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WARNINGS AND SAFETY NOTICES
WARNING
DANGEROUS VOLTAGES AND HAZARDOUS MATERIALS
ARE USED IN THIS EQUIPMENT.
DO NOT TAKE CHANCES!

GENERAL WARNINGS
Always redtag electrical equipment, controls, circuits, and switches before beginning repairs.
Do not service or adjust high voltage electrical equipment when alone.
Do not overload circuits.
Always use authorized, insulated tools and test equipment when working on electrical equipment.

Remove all jewelry before working on or around electrical equipment with exposed current-carrying areas.

Do not wear clothing with exposed metal fasteners when working on electrical equipment.
Always use approved breathing apparatus when working with chemicals.

Avoid chemical contact with eyes, skin, and clothing.
Always wear safety glasses, gloves, and rubber aprons when handling chemicals.
Wear protective clothing and safety glasses as required when working on barge equipment.
Always wear approved ear protection in noise hazard areas.
SPECIFIC WARNINGS
Do not connect any new circuit to an existing circuit.
Do not energize circuits if water condensation is present.
If any sparks are seen, stop operation immediately. Determine cause and take corrective action.
Never touch radio antennas of fixed-base radio transmitters. When transmitting, antennas contain high voltage.

Always use approved breathing apparatus when handling material in multimediafilters and
chlorination unit descaling acid crystals. Do not breathe dust from these materials.

Avoid breathing vapors from coagulant aid chemicals. Use in a well-ventilated area In case of chemical contact with
skin, wash with water. For eyes, immediately flush at eyewash station and obtain medical help as soon as possible.

Always wear work gloves and shirts with full length buttoned sleeves when handling fuel oil and gasoline.
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Do not smoke or' have open flames within 10 feet when handling fuel oil or gas. Only minimum number of personnel
necessary to conduct fueling operation is permitted in area.

Before starting any repairs on compressed air system, always release pressure from air receiver and compressor and
open and redtag circuit breakers. On air compressor, do not adjust automatic regulator switch (pressure switch. and
pilot valve settings.

To avoid flying particles lodging in eyes, do not use compressed air to "dust-off" clothing or workspace.

Stay dear of anchor cables when operating anchor winches.

Always wear safety glasses or face shield when using power tools.

Always wear lifevests when on weatherdeck and throughout the barge during storm conditions.

Lifevests are to be worn at all times aboard workboat.

Only qualified persons will operate and maintain arc and fuel gas welders.

When welding, always make sure those working with or near the welder wear proper clothing: heavy, hole-free gloves,
heavy shirt, cuffless trousers, high shoes, and cap. Keep clothing dry and free of oil and other flammable substances.

Use dry heavy canvas drop cloth to cover work area and adjacent deck when arc welding.

Before welding on bulkheads, deck plating and similar surfaces, always check carefully to make sure that the other
side of the surface to be welded does not hide fuel or compressed gas tanks, flammable or hazardous materials, or
electrical equipment or wiring.

When welding, keep your head out of the fumes and make sure area is well ventilated.

Before welding on surfaces which have been cleaned with cleaning solutions containing chlorinated hydrocarbons,
always wash with water, dry and ventilate area thoroughly.

Use shield with proper filter lens when welding. Do not allow others near welding operations to assist or observe
without proper eye protection. This must include side shields during slag chipping operations.

Warn personnel in area during welding operations not to look at arc or expose themselves to hot spatter or metal.
In an extreme emergency, when welding is required in void 2 port, shut down chlorination system. Close all valves.

Cover the parts of chlorination system not being welded with a heavy canvas drop cloth. Turn on vent 8 and, if
available, provide additional forced air ventilation.
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- Before welding on fuel oil or sludge tank, make sure tank is gas-free by: 1) removing all liquid from tank, 2) cleaning

tank thoroughly, 3) seeing that tank is thoroughly dry, and 4) force ventilating tank.

- Connect arc welding work cable as dose to welding area as possible. Work cables connected to barge framework or

other locations far from welding site increase the possibility of the welding current passing through lifting chains, crane
cables or other possible circuit paths. This can create fire hazards or weaken lifting chains or crane, cables until they
break or fall.

Always weld with all doors, portholes, and hatches propped open and necessary ventilation systems operating.

Take frequent breaks away from the area where you are welding.

Do not take oxygen and acetylene tanks into confined areas when welding.

Always use a friction lighter to start oxyacetylene torch.

Always maintain all welding equipment in proper working condition. If you have any doubts about the safety of any
welding equipment do not use the welder.

ELECTRICAL SHOCK SAFETY STEPS

Five safety steps to follow if someone is the victim of electrical shock.

1.

2.

Do not try to pull or grab individual.
Turn off electrical power when possible.

If you can not turn off electrical power, pull, push, or lift person to safety using a wooden pole, rope, or some other
insulating material.

. Get medical help as soon as possible.

After the injured person is free of contact with the source of electrical shock, move the person a short distance away
and, if needed, start CPR immediately.

c/(d blank)
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INTRODUCTION TO

TM 55-1930-209-14&P-9-4

You can help improve this manual. If you find any mistakes or if you know of away to improve the procedures, please let
us know. Mail your letter, DA Form 2028 (Recommended Changes to Publications and Blank Forms), or DA Form 2028-2
located in the back of this manual direct to: Commander, US Army Troop Support Command, ATTN: AMSTR-MMTS,
4300 Goodfellow Blvd., St. Louis, MO 63120-1798. A reply will be furnished directly to you.

1. SCOPE

TM 55-1930-209-14&P covers the Reverse Osmosis Water Purification Barges, Models 300-WPB-1, 300-WPB-2 and
300WPB-3, NSN 1930-01-234-2165. This manual consists of twenty-one volumes.

2. REVERSE OSMOSIS WATER PURIFICATION BARGES
The Reverse Osmosis Water Purification Barges provide up to 300,000 gallons of drinking water per 24-hour period.
The drinking water, converted from seawater or brackish water, is for use by a Rapid Deployment Force in a forward
area. When needed, the drinking water can be pumped to a shore facility or to another vessel. This manual provides
operation and maintenance procedures for all the component systems on the barges.

3. VOLUME 1 -- NORMAL OPERATIONS
This volume provides information and procedures on normal Reverse Osmosis Water Purification Barge operations,
including barge movement and deployment, communications and electrical power systems, drinking water production,
shutdown, and required operational maintenance. Emergency shutdown procedures are also provided.

4. VOLUME 2 -- SEAWATER SYSTEM
This volume describes operation and maintenance of the seawater system which supplies seawater to the Reverse
Osmosis Water Purification Units (ROWPUS) for processing to the air conditioning unit for cooling to the ballast tank for
barge trimming to the chlorination unit for priming and cooling, and to the diesel generators for cooling.

5. VOLUME 3 -- REVERSE OSMOSIS WATER PURIFICATION UNIT (ROWPU) SYSTEM
Volume 3 provides operation and maintenance procedures for the ROWPU System which processes seawater or
brackish water to produce drinking water. Normally, this system processes seawater supplied by the seawater system
(TM 55-1930-209-14&P-2) to create product water. Chlorine is then added to this product water by the chlorination
system (TM 55-1930-209-14&P-4). The resultant drinking water is discharged into four storage tanks that are part of
the drinking water system (TM 55-1930-209-14&P-5).

6. VOLUME 4-- CHLORINATION SYSTEM
Operation and maintenance procedures for the chlorination system onboard the Water Purification Barges are
contained in this volume. This system produces chlorine in a sodium hypochlorite solution, upon demand, to water
processed by the ROWPU system just before the water enters the four drinking water storage tanks.
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VOLUME 5 -- DRINKING WATER SYSTEM The drinking water system provides storage for water produced by the
ROWPUs and includes pumps and valves to move this water from onboard storage tanks to the shore discharge
system, to another vessel, or overboard. The drinking water system also provides a pressurized water supply for
drinking and washing onboard the barges.

VOLUME 6 --SHORE DISCHARGE SYSTEM This volume provides operation and maintenance procedures for the
shore discharge system which transfers drinking water from barge storage tanks to holding/storage facilities ashore.

VOLUME 7 --COMPRESSED AIR SYSTEM Volume 7 describes the operation and maintenance of the compressed air
system which provides compressed air to five air stations in the ROWPU space, one in the workshop, and one on stem
weatherdeck This system also provides compressed air to two air stations for blowdown of seachests in void 2
starboard and void 4 port. Compressed air is used on the barges to operate air-powered impact tools, to propel air
through the shore discharge hose, to blowdown seachest, and for general cleaning blowdown.

. VOLUME 8 --FUEL OIL SYSTEM This volume provides operation and maintenance procedures for the fuel oil system

which functions as a centralized receiving storage and distribution system for diesel fuel used for barge operations.
This onboard fuel system provides fuel for two 155 kW diesel ship service generators, a 20 kW ship auxiliary
generator, two ROWPU high-pressure pump diesel engines, and a fueling station for the barge workboat.

VOLUME 9 --ELECTRICAL POWER SYSTEMS Operation and maintenance procedures for the two electrical power
systems installed aboard the Water Purification Barges are contained in Volume 9. The normal electrical power
system generates, controls and distributes all electrical power for operating the water purification system and its
auxiliary systems. The emergency electrical system supplies 24 Vdc from a battery bank to 24 Vdc equipment and
converts to 24 Vdc through an inverter to 120 Vac to power emergency lighting and equipment.

VOLUME 10 -- LIGHTING SYSTEM Volume 10 contains operation and maintenance procedures for the onboard
lighting systems for the Water Purification Barges. This system supplies interior and exterior lighting. Normal and
emergency interior lighting is provided in the deckhouse ROWPU space, dayroom, workshop, and voids. Exterior
lighting consists of searchlights and floodlights for use at night or during reduced visibility. Lights on the
weatherdecks and standard navigation and status lights are for use during operation and towing.

VOLUME 11 -- EQUIPMENT MONITORING SYSTEM This volume provides operation and maintenance procedures
for the equipment monitoring system which monitors the operation of several equipment components onboard the
Water Purification Barges.This system monitors operating conditions such as amount of drinking water in storage
tanks and temperature of diesel engine cooling water. Sensors detect unacceptable operating conditions, the main
processor flashes at double intensity and remote alarms (horns, strobe lights and buzzer alert crewmembers that
corrective action is necessary.
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VOLUME 12 -- COMMUNICATIONS SYSTEM

Operation and maintenance procedures for the communications system are provided in Volume 12. This system
consists of three separate communications methods, radio communications, foghorn and intercom telephones.

VOLUME 13 -HANDLING EQUIPMENT

This volume contains operation and maintenance procedures for handling equipment used for lifting, transporting and
repositioning equipment and materials onboard the barges. The system includes a bridge crane, bow crane and a
void 4-trolley hoist.

