I n  S c h e d u l e .  T h i s  i s
t h e  B a s i c  R u n - I n .  D u r i n g  t h i s  t i m e ,  e n -
g i n e  p e r f o r m a n c e  w i l l  i m p r o v e  a s  n e w
p a r t s  b e g i n  t o  “ s e a t  i n ”  R e c o r d  a l l  o f
the  requ i red  da ta .



3 .  Bas ic  Run- In  Inspec t i on

Wh i l e  t he  eng ine  i s  unde rgo ing  the  Bas i c

S e c t i o n  “ C ”  o f  t h e  E n g i n e  t e s t  R e p o r t .
R u n - I n ,  c h e c k  e a c h  i t e m  i n d i c a t e d  i n

C h e c k  f o r  f u e l  o i l  o r  w a t e r  l e a k s  i n  t h e
rocker  arm compar tment .

D u r i n g  t h e  f i n a l  p o r t i o n  o f  t h e  B a s i c
R u n - I n ,  t h e  e n g i n e  s h o u l d  b e  i n s p e c t e d
f o r  f u e l  o i l ,  l u b r i c a t i n g  o i l  a n d  w a t e r
leaks.

Upon  comp le t i on  o f  t he  Bas i c  Run- In  and
Inspec t i on ,  r emove  the  l oad  f r om the  dy -
namomete r  and  reduce  the  eng ine  speed
g r a d u a l l y  t o  i d l e  a n d  t h e n  s t o p  t h e  e n -
g i n e .

4 .  I nspec t i on  A f te r  Bas i c  Run- In

The  p r imary  pu rpose  o f  t h i s  i nspec t i on  i s
t o  p r o v i d e  a  f i n e  e n g i n e  t u n e - u p .  F i r s t ,
t i gh ten  the  cy l i nde r  head  and  rocke r  a rm
s h a f t  b o l t s  t o  t h e  p r o p e r  t o r q u e .  N e x t ,
c o m p l e t e  t h e  a p p l i c a b l e  t u n e - u p  p r o c e -
d u r e .

5 .  F ina l  Run - In

Af ter  a l l  o f  the tests  have been made and
t h e  E n g i n e  T e s t  R e p o r t  i s  c o m p l e t e d
th rough  Sec t i on  “D” ,  t he  eng ine  i s  ready
f o r  f i n a l  t e s t .  T h i s  p o r t i o n  o f  t h e  t e s t
a n d  R u n - I n  p r o c e d u r e  w i l l  a s s u r e  t h e
e n g i n e  o w n e r  t h a t  h i s  e n g i n e  h a s  b e e n
r e b u i l t  t o  d e l i v e r  f a c t o r y  r a t e d  p e r f o r m -
ance at the same maximum speed and load
wh ich  w i l l  be  expe r ienced  i n  t he  i ns ta l l a -
t i o n .

I f  the engine has been shut  down for  one
h o u r  o r  l o n g e r ,  i t  w i l l  b e  n e c e s s a r y  t o
have  a  wa rm-up  pe r i od  o f  10  m inu tes  a t
the same speed and load used for
w a r m - u p  i n  t h e  B a s i c  R u n - I n .  I f  p i s t o n
r i n g s  c y l i n d e r  l i n e r s  o r  b e a r i n g s  h a v e
b e e n  r e p l a c e d  a s  a  r e s u l t  o f  f i n d i n g s  i n
t h e  B a s i c  R u n - I n ,  t h e  e n t i r e  B a s i c
R u n - I n  m u s t  b e  r e p e a t e d  a s  t h o u g h  t h e
R u n - I n  a n d  t e s t  p r o c e d u r e  w e r e  s t a r t e d
anew.

A l l  r e a d i n g s  o b s e r v e d  d u r i n g  t h e  F i n a l
Run- In  shou ld  fa l l  w i th in  the  range  spec -
i f i ed  i n  t he  Opera t i ng  Cond i t i ons  i n  Sub -
sec t i on  11A ,  and  shou ld  be  taken  a t  f u l l
l o a d  u n l e s s  o t h e r w i s e  s p e c i f i e d .  F o l l o w -
ing is a brief discussion of each
condi t ion to be observed.

The  eng ine  wa te r  tempera tu re  shou ld  be
taken  du r ing  the  l as t  po r t i on  o f  t he  Bas -

i c  R u n - I n  a t  f u l l  l o a d .  I t  s h o u l d  b e  r e -
corded and should be within the
spec i f i ed  range .

T h e  l u b r i c a t i n g  o i l  t e m p e r a t u r e  r e a d i n g
must  be taken whi le the engine is  operat-
ing at  fu l l  load and af ter  i t  has been op-
e r a t i n g  l o n g  e n o u g h  f o r  t h e  t e m p e r a t u r e
t o  s t a b i l i z e .  T h i s  t e m p e r a t u r e  s h o u l d  b e
recorded  and  shou ld  be  w i th in  the  spec i -
f i ed  range .

T h e  l u b r i c a t i n g  o i l  p r e s s u r e  s h o u l d  b e
reco rded  in  ps i  a f te r  be ing  taken  a t  en -
g i n e  s p e e d s  i n d i c a t e d  i n  t h e  O p e r a t i n g
Cond i t i ons ,  Subsec t i on  11A .

The fue l  o i l  pressure at  the fue l  mani fo ld
i n l e t  p a s s a g e  s h o u l d  b e  r e c o r d e d  a n d
s h o u l d  f a l l  w i t h i n  t h e  s p e c i f i e d  r a n g e .
Fuel  pressure should be recorded at  max-
i m u m  e n g i n e  s p e e d  d u r i n g  t h e  F i n a l
R u n - I n .

Check  the  a i r  box  p ressu re  wh i l e  the  en -
g ine  i s  ope ra t i ng  a t  max imum speed  and
load.  This  check may be made by at tach-
i n g  a  s u i t a b l e  ( 0 - 1 5  p s i )  o r  m a n o m e t e r
( 1 5 - 0 - 1 5 )  t o  a n  a i r  b o x  d r a i n  o r  t o  a
h a n d  h o l e  p l a t e  p r e p a r e d  f o r  t h i s  p u r -
pose. If an air box drain is used as a
sou rce  fo r  t h i s  check ,  i t  mus t  be  c lean .
The  a i r  box  p ressure  shou ld  be  reco rded
in inches of  mercury.

C h e c k  t h e  c r a n k c a s e  p r e s s u r e  w h i l e  t h e
e n g i n e  i s  o p e r a t i n g  a t  m a x i m u m  R u n - I n
s p e e d .  A t t a c h  a  m a n o m e t e r ,  c a l i b r a t e d
to read in  inches of  water ,  to  the o i l  lev-
e l  d i p s t i c k  o p e n i n g .  N o r m a l l y ,  c r a n k -
c a s e  p r e s s u r e  s h o u l d  d e c r e a s e  d u r i n g
the  Run- In  i nd i ca t i ng ,  t ha t  new r i ngs  a re
b e g i n n i n g  t o  “ s e a t - i n .

Check  the  a i r  i n le t  res t r i c t i on  w i th  a  wa-
t e r  m a n o m e t e r  c o n n e c t e d  t o  a  f i t t i n g  i n
the a i r  in le t  duct ing located 2”  above the
a i r  i n l e t  h o u s i n g .  W h e n  p r a c t i c a b i l i t y
p reven ts  t he  i nse r t i on  o f  a  f i t t i ng  a t  t h i s
po in t ,  t he  manomete r  may  be  connec ted
t o  a  f i t t i n g  i n s t a l l e d  i n  t h e  1 / 4 ”  p i p e
tapped  ho le  i n  the  eng ine  a i r  i n le t  hous -
i n g .  I f  a  h o l e  i s  n o t  p r o v i d e d ,  a  s t o c k
h o u s i n g  s h o u l d  b e  d r i l l e d ,  t a p p e d ,  a n d
kep t  on  hand  fo r  f u tu re  use .

T h e  r e s t r i c t i o n  a t  t h i s  p o i n t  s h o u l d  b e
c h e c k e d  a t  a  s p e c i f i c  e n g i n e  s p e e d .
Then  the  a i r  c leaner  and  duc t i ng  shou ld
b e  r e m o v e d  f r o m  t h e  a i r  i n l e t  h o u s i n g
a n d  t h e  e n g i n e  a g a i n  o p e r a t e d  a t  t h e
same speed  wh i l e  no t i ng  the  manomete r
r e a d i n g .  T a k e  t h e  r e a d i n g  o n  t h e  i n l e t
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s i d e  o f  t h e  t u r b o c h a r g e r .  T h e  d i f f e r -
ence  be tween  the  two  read ings ,  w i th  and
w i t h o u t  t h e  a i r  c l e a n e r  a n d  d u c t i n g ,  i s
t h e  a c t u a l  r e s t r i c t i o n  c a u s e d  b y  t h e  a i r
c leaner  and  duc t i ng .

C h e c k  t h e  n o r m a l  a i r  i n t a k e  v a c u u m  a t
va r ious  speeds  (a t  no - load )  and  compare
t h e  r e s u l t s  w i t h  t h e  E n g i n e  O p e r a t i n g
C o n d i t i o n s  i n  S u b s e c t i o n  1 1 A .  R e c o r d
t h e s e  r e a d i n g s  o n  t h e  E n g i n e  T e s t  R e -
p o r t .

C h e c k  t h e  e x h a u s t  b a c k  p r e s s u r e  i n  t h e
exhaus t  p ip ing  6 ”  t o  12 ”  f r om the  tu rb ine
o u t l e t .  T h e  t a p p e d  h o l e  m u s t  b e  i n  a
compara t i ve l y  s t ra i gh t  a rea  f o r  an  ac C U -
r a te  measu remen t .  The  manomete r  check
s h o u l d  p r o d u c e  a  r e a d i n g  i n  i n c h e s  t h a t
i s  b e l o w  t h e  M a x i m u m  E x h a u s t  B a c k
P r e s s u r e  f o r  t h e  e n g i n e  ( r e f e r  t o  S u b -
sect ion 11A).

Tu rbocharger  compressor  ou t le t  p ressu re
a n d  t u r b i n e  i n l e t  p r e s s u r e s  a r e  t a k e n  a t
fu l l - load and no- load speeds.

Re fe r  t o  t he  F ina l  Eng ine  Run- In  Sched-
u l e  a n d  d e t e r m i n e  t h e  m a x i m u m  r a t e d
brake horsepower and the fu l l - load speed
t o  b e  u s e d  d u r i n g  t h e  F i n a l  R u n - I n .
A p p l y  t h e  l o a d  t h u s  d e t e r m i n e d  t o  t h e
dynamomete r .  The  eng ine  shou ld  be  run
a t  t h i s  s p e e d  a n d  l o a d  f o r  1 . 2  h o u r .
W h i l e  m a k i n g  t h e  F i n a l  R u n - I n ,  t h e  e n -
g i n e  s h o u l d  d e v e l o p ,  w i t h i n  5 % ,  t h e
m a x i m u m  r a t e d  b r a k e  h o r s e p o w e r  i n d i -
cated for the speed at which it is
o p e r a t i n g .  I f  t h i s  b r a k e  h o r s e p o w e r  i s
no t  deve loped ,  the  cause  shou ld  be  de -
termined and correct ions made.

W h e n  t h e  a b o v e  c o n d i t i o n s  h a v e  b e e n
met ,  ad jus t  t he  max imum no - l oad  speed
t o  c o n f i r m  w i t h  t h a t  s p e c i f i e d  f o r  t h e
pa r t i cu la r  eng ine .  Th i s  speed  may  be  e i -
t h e r  h i g h e r  o r  l o w e r  t h a n  t h e  m a x i m u m
s p e e d  u s e d  d u r i n g  t h e  B a s i c  R u n - I n .
T h i s  w i l l  o r d i n a r i l y  r e q u i r e  a  g o v e r n o r
ad jus tmen t .

A l l  i n f o r m a t i o n  r e q u i r e d  i n  S e c t i o n  “ E ” ,
F ina l  Run - In ,  o f  t he  Eng ine  Tes t  Repor t
s h o u l d  b e  d e t e r m i n e d  a n d  f i l l e d  i n .  A f -
t e r  t h e  p r e s c r i b e d  t i m e  f o r  t h e  F i n a l
R u n - I n  h a s  e l a p s e d ,  r e m o v e  t h e  l o a d
f r o m  t h e  d y n a m o m e t e r  a n d  r e d u c e  t h e
engine speed gradual ly  to id le speed and
t h e n  s t o p  t h e  e n g i n e .  T h e  F i n a l  R u n - I n
is complete.

6 .  I nspec t i on  A f te r  F ina l  Run - In
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A f t e r  t h e  F i n a l  R u n - I n  a n d  b e f o r e  t h e
Eng ine  Tes t  Repo r t  i s  comp le ted ,  a  f i na l
i n s p e c t i o n  m u s t  b e  m a d e .  T h i s  i n -
spec t i on  w i l l  p rov ide  f i na l  assu rance  tha t
t h e  e n g i n e  i s  i n  p r o p e r  w o r k i n g  o r d e r ,
Dur ing th is  inspect ion,  the engine is  a lso
made  ready  f o r  any  b r i e f  de lay  i n  de l i v -
e r y  o r  i n s t a l l a t i o n  w h i c h  m a y  o c c u r .
Th i s  i s  accomp l i shed  by  rus tp roo f i ng  the
f u e l  s y s t e m ,  a n d  a d d i n g  a  r u s t  i n h i b i t o r
in to the cool ing system (see Sect ion 3 for
c o o l a n t  s p e c i f i c a t i o n s ) .  T h e  l u b r i c a t i n g
oi l  f i l ters should a lso be changed.

ENGING OPERATING INSTRUCTIONS

Preparat ion For  Star t ing Engine F i rs t
Time

GENERAL.  Be fo re  s ta r t i ng  an  eng ine  fo r
t h e  f i r s t  t i m e ,  c a r e f u l l y  r e a d  a n d  f o l l o w
t h e  i n s t r u c t i o n s  i n  t h i s  s u b s e c t i o n .  A t -
t emp t ing  to  run  the  eng ine  be fo re  s tudy -
i n g  t h e s e  i n s t r u c t i o n s  m a y  r e s u l t  i n
ser ious damage to the engine.

NOTE

W h e n  p r e p a r i n g  t o  s t a r t  a  n e w  o r
o v e r h a u l e d  e n g i n e  o r  a n  e n g i n e
w h i c h  h a s  b e e n  i n  s t o r a g e ,  p e r -
form a l l  o f  the operat ions l is ted be-
l o w .  B e f o r e  a  r o u t i n e  s t a r t  ( a t
e a c h  s h i f t ) ,  s e e  D a i l y  O p e r a t i o n s
in the operators manual .

C O O L I N G  S Y S T E M .  I n s t a l l  a l l  o f  t h e
d ra in  cocks  o r  p lugs  in  the  coo l i ng  sys -
t e m  ( d r a i n  c o c k s  a r e  r e m o v e d  f o r  s h i p -
p i n g ) .

Remove  t he  f i l l  cap  and  f i l l  t he  coo l i ng
system wi th a coolant  speci f ied in  Sect ion
3 .  Keep  the  l i qu id  l eve l  abou t  two  i nch -
es below the f i l ler  neck to  a l low for  f lu id
expans ion .

L U B R I C A T I O N  S Y S T E M .  T h e  l u b r i c a t i n g
o i l  f i l m  o n  t h e  r o t a t i n g  p a r t s  a n d  b e a r -
i n g s  o f  a  n e w  o r  o v e r h a u l e d  e n g i n e ,  o r
o n e  w h i c h  h a s  b e e n  i n  s t o r a g e ,  m a y  b e
i n s u f f i c i e n t  f o r  p r o p e r  l u b r i c a t i o n  w h e n
the engine is  s tar ted for  the f i rs t  t ime.

I t  i s  recommended  tha t  t he  eng ine  l ub r i -
c a t i n g  s y s t e m  b e  c h a r g e d  w i t h  a  p r e s -
s u r e  p r e l u b r i c a t o r ,  s e t  t o  s u p p l y  a
minimum or 25 psi (172 kPa) oil
pressure,  to  ensure an immediate f low of
o i l  t o  a l l  b e a r i n g s  a t  t h e  i n i t i a l  e n g i n e



s t a r t - u p .  T h e  o i l  s u p p l y  l i n e  s h o u l d  b e
a t tached  to  the  eng ine  so  tha t  o i l  under
p ressu re  i s  supp l i ed  to  the  ma in  o i l  ga l -
l e r y .

W i th  t he  o i l  pan  d ry ,  use  the  p re lub r i ca -
tor  to  pr ime the engine wi th  suf f ic ient  o i l
t o  r e a c h  a l l  b e a r i n g  s u r f a c e s .  U s e
heavy -du ty  l ub r i ca t i ng  o i l  as  spec i f i ed  i n
t h e  o p e r a t o r  m a n u a l . T h e n  r e m o v e  t h e
d i p s t i c k ,  w i p e  i t  w i t h  a  c l e a n  c l o t h ,  i n -
ser t  and remove i t  again to  check the o i l
l e v e l  i n  t h e  o i l  p a n .  A d d  s u f f i c i e n t  o i l ,
i f  necessa ry ,  t o  b r i ng  i t  t o  t he  f u l l  ma rk
on  t he  d ips t i c k .  Do  no t  ove r f i l l .

I f  a  p r e s s u r e  p r e l u b r i c a t o r  i s  n o t  a v a i l -
a b l e ,  f u l l  t h e  c r a n k c a s e  t o  t h e  p r o p e r
l e v e l  w i t h  h e a v y - d u t y  l u b r i c a t i n g  o i l  a s
s p e c i f i e d  i n  S e c t i o n  3 .  T h e n  p r e l u b r i -
ca te  the  uppe r  eng ine  pa r t s  by  remov ing
t h e  v a l v e  r o c k e r  c o v e r  a n d  p o u r i n g  l u -
b r i c a t i n g  o i l ,  o f  t h e  s a m e  g r a d e  a n d
v i scos i t y  as  used  i n  t he  c rankcase ,  ove r
the  rocke r  a rms .

T U R B O C H A R G E R .  P r e p a r e  t h e  t u r b o -
charger as fo l lows:

1 .  C lean  the  a rea  and  d i sconnec t  t he  o i l
in le t  l ine at  the bear ing housing.

2 .  F i l l  t h e  b e a r i n g  h o u s i n g  c a v i t y  w i t h
c l e a n  e n g i n e  o i l .  T u r n  t h e  r o t a t i n g  a s -
sembly by hand to coat  a l l  o f  the in ternal
sur faces wi th o i l .

3 .  Add addi t ional  engine o i l  to  complete ly
f i l l  t he  bea r i ng  hous ing  cav i t y  and  re in -
s t a l l  t h e  o i l  l i n e .  C l e a n  o f f  a n y  s p i l l e d
o i l .

Do not hold the compressor wheel,
for any reason, while the engine is
r u n n i n g .  T h i s  c o u l d  r e s u l t  i n
personal injury.

4 .  S ta r t  and  run  the  eng ine  a t  i d l e  un t i l
o i l  p r e s s u r e  a n d  s u p p l y  h a s  r e a c h e d  a l l
o f  t h e  t u r b o c h a r g e r  m o v i n g  p a r t s .  A
g o o d  i n d i c a t o r  t h a t  a l l  o f  t h e  m o v i n g
par t s  a re  ge t t i ng  l ub r i ca t i on  i s  when  the
o i l  p r e s s u r e  g a g e  r e g i s t e r s  p r e s s u r e  ( 1 0
psig -  69 kPa at  id le speed).

T h e  f r e e  f l o a t i n g  b e a r i n g s  i n  t h e  t u r b o -
c h a r g e r  c e n t e r  h o u s i n g  r e q u i r e  p o s i t i v e
l u b r i c a t i o n .  T h i s  i s  p r o v i d e d  b y  t h e
above procedure before the turbocharger

r e a c h e s  i t s  m a x i m u m  o p e r a t i n g  s p e e d
w h i c h  i s  p r o d u c e d  b y  h i g h  e n g i n e
s p e e d s .  S t a r t i n g  a n y  t u r b o c h a r g e d  e n -
gine and accelerat ing to any speed above
i d l e  b e f o r e  e n g i n e  o i l  s u p p l y  a n d  p r e s -
s u r e  h a s  r e a c h e d  t h e  f r e e  f l o a t i n g
bear ings can cause severe damage to the
sha f t  and  bea r ing  o f  t he  tu rbocharge r .

T O R Q U E  C O N V E R T E R .  C h e c k  t h e  o i l
l e v e l  a n d ,  i f  n e c e s s a r y ,  f i l l  t h e  t o r q u e
conve r te r  supp l y  t ank  to  t he  p rope r  l ev -
e l  w i t h  t he  l ub r i can t  spec i f i ed  i n  Sec t i on
I l l .

F U E L  S Y S T E M .  F i l l  t h e  f u e l  t a n k  w i t h
the fue l  spec i f ied in  Sect ion I I I .

T o  e n s u r e  p r o m p t  s t a r t i n g ,  f i l l  t h e  f u e l
s y s t e m  b e t w e e n  t h e  p u m p  a n d  t h e  f u e l
r e t u r n  m a n i f o l d  w i t h  f u e l .  I f  t h e  e n g i n e
h a s  b e e n  o u t  o f  s e r v i c e  f o r  a  c o n s i d e r -
a b l e  l e n g t h  o f  t i m e ,  p r i m e  t h e  f u e l  s y s -
tem be tween  the  fue l  pump  and  the  fue l
re tu rn  man i f o l d ,  The  f ue l  sys tem may  be
p r i m e d  b y  r e m o v i n g  t h e  p l u g  i n  t h e  t o p
o f  t he  f ue l  f i l t e r  cove r  and  s l ow l y  f i l l i ng
the  f i l t e r  w i t h  f ue l .

NOTE

The  fue l  sys tem i s  f i l l ed  w i t h  f ue l
b e f o r e  l e a v i n g  t h e  f a c t o r y ,  I f  t h e
f u e l  i s  s t i l l  i n  t h e  s y s t e m  w h e n
p r e p a r i n g  t o  s t a r t  t h e  e n g i n e ,
p r im ing  shou ld  be  unnecessary .

LUBRICAT ION F ITT INGS.  F i l l  a l l  g rease
cups  and  l ub r i ca te  a t  a l l  f i t t i ngs  w i th  an
a l l  pu rpose  g rease .  App ly  l ub r i ca t i ng  o i l
t o  t he  t h ro t t l e  l i nkage  and  o the r  mov ing
par t s  and  f i l l  t he  h inged  cap  o i l e rs  w i th
a hand o i ler .

D R I V E  B E L T S .  A d j u s t  a l l  d r i v e  b e l t s  a s
r e c o m m e n d e d  i n  S e c t i o n  V  o f  o p e r a t o r s
manual .

S T O R A G E  B A T T E R Y .  C h e c k  t h e
b a t t e r y .  T h e  t o p  s h o u l d  b e  c l e a n  a n d
d r y ,  t h e  t e r m i n a l s  t i g h t  a n d  p r o t e c t e d
w i t h  a  c o a t  o f  p e t r o l e u m  j e l l y  a n d  t h e
elect ro ly te must  be at  the proper  level .

NOTE

When necessary, check  the  ba t te ry
w i t h  a  h y d r o m e t e r ;  t h e  r e a d i n g
s h o u l d  b e  1 . 2 6 5  o r  h i g h e r .  H o w -
e v e r ,  h y d r o m e t e r  r e a d i n g s  s h o u l d
a l w a y s  b e  c o r r e c t e d  f o r  t h e  t e m -
pe ra tu re  o f  t he  e lec t ro l y te .
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C L U T C H .  D i s e n g a g e  t h e  c l u t c h .

Star t ing

G E N E R A L .  B e f o r e  s t a r t i n g  t h e  e n g i n e
fo r  t he  f i r s t  t ime ,  pe r fo rm  the  ope ra t i ons
l i s t e d  u n d e r  “ P r e p a r a t i o n  F o r  S t a r t i n g
Engine Fi rs t  T ime” on page 11H-12

B e f o r e  a  r o u t i n e  s t a r t ,  s e e  c h e c k s  i n
Sect ion V of  operator  manual .

S t a r t i n g  a t  a i r  t e m p e r a t u r e s  b e l o w  4 0 ° F
(4°C)  requ i res  the  use  o f  a  co ld  wea the r
s ta r t i ng  a id .  See  ope ra to rs  manua l .

Star t ing f lu id  used in  capsules  is
highly inflammable, toxic and pos-
sesses anesthetic properties.

T h e  i n s t r u c t i o n s  f o r  t h e  u s e  o f  a  c o l d
w e a t h e r  f l u i d  s t a r t i n g  a i d  w i l l  v a r y  d e -
p e n d i n g  o n  t h e  t y p e  b e i n g  u s e d .  R e f e r -
ence should be made to these
i n s t r u c t i o n s  b e f o r e  a t t e m p t i n g  a  c o l d
wea ther  s ta r t .

I N I T I A L  E N G I N E  S T A R T .  S t a r t  a n  e n -
gine as fo l lows:

1 .  S e t  t h e  s p e e d  c o n t r o l  l e v e r  a t  p a r t
t h r o t t l e ,  t h e n  b r i n g  i t  b a c k  t o  t h e  d e -
s i red  no - load  speed .  Make  su re  the  s top
lever  on the governor  cover  is  in  the run
pos i t i on .

2 .  P r e s s  t h e  s t a r t i n g  m o t o r  s w i t c h
f i rm l y .  I f  t he  eng ine  f a i l s  t o  s ta r t  w i t h i n
3 0  s e c o n d s ,  r e l e a s e  t h e  s t a r t i n g  s w i t c h
and a l low the star t ing motor  to  cool  a few
m i n u t e s  b e f o r e  t r y i n g  a g a i n . I f  t he  en -
g ine  fa i l s  t o  s ta r t  a f t e r  f ou r  a t t emp ts ,  an
inspec t i on  shou ld  be  made  to  de te rm ine
the cause.

NOTE

T o  p r e v e n t  s e r i o u s  d a m a g e  t o  t h e
s t a r t e r ,  i f  t h e  e n g i n e  d o e s  n o t
s t a r t ,  d o  n o t  p r e s s  t h e  s t a r t i n g
swi tch again whi le the star t ing mo-
t o r  i s  r u n n i n g .

Running

O I L  P R E S S U R E .  O b s e r v e  t h e  o i l  p r e s -
su re  gage  immed ia te l y  a f t e r  s ta r t i ng  t he
e n g i n e .  I f  t h e r e  i s  n o  p r e s s u r e  i n d i -
c a t e d  w i t h i n  1 0  t o  1 5  s e c o n d s ,  s t o p  t h e
eng ine  and  check  the  l ub r i ca t i ng  o i l  sys -
t e m .  R e f e r  t o  t h e  T r o u b l e  S h o o t i n g
Charts  in  Sect ion IV.

W A R M - U P .  R u n  t h e  e n g i n e  a t  p a r t
t h r o t t l e  a n d  n o  l o a d  f o r  a p p r o x i m a t e l y
f i ve  m inu tes ,  a l l ow ing  i t  t o  wa rm-up  be -
fore apply ing a load.

I f  the uni t  is  operat ing in  a c losed room,
s t a r t  t h e  r o o m  v e n t i l a t i n g  f a n  o r  o p e n
the  w indows ,  as  wea ther  cond i t i ons  per -
mi t ,  so ample a i r  is  ava i lab le  for  the en-
g ine .

I N S P E C T I O N .  W h i l e  t h e  e n g i n e  i s  r u n -
n ing  a t  ope ra t i ng  tempera tu re ,  check  fo r
c o o l a n t ,  f u e l  o r  l u b r i c a t i n g  o i l  l e a k s .
T igh ten  the  l i ne  connec t ions  where  nec -
essary to stop leaks.

ENGINE TEMPERATURE.  No rma l   eng ine
c o o l a n t  t e m p e r a t u r e  i s  1 6 0 - 1 8 5 °
(71 -85°C) .

C R A N K C A S E .  I f  t h e  e n g i n e  c r a n k c a s e
was ref i l led,  s top the engine af ter  normal
opera t i ng  tempera tu re  has  been  reached .
A l l o w  t h e  o i l  t o  d r a i n  ( a p p r o x i m a t e l y
twen ty  m inu tes )  back  i n to  the  c rankcase
and  check  t he  o i l  l eve l .  Add  o i l ,  i f  nec -
essary,  to  br ing i t  to  the proper  level  on
t h e  d i p s t i c k .  U s e  o n l y  t h e  h e a v y  d u t y
o i l  spec i f ied in  Sect ion I l l .

COOL ING SYSTEM.  Remove  t he  rad ia to r
cap  s low ly  a f te r  t he  eng ine  has  reached
norma l  ope ra t i ng  tempera tu re  and  check
t h e  e n g i n e  c o o l a n t  l e v e l .  T h e  c o o l a n t
level  should be near  the top of  the open-
i n g .  I f  n e c e s s a r y ,  a d d  c l e a n  s o f t  w a t e r
or  a permanent  type ant i f reeze.

T U R B O C H A R G E R .  M a k e  a  v i s u a l  i n -
s p e c t i o n  o f  t h e  t u r b o c h a r g e r  f o r  l e a k s
a n d  e x c e s s i v e  v i b r a t i o n .  S t o p  t h e  e n -
g i n e  i m m e d i a t e l y  i f  t h e r e  i s  a n  u n u s u a l
no ise  i n  the  tu rbocharge r .

AVOID  UNNECESSARY ENGINE IDL ING.
D u r i n g  l o n g  e n g i n e  i d l i n g  p e r i o d s ,  t h e
engine coolant  temperature wi l l  fa l l  be low
t h e  n o r m a l  o p e r a t i n g  r a n g e .  T h e  i n c o m -
plete combust ion of  fue l  in  a co ld engine
w i l l  c a u s e  c r a n k c a s e  d i l u t i o n ,  f o r m a t i o n
o f  l a c q u e r  o r  g u m m y  d e p o s i t s  o n  t h e
v a l v e s ,  p i s t o n s  a n d  r i n g s  a n d  r a p i d  a c -
cumulat ion of  s ludge in  the engine.
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NOTE

W h e n  p r o l o n g e d  e n g i n e  i d l i n g  i s
n e c e s s a r y ,  m a i n t a i n  a t  l e a s t  8 0 0
r p m .

Stopping

NORMAL STOPPING.  S top  the  eng ine  as
fo l l ows :

1.  Release the load and decrease the en-
g i n e  s p e e d .  P u t  a l l  s h i f t  l e v e r s  i n  t h e
neu t ra l  pos i t i on .

2 .  A l l ow  the  eng ine  to  run  a t  ha l f  speed
o r  s l o w e r  w i t h  n o  l o a d  f o r  f o u r  o r  f i v e
minutes, then move the stop lever to the
stop posi t ion to stop the engine.

EXHAUST SYSTEM.  Dra in  t he  condensa -
t ion f rom the exhaust  l ine.

C O O L I N G  S Y S T E M .  D r a i n  t h e  c o o l i n g
s y s t e m  i f  i t  i s  n o t  p r o t e c t e d  w i t h  a n t i -
f r eeze  and  f reez ing  tempera tu res  a re  ex -

pec ted .  Leave  the  d ra ins  open .

C R A N K C A S E .  C h e c k  t h e  o i l  l e v e l  i n  t h e
c r a n k c a s e .  A d d  o i l ,  i f  n e c e s s a r y ,  t o
b r i n g  i t  t o  t h e  p r o p e r  l e v e l  o n  t h e  d i p -
s t i c k .

I N S P E C T I O N .  M a k e  a  v i s u a l  c h e c k  f o r
l eaks  i n  t he  fue l ,  l ub r i ca t i ng  and  coo l i ng
systems.

C L E A N  E N G I N E .  C l e a n  a n d  c h e c k  t h e
eng ine  tho rough l y  t o  make  ce r ta in  i t  w i l l
be  ready  fo r  t he  nex t  run .

Re fe r  t o  Sec t i on  V  o f  ope ra to r ’ s  manua l
and  pe r fo rm  a l l  o f  t he  da i l y  ma in tenance
o p e r a t i o n s .  A l s o  p e r f o r m  t h e  o p e r a t i o n s
r e q u i r e d  f o r  t h e  n u m b e r  o f  h o u r s  o r
mi les the engine has been in operat ion.

Make  the  necessa ry  ad jus tmen ts  and  m i -
n o r  r e p a i r s  t o  c o r r e c t  d i f f i c u l t i e s  w h i c h
m a y  h a v e  o c c u r r e d  d u r i n g  t h e  p e r v i o u s
r u n .
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SECTION I

GENERAL

1. Purpose: To provide user and support personnel Supplemental maintenance and

r e p a i r  p a r t s  i n s t r u c t i o n s  t h a t  h a v e  s p e c i a l  a p p l i c a t i o n  t o  n o n - d e v e l o p m e n t a l

i tems of  equipment.

2. Scope: Th is  pub l i ca t ion  app l ies  to  Depar tment  o f  the  Army un i ts ,  o rgan iza t ions /

ac t i v i t i es  tha t  use  and  suppor t  the  Harn isch feger  Crane,  Crawler ,  40  Ton,  Mode l

5 0 6 0 .  T h e  e x p e c t e d  l i f e  o f  t h i s  c r a n e  i s  2 0  y e a r s .

3 . Non-Developmental Item (NDI): This crane has been approved for use by TO & E/

TDA Organ iza t ions .  The  end  i tem w i l l  be  suppor ted  by  Commerc ia l /M i l i ta ry  Pub l i ca t ions

a n d  r e p a i r  p a r t s  s u p p l i e d  b y  t h e  m i l i t a r y  s u p p l y  s y s t e m  o r  l o c a l  d e a l e r s .

T r a n s p o r t a b i l i t y / B r i d g e  c l a s s i f i c a t i o n  d a t a  i s  a v a i l a b l e  b y  c a l l i n g  U . S .  A r m y

Tank-Automotive Command, DRSTA-MVB, AUTOVON 786-8901.