VOLUME 14 -ANCHOR, MOORING, AND TOWING EQUIPMENT

Volume 14 describes the operation and maintenance procedures for the anchor mooring, and towing equipment on
the Water Purification Barges. This equipment provides a method to hold (anchor) the barges in a fixed position
offshore, at dockside, or next to another vessel and a method to move the barges from one location to another.

VOLUME 15 -MISCELLANEOUS EQUIPMENT (DAYROOM, WORKSHOP, ACCESSES, AND SANITATION
SYSTEMS)

Volume 15 addresses operation and maintenance procedures for miscellaneous equipment installed on the Water
Purification Barges. This equipment includes the dayroom on the forward starboard side of deckhouse, the
workshop on the forward portside of deckhouse, accesses such as deckhouse doors and portholes and various
accesses to and from the voids, and two separate sanitation systems (toilets and bilge). Additional equipment
addressed in this volume includes: guard rails, rubber fendering, removable rubber floor mats, eyewash stations,
component labels, caution, warning and danger signs, and storage areas.

VOLUME 16 -VENTILATION, HEATING, AND AIR CONDITIONING SYSTEMS

This volume contains operation and maintenance procedures for the deckhouse and voids ventilation systems and the
heating and air conditioning (HAC) system installed on the Water Purification Barges.The ventilation system provides
fresh air circulation in the deckhouse and voids with 17 hatches and 10 ventilation fans. The HAC controls the
temperature in the dayroom and deckhouse.

VOLUME 17 -WORKBOAT, LIFESAVING, AND FIREFIGHTING EQUIPMENT
Volume 17 includes procedures for the operation and maintenance of:

a. Workboat -provides water transportation for crew members and visitors, small cargo items, transportation of the
messenger line for the shore discharge hose and similar work-related tasks associated with operating the Water
Purification Barges.

b. Lifesaving Equipment -installed on the barges and consisting of 2 liferafts, 15 Type Il and 24 Type V lifevests and
4 lifesaving rings.

c. Firefighting Equipment -installed on the barges and consisting of Halon 1301 system, 2 CO2 hose reel units, a
smoke detector system, 17 portable CO2 fire extinguishers, 5 dry chemical fire extinguishers, 5 self-contained

breathing apparatuses, and a portable, engine driven firefighting pump. The workboat also has a 10-pound,
portable, dry chemical fire extinguisher.

VOLUME 18 SUPPORTING APPENDICES FOR VOLUMES 1-17.

Volume 18 contains the Maintenance Allocation Chart, Components of End Item List, Tools and Test Equipment List,
Expendable/Durable Supplies and Materials List and the Repair Parts and Special
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All of the information contained in this volume is common to volumes 1-17 and does not appear in each individual
volume.

Appendix A in volumes 1-17 provides information unique to each volume. Appendix B in volumes 1-17 provides
manufacturers manuals and instructions unique to the system described in each volume. Appendixes C-G are
located in Volume 18.

21. VOLUME 19 -PREVENTIVE MAINTENANCE CHECKS AND SERVICES (PMCS)
Volume 19 contains PMCS pertinent to all onboard systems for the Reverse Osmosis Water Purification Barges.

22. VOLUME 20 -SUPPLEMENTAL DATA

Volume 20 contains the Basic Issue Items List, and additional Authorization List for all onboard systems for the
Reverse Osmosis Water Purification Barges.

23. VOLUME 21 -WINCH, DOUBLE DRUM, DIESEL
This volume contains operation and maintenance procedures for the 20-ton double drum diesel engine winch used

on the Water Purification Barges. Appendix B of Volume 21 contains the Maintenance Allocation Chart and the
Repair Parts and Special Tools List for the winch.



TM 55-1930-209-14&P-9-4

TECHNICAL MANUAL HEADQUARTERS
NO. 55-1930-209-14&P-9-4 DEPARTMENT OF THE ARMY,
WASHINGTON D.C., 15 OCTOBER 1992

TECHNICAL MANUAL
OPERATORS', UNIT, DIRECT SUPPORT AND GENERAL
SUPPORT MAINTENANCE MANUAL (INCLUDING REPAIR
PARTS AND SPECIAL TOOLS LIST)
FOR

WATER PURIFICATION BARGES (NSN 1930-01-234-2165)
VOLUME 9-4 ELECTRICAL POWER SYSTEM

REPORTING ERRORS AND RECOMMENDING IMPROVEMENTS

You can help improve this manual. If you find any mistakes or if you know of a way to improve the procedures, please
let us know. Mail your letter, DA Form 2028 (Recommended Changes to Publications and Blank Forms), or DA Form
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APPENDIX B
MANUFACTURERS' SERVICE MANUALS/INSTRUCTION

B-1. Normal Electric System
Component Document title Manufacturer

NOTE
The following documents can be found in TM 55-1930-209-14&P-9-2

Switchboard Electric Power Controls Operation Electric Power Controls
Manual for Main Service Generation P.O. Box 5146
and Distribution Switchboard Springfield, IL 62705

Ph: (217) 629-8506

B-2. Emergency Electrical System
Component Document title Manufacturer

NOTE
The following documents can be found in TM 55-1930-209-14&P-9-2

Inverter LaMarche Instruction Manual for LaMarche Manufacturing Co.
Model A-51 Inverter with Trouble 106 Braddock Drive
Shooting Information Des Plaines, IL 60018

Ph: (312) 299-1188
Battery charger LaMarche Installation Instruction
Manual for Model A33-60-24V-Al

B-3. 155 kW Ship Service Generators
Component Document title Manufacturer

NOTE
The following documents can be found in TM 55-1930-209-14&P-9-2

3306TA engine Caterpillar Operation and Maintenance Caterpillar Tractor Co,
Manual for 3304, 3306, 3304B and 3306B 100 N.E. Adams St.
Industrial Engines, SEBU5779-01 Peoria, IL 61629

Caterpillar Specifications for 3304B
and 3306B Generator Set Engine Attachments,
SENR2798

Caterpillar Systems Operation Testing
and Adjusting Manual for 3304B and 3306B
Generator Set Engine Attachments, SENR2799
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Component Document title Manufacturer
NOTE
The following document can be found in TM 55-1930-209-14&P-9-2

Caterpillar Disassembly and Assembly
Manual for 3304B and 3306B Generator Set
Engines, SENR2800

NOTE
The following documents can be found in TM 55-1930-209-14&P-9-3

Caterpillar Parts Manual for 3306 Generator Set Engine,
SEBP1406

NOTE
The following documents can be found in TM 55-1930-209-14&P-9-4

SR4 generator Caterpillar Operation and Maintenance
Manual for SR4 and SRCR Generators,
SEBUS5717-02

Caterpillar Service Manual for SR4
Generator SENR7968

Caterpillar Special Instructions for
Alignment of Single Bearing Generators,

SMHS7259
Spring isolators Ace Mounting Co. Series 630 Spring Isolators Ace Mountings Co., Inc.
for Seismic, Marine, & Mobile Applications, 11 Cross Avenue
catalog 83A-170 South Amboy, NJ 08879
Ph: (201) 721-6200
Battery charger Master Control Systems Bulletin for Regulated Master Controls Systems
Two Rate Battery Charger, Model MBC8, 474-2 910 N. Shore Drive

Lake Bluff, IL 60044
Ph: (312) 295--1010
Telex: 25-4636

Master Control Systems Installation and Operation
Instructions for Models MBC8, MBC8/9(10000)-3

Engine crankcase Oildex - How It Operates, Installation, Oildex Corporation
filter system, Instructions, Dwg no. XCAD-12T/XCAD-14T P.O. Box 3755
Oildex XCAD-13T Long Beach, CA 90803



B-4. 20 kW Ship Auxiliary Generator Set

Component

4.236M engine

SC144E
generator

Spring Isolators

Battery charger

Gages

Document title

NOTE
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Manufacturer

The following documents can be found In TM 55-1930-209-14&P-9-4

Perkins Engines Operators Manual for
Marine Diesel Engines, 4.236M

Perkins Engines Workshop Manual, 4.236M
Perkins Engines Parts Manual, 4.236M

Newage Stamford 'C' Generator Range
Frames 1, 2, & 3 Series 4 AV.R,,
Controlled Operation and Maintenance
Manual Machine Designations PC1 64SC
and MSC 144, 244, 344, publication

no. 1 H-059 1 st edition

Newage Stamford 'C' Range Frames
1, 2, & 3 Series 4 A.V.R. Parts Manual

Series 630 Spring isolators for Seismic,
Marine, & Mobile Applications,
catalog 83A-170

Master Control Systems Bulletin for
Regulated Two Rate Battery Charger,
Model MBCS8, 474-2

Master Control Systems Installation &
Operation Instructions for Models MBC8,
Regulated Two Rate Battery Charger,
MBC8/9(10000)-3

Murphy A20T Series Temperature Swich-
gages Bulletin A20T-7974, effective
5-1 - 5-79, Catalog Section 10, Class R

Murphy A20 Series Pressure Murphygages
and Swichgages, Bulletin A20P-7973,
revised 12-30-81, Catalog Section 05,
Class (5)

Perkins Engines Inc.
32500 Van Bom Rd
P.O. Box 697
Wayne, Ml 48184
Ph: (313) 595-9600
Telex: 234002

Newage Engineers, Ltd.
3 Independence Court
Folcraft, PA 19032

Ph: (215) 534-9500
Telex: 43551

Ace Mounting Co., Inc.
11 Cross Avenue

South Amboy, NJ 08879
Ph: (201) 721-6200
Master Controls Systems,
Inc.

910 N. Shore Drive

Lane Bluff, IL 60044

Ph: (312) 925--1010
Telex 25-4636

Frank W. Murphy & Co.
P.O. Box 470248
Tulsa, OK 74147

Ph: (918) 627-3550
Telex: 492332

B-3



Component

Exhaust silencers

Oildex crankcase
filter system

B-4

Document title

Murphy Instructions for Installation &
Maintenance of Pressure & Vacuum Swichgages,
Series 20-P, 25-P, A20-P, A25-P,

Instruction Booklet 2025P-INS, revised

9-28-84

Murphy Instructions for Installation &
Maintenance of Temperature Swichgages,
Installation Sheet 2520T-INS, revised

2-1-85

Nelson Industrial "100" Level Exhaust
Silencers, two page fact sheet

Oildex - How It Operates, Installation
Instructions, Dwg. No. XPERK-1

TM 55-1930-209-14&P-9-4

Manufacturer

Nelson Manufacturing

Oildex Corporation
P.0O. Box 3755
Long Beach, CA 90803
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Foreword

This Operation and Maintenance Guide contains operation instructions, and lubrication, and maintenance information
application of this information should maximize' performance and life of the generator '

Whenever a question arises regarding your Caterpillar.product.or this publication, please consult your Caterpillar dealer
for the latest available information.