4 . D e s c r i p t i o n : This crane is crawler mounted, 40 ton, Model 5060, and is

manufac tu red  by  Harn isch feger  Corpora t ion  a t  the i r  Escanaba,  M ich igan  p lan t .

T h e  c r a n e  i s  f u l l  r e v o l v i n g  a n d  h a s  t h e  c a p a b i l i t y  o f  e x t e n d i n g / r e t r a c t i n g  t h e

s ide  f rames  to  accomodate  coun te rwe igh ts  fo r  s tab i l i t y  and  con t ro l .  The  opera t iona l

and maintenance procedures are covered in the manufacturer ’s manuals overpacked

w i t h  e a c h  u n i t ,  T h i s  c r a n e  i s  a  f r i c t i o n  a n d  h y d r a u l i c  m a c h i n e .  A l l  u p p e r  w o r k

f u n c t i o n s  a r e  p e r f o r m e d  b y  f r i c t i o n  c l u t c h e s  a n d  b r a k e s .  H y d r a u l i c  c y l i n d e r s

are used to apply the c lutches and planetary brakes. The drum, swing and boom

ho is t  b rakes  a re  re leased by  hydrau l i c  cy l inders  work ing  aga ins t  the  b rake ’s

s p r i n g  a c t u a t o r s .

The engine (4-71-T) serves as the power source for the upper and lower dr ive

sys tems.  Power  i s  t rans fe r red  th rough the  to rque  conver te r  in to  the  worm shaf t .

Th is  sha f t  d r i ves  the  boom ho is t  sha f t ,  ma in t  sha f t ,  and  swing  shaf t  by  a
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chain when the master c lutch is engaged. However,  the drumshafts do not

tu rn  the  d rums or  the  sw ing  gear  un t i l  the  p roper  c lu tch  i s  engaged by  the

opera to r .

The  eng ine  d r i ves  a  hydrau l i c  con t ro l  pump wh ich  p rov ides  hydrau l i c

power  to  the  con t ro l  va lves  in  the  opera to r ’ s  cab .  The  con t ro l  pump

s u p p l i e s  h y d r a u l i c  o i l  t o  t h e  c r a w l e r  e x t e n s i o n / r e t r a c t i o n  v a l v e s  m o u n t e d  o n

t h e  c a r  b o d y .  T h e s e  v a l v e s  d i r e c t  o i l  t o  t h e  s i d e  f r a m e s  f r o m  e x t e n s i o n

c y l i n d e r s .

The engine dr ives a pump mounted at  the f ront of  the engine which

transmits power to two var iable displacement pumps, these pumps supply

power to the crawler motors.

5. P u b l i c a t i o n s : In i t i a l  pub l i ca t ions  a re  commerc ia l  manua ls  and  two  o f

each are overpacked with the end i tem. See Appendix I.

Depar tment  o f  the .  A rmy pub l i ca t ions  w i l l  be  fo r thcoming  and  w i l l

be  ava i lab le  th rough your  norma l  pub l i ca t ion  supp ly  sys tem.

6. Attachment: A t t a c h m e n t s  s u c h  a s  P i l e  d r i v e ,  F a i r l e a d ,  J i b ,  1 0 '

Ex tens ions  ( inser ts ) ,  C lamshe l l /d rag l ine  bucke ts ,  Shove l f ron t /Backhoe a re

now considered major i tems of  supply.  They are author ized by TDA/TO&E

by l ine  numbers .  A  l i s t  o f  a t tachments  used w i th  th is  c rane is  shown as

Append ix H.

7. Personnel :

MOS requirements (AR 611-201)

a. Crane Operator MOS 62F30

b . Mechanic Org. MOS 62B20

c . Mechanic DS/GS MOS 62B30
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8 .  T r a i n i n g :  T h i s  c r a n e  i s  n o t  e n t i r e l y  a  n e w  c o n f i g u r a t i o n .  T r a i n i n g  w i l l  b e

determined by the using organizat ion. Using Commander is to arrange qual i f ied

t ra in ing  and  may reques t  ass is tance  f rom suppor t  o rgan iza t ions .  I f  fu r ther

assistance is required a request should be forwarded to Commander, U.S. Army

Tank-Automotive Command (TACOM), AMSTA-ML, Warren, MI 48397-5000.

9. Warranty: Warranty per iod for  the model  5060 is 15 months fo l lowing date of

acceptance by the Government.  Al l  warrant ies wi l l  be processed through, U.S. Army

Tank-Automotive Command, AMSTA-MVB, Warren, MI 48397-5000, AUTOVON 786-8901. (See

Appendix K)

10. Reporting Errors and Recommending Improvements: You can help improve this manual.

I f  you f ind any mistakes or know of a way to improve the procedures, please let

us know. Mail your letter or DA Form 2028 direct to: Commander, U.S. Army

Tank-Automotive Command, AMSTA-MB, Warren, MI 48397-5000. A reply will be

furn ished to  you.

11. Common Hardware: All common hardware, (consisting of cap screws, nuts and

washers)  i s  p la ted ,  g rade 5  th roughout  th is  c rane.  Except ion  to  th is  on ly  i s

indicated in the Shop/Part  Commercial  Manuals.  Dimensions, in relat ion to

fract ions, is shown on Appendix G.
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SECTION II

MAINTENANCE

12. Maintenance Concept:

a. O p e r a t o r :  O p e r a t o r  i s  l i m i t e d  t o  p e r f o r m i n g  o p e r a t o r / c r e w  p r e v e n t i v e
maintenance checks and services.

b . Organ iza t iona l  Ma in tenance:  Organ iza t iona l  ma in tenance  cons is ts  o f
scheduled prevent ive maintenance services, minor repairs and adjustments in
accordance with the Maintenance Al locat ion Chart .

c . D i rec t  Suppor t  Ma in tenance:  D i rec t  Suppor t  Ma in tenance cons is ts  o f
r e p a i r s  o n - s i t e  o r  i n  d i r e c t  s u p p o r t  u n i t ’ s  s h o p .  R e p a i r s  a r e  a c c o m p l i s h e d
with a minimum of tools and test  equipment.  Maintenance is performed on a
repa i r -and- re tu rn - to -user  bas is ,  and  o rgan iza t iona l  ma in tenance  repa i r  par ts
a r e  s u p p l i e d  t o  u s i n g  u n i t s .

d . General  Support  Maintenance: General  Support  Maintenance wi l l
repair  and return to the supply system designated assembled modules which over-
f low f rom or  exceed the  capab i l i t y  o f  D i rec t  Suppor t  Ma in tenance .

13. Maintenance Al locat ion Chart  (MAC): See Appendix A 1. Units may exceed
their  author ized scope and funct ion in the MAC when approved by the Support
Maintenance Commander.

14. Sh ipment  and  S to rage :  Re fe r  to  the  manufac tu re r ’ s  Opera t ing  Ins t ruc t ions
and Service Manual, and TB 740-97-2.

15. Dest ruc t ion  to  Prevent  Enemy Use:  Re fe r  to  TX 750-444-3  fo r  ins t ruc t ions
governing destruct ion of equipment to prevent enemy use.

16. Special Tools and Equipment: See Appendix A2.

17. Pet ro leum Supp ly  L is t  Supp l ies :  See  Append ix  F  fo r  a  l i s t  o f  pe t ro leum
s u p p l i e s  r e q u i r e d  f o r  o p e r a t i o n .

18. Maintenance Forms and Records:

a. Operat ional  Records:  Operat ional  records (DA Forms 2400 and 2401) are
opt iona l  and  may be  u t i l i zed  a t  the  descre t ion  o f  the  us ing  o rgan iza t ion .

b . Maintenance Records:

(1) DA Form 2402, Exchange Tag.

(2) DD Form 314, Preventive Maintenance Schedule and Record.

(3) DA Form 2404, Equipment Inspect ion and Maintenance Worksheet.

(4) DA Form 2405, Maintenance Request Register.

(5) DA Form 2407, Maintenance Request.
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c . H i s t o r i c a l  R e c o r d s :

(1) DA Form 2408, Equipment Logbook Assembly.

(2)  DA Form 2408-5,  Equipment Control  Record.

(3) DA Form 2408-9, Equipment Modif icat ion Record.

(4) DA Form 2408-10, Equipment Component Register.

(5)  DA Form 2408-14,  Uncorrected Faul t  Record.

(6 )  DA Form 2408-20 ,  O i l  Ana lys is  Log .

19. L u b r i c a t i o n :  T o  i n s u r e  p r o p e r  o p e r a t i o n  o f  t h i s  m a c h i n e ,  a l l  p o i n t s
r e q u i r i n g  l u b r i c a t i o n  m u s t  b e  s e r v i c e d  w i t h  t h e  c o r r e c t  l u b r i c a n t ,  a t  t h e
p r o p e r  t i m e  i n t e r v a l . A l l  n o r m a l  w e a r  p o i n t s  w h i c h  r e q u i r e  l u b r i c a t i o n  a r e
shown in  the  lubr ica t ion  char t ,  Append ix  T .

Po in ts  no t  cons idered  to  be  normal  wear  po in ts  ( levers ,  l i nkages ,  p ins
and  so  fo r th )  shou ld  be  lub r i ca ted  w i th  an  o i l  can  once  a  week .  Use  a  few
drops  o f  eng ine  o i l  on  each  exposed p in  o r  lever  no t  equ ipped w i th  g rease
f i t t i n g s  t o  p r e v e n t  r u s t  a n d  t o  p r o v i d e  t h e  l i m i t e d  l u b r i c a t i o n  r e q u i r e d .

NOTE:

The lubr icat ion recommended in th is manual
i s  based  on  opera t ion  o f  the  mach ine  fo r  a
per iod  no t  to  exceed e igh t  hours  per  day ,
f i v e  d a y s  p e r  w e e k .  I f  a  m a c h i n e  i s  o p e r -
a ted  in  excess  o f  the  above t ime per  day
or  week ,  lub r i ca t ion  schedu les  mus t  be  ad-
j u s t e d  a c c o r d i n g l y .

CAUTION:

I n i t i a l  f a c t o r  f i l l  o f  M P G  i s  o f  t h e  s o a p
base 12-Hydroxy  L i th ium Stera te  type.
Other soaP base greases are not always com-
pat ib le .  Var ious  o ther  soap base  greases
may be used i f  experience by the purchaser
has shown these greases to be accept ible
f o r  t h e  a p p l i c a t i o n .  T h e  g r e a s e  s y s t e m s
must be thoroughly purged and the af fected
parts removed and cleaned before switching
from a grease having one type of  base to a
grease  hav ing  a  d i f fe ren t  soap base .

A l l  a t t a c h m e n t  f i t t i n g s , w h e t h e r  i l l u s t r a t e d  o n  t h e  l u b r i c a t i o n  c h a r t
o r  n o t , must be lubr icated with GAA grease every 8 hours.
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20.  Qua l i t y  Def ic iency  Repor t  (QDR) : Repor t ing  o f  equ ipment  qua l i t y  re la ted
prob lems,  such  as  new mater ie l  rece ived  tha t  i s  unsa t is fac to ry  due  to  a  qua l i t y
de fec t /workmansh ip  o f  mate r ie l .  Genera l l y  these  a re  found  dur ing  inspec t ions
or  wh i le  per fo rm ing  ma in tenance  and  repa i r  func t ions .  See  TM 38-750  fo r
r e p o r t i n g  p r o c e d u r e  a n d  f o l l o w  t h e  i n s t r u c t i o n s  c a r e f u l l y .

21. Equipment Improvement Recommendat ions (EIR):  EIR are used to report /
suggest any improvements that are found on this equipment,  see TM 38-750 for
repor t ing  p rocedures  and  fo l l ow i n s t r u c t i o n s  c a r e f u l l y  f o r  p r o m p t  a c t i o n .

22. Report of Discrepancy (ROD): R O D  i s  a  r e c e i v e r  o f  s u p p l y  r e s p o n s i b i l i t y
and is  repor ted  to  the  manag ing  Inventory  Cont ro l  Po in t  ( ICP)  o r  as  shown in
AR 735-11-2, AR 55-38 or DA PAM 700-3.

23. Coo l ing  Sys tem Trea tment :  Cor ros ion  inh ib i to r  compound is  in tended fo r
u s e  i n  D e t r o i t  D i e s e l  4 - 7 1 - T  e n g i n e  a s s e m b l y .  I n h i b i t o r  i s  u s e d  i n  w a t e r  a n d
w i t h  a n t i f r e e z e  e t h y l e n e  g l y c o l t y p e  I .  I t  i s  i n t e n d e d  f o r  u s e  a t  t h e  o p t i m u m
r a t e  o f  o n e  o u n c e  o f  i n h i b i t o r  t o  t w o  q u a r t s  o f  w a t e r .  T h e  e t h y l e n e  g l y c o l
m u s t  h a v e  a  b o r a x  b a s e  i n h i b i t o r .  A n t i f r e e z e  e t h y l e n e  g l y c o l  p r o t e c t s  t h e
cool ing system per Chart  on Appendix D. Nat ional  Stock Numbers are on Appendix F.

24. F u e l  S y s t e m  I c i n g  I n h i b i t o r :  F u e l  s y s t e m  i c i n g  i n h i b i t o r  w i l l  b e  b l e n d e d
i n t o  t h e  f u e l  i n  t h e  a m o u n t  n o t  t o  e x c e e d  0 . 1 5  p e r c e n t  b y  v o l u m e .  I c i n g  i n h i b i t o r
w i l l  be  added  on ly  to  d iese l  fue l  regu la r  g rade  DF-2  and  be low 32°  F .  Na t iona l
Stock Numbers are on Appendix F.

25. Wire Rope Specification MS132.1T (P&H):

Vendor: Leschen Wire Rope Co. (75575) or (80967)
609 North Second Street
Saint Joseph, MO 64502

TYPE STRAND CORE

27D 6x26 IWRC

25

12

6x25F IWRC

6x31 F i b e r

R igh t  a l te rna te  lay ,  p re fo rmed ex t ra  improved  p low
s t e e l .  O n e - h a l f  i n c h  D i z .  B r i g h t  u n c o a t e d ,  b r e a k i n g
s t reng th  26 ,600  lbs .  War r ing ton  Sea le  Cons t ruc t ion ,
Part Number 08511 - (Ref. 1030Z81)

Right Regular lay,  preformed extra improved plow
s t e e l ,  b r i g h t  u n c o a t e d  ( F i l l e r  W i r e )  b r e a k i n g
s t r e n g t h ,  5 8 , 8 0 0  l b s . ,  3 / 4  i n c h  D i a .  ( R e f .
1030273) Part Number 12401-breaking strength
79 ,600  lbs . ,  7 /8  inch  D ia .  (Re f .  1030Z77)  Par t
Number 14321-

Right Regular lay,  preformed improved, p low steel
5/16 inch Dia.  (Ref.  1030Z5D5) br ight uncoated,
breaking strength 8060 lbs.  (WSC) Warr ington
Seale Construct ion,  Part  Number 05410-
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Wire Rope requirements are as fo l lows:

CRANE, Boom Hoist 1/2" Dia. Type 27D
Part Number 08511-710 (80967) Qty 1 each

JIB,  Assy 3/4" Dia. Type 25
Part Number 12401-110 (80967) Qty 1 each

BACKHOE, Assy 3/4" Dia. Type 25
Part Number 12401-125 (80967) Qty 1 each

7/8" Dia. Type 25
Part Number 14321-85 (80967) Qty 1 each

1/2" Dia. Type 27D
Part Number 08511-230 (80967) Qty l each

FAIRLEAD, Assy 7/8"  D ia .  Type
Part Number 14321-75 (08967) Qty 1 each

3/4"  D ia .  Type
Part Number 12401-140 (80967) Qty 1 each,

SHOVEL FRONT, Assy 5/16" Dia. Type 12
Part Number 05410-32 (80967) Qty 1 each

1/2 Dia. Type 27D
Part Number 08511-380 (80967) Qty 1 each

7/8" Dia. Type 25
Part Number 14321-290 (80967) Qty 1 each

NOTE: (1 )  Th is  number  a f te r  the  dash  in  each  par t  number  ind ica tes  the  number
o f  f e e t  r e q u i r e d .

Example:

1. J ib ,  Assy  requ i res  3 /4  type 25 w i re  rope in  two p laces . One requires
46  fee t  and  the  o ther  61  fee t . T o g e t h e r  i t  r e q u i r e s  1 0 7  f e e t ,  r o u n d e d  o f f  t o
110  fee t . Part Number 12401-110 (80967).

2. Shovel Front Assy  requ i res  7 /8  type  25  w i re  rope in  th ree  p laces .  One
r e q u i r e s  5 0  f e e t , one requires 83 feet  and one 155 feet . To ta l  requ i rement  i s
288  fee t  rounded  o f f  to  290  fee t . Part Number 14321-290 (80967).

NOTE: (2 )  The  Boom Ho is t  Drum w i l l  ho ld  sa fe ly  710  fee t  o f  w i re  rope .  Opera t ion
o f  th i s  d rum w i l l  requ i re  a  m in imum o f  3 - fu l l  t u rns  o f  cab le  on  the  d rum when
the  boom is  lowered  to  res t  on  leve l  g round .
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26. T r o o p  I n s t a l l e d  I t e m  L i s t : The  opera to r  requ i res  cer ta in  too ls  and
equ ipment  tha t  i s  no t  fu rn ished  by  the  manufac tu re r .  Un i t  commanders
responsible for  th is end i tem must ensure the operator has adequate
too ls /equ ipment  to  ma in ta in  the  c rane .  The  fo l l ow ing  i s  a  m in imum
requirement of  i tems required for  th is purpose and are purchased and
i n s t a l l e d  a t  t h e  u s e r  l e v e l .

a.
b .
c .
d .
e.
f .
g .
h .
i .
j .

k .
l .

Ex t i ngu i she r ,  F i r e 4210-00-555-8837 1 ea.
Hammer, Engineer 2 1/2 lb. 5120-00-900-6118 1 ea.
P l i e r s ,  S l i p j o i n t  1 0  i n . 5120-00-278-0352 I ea.
Screwdr iver  5  in . 5120-00-227-7338 1 ea.
Wrench, Open End, 8 in. 5120-00-240-5328 I ea.
Wrench, Open End, 12 in. 5120-00-264-3769 1 ea.
Brush, C lean ing  9  in . 5120-00-297-6657 1 ea.
O i le r ,  Hand,  8  oz . 8020-00-297-6657 1 ea.
Case ,  R i f le 2590-00-045-9611 1 ea.
Log Book Binder 7510-00-889-3494 1 ea.
Cotton Duck Case 7520-00-559-9618 1 ea.
Wrench Torque, 1 in. drive 5120-00-659-9267 I  ea.

27. Opera t ion  in  Ex t remely  Dusty  Cond i t ions :  When opera t ing  in  ex t remely
dus ty  cond i t ions  the  a i r  c leaner  e lement  w i l l  become p lugged  in  a  shor t
t i m e  ( s e e  a i r  r e s t r i c t i o n s  g a u g e ) .  I t  i s  r e c o m m e n d e d  t h a t  w h e n  t h i s
cond i t ion  occurs  a  ro ta ry  type  p rec leaner  be  used  on  the  top  o f  the  a i r
i n take  in  p lace  o f  the  hood  ra in  cap .  P rec leaner  Par t  Number  660F,
FSCM 62797 is an exception item and may be requested through normal
supply channels.
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SECTION III

REPAIRPARTS SUPPLY

28. General :

a . The basic pol ic ies and procedures in AR 710-2 and AR 725-50 are
genera l l y  app l i cab le  to  repa i r  pa r ts  management  fo r  NDI  i tems.

b . Manufac tu re rs '  par t  manua ls  a re  fu rn ished  w i th  NDI  i tems ins tead  o f
Department of  the Army Repair  Parts and Special  Tool  L ist  (RPSTL).

c . Nat iona l  S tock  Numbers  (NSN)  a re  in i t ia l l y  ass igned on ly  to  PLL/ASL
p a r t s ,  i . e . ,  e n g i n e ,  s t a r t e r ,  g a u g e s ,  e t c .  A d d i t i o n a l  N S N  a r e  a s s i g n e d  b y
the  Supp ly  Suppor t  Ac t iv i t ies  as  demand war ran ts .

d . Automated Processing (AUTODIN) of Federal Supply Code Manufacturer
(FSCM) part  number requisi t ions,
d a t a  i s  a u t h o r i z e d .

w i thout  ed i t  fo r  match ing  NSN and except ion

e . Proper use of  Direct  Support  System (DSS) project  codes and weapon
s y s t e m  d e s i g n a t o r  c o d e s  o n  p a r t s  r e q u i s i t i o n s  i s  e s s e n t i a l .

f . Repair  parts are avai lable f rom commercia l  sources for  CONUS uni ts
and may be purchased locally in accordance with AR 710-2 and AR 735-110.

29. Prescr ibed Load/Authorized Stockage List  (PLL/ASL) (See Appendix J):

a. The PLL is a 15 day supply of  parts recommended for in i t ia l  stockage
at  the  o rgan iza t iona l  leve l  o f  ma in tenance .  Management  o f  PLL  i tems i s
governed by AR 710-2 and local  command procedures.  PLL wi l l  be on hand at
t h e  u s i n g  o r g a n i z a t i o n  o n  r e c e i p t  o f  t h e  e n d  i t e m .  S e l e c t i o n  o f  P L L  p a r t s
for overseas is based upon the receiv ing command's recommendat ions af ter
review of TACOM prepared l ist  in Appendix J.  CONUS commanders receiving
t h i s  e n d  i t e m  w i l l  e s t a b l i s h  s t o c k  t h r o u g h  n o r m a l  r e q u i s i t i o n i n g  p r o c e s s ,

b . The ASL is  an  es t imated  45  days  supp ly  o f  repa i r  par ts  fo r  suppor t
u n i t s  a n d  a c t i v i t i e s .  A S L  w i l l  b e  o n  h a n d  a t  t h e  s u p p o r t  a c t i v i t y  i n  s u f f i c i e n t
t ime to  a l low us ing  o rgan iza t ions  t ime to  reques t  PLL supp ly  to  suppor t  th is
end i tem.  ASL se lec t ion  fo r  overseas  i s  based upon the  suppor t  o f  PLL wh ich
was on the receiving command's recommendations. CONUS commanders in support
o f  t h i s  i t e m  w i l l  e s t a b l i s h  s t o c k s  t h r o u g h  n o r m a l  p r o c e s s e s .
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SECTION III (cont.)

30. R e q u i s i t i o n i n g  R e p a i r  P a r t s :

a. Using organizat ions request repair  parts using DA Form 2765 Series
and wi l l  be prepared according to AR 710-2 and local  command direct ives.
Al l  requests wi l l  have the Weapons System Designator Code "7Y" entered in
the 2d and 3rd posi t ions of Block 18, (see Appendix H in AR 710-2).

b . Support  act iv i t ies wi l l  use normal MILSTRIP format (DD Form 1348
Ser ies ) .  The  suppor t  o f  NDI  o f  equ ipment  w i l l  i nc lude  p ro jec t  codes ,  (see
Appendixes M, N, O, and P) and distr ibut ion codes for supply customers in
CONUS will use Code "F" in card column 54. Customers OCONUS will use the
appropr iate code from Appendix P, paragraph P-3a(1),  AR 725-50. Weapon
System Designator Code "88" (Appendix H, AR 710-2) wi l l  be entered in card
co lumns  55  and  56  o f  a l l  requ is i t i ons fo r  par ts  to  suppor t  the  c rane ,
Model 5060.

31. Submit t ing requisi t ions through the Defense Automated Addressing System
(DAAS) for NSN parts. DAAS is used to forward support act iv i t ies MILSTRIP
r e q u i s i t i o n s  f o r  N S N  p a r t s  t o  t h e  m a n a g i n g  s u p p l y  s u p p o r t  a c t i v i t y .  R e q u i s i t i o n s
for part  numbered parts wi l l  be forwarded through DAAS to the Defense
Construct ion Supply Center (DCSC) (S9C). See Appendix 0.

NOTE: When the manufacturer's part number and Federal Supply
Code for Manufacturer (FSCM) exceed the space in card columns
8 through 22 of A02/AOB requisi t ions, prepare an AOS/AOE requisi t ion
(DD Form 1348-6) and mai l  i t  to:  Commander,  Defense Construct ion
Supply Center, ATTN: DCSC-OSR, Columbus, OH 43215.

32. Source Codes are defined on Appendix s.
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APPENDIX A

MAINTENANCE ALLOCATION CHART

FOR

CRANE, CRAWLER, 40 TON

HARNISCHFEGER MODEL 5060

1. G e n e r a l :  T h i s  M a i n t e n a n c e  A l l o c a t i o n  C h a r t  d e s i g n a t e s  r e s p o n s i b i l i t y  f o r
per fo rmance  o f  ma in tenance  func t ions  to  spec i f i c  ma in tenance  ca tegor ies .

2. Maintenance Functions:

a. I n s p e c t :  T o  d e t e r m i n e  t h e  s e r v i c e a b i l i t y  o f  a n  i t e m  b y  c o m p a r i n g  i t s
p h y s i c a l ,  m e c h a n i c a l  a n d / o r  e l e c t r i c a l  c h a r a c t e r i s t i c s  w i t h  e s t a b l i s h e d
s tandards  th rough examinat ion .

b . T e s t : T o  v e r i f y  s e r v i c e a b i l i t y  a n d  d e t e c t  i n c i p i e n t  f a i l u r e s  b y
m e a s u r i n g  m e c h a n i c a l  o r  e l e c t r i c a l  c h a r a c t e r i s t i c s  o f  a n  i t e m  a n d
c o m p a r i n g  t h o s e  c h a r a c t e r i s t i c s  w i t h  p r e s c r i b e d  s t a n d a r d s .

C. S e r v i c e : O p e r a t i o n s  r e q u i r e d  p e r i o d i c a l l y  t o  k e e p  a n  i t e m  i n  p r o p e r
o p e r a t i n g  c o n d i t i o n ,  i . e . ,  t o  c l e a n  ( d e c o n t a m i n a t e ) ,  t o  p r e s e r v e ,  t o  d r a i n ,
t o  p a i n t ,  o r  t o  r e p l e n i s h  f u e l ,  L u b r i c a n t s ,  h y d r a u l i c  f l u i d s ,  o r  c o m p r e s s e d
a i r  s u p p l i e s .

d . A d j u s t : To  ma in ta in , w i t h i n  p r e s c r i b e d  L i m i t s ,  b y  b r i n g i n g  i n t o
p r o p e r  o r  e x a c t  p o s i t i o n ,  o r  b y  s e t t i n g  t h e  o p e r a t i n g  c h a r a c t e r i s t i c s  t o
s p e c i f i e d  p a r a m e t e r s .

e . A l i g n :  T o  a d j u s t  s p e c i f i e d  v a r i a b l e  e l e m e n t s  o f  a n  i t e m  t o  b r i n g
about opt imum or desired performance.

f . C a l i b r a t e :  T o  d e t e r m i n e  a n d  c a u s e  c o r r e c t i o n s  t o  b e  m a d e  o r  t o  b e
ad jus ted  on  ins t ruments  o r  tes t  measur ing  and  d iagnos t i c  equ ipment  used  in
precis ion measurement. C o n s i s t s  o f  c o m p a r i s o n s  o f  t w o  i n s t r u m e n t s ,  o n e  o f
w h i c h  i s  a  c e r t i f i e d  s t a n d a r d  o f  k n o w n  a c c u r a c y ,  t o  d e t e c t  a n d  a d j u s t  a n y
d isc repancy  in  the  accuracy  o f  the  ins t rument  be ing  compared ,

g. I n s t a l l :  T h e  a c t  o f  e m p l a c i n g ,  s e a t i n g ,  o r  f i x i n g  i n t o  p o s i t i o n  a n
item, part, or module (component or assembly) in a manner to allow the proper

func t ion ing  o f  an  equ ipment  o r  sys tem.

h . R e p l a c e :  T h e  a c t  o f  s u b s t i t u t i n g  a  s e r v i c e a b l e  L i k e  t y p e  p a r t ,
subassemb ly ,  o r  modu le  (componen t  o r  assemb ly )  fo r  an  unserv i ceab le  coun te r -
p a r t .

i . R e p a i r :  T h e  a p p l i c a t i o n  o f  m a i n t e n a n c e  s e r v i c e s  o r  o t h e r  m a i n t e n a n c e
a c t i o n s  t o  r e s t o r e  s e r v i c e a b i l i t y  t o  a n  i t e m  b y  c o r r e c t i n g  s p e c i f i c  d a m a g e ,
f a u l t , m a l f u n c t i o n , o r  fa i l u re  in  a  pa r t ,  subassemb ly ,  modu le  (componen t  o r
assembly ) ,  end  i tem,  o r  sys tem.
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APPENDIX A

j . O v e r h a u l :  T h a t  m a i n t e n a n c e  e f f o r t  ( s e r v i c e / a c t i o n )  n e c e s s a r y  t o
r e s t o r e  a n  i t e m  t o  a  c o m p l e t e l y  s e r v i c e a b l e / o p e r a t i o n a l  c o n d i t i o n  a s
prescr ibed  by  ma in tenance  s tandards  ( i .e . ,  DMWR) in  appropr ia te  techn ica l
p u b l i c a t i o n s .  O v e r h a u l  i s  n o r m a l l y  t h e  h i g h e s t  d e g r e e  o f  m a i n t e n a n c e
per fo rmed by  the  Army.  Overhau l  does  no t  no rma l l y  re tu rn  an  i tem to  l i ke
new cond i t ion .

3. Co lumn En t r ies :  Co lumns used  in  the  Ma in tenance  A l loca t ion  Char t  a re
exp la ined be low:

a. Column 1, Group Number: Column I  l is ts group numbers,  the purpose
of  wh ich  i s  to  iden t i f y  components ,  assembl ies ,  subassembl ies ,  and  modu les
wi th  the  nex t  h igher  assembly .

b . Column 2, Component/Assemblv: Column 2 contains the noun names of
components,  assembl ies,  subassembl ies, and modules for which maintenance
i s  a u t h o r i z e d .

C. Co lumn 3 ,  Ma in tenance  Func t ions :  Co lumn 3  l i s ts  the  func t ions  to
be  per fo rmed on  the  i tem l i s ted  in  Co lumn 2 .

d . Co lumn 4 ,  Ma in tenance  Category :  Co lumn 4  spec i f ies ,  by  the  l i s t ing
o f  a  “ w o r k  t i m e ”  f i g u r e  i n  t h e  a p p r o p r i a t e  s u b c o l u m n ( s )  t h e  l o w e s t  l e v e l  o f
m a i n t e n a n c e  a u t h o r i z e d  t o  p e r f o r m  t h e  f u n c t i o n  l i s t e d  i n  C o l u m n  3 .  T h i s
f igu re  represen ts  the  ac t i ve  t ime requ i red  to  per fo rm tha t  ma in tenance
f u n c t i o n  a t  t h e  i n d i c a t e d  c a t e g o r y  o f  m a i n t e n a n c e .  I f  t h e  n u m b e r  o r
c o m p l e x i t y  o f  t h e  t a s k s  w i t h i n  t h e  l i s t e d  m a i n t e n a n c e  f u n c t i o n  v a r y  a t
d i f f e r e n t  m a i n t e n a n c e  c a t e g o r i e s ,  a p p r o p r i a t e  “ w o r k  t i m e ”  f i g u r e s  w i l l  b e  s h o w n
fo r  each  ca tegory .  The  number  o f  man-hours  spec i f i ed  by  the  “work  t ime”
f igure  represen ts  the  average  t ime requ i red  to  res to re  an  i tem (assembly ,
subassembly,  component,  module,  end i tem or system) to a serviceable
c o n d i t i o n  u n d e r  t y p i c a l  f i e l d  o p e r a t i n g  c o n d i t i o n s .  T h i s  t i m e  i n c l u d e s
p r e p a r a t i o n  t i m e ,  t r o u b l e s h o o t  i n g  t i m e ,  a n d  q u a l i t y  a s s u r a n c e / q u a l i t y
c o n t r o l  t i m e  i n  a d d i t i o n  t o  t h e  t i m e  r e q u i r e d  t o  p e r f o r m  t h e  s p e c i f i c  t a s k s
iden t i f ied  fo r  the  ma in tenance func t ions  au thor ized  in  the  Ma in tenance
A l l o c a t i o n  C h a r t .

e. Column 5,  Tools and Equipment:  Column 5 speci f ies by code, those
c o m m o n  t o o l  s e t s  ( n o t  i n d i v i d u a l  t o o l s )  a n d  s p e c i a l  t o o l s ,  t e s t ,  a n d
suppor t  equ ipment  requ i red  to  per fo rm the  des igna ted  func t ion .

f . Column 6,  Remarks:  Column 6 contains an alphabet ic code which
leads  to  the  remark  in  Sec t ion  IV ,  Remarks , w h i c h  i s  p e r t i n e n t  t o  t h e
i t e m  o p p o s i t e  t h e  p a r t i c u l a r  c o d e .
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(1) (2) (3) (5)
Tools &

(6)

Group
Number Component Assembly

Maintenance
Function

C O F H D Equip-
ment Remarks

01 ENGINE
0100    Engine Assy Inspect 1.0 1

   1043-8300 (72582) Test 3.0
Service 0.8
Replace 4.0
Repair 64.5

0101 CRANKCASE, BLOCK:
   Cylinder Block & End Plates Repair 8.0 1

   Cylinder Heads, Cover & Oil Repair 2.0 1
   Pan Repair 5.0

0102 CRANKSHAFT:
   Crackshaft, Main Bearings Replace 10.0 1
   and Caps Repair 8.0
   Belt Set, Crankshaft Service 0.3 1
   Pully Drive Replace 0.5

0103 FLYWHEEL, ASSY:
   Flywheel & Ring Gear Replace 6.0
   Flywheel 5119988 (72582) Repair 2.5

0104 PISTON & ROD ASSY'S:
   Including Rings, Bearings Replace 11.0
   and Caps

0106 ENGINE LUB SYS:
  Pump Oil 5175986 (72582) Replace 12.0
   Filter, Oil:
   B-96 (12658) Replace 0.5 1
   Cooler, Oil