'The services of authorized Caterpillar dealers are recommended. Your dealer is staffed with trained personnel who are
equipped with proper tools necessary Caterpillar part, and are trained in the latest service procedures.
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Safety

THIS SYMBOL WARNS OF POSSIBLE

PERSONAL INJURY

Do not wear loose clothing around machinery.

Observe NO SMOKING signs.

Do not smoke around batteries. Hydrogen gas
generated by charging batteries is explosive. Keep
batteries in a well-ventilated area.

Be sure the engine room is properly ventilated.

All electrical equipment must be grounded according to
local building codes.

Remove tools and electrical cords from the engine
before starting.

All fans, shafts, pulleys, etc. must have guards.

Check all connections periodically for tightness and
insulation.

Insulate all connections and disconnected wires.

Do not work on electrically "hot" equipment.

Do not use carbon tetrachloride fire extinguishers.
Fumes are toxic and the liquid has a deteriorating effect
on insulation.

Never operate a diesel engine with the governor linkage
disconnected. Human reactions are not fast enough to
control the fuel rack.

Never adjust or repair a machine while in operation.

Do not touch the heat sink on the generator regulator
when the generator is running. It is electrically "hot".

Store oily rags in metal covered containers.
Never store flammable liquids near the engine.

Always disconnect and tape the ground battery lead
before working on the electrical system.

Be sure the remote starting system is inoperative when
the engine is being worked on. Disconnect the starter
from the start switch.

Always disconnect the engine starter circuit when
working on the generator.

Keep the engine room and floor area clean.



Generator ldentification
Identification Plate

The generator Information Plate is located on the left-
hand side of the generator.
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THE OPERATION AND MAINTENANCE INSTRUCTIONS FOR DETAILED
INFORMATION.
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When service is required, use the information given on the Identification Plate.
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This section of the Identification Plate tells the engine
model and the generator set (engine and generator)
rating.

This section of the Identification Plate states all the
Generator Data. This portion gives the necessary
information when ordering parts.

This section of the Identification Plate gives the wiring
diagram for high and low voltage connections.



Generator Lead Connections

Lead Numbering

Each coil lead is marked according to the following
diagram.

Numbering is clockwise from the top and from the
outside in. Terminal TO is the neutral lead on all high
voltage connections. On low voltage connections TO is
connected with T4, T5, and T6 to form the neutral
terminal. The standard generator diagram and the
terminal connections are on the nameplate of each
generator.
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Neutral Connections

Single Units

Three Wire: In a three phase, three wire system, the
generator should normally be grounded according to
local wiring codes. In some cases, however, it is
undesirable to ground the neutral wire. For example, on
boats a grounded neutral may increase the problem of
electrolysis. In applications where definite measures are
taken to prevent grounds to the load leads, an
ungrounded neutral can be used. Be sure to check your
local wiring codes.

Four Wire: In a three phase, four wire system, the
neutral wire should be grounded according to local
wiring codes. For only single unit operation, there
should never be a need for a disconnect switch, or
device, in the neutral line.

Multiple Units

Operation of multiple generators in parallel, having all
neutrals grounded, may result in current circulating
through the neutral connections. To eliminate the
possibility of circulating currents, ground the neutral of
only one generator. If multiple generators are alternated
on line, a single pole single throw knife switch should be
installed in the neutral ground circuit of

each generator, so all but one neutral ground circuit can
be opened. Be sure one neutral ground circuit is closed.



Voltage Connections

Three Phase

The connections for both high and low voltage are given
in the following diagrams.

TYPICAL LOW VOLTAGE CONNECTION

The terminals must be connected securely and insulated
with a good quality electrical tape.

TYPICAL HIGH VOLTAGE CONNECTION

Single Phase Current From A Three-Phase Generator
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Three phase and single phase current can be taken
simultaneously from a generator connected for three-
phase service. Connecting the load to any two of the
three phase leads will provide single-phase voltage at
the same voltage as three-phase power. Connecting the
load to any phase lead and to neutral will produce
voltage at 58% of the three-phase voltage. DO NOT
exceed the nameplate current rating for any one phase.

Single-phase power taken from a three-phase source
can be a problem unless the single-phase loading is
equally distributed.



Generator Performance

Generator Loading

When a generator is installed or reconnected, be sure
the total current in one phase does not exceed the
nameplate rating. Each phase should carry the same
load, allowing the engine to work at its rated capacity.

An electrical unbalance can result in an electrical

overload and overheating if one phase exceeds the
nameplate amperage. Any unbalanced load that's
required should be placed on phase 2, since current
sensing for voltage regulator is on that phase.

Power Factor

Power factor may be thought of as the efficiency of the
load the ratio of apparent power to total power. Power
factor is expressed as a decimal and denotes that
portion of current supplied to a system doing useful
work. The portion of current not doing useful work is
absorbed in maintaining the magnetic field in motors.
This current, although it is called the reactive load, does
not require engine horsepower to maintain it.

In most applications electric motors and transformers
determine the power factor of the system. Induction
motors usually have a .8 power factor. Incandescent
lighting is a resistive load for about 1.0 power factor, or
unity.

The power factor of a system may be determined by a
power factor meter or by calculations. Determine the
power requirement in KW by multiplying the power factor
by the KVA supplied to the system. As the power factor
goes up the total current supplied to a constant power
demand will go down. A 100 KW load at a .8 power
factor will draw more current than a 100 KW load at .9
power factor. A higher power factor increases the
possibility of overloading the engine.

A lower power factor increases the possibility of
overloading the generator.

Low Idle Adjustment

Electric sets require higher low idle setting than do
industrial engines. Low idle must not be below 2/3 the
full load speed of 60 Hz units (4/5 full load speed of 50
Hz units).

CAUTION
Disconnect the exciter circuit by removing fuses F1
and F2 (on SRCR) or Fuse F1 (on SR 4) before
operating the engine below the low Idle rating.
Failure to do this will result in generator damage.

On electric sets with Woodward governors, there is no
low idle stop. On electric sets with mechanical
governors and natural gas electric sets, the low idle is
set at the factory, and should only be adjusted by your
Caterpillar dealer if adjustment is required.



Generator Set Control Panel (If Equipped)

The generator set control panel is located on top of the generator, and is equipped with the following controls and gauges.

CONTROL PANEL

1. Panel lights

2. Panel lights ON/OFF switch

3. Alternating current
ammeter

4. Frequency meter

5. Alternating current voltmeter

6. Voltmeter/Ammeter phase
selector

Panel lights (1) are controlled by an ON/OFF switch (2).

An ammeter (3), frequency meter (4) and a voltmeter (5)
show output of the generator. The voltmeter/ammeter
phase selector switch) selects which (6) phase (T1, T2,
or T3) of generator output will be monitored on the
ammeter (3) or the voltmeter (5).

The engine control switch (7) allows manual or
automatic operation of the engine and generator set.

The engine control switch has four positions: MANUAL,
AUTOMATIC, STOP AND OFF/RESET.

Placing the control in MANUAL will start the engine.

In Automatic position, the Generator Set can be started
when a customer supplied contact closes.

Both the Off and Stop positions stop the engine
immediately, regardless of the cool-

7. Engine control selector

8. Voltage level rheostat

9. Oil pressure gauge

10. Water temperature gauge
11. Shutdown Indicators

12. Heat switch (if equipped)

13. Governor motor control switch
(if engine is equipped with PSG
governor)

down timer. The cool-down timer is optional and
functions only when the engine is controlled remotely,
using the Automatic position of the engine control switch.

The voltage level rheostat (8) replaces the rheostat in
the generator regulator assembly.

Gauge (9) indicates engine oil pressure and gauge (10)
indicates engine water temperature.

If the engine has a malfunction, the panel will activate a
shutdown relay to stop the engine. The shutdown lights
(11) indicate if the fault has either oil pressure, water
temperature, overspeed or an overcrank condition.

If the engine is equipped with glow plugs, they are
controlled by an ON/OFF switch (12).

If engine is equipped with a PSG governor, governor
motor switch (13) allows the operator to control the
engine RPM from a panel.



Generator Set Control Panel (If Equipped)
Manual Operation of Generator Set Control Panel
Starting the Engine

1. Perform all before starting inspections. See Before
Starting in Engine Operation and Maintenance Guide.

3. After the engine starts and
stabilized, apply the load.

its systems have

2. Turn Engine Automatic Control Selector switch to
Manual position

4. Regulate the frequency of the generator with the
Governor Motor Raise-Lower switch or Manual Governor
Control Lever.

Stopping the Engine

1. Remove the load from the engine.

2. Reduce engine speed to low idle. Push down and
hold Governor Motor Raise-Lower switch in the Lower
position or move governor control lever to low idle
position.

3. Release switch when low idle is reached.

4. While the engine is at low idle, measure the engine
oil level. Oil level must be maintained between the
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ADD and FULL mark on the ENGINE RUNNING side of
the dipstick.

5. After engine cools, turn Engine Auto. Control
Selector switch to STOP. Move the selector to OFF
after the engine stops.

Refer to Engine Operation and Maintenance Guide for
other methods to stop the engine.

Move the shutoff lever forward. Hold lever in this

position until engine stops.



Automatic Start-Stop Operation of Generator Set Control Panel

An automatic start-stop system is used when an engine
must start with no one in attendance.

To start the engine when unattended, the ambient
(engine room) temperature must be at least 70°F (20°C)
or, the engine jacket water temperature must be at least
90°F (32°C).

One or two 3kw jacket water heaters can maintain this
temperature.

In the AUTO. position, the engine will automatically start
and take up the load when remote starting contacts are
dosed. When used together with an automatic transfer
switch, the engine can be signaled to start and the load
automatically transferred when commercial power fails.

The automatic transfer switch will also remove the load,
cool and stop the engine.

If the unit is used for standby application with a remote
transfer switch, place the Engine Control Selector switch
in the AUTO. position, and adjust speed for proper
operation of the generator with load after starting.

When in the AUTO. position,
automatically stop if commercial power has been
restored or if the engine has a fault. The optional cool
down timer will allow engine to idle before shutting down.

the engine will

Placing the Engine Control Selector in the STOP

position will stop the engine.

Overcranking

A timer allows the engine to crank either once for 30
seconds, or through 5 ten-second cranking cycles (de-
pending upon the device used) while unattended.
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If the engine does not start before the time has elapsed,
the cranking motor will shut off, the overcrank light will
come on.