0108 MANIFOLDS:
   Exhaust, Manifold Replace 0.7 1
   5101838 (72582)

03 FUEL SYSTEM:
0301    Injectors 522877 (72582 Test 1.0 1

Replace 2.5
Repair 1.5

0302 PUMP FUEL:
   Pump Fuel 5199561 (72582) Test 0.5 1

Replace 1.0
Repair 2.0

   Lines & Fittings Replace 0.9
0304 AIR CLEANER Service 0.5 1

Replace 0.5
0305 BLOWER & TURBO ASSY'S:

  Blower Assy 5138551 (72582) Replace 1.0 1
Repair 3.0

H--general support       O--organizational
D--depot

The subcolumns are as follows:
       C--operator/crew F--direct support

(4)
Maintenance Category

APPENDIX A, PART 1
MAINTENANCE ALLOCATION CHART

CRANE, 40 TON CRAWLER, MDL 5060 P&H
3810-01-145-8288
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(1) (2) (3) (5)
Tools &

(6)

Group
Number Component Assembly

Maintenance
Function

C O F H D Equip-
ment Remarks

0305 BLOWER & TURBO ASSY'S CONTD
   Turbocharger Assy Replace 1.0 1
   5107616 (72582) Repair 3.0

0306 TANK,FUEL, LINES, & FITTINGS  
   Tank, Fuel 2100J971 (27315) Service 0.3 1

0308 ENGINE SPEED GOV. 1
   5144136 (72582) Adjust 1.0

Replace 1.0
Repair 1.0

0309 FUEL FILTERS: 1
   Strainer (Primary Replace 0.5
   TP522 (70040)
   Filter Ele Secondary: Replace 0.5 1
   IDD45 (45152)

0311 STARTING AID Replace 1.0 1
Repair 0.5

0312 THOTTLE CONTROL: Adjust 0.5 1
   2100J1369-1 (27315) Replace 1.0

Repair 1.0
RESERVOIR, THROTTLE Replace 1.0 1
   R109-2 (24346) Repair 1.5
CONTROL, THROTTLE Adjust 0.5 1
   2100N513F1 (27315) Replace 0.5

Repair 2.0
04 EXHAUST SYSTEM: 1

0401    Muffler & Pipes Replace 1.0
05 COOLING SYSTEM:

0501    Radiator Assy
   642B (84490) Service 0.2

Replace 2.0
Repair 2.0

   Manifold & Thermostats Replace 1.0 1
Repair 0.5

   Pump Water Replace 1.0 1
   5149372 (72582) Repair 3.0 1

0505 FAN ASSY:
   Hub, Shafts & Bearings Replace 1.0 1

Repair 1.0
   Bolts, Fan 5136271 (72582) Adjust 0.5 1

Replace 0.5

D--depot

(4)
Maintenance Category

MAINTENANCE ALLOCATION CHART
CRANE, 40 TON CRAWLER, MDL 5060 P&H

3810-01-145-8288

       O--organizational H--general support

*The subcolumns are as follows:
       C--operator/crew F--direct support

 14



(1) (2) (3) (5)
Tools &

(6)

Group
Number Component Assembly

Maintenance
Function

C O F H D Equip-
ment Remarks

09 PROPELLER SHAFTS &
UNIVERSAL JOINTS

0900    Properller Shafts Service 0.2 1
Replace 1.0
Repair 1.0

13 TRACK AND SIDE FRAME:
1305    Track Assy's Adjust 0.5 1

   2100P 149-1 (27315) Replace 3.0
Repair 8.0

18 OPERATORS MODULE/HOUSE: 4.0
1801    Operator Module Replace 1

   2100J 872-7 & 31 Repair
   Repair as required by
   direct support facilities
   Option Panel Replace 1.0 1
   9279J11-1 (27315) Repair 2.0
   Windshield Wiper Front Replace 0.5 1
   2100N414 (27315) Repair 1.0
   Windshield Wiper  Replace 0.5 1
   19418-22-MO24WC (98853) Repair 1.0

1806 Seat Assy Replace 0.5 1
   8-5007 (62226) Repair 1.5
   For repair parts use
   FSCM (D8173)

22 ACCESSORY ITEMS:
2202    Motors, Wiper Repace 0.5 1

   190240-25-OMO24WC
   Heater/Defroster Replace 1.5 1
   R-254-24 (62534) Repair 2.0 1
   Fan 6032-0051G24 (71741) Replace 0.5 1

Repair 1.5
24 HYDRAULIC LIFT COMPONENTS:

2401    Pump Drive 593PFGO Replace 0.5 1
   (96105) Repair 0.5
   Pump Propel Replace 0.5 1
   37Z289 (27315) Repair 2.0

D--depot

(4)
Maintenance Category

MAINTENANCE ALLOCATION CHART
CRANE, 40 TON CRAWLER, MDL 5060 P&H

38810-01-145-8288

       O--organizational H--general support

The subcolumns are as follows:
       C--operator/crew F--direct support
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(1) (2) (3) (5)
Tools &

(6)

Group
Number Component Assembly

Maintenance
Function

C O F H D Equip-
ment Remarks

06 ELECTRICAL SYSTEM:
0601    Alternator Replace 0.8 1

   1117248 (16764) Repair 1.5
   Belts Adjust 0.3 1
   5133179 (72582) Replace 0.5

0603    Motor Starting: Test 0.5 1
   Motor, Starting Replace 0.5
   1114854 (16764) Repair 1.0

0607    Engine Control Panel
Gage, Column Replace 1.0 1
   9279J12-1 (27315) Repair 1.0
   Console, Side Replace 1.0 1
   2100N519 (27315) Repair 1.0
   Control Panel Option Replace 1.0 1
   9279J11-1&2 (27315) Repair 2.0
   Control, Dipper Trip Replace 1.0 1
   2100J1414-1 (27315) Repair 1.5

0609 LIGHTS:
   Floodlights 42019 (81493) Test 0.2 1

Replace 0.5
Repair 1.0

0610 SENDING UNITS (WARNING) Replace 1.5 1
0612 BATTERIES, BOX & CABLES Test 0.3 1

Service 0.3 1
Replace 1.2 1

07 TORQUE CONVERTER
0705 CLUTCH, CONTROL Replace 0.5 1

Repair 1.0
1710    Torque Converter Service 0.5 1

   23010052 (73342) Replace 3.5
   Hydro-static Repair 8.0

0713    Clutch Adjust 0.5 1
   6772609 (73342) Replace 2.0

Repair 3.0
0721    Pump, Charging Replace 1.5 1

   6759444 (73342) Repair 1.5
   Reservoir Assy Replace 1.0 1
   2100N479-1 (27315) Repair 1.0
   Element, Filter Replace 0.5
   PT-761 (12658)

       O--organizational H--general support

*The subcolumns are as follows:
       C--operator/crew F--direct support D--depot

(4)
Maintenance Category

MAINTENANCE ALLOCATION CHART
CRANE, 40 TON CRAWLER, MDL 5060 P&H

3810-01-145-8288

 16



(1) (2) (3) (5)
Tools &

(6)

Group
Number Component Assembly

Maintenance
Function

C O F H D Equip-
ment Remarks

24 HYDRAULIC LIFT COMPONENTS
CONTD:

2401    Brake Propel Replace 1.5 1
   29983 (04720) Repair 2.0
   Motor, Propel Replace 4.0 1
   23-3114 (14120) Repair 6.5
   Gear Box L.H. Replace 4.0 1
   P40RIL-165-69514-11 (61038) Repair 2.5
   Gear Box R.H. Replace 4.0 1
   P40RIL-165-69514-11 (61038) Repair 2.5

2402    Hydraulic, Control Valves:
   Valve, Manual Replace 0.5 1
   9510083-65 (14120) Repair 1.0
   Valve, Control Replace 0.5 1
   62-S21-B (94697) Repair 2.0
   Valve, Control Test 0.2 1
   CM11N02K00-DDL-21-047 Replace 1.0
   (32705) Repair 2.5
   Valve, Solenoid Replace
   2100J1408-1 (27315) Repair
   Valve, Direction  Test 0.5 1
   DG4S4W5012A-24VDC-50-LH Replace 1.0
   (32705) Repair 2.5
   Valve, Direction CM11MO Test 0.2 1
   K00-DDL21-047 (32705) Replace 1.0

Repair 2.5
   Valve, Direction Test 0.5 1
   DG4S4WT012A-24VDC-50-RH Replace 1.0
   (32705) Repair 2.5
  Swivel, Hyd. Replace 4.0 1
   52574 (29783) Repair 10.0
   Valve, Combination Test 0.2 1
   MCD-1575-24 DT Replace 1.5
   (54846) Repair 4.0
   Valve, Assy Replace 2.0 1
   9236J1-3 (27315) Repair 3.0
   Velve, Shuttle Replace 1.0 1
   VS2104-2624 (05842) Repair 2.0

2403    Hydraulic Control Levers:
   Accumulator Replace 0.5 1
   BSN-20-231 (15573) Repair 0.5

2406    Hydraulic Lines & Fittings:
   Filter Service 0.5 1
   HH9020A12UNRBP (06816) Replace 1.0

D--depot

(4)
Maintenance Category

MAINTENANCE ALLOCATION CHART
CRANE, 40 TON CRAWLER, MDL 5060 P&H

3810-01-145-8288

       O--organizational H--general support

*The subcolumns are as follows:
       C--operator/crew F--direct support
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(1) (2) (3) (5)
Tools &

(6)

Group
Number Component Assembly

Maintenance
Function

C O F H D Equip-
ment Remarks

2406    Filter
   46Z410 (27315) Replace 0.5 1
   Element Repair 1.0
   HC9020FUN4H (06816) Replace 0.5 1
   Element PT-707-HD10 (12658) Replace 0.4 1

2407    Hydraulic Cylinders:
   Cylinder 38Q126 (27315) Adjust 0.5 1

Replace 1.0
Repair 1.0

   Cylinder  Replace 0.5 1
   CS2301-2023 (05842) Repair 0.5
   Cylinder Replace 1.0 1
   89-3044-A (18108) Repair 1.5
   Cylinder Replace 1.0 1
   CS-1801-2804 (05842) Repair 1.5
   Cylinder Replace 0.5 1
   CS-1901-2719 (05842) Repair 0.5
   Cylinder Replace 0.5 1
   CS-2301-2023 (05842) Repair 0.5
   Cylinder Replace 0.5 1
   CS1501-2018 (05842) Repair 0.5
   Cylinder Replace 0.5 1
   CS1901-2026 (05842) Repair 0.5
   Cylinder Replace 0.5 1
   38U112D1 27315 Repair 0.5
   Cylinder Replace 0.5 1
   CS1501-2668 (05842) Repair 0.5

2408    Reservoirs:
   Reservoir, Hyd. Replace 1.0 1
   2100J1066-1 (27315) Repair 1.0

74 CRANE, SHOVEL & EARTH
MOVING EQUIPMENT COMPONENTS

7402    Hoist:
   Drum, Planetary Boom Hoist Replace 4.0 1
   2100J1132-5 (27315) Repair 6.0
   Band Assy Plant Replace 1.0 1
   2100N458-1 (27315) Repair 1.0
   Brake, Main Replace 4.0 1
   9215J107-8 (27315) Repair 4.0
   Band Assy 2100J1107-1 (27315) Replace 2.5
   Brake & Pawl Assy Service 0.2 1
   2100J1008-2 (27315) Adjust 0.5

Replace 1.0
Repair 1.0

D--depot

(4)
Maintenance Category

MAINTENANCE ALLOCATION CHART
CRANE, 40 TON CRAWLER, MDL 5060 P&H

3810-01-145-8288

       O--organizational H--general support

*The subcolumns are as follows:
       C--operator/crew F--direct support
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(1) (2) (3) (5)
Tools &

(6)

Group
Number Component Assembly

Maintenance
Function

C O F H D Equip-
ment Remarks

7402 Hoist Contd
Band Assy, Boom Hoist Replace 1.0 1
2100N457-1 (27315) Repair 1.0
Maint Hoist Pawl Assy Replace 1.0 1

Repair 1.0
7411 Indicator, Drum Replace 2.0 1

5300841 (80800) Repair 4.0
7414 Catwalks

228J29 (27315) Replace 1.0 1
7415 Clutch, Boom Hoist Test 0.2 1

9215J105-2 (27315) Service 0.2
Align 0.5
Replace 1.0
Repair 2.0

Clutch, Main Drum Test 0.2 1
2915J64-6 Service 0.2

Align 0.5
Replace 1.0
Repair 2.0

Clutch, Swing Replace 4.0 1
2100J1346-2 (27315) Repair 4.0
Clutch, Swing Replace 4.0 1
2100J1346-1 (27315) Repair 4.0

7416 Shaft, Hor Swing R.H. Service 2.0 1
2910J30-6 (27315) Replace 6.0

Repair 4.0
Shaft, Worm Replace 3.5 1
2100N503-1 (27315) Repair 4.0
Shaft, Boom Hoist Replace 4.0
2100J1132-1 (27315) Repair 4.0
Shaft, Vertical Swing Replace 3.0 1
2100J1334-1 (27315) Repair 3.0
Shaft, Main Drum Service 2.0 1
2100J974-1 (27315) Replace 8.0
Shaft, Hor Swing L.H. Service 2.0 1
2910J30-7 (27315) Replace 6.0

Repair 4.0
Shaft, Intermediate Swing Service 2.0 1
9210J60-3 (27315) Replace 2.5

Repair 2.5
7417 Brake, 3RD Drum Replace 0.5 1

2100N464-1 (27315) Repair 0.5
7419 Turntable

Brake, Assy Swing Replace 6.0 1
2100J992-4 (27315) Repair 6.0

D--depot

(4)
Maintenance Category

MAINTENANCE ALLOCATION CHART
CRANE, 40 TON CRAWLER, MDL 5060 P&H

3810-01-145-8288

       O--organizational H--general support

*The subcolumns are as follows:
       C--operator/crew F--direct support
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(1) (2) (3) (5)
Tools &

(6)

Group
Number Component Assembly

Maintenance
Function

C O F H D Equip-
ment Remarks

7420    Shaft, Chain Idler Replace 2.0 1
   2100J515F1 (27315) Repair 2.5

7422    Control Brake, Module Replace 3.0 1
   2100J1129-2 (27315) Repair 2.5
   Console, Swing Replace 4.0 1
   2100J932-3 (27315) Repair 3.0

7423    Gantry Service 0.5 1
   2100J953-4&7 (27315) Replace 3.0

Repair 2.0
7425    Propel Control Replace 1.0 1

   2100J984-4 (27315) Repair 2.0
   Propel Control Replace 1.0 1
   9206N2-1 (27315) Repair 1.5
   Roller, Track: Replace 3.0 1
   1-007-0090 (14661) Repair 4.0
   Idler, Sprocket, Assy Repair 3.0 1
   2100J968-2 (27315) Replace 17.0
   Sprocket, Assy Drive Repair 5.0 1
   2100J969-2 (27315) Replace 25.0

7427    Miscellaneous
   Valves:
   Valve, Brake Manual Replace 1.0 1
   CM-1011-2834 (05842) Repair 1.5
   Valve; Pressure Regulator Replace 1.0 1
   C5464.900 (05842) Repair 1.5
   Valve, Brake Manual Replace 1.0 1
   CM-1001-2834 (05842) Repair 1.5
   Valve, Regulator Replace 1.0 1
   5464-900 (05842) Repair 1.5

D--depot

(4)
Maintenance Category

MAINTENANCE ALLOCATION CHART
CRANE, 40 TON CRAWLER, MDL 5060 P&H

3810-01-145-8288

       O--organizational H--general support

*The subcolumns are as follows:
       C--operator/crew F--direct support
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TOOL OR
TEST
EQUIPMENT
REFERNECE
CODE

MAINTEN-
ANCE
CATEGORY

NOMECLATURE NATIONAL/NATO
STOCK NUMBER

TOOL
NUMBER

FSCM OR
LINE NUMBER

1 F, H Shop Eq Fuel & Elec 4910-00-754-0714 T30414
Sys Eng; SC4910-95-
CLA-01

F, H Shop Set, Fuel & 4910-00-390-7775 T30688
Elec Sys Supp No 2
SC4910-95-CLA-65

F, H Test, Set Diesel 4910-00-317-8265
Injector;
SC4910-IL.

F,H Shop Eq Auto Maint 4910-00-754-0653 W32867
& Repair, Org Supp
No 1 (less power)

 SC4910-95-CL-A73

F,H Shop Eq Mach Shop 3740-00-754-0708 T15644
Trq-Mtd
SC3470-95-CL-A02

F,H Tool Kit, Machinist 5280-00-511-1950 W44512
SC5280-95-CL-A02

O,F,H Shop Eq Weld Set 3740-00-357-7268 T16714
SC3470-95-CLA08

F,H Tool Kit, Body & 5180-00-754-0643 W33689
Fender Repair
SC5180-90-CLN-34

F,H Multimeter 6625-00-999-7465 M80242
AN/USM-223

O Tool Kit, Auto 4910-00-754-0853 W32867
Supp No 1
SC4910-95-CL-A73

O Tool Set, Veh 4940-00-754-0743 W65747
Full Tracked
Supp No 2
SC4940-95-CL-A08
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All maintenance functions can be accomplished with the tools contained in the following tool
sets, test sets and those furnished with the crane.