Generator Set Control Panel (If Equipped)
Shutting Down
panel allows the engine to continue running for up to 2

A timer in the transfer switch allows transfer of the load minutes before stopping.
to another source and the cool down timer in the control

Starting the Engine After a Shutdown Caused by Engine Failure

1. Turn engine control switch to STOP position.

2. Find cause of shutdown and correct it.

3. Turn control switch to OFF/RESET position.

4. Operate the engine with the engine control switch in

MANUAL. Make tests as necessary to make sure the
condition that caused the shutdown has been corrected.

Oilfield Generator

For SCR Controlled Electric Rigs

Oilfield generators are now available for use with SCR Consult the drill rig builder on questions pertaining to
controlled electric oil rigs, that do not use a voltage generator control (voltage regulation, paralleling,
regulator. The function of the generator control is loadsharing, etc.).

performed by the drilling electrical control system.
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Single Unit Operation

Initial Start-Up

Before initial startup, megger test main stator winding.
Refer to Service Manuals SENR2180 or SENR7968.

1. Remove the left side access panel of the generator.

2. Loosen the locknuts on the voltage droop, voltage
level, and voltage gain controls.

3. Turn the voltage droop control (1) counterclockwise
to zero droop and tighten the locknut.

VOLTAGE ADJUSTMENT
CONTROLS

(SR4 Generator Shown)
1. Voltage Droop 2. Voltage Level 3. Voltage Gain
4. Circuit Breaker (SR4 Generator Only)

Starting

Make all preliminary engine starting checks.
Be sure the main or line circuit breaker is open.
Start the engine and allow it to warm up.
Adjust to full load RPM.
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4. Turn the gain control (3) counterclockwise to zero,
then turn the gain control to about 1/4 of full range of
clockwise travel.

5. Perform required maintenance on engine before
starting.

6. Start the engine and allow it to warm.

7. Increase engine speed to full governed speed (high
idle).

8. Observe the voltmeter reading. If desired voltage is
not indicated, set no load voltage with voltage level
control (2).

9. Close the load circuit breaker and apply full load
gradually.  Adjust governor control until nameplate
frequency is on the Hertz meter.

10. a. If voltmeter reading increases with full load
applied, turn gain control (3) slightly in counterclockwise
direction.

b. If voltmeter reading decreases with full load applied,
turn gain control (3) slightly in clockwise direction.

11. Remove load, adjust voltage level control (2) if
necessary to obtain desired voltage.

12. Apply the load, observe voltmeter reading. Repeat
steps 9 thru 12 until no load voltage equals full load
voltage.

13. Tighten the locknuts on all controls and install the
access panel of the generator.

14. Circuit breaker (4) will open if excessive field current
should occur. Push to reset the circuit breaker. If
breaker opens again, contact your Caterpillar dealer.

5. Close the main circuit breaker.

6. Apply the load. Do not try to apply full load in one
move, rather apply the load in increments to maintain
system frequency at a constant level.

7. Readjust governor for rated frequency.

Stopping

=

Remove the load in increments.
2. Open the circuit breaker

3. Allow the engine to run for 5 minutes to cool.
4. Stop the engine.



Parallel Operation

Initial Start-Up

Preparing a generator for parallel operation requires
special attention. Before attempting to parallel units for
the first time, all units must be checked to be sure the
following three conditions are met:

1. Same phase rotation
2. Same alternating current frequency.

3. Same voltage adjustment

Phase Rotation

The phase rotation must be the same. A set of three
light bulbs is used to determine whether the phase
rotation of the incoming unit and the phase rotation of
the line are the same.

1. Connect the light bulbs between the generator leads
and the corresponding line phase, i.e., terminal 1 to line
1 across the open circuit breaker.

2. Start the units to be paralleled and bring them up to
speed. As they approach the same speed the lights will
start to blink.
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a. If the lights blink in sequence one of the units is
connected backward. To correct this remove generator
leads 1 and 3 at the circuit breaker and exchange them.
This reverses the direction of phase rotation. Line 2
should always be connected to line 2.

Never attempt to work on electrically
hot wiring. Stop the electric set
before rewiring generator leads.
Open circuit breakers before working
on the equipment which they control.

b. If lights blink in unison the phase rotation of both
engines is the same, and condition 1 has been met.

Frequency Adjustment

The speed of units to be paralleled must be the same.
Speed refers to the alternating current frequency.

1. Allow each electric set to run under load long enough
for the internal temperatures to stabilize (about one
hour).

2. Adjust the governor control to give rated frequency at
full load.
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3. Remove the load and check the high idle speed; it
should be approximately 3% above full load speed. If
these speeds can not be obtained, contact your
Caterpillar dealer.

4. For the most consistent results, repeat steps 2 and 3
until condition 2 has been met.



Voltage Adjustment

The voltage level and voltage droop adjustments
determine the amount of circulating currents between
generators. Carefully matched voltage regulator
adjustments will reduce the circulating currents. Loads
of .8 power factor (primarily motors) require a generator
voltage droop of about 5%. Voltage droop is expressed
as the percentage of voltage change from no load to full
load. Use the same voltmeter to make adjustments on
each unit to be paralleled.

1. Adjust voltage as described for Single Unit Operation,
Initial Start-Up.

2. With the engine running at high idle, turn the voltage
droop clockwise about 1/2 of full range. If driven load is
to be unity power factor, set the voltage droop control on
all generators at 1/2 of full range and proceed to Step 7.
If driven load is to be normal (0.8 power factor) proceed
to Step 3.

3. Readjust the voltage level control until the voltage is
about 5% above desired voltage.

4. Apply full load at .8 power factor.

NOTE: If a generator is to be paralleled with other
generators, the voltage droop of each generator
must be the same to satisfactorily divide reactive
load.

5. Readjust the voltage droop control to obtain desired
voltage with full load at .8 power factor.

6. Repeat Steps 3, 4 and 5 for each generator to be
paralleled until line voltage is equal to desired level at .8
power factor and no load voltage is approximately 5%
above rated voltage.

7. Parallel generators and apply the driven load (see the
topic Operation/Paralleling). If the sum of the amps of
the individual generator amperes exceeds the total amps
going to the load by 10% at full load, adjust voltage
droop controls to share current proportionally between
generators.

CAUTION
Do NOT exceed rated ampere load on
any single generator.

8. Tighten the locknuts on all controls and install the
access cover. Condition 3 has been met.

Starting Multiple Units

Starting-Units are started the same as single units.

Paralleling

Units may be paralleled at no load or paralleled with
units under load. To parallel two or more units the
following conditions must be met:

1. Same phase rotation.

2. Same voltage level.

3. Same voltage droop.

4. Same frequency.

5. Voltages must be in phase.
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The first three conditions have been met in the initial
start-up for parallel operation.

1. Start the unit to be paralleled according to the
procedure in the engine operation section.

2. Turn the synchronizer lights on.



Parallel Operation

3. After the engine has run long enough to warm up,
bring it up to synchronous speed (the same frequency as
the unit on the line). The synchronizing lights will begin
to blink.

4. Using the governor control adjust the speed until the
lights blink very slowly.

5. The lights are off when the voltages of the two units
are in phase. At this point very quickly close the breaker
while the lights are out.

6. Use governor controls to share KW load between
engines

7. After generator temperature has stabilized (1 hr.),
adjust the droop control of each generator so as to share
the reactive load and to limit the circulating currents.
Less droop (moving control CCW) increases the reactive
current carried by the generator.

The frequency of the incoming unit should be slightly
greater than the line frequency. This will allow the
incoming unit to assume some of the load rather than
add to the system load.

Load Division--(Speed Droop)

Once two units have been paralleled their share of the
load is determined by the governor control setting. If two
units of the same capacity and the same governor
characteristics have the same governor control settings
they will share the load equally.

To transfer the load from one engine to the other follow
this procedure:

The total load must not exceed the capacity of the
engine.

1. Increase the governor speed control of one unit to
increase the load.

2. Reduce the governor speed control of the other unit
to decrease the load on that unit.

3. Raise or lower the governor speed control of both
units to change system frequency.

Circulating Currents

When two units are paralleled there will be circulating
currents. These currents are not doing useful work, but
are flowing between the generators. By determining the
total generator amperage and subtracting the amperage
going to the load, the amount of circulating current can
be determined.

Circulating currents are caused by voltage differences
between the two units.

With cold generator sets, circulating current may be as
high as 25% of rated amperes, without being considered
harmful. Circulating current is part of the total generator
current and this total must not exceed the amperage
rating.
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As the generators warm, the circulating currents will
decrease. The ammeter readings should decrease
slightly, but the voltage meter readings should remain
constant.



Parallel Operation of Governors

This section is a general description of the function of
the engine governor in relation to load division between
parallel electric sets. For detailed information on
governor controls and adjustments, see the Operation
Guide and Service Manual for the engine.

It is very important that two basic facts be understood
concerning load division between generator sets
operating in parallel. First, the power supplied to the
generator and thus to the load is a function of the
engine. The engine governor settings and the positions
of the governor controls determine the amount of power
delivered by the engine and the KW load carried by the
generator. If the governor control setting is advanced,
the engine and generator will assume more KW load.
Likewise, decreasing the governor control setting will
result in a reduction of load on the unit. Any other units
on the line will, conversely, either reduce or gain load at
the same time, assuming no change in total load or no
change in the governor settings of the other units has
taken place. Second, the division of power is not
determined by generator excitation or terminal voltage.
The Power Factor at which a generator will operate
when paralleled with other generators is determined by
its excitation. For more discussion on this subject, refer
to the section on Parallel Operation of generators.

Governors furnished with Caterpillar Powered Electric
Sets can be either of two types, governors with fixed
speed droop or governors with adjustable speed droop.
The values of speed droop used are commonly 3% and
0%. Governors with adjustable speed droop can be
adjusted so their characteristics match quite closely the
characteristics of governors with fixed speed droop. The
operating characteristics of the following combinations of
governors on paralleled electric sets will be described.

1. Two 3% governors.

2. One 3% governor and one 0% (isochronous)
governor.
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Example 1 - Two 3% Governors

When paralleling A.C. Generators, the engine governors
must have the same speed droop characteristics if the
sets are to divide the load in proportion to their ratings
throughout the entire operating range.

The governor speed droop characteristics of these two
units are similar. This is shown by lines "A" and "B"
coinciding in Figure 1. If both units are started, set for
high idle speed and paralleled at no load, the system
frequency will be 61.8 cycles or 103% of rated
frequency. As load is applied to the system, the
frequency will decrease along the speed droop
characteristic until the frequency at full load is 60 cycles.

% OF
Y
matep  CYCLES
SPEED
62
103 ———61.8 A AND B
102 61125
61
101 809
100 60
59
0 25 50 75 100
ar.5

PERCENT OF LOAD

Figure 1 - Paralleling two units with similar speed
droop characteristics.



Parallel Operation of Governors

If Unit A had been operating alone carrying full load, the
system frequency would be 60 cycles as shown by Line
"A" at 60 cycles and 100% load. Now, if the frequency
of Unit B is adjusted by the engine speed control to be
equal to that of Unit A and the circuit breaker of Unit B is
closed, the system would be operating under the
following conditions:

1. Unit A is at 60 cycles and 100% load.

2. Unit B is at 60 cycles and 0% load. The
characteristic of the governor of Unit B at this time is
shown by the dotted line B.

In order for Unit B to carry load, it is necessary to
advance the speed setting of the governor. If it is
advanced to the full load position, the governor
characteristic of B will coincide with the characteristic of
A. Since the load on the system was 100% of one unit,
no change was made in total load, and the available
capacity is now 200%, the system will operate at 50%
load on each unit, and 60.9 cycles for two units of equal
capacity (Point E). For units of unequal capacity, the
load will be divided in proportion to the ratio of the
capacity of each to the total capacity. The system
frequency will be determined by the points on the
governor characteristics corresponding to these loads.
The frequency will be the same for both units since
paralleled alternators must operate at the same speed.

If Unit A had been a 60 KW unit fully loaded and a 100
KW Unit B was paralleled with it and the governor
adjusted to the full load position, the final load division
and frequency would be determined as follows:

a. System load - 60 KW
b. System capacity - 160 KW

System Load KW raiing for unit
c. The 60 KW unit will carry 60 x 60 KW = 22.5 KW
160
System capacity KW load for unit

d. 100 KW unit will carry 60 x 100 KW = 37.5 KW

160
e. The system frequency can be determined readily
from step c or step d. The load carried by each

unit is 22.5 or 37.5 which figures out to be
60 100

37.% of the capacity of either unit Again, using Figure 1
for the governor characteristic of the 100 KW unit

and reading up from the value of load (37.5% to point F),
we find the system frequency to be 61.125 cycles.
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Figure 2-Paralleling two units, one with a 3% governor
and the other with a hydraulic governor set for
isochronous operation.

Example 2-One 3% Governor and one 0%
(Isochronous) Governor.

The characteristics of the 3% governor (Unit A) is shown
by line A of Figure 2 and the characteristics of the
isochronous governor (Unit B) is shown by line B. Only
at full load, 60 cycles, do the frequencies of the units
have the same value. It is customary to operate a
system of this type with a system load greater than the
capacity of Unit A. In this way Unit A carries its full load
at 60 cycles and the additional load and load swings are
handled by Unit B, also at 60 cycles. The system can
maintain constant frequency by this method of operation.
The system described in example 1 cannot maintain
constant frequency with load changes because of the
speed droop characteristics of the governors.

In the system described in this example, if the load is
less than the capacity of Unit A (which has the 3%
governor) and can be carried by Unit B, the governor
setting of Unit A can be reduced to give a governor
characteristic such as A, so Unit A will still carry the
steady part of the load and Unit B will carry the load
swings. If the system load is reduced to the point where
Unit A is not operating at the 60 cycle point of its
governor characteristic, Unit A will try to motor Unit B
and the system frequency may be greater than 60
cycles. The reason for using an isochronous governor in
a power system is to maintain constant frequency above
approximately 40% load.



Summary

The preceding discussion and examples of governor
operation can be summarized as follows:

1. The simplest governor combination for paralleled
electric sets is to have a 3% speed droop characteristic
for each governor. If a constant frequency from no-load
to full-load is required, one governor can be adjusted for
isochronous operation. This is called a "lead unit”.

2. In order for all paralleled units to accept their full
share of the load, the following governor adjustments are
required:

a. The same full load speed.

b. The same high idle (no-load) speed in the case of
governors adjusted for speed droop operation.

c. Governor controls set to the high idle position so the
full governor range is available.

3. Operation of an isochronous governor in parallel with
speed droop governors requires the special techniques
described in example 2.

4. Any number of electric sets can be operated in
parallel. However, only one governor of the group can
be adjusted for isochronous operation except in the
special cases of electronic governors with automatic
load sharing.

Electronic (2301) Governor

When using Electronic Governors (2301) load sharing
will be done automatically if it is a load sharing
Governor.

Stopping

To remove a generator from the line do the following:

1. Check the load. It must be less than the rated
capacity of the remaining units.

2. Be sure the neutral of one of the remaining units is
grounded.

3. Remove the load from the outgoing unit as described
in LOAD DIVISION. The amperage may never go to
zero due to circulating currents.
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4. Open the circuit breaker.
5. Allow the engine to cool for 5 minutes.

6. Stop the engine.



Standby Electric Sets

Most standby units are automatic. They start, pick up
the load, run and stop without an operator in attendance.

Standby units can not change the governor control
setting automatically. The governor control must be
preset

for the proper operation of that unit. Whenever the set is
exercised or operated manually, be sure the governor
speed setting is correct for automatic operation. Check
all switches to see they are properly set: Start Selector
Switch in AUTOMATIC position and any Emergency
Stop Switches in RUN position.

Generator Storage

Storage Procedure

When a generator is in storage for any length of time,
moisture condenses in the windings. Minimize the
condensation by use of a dry storage space and space
heaters.

After Storage

NOTE: Test the main stator windings with a megohm
meter in the following situations:

1. Before initial startup of generator set.

2. Every 3 months* if generator is operating in a humid
environment.

3. If generator has not been run under load for 3
months* or more.

The megohmmeter test is described in Service Manuals
SENR2180 or SENR7968. A reading of 1 meghom or
less indicates that the winding has absorbed too much
moisture.

To remove moisture caused by high humidity, use one of
the following methods to make the generator dry:

1. Energize space heaters in generator if so equipped.
2. Put the generator in an oven at a temperature of not

more than 85°C (185°F) for four hours.

CAUTION
If an oven is used for drying, use a
forced air type rather than a radiant
type. Radiant ovens can cause
localized overheating.
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If a brush-type generator (SRCR) is to be in storage for a
year or more, lift the brushes off the slip ring to prevent
damage to the slip ring by chemical action.

3. Space heaters of the same type used in marine
applications, can be installed on generators. (See the
Parts Book.) These heaters heat the windings to remove
moisture and should be connected at all times in high
humidity conditions whenever the generator is not
running.

4. Use a canvas enclosure around the generator and
heating lamps to increase the temperature. Make an
opening in the top for release of moisture.

5. Send a low voltage current through the windings to
increase the temperature of the windings. Do not

exceed 85°C (185°F).

If the megohmmeter test reads under 1 megohm after
the drying or if it goes below 1 megohm shortly after
drying, contact your Caterpillar dealer. The insulation
has deteriorated and should be reconditioned.

*This is a guideline only. It may be necessary to megger
more frequently if environment is extremely humid, salty
or if the last megger test was close to 1 megohm.



Generator Lubrication and Maintenance

Every 500 Service Meter Units

Inspecting Slip Rings-SRCR Only

1. Remove the three lower panels from the rear of the
generator housing.

The color may be shiny copper, straw, chocolate or
black. The important thing is the color must be uniform
to indicate a satisfactory condition.

3. If a ring contains blotches of green, blue or black,
clean the ring with a cleaning solvent that does not leave
an oily film such as Naptha.

WARNING
Do not use gasoline or carbon
tetrachloride. The vapors from
carbon tetrachloride can be
extremely harmful when inhaled.
Either solvent will dissolve
insulation.

Each brush must move freely within its holder and have
enough spring load to prevent brush flotation.

2. Inspect the color of each slip ring.

4. Inspect each ring for pitting, roughness, or eccentric
wear. If any of these conditions are present, contact
your Caterpillar dealer; the rings must be reconditioned.

5. If pitting is found, determine if the cause is (a) or (b):
a. Check the rating on the generator nameplate. The
generator load must be within this rating. Determine if
the generator may have been operated in an overload
condition.

b. Check the brushes for incorrect spring tension.

B e P

Using a small spring scale, calibrated in ounces, lift each
spring and check the spring tension for each brush.
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Generator Lubrication and Maintenance

BRUSH CONTACT SPRING MINIMUM a. If spring tension is less than shown in the chart: Push
AREA TENSION LENGTH the spring forward one notch in the retainer clip. Check
Inch mm Ounce Gram Inch mm the spring tension.

5/8 x 5/16 16 x 8 14 400 9/16 14
7/8 x 5/16 22x8 20 550 9/16 14
11/8x 1/2 28 x13 40 1100 3/4 19

b. If the spring tension is greater than shown in the
chart: Release the spring by one notch. Check the
spring tension.

c. If the spring tension is less than shown in the chart
and the spring is in the forward notch, remove the brush
and check the brush length.

Removing and Installing Brushes - SRCR Only

2. Disconnect the lead wire of the brush.

4. Connect the lead wire of the brush.

5. Place the brush in the brush holder. Be sure the
brush moves freely in the holder.

6. Cut a strip of "00" sandpaper the width of the brush.
Never use emery cloth for this purpose. Emery contains

small metallic particles which can damage the copper
rings.

3. Remove and inspect the brush. If the brush length is
less than the minimum shown or if badly pitted, install a
new brush.
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8. Place the spring in the middle notch of the retainer.

7. Place the sandpaper between the brush and slip ring
with the abrasive side of the sandpaper against the
brush.

10. Remove all dust with a suction hose. If suction is
not available, use a maximum air pressure of 30 psi (2
kg/cmz). Do not use metal tips.

11. Check brush tension and adjust if necessary.

12. Install the three rear panels that were removed.

9. Slowly pull the sandpaper from beneath the brush.
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Generator Lubrication and Maintenance

Every 4000 Service Meter Units
Lubricate Rear Bearing

1. Remove the two lower panels from the rear of the
generator housing.

2. Remove the upper and lower grease fitting plugs.
3. Install a grease fitting in the upper threaded hole.
4. Lubricate with grease gun, two pumps.*

5. Install the lower plug. Wipe off excess grease.

Inboard Bearing

1. Remove the cowl cover from the rear of the generator
housing.

2. Remove the right side and lower grease pipe plugs.

3. Install a grease fitting in the right side threaded
grease pipe.

4. Lubricate with grease gun, two pumps."*

Use Multipurpose-type Grease (MPG). NLGI No. 2
Grade is suitable for most temperatures. Use NLGI No.
1 or 0 Grade for extremely low temperatures.

24

Use Multipurpose-type Grease (MPG). NLGI No. 2
Grade is suitable for most temperatures. Use NLGI No.
1 or 0 Grade for extremely low temperatures.

6. Remove the fitting from the upper threaded hole.

7. Start the engine and allow the grease to expand.

8. Stop the engine. Install the plug in the lower hole and
wipe off excess grease.

9. Install the two panels.

o

Install the lower plug. Wipe off excess grease.

o

Remove the fitting from the right side grease pipe.
7. Start the engine and allow the grease to expand.