TOOL AND TEST EQUIPMENT REQUIREMENTS

APPENDIX A PART 2
MAINTENANCE ALLOCATION CHART

FOR
Crane, Crawler, P&H, 40 Ton, Model 5060



TOOL OR
TEST
EQUIPMENT
REFERNECE
CODE

MAINTEN-
ANCE
CATEGORY

NOMECLATURE NATIONAL/NATO
STOCK NUMBER

TOOL
NUMBER

FSCM OR
LINE NUMBER

H Shop Set, Internal 4910-00-262-7532 T15618
Combustion, Engine
Repair
SC4910-95-CL-A59

F,H Shop Eq Contact 4940-00-294-9518 T10138
Maint. Trk-Mtd
SC4940-95-CL-B04

F,H Shop Eq Gen-Pur 4940-00-287-4894 T10549
Repr, Semitrl Mtd
SC4940-95-CL-B02

F,H Shop Eq Org Repr 4940-00-294-9516 T13152
Light Trk-Mtd
SC4940-97-CLEO4

F,H Tool Kit, Auto 4910-00-754-0655 W32456
Fuel & Elec Sys
Repr
SC4910-95-CL-A50

O,F,H Tool Kit, Auto 4910-00-754-0654 W32593
Maint: Org Maint
Common No 1
SC4910-95-CL-A50

F,H Tool Kit, Auto Maint 4910-00-754-0654 W32720
Org Maint. Common 
No 2
SC4910-95-CL-A72

O,F,H Tool Kit, Auto 5180-00-177-7033 W33004
Mech; Light Wt
SC5180-90-CLN26

O,F,H Tool Kit, Master 5180-00-699-5273 W45060
Mechanic: Eq Maint
& Repair
SC5180-90-CL-N05

O,F,H Tool Kit, Rigging 5180-00-596-1513 W50266
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TOOL AND TEST EQUIPMENT REQUIREMENTS

MAINTENANCE ALLOCATION CHART
FOR

Crane, Crawler, P&H, 40 Ton, Model 5060



TOOL OR
TEST
EQUIPMENT
REFERNECE
CODE

MAINTEN-
ANCE
CATEGORY

NOMECLATURE NATIONAL/NATO
STOCK NUMBER

TOOL
NUMBER

FSCM OR
LINE NUMBER

2 F,H Wrench Set, Socket 5130-00-351-5135
3/4" Dr. Hex

3 F,H Wrench Torque, 3/4 5120-00-542-5577
Dr. 100-500 Foot
Pounds

4 F,H Wrench Torque, 2500 5120-00-482-2543
Foot Pounds Model
PD-2501

5 F,H Multimeter, Digital 6625-00-879-4626
AC-DC 0-1000 KV
G2100, CIMRON MDL

6 F,H Fuel Pipe Socket J8932-01 33287

7 H Cylinder Liner J21793-B 33287
Hold Down Clamp

8 H Cylinder Liner J1918-02 33287
Remover Set

9 F,H Water Pump & Fuel J4242 33287
Pump Wrench

10 O,F,H Strap Wrench J24783 33287

11 F,H Compressor Wheel Nut J21223-02 33287

12 F,H Compressor Wheel J9496 33287
Remover

13 F,H Turbocharger Tool Kit J29149 33287

14 O,F,H Cutter, Wire Rope 5110-00-224-7058 GGG-C-800 81348

15 O,F,H Marline, Spike 5120-00-224-9443 MIL-M-15926 81348
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TOOL AND TEST EQUIPMENT REQUIREMENTS

MAINTENANCE ALLOCATION CHART
FOR

Crane, Crawler, P&H, 40 Ton, Model 5060



PREVENTATIVE MAINTENANCE CHECKS

AND SERVICES (PMCS)

APPENDIX B

OPERATOR/ORGANIZATIONAL MAINTENANCE CHECKS AND SERVICES

MAINTENANCE FORMS AND RECORDS.

Every  miss ion  beg ins  and ends  w i th  the  paperwork .  There  i sn ' t  much o f  i t ,
bu t  you have to  keep i t  up . The  fo rms and  records  you  f i l l  ou t  have  severa l
uses:

1 . They  a re  a  record  o f  the  usage,  serv ice , t rans fe rs  and  mod i f i ca t ions
made on your equipment.

2 . They are used as a checkl ist  when you want to know what is wrong with
the  equ ipment  and  whether  those  fau l ts  have  been f i xed  a f te r  i t s  las t  use .

See TM 38-750 for  the required informat ion on the forms and records.

PREVENTIVE MAINTENANCE CHECKS AND SERVICES (PMCS)

1 . When you do your PMCS, take along the tools you wi l l  need, you wi l l
a lways need a rag or two.

WARNING

Dry  c lean ing  so lven t  P-D-680  (SD-2)  i s  tox ic  and  f lammab le .
Wear  p ro tec t i ve  gogg les  and  g loves .  Use  SD-2  on ly  in  a  we l l
ven t i la ted  a rea .  Do no t  use  near  open f lame or  excess ive
h e a t .  I f  y o u  b e c o m e  d i z z y  w h i l e  u s i n g  c l e a n i n g  s o l v e n t ,  g e t
f r e s h  a i r  i m m e d i a t e l y  a n d  m e d i c a l  a i d .  I f  c o n t a c t  w i t h  s k i n
o r  c l o t h i n g  i s  m a d e ,  f l u s h  w i t h  w a t e r .  I f  c o n t a c t  w i t h  e y e s
is  made,  f l ush  w i th  wate r  and  ge t  med ica l  a id  immed ia te ly .

WARNING

D o  n o t  s p i l l  f u e l ,  c o o l a n t , o r  o ther  l iqu ids  upon exposed
par ts  o f  your  body .  Exposed par ts  o f  the  body  shou ld  no t
come in  con tac t  w i th  meta l  dur ing  co ld  weather ,  as  ser ious
a n d  p a i n f u l  i n j u r y  m a y  r e s u l t .
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WARNING

Under  no  c i r cumstances  shou ld  a  c i r cu i t  b reaker
be  p revented  f rom t r ipp ing  by  any  means .  Over -
l o a d e d  e l e c t r i c a l  c i r c u i t s  c a n  c a u s e  e x t e n s i v e
damage to the machine and/or in jury to personnel .

a .  K e e p  i t  c l e a n :  D i r t ,  g r e a s e ,  o i l  a n d  d e b r i s  o n l y  g e t  i n  t h e  w a y
and may cover up a ser ious problem. Clean as you work and as needed. Use
dry  c lean ing  so lven t  (SD-2)  on  a l l  meta l  su r faces .  Use  soap  and  wate r  to
c l e a n  r u b b e r  o r  p l a s t i c  m a t e r i a l .

b . Bo l ts ,  Nuts  and Screws:  Check  them fo r  obv ious  looseness ,  m iss ing ,
b e n t  o r  b r o k e n  c o n d i t i o n .  Y o u  c a n n o t  t r y  t h e m  a l l  w i t h  a  t o o l ,  o f  c o u r s e ,
b u t  l o o k  f o r  c h i p p e d  p a i n t ,  b a r e  m e t a l  o r  r u s t  a r o u n d  b o l t  h e a d s .  I f  y o u
f i n d  o n e  y o u  t h i n k  i s  l o o s e ,  t i g h t e n  i t .  R e p o r t  i t  t o  O r g a n i z a t i o n a l  M a i n -
t e n a n c e  i f  y o u  c a n ' t  t i g h t e n  i t .

c .  W e l d s :  L o o k  f o r  l o o s e  o r  c h i p p e d  p a i n t ,  r u s t  o r  g a p s  w h e r e  p a r t s
a r e  w e l d e d  t o g e t h e r .  I f  y o u  f i n d  a  b a d  w e l d ,  r e p o r t  i t  t o  O r g a n i z a t i o n a l
Maintenance.

d . E lec t r i c  Wi res  and  Connec to rs :  Look  fo r  c racked  o r  b roken  insu la -
t ion ,  bare  w i res  and  loose  o r  b roken  connec to rs .  Repor t  damage o r  loose  w i r ing
to  Organ iza t iona l  Ma in tenance.

e .  Hoses  and F lu id  L ines : Look for  wear,  damage and leaks.  Check for
loose  c lamps and  f i t t i ngs .  Wet  spo ts  show leaks ,  o f  course ,  bu t  a  s ta in  a round
a  f i t t i n g  o r  c o n n e c t o r  c a n  m e a n  a  l e a k .  I f  a  l e a k  c o m e s  f r o m  a  l o o s e  f i t t i n g
o r  c o n n e c t o r ,  t i g h t e n  i t .  I f  s o m e t h i n g  i s  b r o k e n  o r  w o r n  o u t ,  r e p o r t  i t  t o
Organ iza t iona l  Ma in tenance.

2. I t  i s  n e c e s s a r y  f o r  y o u  t o  k n o w  t h e  d e f i n i t i o n s  o f  t h e  t y p e s / c l a s s e s
o f  leakage and  how i t  de te rmines  the  s ta tus  o f  your  equ ipment .

a . Leakage de f in i t ions  a re  as  fo l lows :

CLASS I Seepage o f  f lu id  (as  ind ica ted  by  wetness  o r  d isco lo ra t ion
no t  g rea t  enough  to  fo rm d rops) .

CLASS II Leakage of  f lu id great  enough to form drops (but  not  enough
to  cause  d rops  to  d r ip  f rom the  i tem be ing  checked / inspec ted) .

C L A S S  I I I  L e a k a g e  o f  f l u i d  g r e a t  e n o u g h  t o  f o r m  d r i p s  t h a t  f a l l  f r o m
the  i tem be ing  checked/ inspec ted .

CAUTION

Equ ipment  opera t ion  i s  a l lowab le  w i th  m inor  leakage
( C l a s s  I  o r  I I ) .  O f  c o u r s e ,  c o n s i d e r a t i o n  m u s t  b e
g i v e n  t o  t h e  f l u i d  c a p a c i t y  i n  t h e  i t e m / s y s t e m  b e i n g
checked/ inspected.
W h e n  o p e r a t i n g  w i t h  C l a s s  I  o r  I I  l e a k s ,  c o n t i n u e  t o
c h e c k  f l u i d  l e v e l s  a s  r e q u i r e d  i n  y o u r  P M C S .  C l a s s  I I I
l eaks  shou ld  be  repor ted  to  your  superv isor  o r  to
Organ iza t iona l  Ma in tenance.
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b . L e a r n  a n d  r e m e m b e r  t h e  d e f i n i t i o n s  o f  C l a s s  I ,  I I  a n d  I I I  l e a k s  -
WHEN IN DOUBT, NOTIFY YOUR SUPERVISOR!

OPERATOR/CREW AND ORGANIZATIONAL MAINTENANCE CHECKS AND SERVICES.

1 . Do your (B) PREVENTIVE MAINTENANCE just before you operate the
equ ipment .  Pay  a t ten t ion  to  the  Caut ions  and Warn ings .

2. Do your (D) PREVENTIVE MAINTENANCE during operation. (Dur ing
opera t ion  means  to  mon i to r  the  equ ipment  wh i le  i t  i s  ac tua l l y  be ing  used . )

3. Do your (A) PREVENTIVE MAINTENANCE right after operating the
equ ipment .  Pay  a t ten t ion  to  the  Caut ions  and Warn ings .

4 . Do your (W) PREVENTIVE MAINTENANCE weekly.

5. Do your (M) PREVENTIVE MAINTENANCE once a month.

6 . I f  someth ing  doesn ' t  work , t r o u b l e s h o o t  i t  w i t h  t h e  i n s t r u c t i o n s  i n
your  manua l  o r  no t i f y  your  superv isor ,

7. Always do your PREVENTIVE MAINTENANCE in the same order, so it gets
to  be  a  hab i t .  Once you have had some prac t i ce ,  you  w i l l  spo t  any th ing  wrong
i n  a  h u r r y .

8 . I f  a n y t h i n g  l o o k s  w r o n g  a n d  y o u  c a n n o t  f i x  i t ,  w r i t e  i t  o n  y o u r
D A  F o r m  2 4 0 4 .  I f  y o u  f i n d  s o m e t h i n g  s e r i o u s l y  w r o n g ,  r e p o r t  i t  t o
Organizational Maintenance RIGHT NOW!

26



Page 27



page 28



page 29



page 30



page 31



page 32



page 33



page 34



page 35



page 36



page 37



page 38



APPENDIX C

ITEMS FURNISHED WITH CRANE

NAME

Adapter, Grease Assembly

Hose, Bleeder

Gun, Grease

Hose, Grease Gun

Hose, Grease Gun

Socket ,  1  5 /8"  w i th  1"  Dr ive

Chain Link

Pul ler ,  Shear Washer

Handle, Wrench

Spacer, Boom Hoist Clutch

Sling Assembly

Chain Tightener

Socke t ,  2 "

Socke t ,  2  3 /4 "

Safety Handbook

QTY FSCM

1

1

1

1

1

1

2

1

1

1

2

1

1

1

1

27315

27315

95879

95879

95879

55719

27315

27315

27315

27315

27315

27315

27315

27315

27315

PART NUMBER

44Z386

44Z683

4041B

6652A

1189A

IM523

20Z59202

921T1

221T8

18T6700D16

923OP2

1OON1042

21Z115D21

21Z115D33

240
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APPENDIX E

M A I N T E N A N C E  A N D  O P E R A T I N G  S U P P L Y  L I S T

N O M E N C L A T U R E :
CRANE, CRAWLER 40 TON

MAKE:
H a r n i s c h f e g e r

M O D E L :
5 0 6 0

M F R  P A R T  N O : NSN: 3 8 1 0 - 0 1 - 1 4 5 - 8 2 8 8 SERIAL NO. RANGE:
5 2 7 2 8 5 2 7 4 2TO

DATE:
July 1983

(1)

COMPONENT
APPLICATION

Wire Rope

Oi l  Sampl ing

.

.

Cleaning

(2) (3) (4) (5) (6)
MFR PART NO. QTY REQ QTY REQ

 OR F/INITIAL F/8 HRS
NAT’L STOCK NO. DESCRIPTION OPN O P N NOTES

8415-00-274-2433 Gloves, Leather 2  P r . 2  Pr .
KK-G-476

Used when working with wire
rope .

8125-01-082-9697 Bot t le ,  Sampl ing none none Gi l  ana lys is  p rogram

6515-00-727-0008 'Syringe none none "

4720-00-580-6055 T u b i n g  3 / 8  i n c h  D i a . "none none

8105-00-290-0340 Sack, Shipping none none "

8105-00-837-7754 B a g ,  p l a s t i c none none "

Solvent,  Dry Cleaning
SO-2 (P-D630)

6850-00-664-5635 1 Qt. Can

6850-00-281-1985 1 Gal. Can

6850-00-264-9038 5 Gal. Can

6850-00-285-8012 55 Gal. Drum

6850-01-053-254 Cleaning Compound, Engine
1 Pt. Can

1500 (17995)
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(1)(1)

COMPONENTCOMPONENT
APPLICATIONAPPLICATION

(2)
MFR PART NO.

OR
NAT’L STOCK NO.

APPENDIX E

(3)(3)

DESCRIPTION

(4)(4) (5)(5)
QTY REP QTY REQ
F/INITIAL F/8 HRS

OPN OPN

Page 2 of 2

(6)

NOTES

CleaningCleaning

CleaningCleaning

KeroseneKerosene
9140-00-242-6749 5 Gal. Can5 Gal. Can 11 1 Use as requiredUse as required

9140-00-242-6751 55 Gal. Drum none none

7920-00-148-9666 Rags; Wiping Oil 1 1 Use as requiredUse as required
50 lb.  bale
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APPENDIX F

PETROLEUM SUPPLY LIST

CRANE, CRAWLER 40 Ton Harnischfeger Model 5060

3810-01-145-8288 Serial No. Range 52728 to 52742

Purchased on Contract DAAE07-82-C-6749

Grease, Mult ipurpose Auto (MPG)

M i l i t a r y  ( G A A )

S p e c i f i c a t i o n

MIL-G-10924

Range Conta iner NSN

-12° C t o 52° C C a r t  -  1 4  o z . 9150-00-935-1017

Can 1 .75  lb . 9150-00-190-0904

Can 6 .5  lb . 9150-00-190-0905

Can 35 lb. 9150-00-190-0907

DR 120 lb. 9150-00-530-7369

Diesel  Fuel  (Grade 2)

32° and above

S p e c i f i c a t i o n Range Conta iner NSN

Federal  Spec.
VVF800
Graded F2RE

32°F & above Bu lk 9140-00-286-5294

5 Gal . 9140-00-286-5295

55 Gal . 9140-00-286-5297

For Winter use below 32°F use Fuel Grade 1 or add De-Ic ing addit ive

Graded DF-1WI, Winter use below 32°F Bu lk 9140-00-286-5286

5 Gal . 9140-00-286-5287

55 Gal. 9140-00-286-5289

A d d i t i v e  F u e l  D e - I c e i n g
MIL-I-27686, NATO Code S-748
Use with Fuel Grade 2 only

4 oz .  Aeroso l 6850-01-016-1914
5 Gal Can 6850-00-753-5061
55 Gal Drum 6850-00-060-5312
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Cooling System Treatment

S p e c i f i c a t i o n

A n t i f r e e z e , Engine Cool ing System
MIL-A-46153B used 32°F to -40°F

Conta iner NSN

1 g a l . 6850-00-181-7929
5  g a l . 6850-00-181-7933
55 g a l . 6850-00-181-7940

MIL-A-11755D used -40°F to -90°F 55  ga l . 6850-00-174-1806

Federal  Spec:  0-1-490
C o r r o s i o n  i n h i b i t o r ,  C o o l i n g  S y s t e m 6 oz. Can 6850-00-753-4967

8.5 oz.  Can 6850-00-584-2707
12 oz. Can 6850-01-076-8810

B r a k e  F l u i d  S i l i c o n e

M i l i t a r y  ( B F S )

S p e c i f i c a t i o n

NIL-B-46176 Brake Fluid
" " "

Deca l  fo r  Mas te r  Cy l inder

TB 43-0002-87

Conta iner NSN

1 g a l . 9150-01-102-9455
5 g a l . 9150-01-123-3152

ea. 7690-01-111-2265
12302516 (19207)

Gear Oil (GO)

S p e c i f i c a t i o n Range Wt.

MIL-L-2105C -10° & below 75W

-10° & above 80W-90

above 90°F 85W-140

Container

q t .

5  g a l .

q t .
5  g a l .

55  ga l .

q t .
5  g a l .
55  ga l .

NSN

9150-01-035-5390

9150-01-035-5391

915c-01-035-5392
9150-01-035-5393

9150-01-035-5394

9150-01-048-4591
9150-01-035-5395
9150-01-035-5396
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Open Gear and Wire Rope Lubricant (OG)

Mi l i ta ry  (CW-11)

S p e c i f i c a t i o n

Federal Spec VVL751

S p e c i f i c a t i o n

MIL-L-2104C

S p e c i f i c a t i o n

MIL-L-2104D

MIL-L-2104D

Container NSN

5  l b . 9150-00-234-5197

3 5  l b . 9150-00-261-7891

120  lb . 9150-00-530-7293

Hydraul ic Torque Converter Fluid

Mi l i ta ry  (OE10)

Range W t . Container

-13°F t o 95°F 10 1 q t .

5 g a l .

55 g a l .

1  q t .

5 g a l .

55 g a l .

140°F & above 30

Oi l  Eng ine  Lubr ica t ion
Mil i tary (OE/HDO)

(MO)

NSN

9150-00-189-6727

9150-00-186-6668

9150-00-191-2772

9150-00-186-6681

9150-00-188-9858

9150-00-188-9859

Range Grade Container NSN

Sub-zero and 30 1 q t . 9150-00-186-6681
up and s ta r t ing 5 g a l . 9150-00-188-9858
aids 55 g a l . 9150-00-189-6729

Sub-zero and 40 1 q t . 9150-00-189-6730

up and s ta r t ing 5 g a l . 9150-00-188-9860
aids 55 g a l . 9150-00-188-9862
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CONVERSION CHART

Chassis Grease

Hvy Duty Extreme Pressure

Hydrau l i c  Brake  F lu id

Hydraulic Oil-SAE 10MS

Extreme Pressure Gear Lube

Open Gear Lube

Motor  O i l

Bal l  & Rol ler  Bear ing Grease

Extreme Pressure Grease

Wheel Bearing Grease

Mult i -Purpose Grease

Manufacturer

CG

EP

HBF

HO

EPGL

OG

MO

BG

EPG

WBG

MPG

M i l i t a r y

GAA

GAA

Brake  F lu id  (Au to )

OE/HDO 10

G090/80

CW-11

OE/HDO

GAA

GAA

Wheel Bearing Grease

GAA
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APPENDIX H

Attachments Current ly Used With This Crane Are As Fol lows:

DESCRIPTION NSN

Lead Sect ion,  Top 15' 3815-00-983-8029

Lead Sect ion, Lower 10' 3 815-00-22l-2215

C a t w a l k ,  P i l e d r i v i n g ,  3 p a r t s 38 15-00-190-3308

Clamshell Bucket 38 15-00-378-8700

Dragl ine Bucket 38 15-00-585-2685

F a i r l e a d 3815-01-153-1861

1 0 '  I n s e r t 38 15-01-153-1853

J i b  1 5 ' 38 15-01-153-1847

Backhoe 3815-01-153-1867

Shovel Front 3815-01-153-1855

Concrete Bucket 3815-01-146-7183

Hammer, P i l e  D r i v i n g 3895-00-769-5308

Ba l l ,  Wreck ing 3815-00-222- 1877

Tag l ine 3815-00-249-8391

LINE NUMBER

L49089

L48815

D76085

C29764

C31134

H32047

C05046

C05612

B12585

T40771

C30586

K04697

B22717

V10141

Adapte rs  fo r  p i le  d r i ve r  a re  b racke ted  on  the  boom. They  a re  cons idered  as  repa i r
parts to the crane and are not a separate i tem of  supply under l ine number A12564.
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A P P E N D I X  I

EQUIPMENT PUBLICATIONS

NOMENCLATURE

U t i l i z a t i o n  o f  C o n s t r u c -
tion Equipment

Safe Use of Cranes,
Crane Shovel, and
Dragl ines

Procedures for  L icens-
ing Operators of  Con-
s t ruc t ion  Equ ipment

RPSTL TM 5-3810-303-24P

NONMENCLATURE

Repa i r  Par ts

DA EQUlPMENT PUBLICATIONS

EQUIPMENT PUBLICATION

NUMBER

TM5-331B

TB 385-101

TB 600-2

OTHER THAN OFFICIAL DA EQUIPMENT PUBLICATIONS

EQUIPMENT PUBLICATION

NUMBER OR TYPE

Operator's Manual

Shop Manual

Shop Manual

Parts Manual

overpack
wi th  c rane
overpack
wi th  c rane
overpack
wi th  c rane
overpack
wi th  c rane

DATE

Operat ion

Org Maintenance

Direct & General

50

DATE

May 68

Jan 71

Sep 78

1984

SOURCE OF

SUPPLY

DCSC

DCSC

DCSC

DCSC
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APPENDIX K
WARRANTY GUIDELINES

1. A warranty per iod of  15 months appl ies to 40 Ton Crawler Crane, Contract
Number DAAE07-82-C-6749 manufactured by Harnischfeger Corporation after
de l i very  to  the  Government . This warranty appl ies to the end i tem components
and  a l l  supp l ies  fu rn ished  under  the  con t rac t .

2. Us ing  un i ts  mus t  repor t  a l l  war ran ty  c la ims to  the  Nat iona l  Ma in tenance
Point (NMP) as indicated in paragraph 3a.

3. Genera l  i n fo rmat ion :

a . DA Form 2407 (prepared in accordance with warranty c la im act ions in
TM 38-750) wi l l  be used to submit  warranty c laims act ions for end i tems when
components, parts or assembl ies are defect ive and are covered by a manufacturer ’s
war ranty . End i tems under  war ran ty  a re  iden t i f i ed  by  a  deca l  p la te  on  the
v e h i c l e . Con t rac tu ra l  war ran ty  c lauses  a re  in  commerc ia l  manua l .  A l l  war ran ty
a c t i o n s  s e t t l e d  o r  u n s e t t l e d  w i l l  b e  r e p o r t e d  t o  t h e  N a t i o n a l  M a i n t e n a n c e  P o i n t
(NMP) on DA Form 2407.

b . Ma in tenance ac t i v i t ies  in  suppor t  o f  o rgan iza t iona l  ma in tenance are
the  respons ib le  po in ts  o f  con tac t  be tween the  o r ig ina to r  o f  war ran ty  c la ims
and the National Maintenance Point (US Army Tank-Automotive Command, ATTN:
DRSTA-MVB, AUTOVON 786-8901, Warren, MI 48090) which serves as the DA
Representa t i ve  w i th  the  cont rac to r  in  war ran ty  mat te rs .

NOTE: I n  c e r t a i n  i n s t a n c e s , t h e  o r i g i n a t i n g  o r g a n i z a t i o n  a n d  t h e  s u p p o r t
ac t i v i t y  a re  one and the  same.

C. Be fo re  you  take  your  equ ipment  to  a  dea le r  fo r  repa i r ,  whe ther  o r
not i t  was necessary for you to go through the NMP (TACOM), check with your
local  procurement of f ice to see i f  a funds commitment document is  needed.
Sometimes, even.  though the  ma jor i t y  o f  the  repa i rs  a re  covered  by  the  war ran ty ,
t h e r e  m a y  b e  a  s m a l l  c h a r g e  f o r  n o r m a l  m a i n t e n a n c e  c o s t s ,  i . e . ,  o i l  f i l t e r s ,
o i l ,  e t c . Further the cause of  damage could be determined by the dealer  to
b e  d i r e c t l y  r e l a t e d  t o  “ o p e r a t o r  a b u s e ” . I n  t h a t  c a s e , the Government may be
ob l iga ted  to  pay  fo r  teardown serv ices  even i f  the  repa i rs  a re  no  longer
d e s i r e d ,  o r  f o r  t h e  c o m p l e t e  c o s t ,
d e a l e r .

i f  repa i rs  a re  to  be  comple ted  by  the

d . When the  equ ipment  i s  g iven  to  the  dea le r  fo r  repa i rs ,  f i nd  ou t  how
l o n g  t h e  w o r k  w i l l  t a k e ,
c h a r g e s ,  i f  a n y ,

t h e  e x t e n t  o f  t h e  p r o b l e m ,  i f  p o s s i b l e ,  a n d  t h e
which may be involved. Leave the name and telephone number

o f  the  person  to  be  con tac ted  fo r  p ickup  o f  the  equ ipment  and  spec i f i ca l l y
s t a t e  t h a t  h e  s h o u l d  b e  c a l l e d  a s  s o o n  a s  t h e  r e p a i r s  a r e  f i n i s h e d .  I n
add i t ion  s ta te  he  shou ld  be  te lephoned i f  unexpec ted  p rob lems,
delays are encountered.

c o s t s , and /o r
Get the name and telephone number of the Service

Manager ,  fo r  any  requ i red  fo l low-up  purposes .
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e . When you  a r r i ve  to  p ickup  your  equ ipment  a f te r  comple t ion  o f  se rv ices ,
make certain that you know exact ly what repairs were performed and/or parts
replaced. T h i s  i s  r e q u i r e d  f o r  o v e r a l l problems trend evaluat ion by the NMP
and must  be  iden t i f i ed  upon comple t ion  o f  war ran ty  serv ices .

f . Telephone the NMP at TACOM, AUTOVON 786-8901 if:

(1 )  Your  equ ipment  requ i res  repa i rs and you cannot obtain these services
us ing  the  p rocedures  l i s ted  above.

( 2 )  T h e  l e n g t h  o f  t i m e  r e q u i r e d for repairs may ser iously hamper your
miss ion , o r  i f  the  dea le rs  overa l l  response  to  your  requ i rements  a re  no t
s a t i s f a c t o r y .

(3 )  You have any  ques t ions  regard ing  war ran ty  p rocedures  -  e i ther  in
genera l  o r  abou t  a  spec i f i c  j ob . Do not wai t  unt i l  your problems become
c r i t i c a l .

g . Do no t  a t tempt  to  conduc t  nego t ia t ions  regard ing  a  b reach  o f  war ran ty .
This is a funct ion of the Contract ing Off icer,  through the NMP at TACOM.

4. Contractural  Warranty Clauses.

a. Warranty. Notwithstanding inspect ion and acceptance by the Government
o f  t h e  s u p p l i e s  f u r n i s h e d  u n d e r  t h e  c o n t r a c t  o r  a n y  p r o v i s i o n  o f  t h i s  c o n t r a c t
concern ing  the  conc lus iveness  thereo f , the  con t rac to r  hereby  war ran ts  tha t  the
supp l ies  a re  f ree  f rom de fec ts  in  des ign ,  mate r ia l , and workmanship and will
c o n f o r m  w i t h  t h e  s p e c i f i c a t i o n s  a n d  a l l  o t h e r requ i rements  o f  th is  con t rac t
for  a per iod of  15 months f rom date of  acceptance, as shown on the Mater ia l
Inspection and Receiving Report (DD Form 250), o r  1500  hours  o f  opera t ion ,  wh ich-
e v e r  o c c u r s  f i r s t . Fur ther , i f  the Government, p r i o r  t o  p l a c i n g  v e h i c l e s  i n
s e r v i c e , e lec ts  to  p lace  quant i t ies  o f  such  newly  de l i vered  veh ic les  in  Govern-
ment depot storage, the  con t rac to r  agrees  tha t  the  t ime per iod  o f  the  war ran ty
w i l l  n o t  b e g i n  t o  r u n  f o r  s u c h  s t o r e d  v e h i c l e s  u n t i l  e a c h  v e h i c l e  i s  w i t h d r a w n
from Government storage or unt i l  s ix months f rom date of  acceptance, whichever
o c c u r s  f i r s t . The Government, p r io r  to  p lac ing  each  new veh ic le  in  s to rage
and aga in  a t  t ime o f  i t s  w i thdrawa l , s h a l l  n o t i f y  t h e  c o n t r a c t o r  t h e r e o f  a n d
i d e n t i f y  e a c h  v e h i c l e  a t  i t s  t i m e  i n  a n d  o u t  o f  s t o r a g e . Vehicles designed as
Produc t ion  Samples  sha l l  be  t rea ted  as  veh ic les  p laced  in  s to rage  fo r  war ran ty
purposes

I f  a  Sa fe ty  Reca l l  de fec t  occurs d u r i n g  v e h i c l e s  w a r r a n t y  p e r i o d ,  t h e  c o n t r a c t o r
agrees to extend the term or the  war ran ty  by  a  per iod  o f  t ime equa l  to  the  t ime
per iod  requ i red  to  make necessary  sa fe ty  de fec t  co r rec t ions . A d d i t i o n a l l y ,  t o
the  ex ten t  the  con t rac to r  o r  h is  supp l ie r (s )  p rov ide  to  commerc ia l  cus tomers  a
g r e a t e r  w a r r a n t y  f o r  t h e  s u p p l i e s  f u r n i s h e d  h e r e i n ,  t h e  c o n t r a c t o r  h e r e b y
l ikewise provides such greater warranty to the Government. To the  ex ten t  the
terms of  such greater warranty are i n c o n s i s t e n t  w i t h  o r  c o n f l i c t  w i t h  t h i s  w a r r a n t y
t h e  p r o v i s i o n s  o f  t h i s  w a r r a n t y  s h a l l  g o v e r n .
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b . Remedies.

(1)  New Replacement Suppl ies. Wi th  respec t  to  de fec t i ve  supp l ies ,  wherever
loca ted , t h e  w a r r a n t y  s h a l l  i n c l u d e  t h e  f u r n i s h e d i n g ,  w i t h o u t  c o s t  t o  t h e
Government, F . O . B .  c o n t r a c t o r ' s  p l a n t , b r a n c h  o r  d e a l e r  f a c i l i t y ,  o r  F . O . B .
or iginal  CONUS dest inat ion, or F.O.B. US Port  of  Embarkat ion, at  the Government 's
o p t i o n ,  n e w  s u p p l i e s  t o  r e p l a c e  a n y  t h a t  p r o v e  t o  b e  d e s f e c t i v e  w i t h i n  t h e
war ran ty  per iod .

( 2 )  C o r r e c t i v e  A c t i o n  O p t i o n s . In  add i t ion  the  Government  sha l l  have  the
o p t i o n  ( a )  t o  r e t u r n  t h e  v e h i c l e s  o r  p a r t s  t h e r e o f  t o  t h e  c o n t r a c t o r ' s  p l a n t ,
branch, o r  d e a l e r  f a c i l i t y  f o r  c o r r e c t i o n , o r  ( b )  t o  c o r r e c t  t h e  s u p p l i e s  i t s e l f .
When the  Government  e lec ts  to  re tu rn  the  veh ic le  o r  par ts  to  the  Cont rac t ' s
p l a n t ,  b r a n c h  o r  d e a l e r  f a c i l i t y , t h e  c o s t  o f  l a b o r  i n v o l v e d  i n  t h e  c o r r e c t i o n  o f
t h e  d e f e c t i v e  s u p p l i e s  s h a l l  b e  b o r n e  b y  t h e  c o n t r a c t o r . When the vehic le or
p a r t s  t h e r e o f  a r e  r e t u r n e d  t o  t h e  c o n t r a c t o r  f o r  c o r r e c t i o n ,  t h e  c o n t r a c t o r  s h a l l
b e a r  a l l  t r a n s p o r t a t i o n  c o s t s  t o  t h e  c o n t r a c t o r ' s  p l a n t  a n d  r e t u r n . Wi th  respec t
to  de fec t i ve  supp l ies  loca ted  w i th in  the  50  s ta tes ,  when the  Government  e lec ts  to
c o r r e c t  t h e m  i t s e l f , t h e  c o s t  o f  l a b o r  i n v o l v e d  i n  t h e  c o r r e c t i o n  o f  d e f e c t s  s h a l l
be  borne  by  the  con t rac to r  and  sha l l be  computed  a t  the  con t rac to r ' s  then  p re -
v a i l i n g  h o u r l y  r a t e  f o r  s u c h  s e r v i c e s  i n  t h a t  g e o g r a p h i c a l  a r e a ,  b a s e d  u p o n  t h e
number  o f  l abor  hours  appear ing  in  the  con t rac to r ' s  f l a t  ra te  t ime  schedu le  manua l ,
o r  the  Government 's  ac tua l  cos t ,  wh ichever  i s  less . W i t h  r e s p e c t  t o  d e f e c t i v e
s u p p l i e s  l o c a t e d  o u t s i d e  t h e  5 0  s t a t e s , when the Government elects to correct
t h e m  i t s e l f , t h e  c o s t  o f  l a b o r  i n v o l v e d  s h a l l  b e  b o r n e  b y  t h e  c o n t r a c t o r  a t  t h e n
preva i l i ng  hour ly  ra te  in  the  geograph ica l  a rea  fo r  such  serv ices  based upon the
number  o f  l abor  hours  appear ing  in  the  con t rac to r ' s  f l a t  ra te  t ime  schedu le  manua l
o r  the  Government 's  ac tua l  cos t ,  wh ichever  i s  less . A d d i t i o n a l l y , t h e  c o n t r a c t o r
sha l l  be  respons ib le  fo r  reasonab le  cos ts  o f  d isassembly / reassembly  o f  i tems
necessar i l y  removed in  connec t ion  w i th  repa i r  o r  rep lacement  on  veh ic les  wherever
loca ted .