8. Stop the engine. Install the plug in the lower grease
pipe and wipe off excess grease.

9. Install the cowl cover.

*Use three pumps of grease from grease gun if you are
lubricating a 680 or 800 frame size generator.
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INDUSTRIAL, AGRICULTURAL, AND: MARINE: ENGINES; MARINE TRANSMISSIONS AND ELECTRICAL POWER GENERATION PRODUCTS : *".

This warranty applies to the tollowing produpts gélivered 15ihg first usgr ol
dr-after January..1, 1982,

Gaterpinar ‘'warranis, new engines ‘lor industrial,’. agricul_@pral;fighd"mafma
applications, marine transmissioris gnd electrical power gengkation prog<
‘ucts (*'products™) sald by it {except préducts Installed in on-highway vehr- |
cles, in machines manufactured by Caterpillar or in marind gieasure: craft
‘sold in the United States ol America; to which &lfemnt warfanties apply) to*
‘be free Irom defgtts in maferial and workmanship'subject testhe following,;
provisions,
Warranty Period The warranty .period_is 12, months*{24 ‘months : for.!

ronly ‘Qtandzyfelﬁctric genérators and mobjiatagricultirat’
machineb) starting from date”of deliyery fo*the -first:
user.

Caterpitiar

If a délect in material.or workmanshig'is tolind duing :
Responsibilities

the warranty period Cplerpillar ‘will praide thrgugh a:
Caterpillar- dealer or - other - source “gpproved by,
Caterpillar:

;!
@ New of repalred parts at Caterpiliar's; choice.t.

oRea‘fonable and“pustomary labor .iuring hormal
* working hours n dgd to make the warrgnty repair

® Labor-needed t0 disconnggt and .réqonnectighg’
produgct from its atlached eq)lipment mgunting, gna?
: sup‘pgy systems, 4

® Reasonable travel expenses il Catgrpliar chogses
ta perform the repair in the fleld:

@ Usual and'cﬁstovmé-r.fi parts shipping charges to the .
; approved source

@ Lubricating oft, fiiters, antifreéze and ofher service
items made unusable by the warranty failurer~" .

¢ As used in this warranty the term "Calerpillar” .mea'nvs Calerpillar Tractor Co.
or-one ol Ils subsidiarigs whichever last sold the product involved.  ~ :

Usté Usér is jésponsible for:
Respomsibllitle ¢ o516 transporfing tth”e praduot dt aauipmentin
nsta ?;.-‘f

which fhe product
® Trivel ‘expenses'}
. molg places.

field reb:aii? of products in’fe-

o Premium ‘or overtine Jabor costs;

< VG S R - ‘2,
o Any“removal and *installation costs beyond 3hose
., required, fo disconnect and reconnect the proguct
. tromits atlached equipment, mounting; and supfoyt

systems” :
® Parls Shipping charges in®xcess of those which:are
) usual -aqg:cuslpmg\w.
© Costs fo investigals pertormance comiptaints untess
. tha problém is caijsed by a defect=in Calerpillar:
" material or workmianship.

e o & - . A

® Giving tiniely notice df“a warrantablé failure<ang
“ promplly making the product available for repair,

Caterpillar is ot respersible for failurgs resulting from:
& ANy usa or nslalfauon whigh alerpiiar juages. im-
propar:
.# Atfachments, acéegsory items and parts not aoig or
* approvéd by Calarpillar.
L o
. _Abﬂse,,neglgct' apfd' impraper: epair.
. Uéef"s’.hrireééqnable “Helay’ in“ making: the product
available after hotice, for product improvements or-
~ dered by Caterpiliar. '
L] Caterpiilar’dbés not warrant ifagis sold by it which
are warranted by another maker. - N

Limfidtioa¥

This-wagranty I8 expressly-in lieu of any.other warrantied, express or
implied; including any warranty of merchantability or fitnasg for a particular
purpose. Remedies under. this warranty are limited to the provision of
material and services, as specified above, Caterpillar is not responsible for
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IMPORTANT SAFETY NOTICE

Proper repair is important to the safe and reliable operation of a machine. This
Service Manual outlines basic recommended procedures. some of which require
special tools, devices or work methods. Although not necessarily all inclusive, a
list of additional skills, precautions and knowledge required to safely perform
repairs is provided in the SAFETY section of this Manual.

Improper repair procedures can be dangerous and could result in injury or
death.

READ AND UNDERSTAND ALL SAFETY PRECAUTIONS AND WARNINGS
BEFORE PERFORMING REPAIRS ON THIS MACHINE

Basic safety precautions, skills and knowledge are listed in the SAFETY section of
this Manual and in the descriptions of operations where hazards exist. Warning labels
have also been put on the machine to provide instructions and identify specific hazards
which if not heeded could cause bodily injury or death to you or other persons. These
labels identify hazards which may not be apparent to a trained mechanic. There are
many potential hazards during repair for an untrained mechanic and there is no way to
label. the machine against all such hazards. These warnings in the Service Manual and
on the machine are identified by this symbol:

Operations that may result only in machine damage are identified by labels on
the machine and in the Service Manual by the word NOTICE.

Caterpillar cannot anticipate every possible circumstance that might involve a
potential hazard. The warnings in this Manual are therefore not all inclusive. If a
procedure, tool, device or work method not specifically recommended by
Caterpillar is used, you must satisfy yourself that it is safe for you and others. You
should also ensure that the machine will not be damaged or made unsafe by the
procedures you choose.

IMPORTANT

The information, specifications and illustrations in this book are on the basis of
information available at the time it was written. The specifications, torques, pressures of
operation, measurements, adjustments, illustrations and other items can change at any
time. These changes can effect the service given to the product. Get the complete and
most current information before you start any job. Caterpillar Dealers have the most
current information which is available. For a list of the most current modules and form
numbers available for each Service Manual, see the SERVICE MANUAL CONTENTS
MICROFICHE REG1139F.

67200-1X1
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SYSTEMS OPERATION

Generator Mounted Control Panel (Type 4-Change level

Generator and Regulator Components...................... Othru 11) oo
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WirNg DIiagrams .........eeeeeeevviviiverieeeeeeseind 192 Voltage Build-up Circuit ..........ccoevvveeeieeeiiiiinnnnn)
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TROUBLESHOOTING
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Control Panel) .......coooooiiiiiiiiiiiiiie )
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No Supply of Standby Current ..................... [72

Operation of Standby System When
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Engine Division Data Sheets .........ccccccccvvnviineninnnnns
Brine Tank Load TeSt...........uuvuvuvvvvrvrrrernrrrnnnnnns
Circulating Currents ...........ccccoeeeeeeieieinneneennnn.
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Flywheel Balance Weights................ccoovvvvvvnnnn..
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Remote Voltage Control ...........ccccevvvveeeeeeeeens
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TeStNG RECHFIBIS ...vvviviiei i
Troubleshooting Chart INAeX............ccceevvvueeeeieeeieeeienenn
Troubleshooting Procedures for Generator/Regulator ......
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Lack of AC Voltage Stability ........ccccvvveeeriiiiiiiinnnn..)
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NOTE: For Rewind Data and Connection Diagrams, see Rewind Data for SR 4

Generators, Form No. SENR2924.

NOTE: The "C" is an indication of a change from the former issue.



SR 4 GENERATOR GLOSSARY
GLOSSARY
anode: The positive end of a diode or rectifier.

blocking rectifier: Permits current flow in only one direction. This keeps the
polarity of the exciter in the correct direction.

bolted: Use of a bolt to hold two or more parts together.

breaker: An automatic switch used to open a circuit.

bridge: A circuit used to change AC to DC and to measure small quantities of

current, voltage or resistance.

build-up: (Voltage) A gradual increase.

cathode: The negative end of a diode or rectifier.

capacitance: The measure of a capacitors ability to take and hold a charge.

circulating current: The flow of current between two generators working in
parallel.

commutator: A part of the shaft used to remove DC voltage for excitation.

conduct: Give path for current flow.

consideration: factor.

continuity: A circuit that is not open.

control: One that controls.

controlled rectifier: A rectifier that lets current flow only after it has "turned on."

DC controlled reactor: Gives resistance to current flow to the rectifier according to
the voltage droop setting. Same as saturable reactor, DC.

damping: To smooth out.

de-energize: To stop current from going to a component.

distribution winding: An arrangement of windings, in groups that are in several
slots, that go from one end of the core to the other end.

droop: decrease.

effective: Gives the desired effect.

elementary: simple.

excitation: DC current (controlled) used to make a magnetic field.

energize: To cause current to go to a component.

electrostatic charges: Electricity caused by friction.

exciter: Gives DC current to the field windings of the generator.

field: Magnetic lines of force around a conductor caused by current flow.

field windings: Many turns of wire wrapped around an iron core. When a DC

current flows through the field windings it causes a magnetic field
(like that of a bar magnet).



SR 4 GENERATOR

flashing: A process of putting DC current. from an outside source, into the field
windings to get residual magnetism.

fluctuate: change.

flux: Magnetic lines of force.

full wave rectifier: Changes AC to DC current.

gain: A change in quantity of voltage.

gate: An electronic part of a controlled rectifier (thyristor).

generate: To make electricity.

grounded: To make a connection to ground or to a component with similar effect.

impedance: A combination of resistances.

induced: caused.

interference: Mixture of signals.

instrumentation: Group of instruments.

insulated: A component with insulation.

induce (to): To send DC current to a coil and make a magnetic field.

layer wound: Method of placing a large wire (instead of four small wires as
in random wound) in uniform and parallel layers around a
generator rotor.

lead: wire.

line voltage: The output voltage of the generator.

lock in: When a contact closes to keep a solenoid energized.

lock out: When a contact opens to keep a solenoid de-energized.

magnetic: Having the characteristics of a magnet.

magnification: make larger.

module: An assembly of electronic components and circuits.

moisture: The water content in the air.

oscillation: A flow of electricity that periodically changes direction.

phase winding: Group of generator stator coils in which electric power for the load
is induced.

polarity: The positive or negative characteristics of two poles.

pulsating: Characteristic of rectified current similar to mechanical vibration.

radio suppression: Reduce the cause of radio frequency interference.

random wound: A method of placing four small wires around a generator
rotor. Each wire can cross the other while being wound.

reciprocating: Movement in a straight line first one direction then the other.
regenerative power: Power that works against the primary power.
reset: To put a switch in a ready condition.

GLOSSARY
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residual magnetism: The characteristic of a magnet after removal of excitation.
saturable reactor: Acts as a valve, as load changes, valve opens or closes to give
more or less current to the rectifier.

saturated: Magnetized to the point where an increase in current will give no
increase in magnetic force.

satisfactorily: correctly.

SCR: Silicon Controlled Rectifier (semiconductor)

selinium (Se): A metallic (like metal) element the with electrical characteristic of
being a semiconductor.

semiconductor: Components like, transistors, diodes, thyristors, etc. Has electrical
characteristics between a conductor and insulation.

short: Any connection between two or more components that is not desired.

shutdown: When the engine is stopped either automatically or manually.

simultaneous: At the same time.

solid-state: An electronic component with no moving parts

surge: A sudden increase in voltage or current.

tap: Connection to get power from a circuit.

tested: When a test has been made.

transfer: change.

transient peak voltage: A high voltage condition for a short time period.

trigger: activate.

turn-on: To start, as current flow through the controlled rectifier: to activate.

uniform: Always the same form or pattern. C

voltage droop resistor: Variable resistor for control of voltage change from full
load to no load.

voltage level resistor: Gives wider range of voltage control.
voltage level rheostat: Control for adjusting voltage output level.
voltage spike: Temporary high voltage, lasts only a moment.
windings: Layers of wire on a core.

wiring: The wires of a circuit.

wound: circled.
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IDENTIFICATION PLATES (Typical)
1. Generator voltage location. 2. Generator group part
number. 3. Sequence number location. 4. Serial No.

Plate. 5. Caterpillar serial number location. 6.

Caterpillar nameplate.

SYSTEMS OPERATION

A sequence number (3) is stamped on the upper right A serial number plate (4) will be attached to the

hand side of the generator stator assembly located
between the generator drive adapter face and the
terminal box. This number will be stamped in a position
below the generator voltage (1) and the generator group
part number (2). These are stamped at the time of
manufacture.

Caterpillar Tractor Co. will assign the Caterpillar serial
number at the time of the generator use.

generator by Caterpillar. This plate will be stamped with
the generator model number. Caterpillar serial number.
and the generator arrangement number.

Below the serial number plate. Caterpillar will stamp the
Caterpillar serial number (5).

A Caterpillar data nameplate (6) is located below the
stamped serial number.



IDENTIFICATION SYSTEMS OPERATION

3 PHASE 4 POLE GENERATORS

CATERPILLAR
GEN. GEN. VOLTAGE: BEGINNING BEGINNING
ENGINE GEN. | ARRANGEMENT PART at 60Hz freq. SEQUENCE SERIAL SEE
MODEL FRAME NO. NO. (at 50 Hz freq.) NO. NO. NOTE
3304 NA 365 — 5N1 M35BH300 . (1)
3304 T 444 —_ 5N2 M44BH300 . (1)
3304 T, 3306 T 5N5034 M44BH8000 SCA1 )
3306 T 445 — SN3 M135B8H100 . (1)
5NS035 240-480 M45BHE000 SDA1 (1)
D334 447 —_ 5N4 (200-400) M175BH100 . (1)
D343 449 - 5NS M250BH100 . €]
3408 PC, TA 448 — 5N6 M48BH300 . €)]
3406 D1, T 447 - 5N7 M47BH600 . (1)
D333T 445 — SN10 208-416 T135BS100 . 2)
— 5N11 240-480 T1358H100 . )
D343 449 - 5N12 (200-400) T2508H 100 . )]
340801, T 449A — 5N13 MA49BHE00 : (1)
3304T —_ 5N14 208-416 44BS300 : &)
3304 T, 3306°T 5N5046 44BS8000 5CA1
3304 T 444 — 5N15. 240-480 44BH300 . (3)
3304 T, 3306 T 5N5047 (200-400) 44BH8000 5CA1
3304 T — 5N16 300-600 44BG300 * (3)
3304 T, 3306 T 5N5048 (240-480) 44BG8000 5CA1
— SN17 208-416 135BS1 :
5N5049 45BS8000 5DA1
3306 T 445 —_ 5N18 240-480 135BH1 .
5N5050 (200-400) 45BH8000 SDA1 :
- SN19 300-600 135BG1 .
S5N505 1 (240-480) 45BG8000 SDA1 i
- 5N20 208-416 1758S1 .
— 5N21 240-480 175BH1 :
D334 447 (200-400)
_ 5N22 300-600 175BG 1 :
(240-480)
— 5N23 208-416 250BS1
—_ 5N24 240-480 250BH1 .
D343 449 (200-400)
—_ 5N25 300-600 250BG1 :
(240-480) .
D334 447 — 5N26 240-480 T1758H100 . @
(200-400) |
— 5N27 208-416 46BS300 . 5
5N5059 46BS8000 SEA1
3306 TA, T 446 — 5N28 240-280 46BH300 .
SN5060 (200-400) 46BH8000 SEA1 '
- 5N29 300-600 46BG300 :
5NS061 (240-480) 46BG8000 SEA1 ,
— | BN30 208-416 47BS300 : [
— 5N31 240-280 47BH300 . '
3406 DI, T 447 (200-400)
—_ 5N32 300-600 47BG300 . |
(240-480) i

* And Notes - See[Page 13|



IDENTIFICATION

SYSTEMS OPERATION

CATERPILLAR
i GEN. GEN. VOLTAGE: BEGINNING BEGINNING
i ENGINE GEN. ARRANGEMENT PART at 60Hz freq. SEQUENCE SERIAL SEE
; MODEL FRAME NO. NO. (at 50 Hz freq.) NO. NO. NOTE
i — 5N33 208-416 4885300 .
" - 5N34 240-480 | 48BH300 :
3406 PC, TA 448 (200-400)
! — 5N35 300-600 488G300 —
; (240-480)
‘ —_ SN36 208-416 A49BS300 .
— 5N37 240-480 A49BH300 .
340801 T 449A (200-400)
— 5N38 300-600 A49BG300 .
(240-480)
—_ 5N39 208-416 4988300 .
— 5N40 240-480 49BH300 .
(200-400)
3408 PC, TA 449 - 5N41 300-800 49BG300 .
(240-480)
— 5N42 240-480 MA9BHBOD . m
— 5N43 (200-400) 54BH300 .
341201, T 584 SNS075 54BH8000 SLA1
— 5N44 300-600 548G300 .
5N5076 (240-480) 54BG8000 5LA1
D346 588 — 5N45 240480 MS56BH300 . '¢)]
(200-400)
3412 PC, TA — 5N48 240-480 58BH300 .
3412 DI, TA/PC, TA | 588 5N5078 {200-400) 588H8000 5NA1
3412 PC, TA — 5N47 300-600 588G300 .
3412 DI, TA/PC, TA 5NS079 (240-480) 58BG8000 5NA1
— 5N4g 240-48Q AS48H3I00 .
D343 584 (200-400)
—_ 5N49 300-800 A54BG300 .
(240-480)
— SNSO 208-418 3585300 .
— 5NS51 240-480 35BH300 .
3304 NA 365 {200-400)
— 5N52 300-600 35BG300 .
(240-480)
- 5NS3 208-418 3685300 .
— 5N54 - 240-480 36BH300 .
Derated 3304 T 366 {200-400)
— SNS5 300-600 36BG300 .
(240-480)
— 5N56 240-480 56BH300 .
D346 586 (200-400)
- 5N57 300-600 56BG300 .
(240-480)
D348 — 5N58 240-480 59BH300 .
D348 TA 589 5N5080 (200-400) 59BH8000 5PA1
D348 — SNS9 300-600 598G300 .
D348 TA SNS091 (240-480) 59B8G8000 5PA1

* And Notes - See[Page 13
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IDENTIFICATION

SYSTEMS OPERATION

T

CATERPILLAR
GEN. GEN. VOLTAGE: BEGINNING BEGINNING
ENGINE GEN. | ARRANGEMENT PART at 80Hz freq. SEQUENCE SERIAL SEE
MODEL FRAME NO. NO. (at 50 Hz freq.) NO. NO. NOTE
34120, T 584 — 5N60 M548H300 . (1)
5N5092 M548H8000 SLA1 1
3412 PC, TA 588 — SNB 1 M58BH300 . ()
3412 DI, TA/PC, TA SN5093 MS58BH8000 SNA1 (1)
D348 589 - 5NE2 240-480 MS9BHE00 . (1)
D348 TA 5N5094 {200-400) MS9BHS000 SPA1 (1)
3308 TA 446 — 5N63 M56BHE00 . (1)
5N5094 M56BH8000 5EA1 (1)
448 — SN64 448BH3000 .
449 — 5NE5 449BH3000 .
— 5NE6 208-416 448BS3000 .
3406 PC, TA — SNE7 300-600 448BG3000 .
448 (240-480)
- 5N68 240-480 M448BH3000 . (4)
(200-400)
449 — 5NE9 208-416 449BS3000 .
- 5N70 300-600 4498G3000 .
3406 PC, TA 449 (240-480)
- SN71 240-480 M449BH3000 . (4)
{200-400)
— 5N72 300-600 A47BG3000 .
3308 TA 447 (240-480)
: — 5N74 MA47BH3000 . (1)
— SN75 240-480 A47BH3000 .
— 5N76 (200-400) M3sBH . 1
SN7076 M35BH8000 5AA1 %))
—_ SN77 208-418 35BS .
3304 NA 365 SN7077 35BS8000 5AA1
— 5N78 240-480 35BH .
SN7078 (200-400) 35BHB000 5AA1 ! :
— 5N79 300-600 358G : ? |
5N7079 (240-480) 35BGB000 SAA1 1
— 5NBO 208-416 36BS .
SN7080 36BS8000 5BA1
Derated 366 — 5N81 240-480 36BH . !
3304 T SN7081 (200-400) 36BHB8000 5BA1 j
— 5N82 300-600 368G ' |
5N7082 (240-480) 368GS8000 5BA1
— 5N83 208-416 B48BS6000 .
—_ 5N84 240-480 B48BHE000 .
{200-400)
340801, T 448 - 5N85 300-600 B48BGE000 .
(240-480)
- ENB8 240-480 MB48BH600 (1)
(200-400)
— 5N87 208-416 B49BS6000 .
- SN8s 240-480 B4SBHE000 .
3408 PC, TA 449 (200-400)
- 5N89 300-600 B49BG6000 .
(240-480)

* And Notes - See[Page 13|
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IDENTIFICATION SYSTEMS OPERATION