C. N o t i f i c a t i o n . I f  the  Government  e lec ts  to  have  war ran ty  repa i r  o r  rep lace-
ment performed by the contractor , the  Government  sha l l  de l i ve r  the  veh ic le  to
c o n t r a c t o r ' s  l o c a l  f a c i l i t y  o r  d e a l e r s h i p  f o r  w a r r a n t y  c o r r e c t i v e  r e p a i r  o r  r e -
placement. R e c e i p t  f o r  s u c h  v e h i c l e  b y  t h e  c o n t r a c t o r ' s  l o c a l  f a c i l i t y  o r  d e a l e r -
sh ip  w i l l  be  deemed proper  no t i f i ca t ion  by  the  Government  o f  any  b reach  o f  the
w a r r a n t y  p r o v i d e d  b y  t h i s  p r o v i s i o n . I f  the  Government  e lec ts  to  e f fec t  war ran ty
r e p a i r s  o r  r e p l a c e m e n t  i t s e l f , t h e  c o n t r a c t o r  s h a l l  b e  n o t i f i e d  i n  w r i t i n g  o f  a n y
b r e a c h  i n  t h e  w a r r a n t y  w i t h i n  3 0  d a y s  a f t e r  d i s c o v e r y  o f  t h e  d e f e c t . Wi th in  10
d a y s  a f t e r  r e c e i p t  o f  s u c h  n o t i c e s ,  t h e  c o n t r a c t o r s h a l l  s u b m i t  t o  t h e  C o n t r a c t i n g
Of f i ce r  a  wr i t ten  recommendat ion  as  to  the  cor rec t i ve  ac t ion  requ i red  to  remedy
the breach. In  any event , the  Cont rac t ing  Of f i ce r  may , u p o n  t h e  e x p i r a t i o n  o f
the  10  day  per iod  se t  fo r th  above, p roceed  w i th  co r rec t ion  o r  rep lacement  as  se t
f o r t h  i n  p a r a g r a p h  ( c )  a b o v e  t h e  c o n t r a c t o r  s h a l l , no tw i ths tand ing  any  d isagree-
ment  regard ing  the  ex is tence  o f  b reach  o f  war ran ty , comply with any Contract ing
O f f i c e r  d i r e c t i o n s  r e l a t e d  t o  s u c h  c o r r e c t i o n  o r  r e p l a c e m e n t . A f t e r  t h e  n o t i c e
o f  b reach , b u t  n o t  l a t e r  t h a n  3 0  d a y s  a f t e r  r e c e i p t  o f  t h e  c o n t r a c t o r ' s  r e c o m -
m e n d a t i o n  f o r  c o r r e c t i v e  a c t i o n , t h e  C o n t r a c t i n g  O f f i c e r  w i l l ,  i n  w r i t i n g ,  n o t i f y
the  con t rac to r  o f  the  par ts  used  by  the  Government  in  repa i r  o r  rep lacement  and
a l l  o ther  cos ts  o r  expenses requ i red  fo r  Government  co r rec t ion  o f  war ran ty  de fec t
as  se t  fo r th  in  the  paragraph  (c )  above . The  con t rac to r  sha l l  respond w i t h i n
3 0  d a y s  a f t e r  r e c e i p t  o f  t h i s  n o t i c e , o f  h i s  i n t e n t i o n  t o  f u r n i s h  i d e n t i f i e d
replacement parts and/or cost  re imbursements to the Government. In  the event

i t  i s  l a t e r  d e t e r m i n e d  t h a t  t h e  c o n t r a c t o r  d i d  n o t  b r e a c h  t h e  w a r r a n t y  i n
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paragraph (b) above, t h e  c o n t r a c t  p r i c e  w i l l  b e  e q u i t a b l e  a d j u s t e d  p u r s u a n t  t o
the  te rms  o f  the  "Changes"  c lause  o f  the  con t rac t . Fa i lu re  to  agree  to  such  an
equi table adjustment or  upon any determinat ion to be made under th is c lause shal l
be a dispute concerning a quest i o n  o f  f a c t  w i t h i n  t h e  m e a n i n g  o f  t h e  " D i s p u t e s "
c l a u s e  o f  t h i s  c o n t r a c t .

d. Corrected or Replaced Suppl ies. Any  supp l ies  o r  par ts  thereo f  co r rec ted
or  fu rn ished  in  rep lacement  pursuan t  to  th i s  c lause  sha l l a l so  be  sub jec t  to

a l l  t h e  p r o v i s i o n s o f  t h i s  c l a u s e  t o  t h e  s a m e  e x t e n t  a s  s u p p l i e s  i n i t i a l l y
d e l i v e r e d .
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APPENDIX N

SAMPLE FORMAT - MILSTRIP REQUlSITION(NSN)

Card Column Description of Data
Mandatory Entry

for CCE

1-3

4 - 6
7

8-22
23-24
25-29
30-43
44

45-50
51

52-53
54-56

57-59
60-61
62-64
65-55

Document Identifier Code

Rauting Identifier Code
Media/Status Code
NSN
Unit of Issue
Quantity
Document Number
Demand Code
Supplementary Address
Signal Code
Fund Code
Distribution Code CC-54

CC-55-56
Project Code
Priority Code
Required Delivery Dare
Advice Code

AØA - CONUS
AØ1 - OCONUS

“F” for CONUS;

see AR 725-50
for OCONUS

*Weapon System Code
DSS Code

*Weapons System Designator code for Crane i s  7 Y

(59)



APPENDIX O

SAMPLE FORMAT – MILSTRIP REQUISITION FOR (NON–NSN)

Card Column

1-3

4-6 Routing Identifier Code

7 Media/Status Code
8-22 FSCM and Part Number

23-24 unit of Issue

25-29 Quantity

30-43 Document Number

44 Demand Code

45-50 Supplementary Address

51 Signal Code
52-53 Fund Code
54-56 Distribution Code CC-54

57-59

Description of Data

Document Identifier Code

Project Code
CC-55-56

Mandatory Entry
for CCE

AØB - CONUS
AØ2 - OCONUS
Always S9C

“F” for CONUS;

see AR 725-50
for OCONUS

* Weapon System Code
DSS Code (CONUS)
“JZC” (OCONUS)

60-61 Priority Code
62-64 Required Delivery Date

65-66 Advice Code

*Weapons System Designator Code for Crane is 7Y

(60)



APPENDIX O (Continued)

CARD
COLUMN

67-69

70

71-80

DESCRIPTION OF DATA

Blank

I d e n t i f i c a t i o n  c o d e  a p p l i c a b l e  t o
en t ry  in  cc  71-80

A - Technical  Order or  Technical
Manual

B - E n d  I t e m  I d e n t i f i c a t i o n

C - Noun Descr ipt ion

D - Drawing or Speci f icat ion Number

R e f e r e n c e  I d e n t i f i c a t i o n

MANDATORY ENTRY

I d e n t i f i c a t i o n  o f
re fe rence  spec i f i ed
in CC 70
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APPENDIX P

SAMPLE FORMAT - MILSTRIP REQUISITION (NON-NSN) (MANUAL)
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APPENDIX P  (CONTINUED)

INSTRUCTIONS

This form will only be used in those cases where the manufacturer’s code and part
number exceed the spaces allocated in card columns 8 - 22 of the requisition,

CARD
C O L U M N

1 -  3

4 -  6

DESCRlPTION OF DATA

Document Identifier Code

Routing Identifier Code

MANDATORY ENTRY
FOR CCE

AØE - CONUS
AØ5 - OVERSEAS

Always S9C

7 Media Status Code

8 - 22

23 - 24

FSCM and Port Number

Unit of Issue

Leove Blank
Enter in Block 1
under
Identification Data

25 - 29 Quan t i t y

30 - 43

44

Document Number

Demand Code

4 5  - 5 0 Supplementary Address

51 Signal Code

52 - 53

5 4 - 5 6

Fund Code

Distribution Code CC 54

CC-55-56

“F” for CONUS. (See
AR 725-50 for overseas.)

Weapon System Code

57 - 59

60 - 61

62 - 63

65 - 66

Project Code

Priority Code

Required Delivery Date

DSS CODE (CONUS)
"JZC" (OCONUS)

Advice Code

67 - 80 Blank

IDENTIFlCATION DATA - Lower ha l f o f DD Form 1348-6, complete blocks 1 thru 9 .
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APPENDIX Q

REQUISITION FORMAT

NON-NSN REQUISITION FORMAT

CARD COLUMN DESCRIPTION ENTRY

CONUS OCONUS

1-3 Document Ident i f ier  Code AOB AO2

4-6 R o u t i n g  I d e n t i f i e r  C o d e S9C S9C

8-22 Part Number Ente r  the  Federa l
Supply Code for
the Manufacturer,
fo l lowed by  the
part number.

54-56 D i s t r i b u t i o n  C o d e :

54 C o n t r o l  A c t i v i t y F AR 725-50

55-56 Weapons System Designator Code

57-59 Project  Code BGW JZC
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APPENDIX R

NSN FORMAT

CARD COLUMN DESCRIPTION ENTRY

CONUS OCONUS

1-3 Document  Iden t i f i e r  Code AOA AO1

8-22 Nat ional  Stock Number E n t e r  t h e  A p p l i c a b l e
13 Digit NSN

54-56 D i s t r i b u t i o n  C o d e Same as Table 1,
above.

Project  Code Not Required
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APPENDIX S

Source Codes Below Are Defined As Follows:

CODE DEFINITION

Item procured and stocked for ant ic ipated or known usage.PA

PB

PC

PD

PE

PF

PG

KD

KF

KB

MO

MF

Item procured and stocked for  insurance purposes because
e s s e n t i a l i t y  d i c t a t e s  t h a t  a  m i n i m u m  q u a n t i t y  b e  a v a i l a b l e
in  the  supp ly  sys tems.

I tem procured and stocked and which otherwise would be coded
P A  e x c e p t  t h a t  i t  i s  d e t e r i o r a t i v e  i n  n a t u r e .

Support  i tem, exc lud ing  suppor t  equ ipment ,  p rocured  fo r
i n i t i a l  i s s u e  o r  o u t f i t t i n g  a n d  s t o c k e d  o n l y  f o r  s u b s e q u e n t
o r  a d d i t i o n a l  i n i t i a l  i s s u e s  o r  o u t f i t t i n g s . No t  sub jec t
to  au tomat i c  rep len ishment .

Suppor t  equ ipment  p rocured  and  s tocked  fo r  in i t i a l  i ssue  o r
o u t f i t t i n g  t o  s p e c i f i e d  m a i n t e n a n c e  r e p a i r  a c t i v i t i e s .

Suppor t  equ ipment  wh ich  w i l l  no t  be  s tocked  bu t  wh ich  w i l l
be centra l ly  procured on demand.

I tem procured  and  s tocked  to  p rov ide  fo r  sus ta ined  suppor t
f o r  t h e  l i f e  o f  t h e  e q u i p m e n t . I t  i s  a p p l i e d  t o  a n  i t e m
pecu l ia r  to  the  equ ipment  wh ich  because  o f  p robab le  d is -
c o n t i n u a n c e  o r  s h u t d o w n  o f  p r o d u c t i o n  f a c i l i t i e s  w o u l d
prove  uneconomica l  to  rep roduce  a t  a  la te r  t ime .

An i tem o f  depo t  overhau l / repa i r  k i t  and  no t  purchased
s e p a r a t e l y . D e p o t  k i t  d e f i n e d  a s  a  k i t  t h a t  p r o v i d e s
i t e m s  r e q u i r e d  a t  t h e  t i m e  o f  o v e r h a u l  o r  r e p a i r s .

An  i tem o f  a  ma in tenance  k i t  and  no t  purchased  separa te ly .
M a i n t e n a n c e  k i t  d e f i n e d  a s  a  k i t  t h a t  p r o v i d e s  a n  i t e m
t h a t  c a n  b e  r e p l a c e d  a t  o r g a n i z a t i o n a l  o r  i n t e r m e d i a t e
leve ls  o f  ma in tenance .

I t e m  i n c l u d e d  i n  b o t h  a  d e p o t  o v e r h a u l / r e p a i r  k i t  a n d  a
main tenance  k i t .

I tem to  be  manufac tu red  o r  fab r i ca ted  a t  o rgan iza t iona l
l e v e l .

I tem to  be  manufac tu red  o r  fab r i ca ted  a t  D i rec t  Suppor t
ma in tenance  leve ls .
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APPENDIX S

CODE

MH

MD

AO

AF

AH

AD

XA

XB

XC

C o l .  T .
Group

DEFINITION

I tem to  be  manu fac tu red  o r  fab r i ca ted  a t  Genera l  Suppor t
ma in tenance  leve ls .

I tem to be manufactured or fabr icated at  Depot maintenance
l e v e l .

I tem to  be  assembled  a t  o rgan iza t iona l  l eve l .

I tem to  be  assembled  a t  D i rec t  Suppor t  ma in tenance  leve ls .

I tem to be assembled at  General  Support  maintenance levels.

I tem to be assembled at  Depot maintenance levels.

I tem is  no t  p rocured  o r  s tocked  because  the  requ i rements  fo r
t h e  i t e m  w i l l  r e s u l t  i n  t h e  r e p l a c e m e n t  o f  t h e  n e x t  h i g h e r
assembly.

I tem is  no t  p rocured  o r  s tocked . I f  n o t  a v a i l a b l e  t h r o u g h
s a l v a g e ,  r e q u i s i t i o n .

I n s t a l l a t i o n  d r a w i n g ,  d i a g r a m ,  i n s t r u c t i o n  s h e e t ,  f i e l d
serv ice  drawing, t h a t  i s  i d e n t i f i e d  b y  m a n u f a c t u r e r s ’
d raw ing /par t  number .

En te r  the  func t iona l  g roup  number  fo r  each  par t  i n  accordance
with TB 750-93-1, Funct ional  Grouping Codes: Combat,
T a c t i c a l , and Support  Vehicles and Special  Purpose Equipment.
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APPENDIX T

NOTE (SERVICE POINT 6) WHEN THE INDICATOR FLAG REACHES THE TOP IT WILL LOCK INTO POSITION
THE FILTER CARTRIDGE SHOULD THEN BE REPLACED. TA 272-421
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LUBRICATION

APPPENDIX T

NOTE WHEN TRAVELING MORE THAN AN HOUR, ENTIRE LOWER SHOULD BE LUBRICATED EVERY HOUR

USE OIL CAN TO APPLY SEVERAL DROPS OF OIL WEEKLY TO ALL PINS AND LEVERS NOT EQUIPPED WITH
GREASE FITTINGS.

TA 272-422
70
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APPENDIX T LUBRICATION

NOTES: The information of this drawing is intended to supplement the original manufactures recommendations.

Points to be lubricated with an oil can are not designated. Use a few drops of motor oil every week

on each pin or lever not equipped with a grease fitting.

NOTE A. Grease slewing rim liberally, grease should appear between the upper and lower rims the entire

circumference of the slewing rim. Also, grease slewing rim daily if service conditions are severe.

NOTE B Remove, Clean, and replace bearings.
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APPENDIX T LUBRICATION

NOTE: THE TIME INTERVAL DEPENDS ON HOW THE ROPE

IS USED, THE LOADS IT HANDLES, FREQUENCY OF OPERATION AND

EXPOSURE TO CORROSIVE INFLUENCES
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A1505
TA 272-424
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By Order of the Secretary of the Army:

Official:
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General, United States Army
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The Adjutant General

Distribution:
To be distributed in accordance with DA Form 12-25B, Organizational, D/S, G/S Maintenance Requirements for

Crane, 40 Ton, Crawler Mounted.
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