‘ CATERPILLAR |
; § i GEN. GEN. VOLTAGE: | BEGINNING BEGINNING
; ENGINE ! GEN. | ARRANGEMENT PART at 60Hz freq. | SEQUENCE SERIAL SEE |
MODEL | FRAME | NO. NO. (at 50 Hz freq.) | NO. NO. | NOTE |
3408 PC, TA (Cont.) | ; — SN9Q 240-480 B49BHB000 .
| 5N7088 5N4999 (200-400) B49BHB000 .
5N7089 5N5000 300-600 B4SBGA000 i ;
| 3408 DI, TA/PC, TA | 449 (240-480) 5KA1 NG
N | H
: SN7090 5N5001 240-480 MB498HB000 :
¥ (200-400) i
13412 DI, TA 589 | 5N8670 5N5026 240-480 A59BHE00 BFA1 ;’
5N8664 SN7064 (200-400) 52BHS500 !
3408 01, T 582 208-416 6CA1 |
5N8665 SN7065 300600 | 52BGS500 !
(240-480) | ;
240-480
5NB666 5N7068 (200-400) B54BH500
3408 OI, TA 584 208-416 6DA1
5NB667 5N7067 300-600 B54BG500 |
(240-480) t
240-480
5N8668 5N7068 (200-400) A56BH500 ‘
586 208-416 BEA1
5N8669 5N7069 300-600 856BG500
341201 T (240-480)
240-480
5N8870 SN7070 (200-400) A59BHS00
589 208-416 6FA1
5N867 1 SN7071 300-600 A53BGS00
341201, TA SN7308 (240-480) A59BGS00 ‘
SN9516 5N7309 300-600 PS9BG600 ‘
5N7072 5N8891 300-600 A47BG8000 i ]
(240-480) l |
§N7073 5N88g2 208-416 A47BS8000
3306 TA. T SN7074 5N8893 240-480 MA47BHS000 SFA1 €))
. 447 (200-400) ‘
5N7075 5N8894 240480 | A47BHBO00 1
(200-400) |
5N5039 5N8895 300-600 M47BHBO00 ;
3406 D1, T (240-480) 5GA1 NS
! 5N5062 5N8896 208-416 47BS8000 ! i
SNS063 5N8897 240-480 478H8000
3406 DI, T 447 (200-400) 5GA1 !
SN5064 5N8898 300-600 47BG8000 '
(240-480)
5N7083 5N8899 208-416 B48BS8000 :
5N7084 SN8900 240-480 B48BH8000 }
(200-400) i H
340801, T 5N7085 5N8901 300-600 B48BGB0O0O 5JA1 ! (1 i
(240-480) ; :
5N7086 5N8302 240-480 MB48BHB000 i }
448 (200-400) !
5N5038 5N8903 240-480 M488H8000 ; !
(200-400) | j ('
5N5065 5N8904 208-416 | 48BS8000 |
3406 DI, TA/PC, TA 5N5066 SNB305 240-480 48BH8000 5HA1 S I
(200-400)
SN5067 5N8906 300-600 48BG8000 !
(240-480) :

* And Notes - See[Page 13
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IDENTIFICATION SYSTEMS OPERATION

*Use Sequence No. for Identification.
GENERAL NOTES:

GENERATORS RATED: 3 PHASE, 60 HERTZ, 240-480 VOLTS ALSO USED FOR 3 PHASE, 50 HERTZ, 200-400 VOLTS AT
NOMINALLY 5/6 OF 60 HERTZ KILOWATT RATING.

GENERATORS RATED: 3 PHASE, 60 HERTZ, 300-600 VOLTS ALSO USED FOR 3 PHASE, 50 HERTZ, 240-480 VOLTS AT
NOMINALLY 5/6 OF 50 HERTZ KILOWATT RATING.
ALL GENERATORS S/N 3000 & UP WILL HAVE SERIES BOOST CAPABILITIES.

NOTE: (1) MARINE SOCIETY APPROVED GENERATORS. MEETS REQUIREMENTS OF ABS, LLOYD'S & DN V.

(2) TROPICALIZED GENERATORS THAT WERE BUILT TO CUSTOMER ORDERS PRIOR TO STANDARDIZING ON
THIS INSULATION SYSTEM FOR ALL GENERATORS. THIS CHANGE WAS EFFECTIVE WITH SIN 100 & UP.

(3) FIRST PRODUCTION RELEASE THAT USED THERMAL PROTECTOR (KUXON BREAKER) IN REGULATOR
ASSEMBLY. STANDARD ON ALL SR 4 GENERATORS EFFECTIVE WITH S/N 300 & UP.

(4) GENERATOR TO INCLUDE SPACE HEATER IN ACCORDANCE TO MARINE SOCIETY SPEC.

13



SR 4 GENERATOR

COMPONENT

Al
A2

C1,3
C2
CR1-6
CR7,8
CR9
CR10

CR11

El-4

F1
L1

L2

L3

L4

L5

L6
P

R1
R2

14

SYSTEMS OPERATION

GENERATOR AND REGULATOR COMPONENTS

SEE FIGURE(S)

[8l9l10011]
[s[9l1al11l
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DESCRIPTION

Sealed, non-serviceable, unit that controls the generator output.
Holds SCR CR9, diode CR10 and resistance capacitance circuits to
give protection to these solid state components.

Capacitors that reduce voltage spikes that could cause radio
interference.

Capacitor that accepts a charge when CR9 is "off" and gives first
current flow when CR9 turns "on".

Diodes that change the AC current from exciter armature L4 to DC
current.

Diodes that reduce voltage spikes that could damage CR1-6. Con-
ducts current around CR1-6 when the voltage gets to a certain level.
Silicon controlled rectifier (SCR) that acts as a valve to limit current
flow through exciter field L3.

Diode that gives a path for current flow through the exciter field when
CR9 is "off".

Diode that decreases voltage spikes that could damage CR9 and
CR10. Conducts current around CR9 and CR10 when the voltage
gets to a certain level.

Heat sinks act as heat exchangers to lower the temperature of
rectifiers.

Fuse that gives protection to regulator circuit.

Iron core suppression reactor decreases the shock load on the stator
windings when CR9 turns "on".

Air core reactor that limits the current rise time when CR9 turns

"on".

Copper windings on generator end housing. Current through these
windings causes an induced three phase AC current in exciter arma-
ture L4.

Copper windings on the rotating field assembly. Rectified current
from this armature is the source for rotating field L5.

Copper winding on poles attached to the rotating field assembly.
Current through these windings causes an induced three phase AC
current in stator L6.

Copper windings attached to the generator housing. Current induced
in these windings is the power for the load.

Gives protection against too much heat in the stator windings.
Rheostat that gives adjustment for voltage droop.

Rheostat that gives adjustment for generator output voltage.



SR 4 GENERATOR

R3

R4

R5

R6

R7

RFA

T1

TS1

SYSTEMS OPERATION

GENERATOR AND REGULATOR COMPONENTS (Cont.)

[2

m

Rheostat that gives adjustment for regulator gain.
Resistor that limits current and voltage to regulator module Al.

Resistor connected in parallel with L1 that causes a reduction of
current oscillations in L1.

Resistor that gives a high resistance path to ground from the (RFA).
This prevents the build-up of a capacitive charge in the (RFA).

Resistor that limits current and voltage to regulator module Al on 580
frame generators.

Part of the generator that is driven by the engine.
Feels generator output voltage for voltage droop circuit.

Generator terminal strip.

GENERATOR REGULATOR HOUSING, FIG. 1.

1. Generator regulator assembly. TS1. Generator terminal strip.

15



SR 4 GENERATOR

16

GENERATOR REGULATOR ASSEMBLY, FIG. 2
(left side)

A2
c1
C2
CR11
F1
L2
R1
R2
R3
P

NOTE: Earlier generators do not have a thermal protector.

Rectifier module

RFI Suppression capacitor
Suppression capacitor
Surge suppression diode
Fuse

SCR reactor

Voltage droop potentiometer
Voltage level rheostat
Regulator gain rheostat
Thermal protector

SYSTEMS OPERATION




SR 4 GENERATOR

GENERATOR REGULATOR ASSEMBLY, FIG. 3

Al
C3
L1
R4
R5
T1
TS3

(right side)

Regulator module

RFI Suppression capacitor
Suppression reactor

Regulator power resistor
Damping resistor

Voltage droop transformer
Voltage regulator terminal strip

SYSTEMS OPERATION

AS2046X72
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SR 4 GENERATOR

| OUTSIDE
- § .BEARING

l’ TYPE Wi

S ..
AB2047X7". § i
. \ L] "&;_ - A_‘
ROTATING FIELD ASSEMBLY, FIG. 5
(OUTSIDE BEARING TYPE RFA)

N a‘;—.

ROTATING FIELD ASSEMBLY, FIG. 6
(INSIDE BEARING TYPE RFA)

18

CR9 Controlled rectifier
CR10 Field Rectifier

E3 SCR Heat sink

E4 Field rectifier heat sink

El Negative heat sink
E2 Positive heat sink

SYSTEMS OPERATION



SR 4 GENERATOR SYSTEMS OPERATION

E2 Negative heat sink
CR4,5,6 Rotating rectifiers
CR8 Surge suppression diode

Y v 4 : i i @ =

P f, : —’ Y \ N »* B 4'
o P AN Sh, N |
”;....d_i_&ﬁ} _E ST b ;k*'. AW\ 4

NEGATIVE HEAT SINK ASSEMBLY, FIG. 7
(OUTSIDE BEARING TYPE RFA)

El Positive heat sink
CR1,2,3 Rotating rectifier
CRY Surge suppression diode

R6 Suppression resistor
AB2040 w7 ; .
POSITIVE HEAT SINK ASSEMBLY, FIG. 8
(OUTSIDE BEARING TYPE RFA)
===
INSIDE BEARING TYPE RFA gL %
- El Positive heat sink
E2 Negative heat sink
CR7,8  Surge suppression diodes C
R6 Suppression resistor

EXCITER AND HEAT SINK ASSEMBLY, FIG. 9
(INSIDE BEARING TYPE RFA)

19



SR 4 GENERATOR SYSTEMS OPERATION

CR4,5,6 Rotating rectifiers
CR8 Surge suppression diode

: A52050X2

NEGATIVE HEAT SINK ASSEMBLY, FIG. 10
(FROM OUTSIDE BEARING TYPE RFA)

CR1,2,3 Rotating rectifiers
CR7 Surge suppression diode
R6  Suppression resistor

POSITIVE HEAT SINK ASSEMBLY, FIG. 11
(FROM OUTSIDE BEARING TYPE RFA)

20



SR 4 GENERATOR SYSTEMS OPERATION

A52052X3

ROTATING FIELD ASSEMBLY (RFA), FIG. 12
(OUTSIDE BEARING TYPE RFA)

L4 Exciter armature
L5 Rotating field
E2 Negative heat sink

NOTE: Earlier rotating field assemblies had two fans.

ROTATING FIELD ASSEMBLY (RFA), FIG. 13
(INSIDE BEARING TYPE RFA)

L4 Exciter armature
L5 Rotating field

21



SR 4 GENERATOR

A52053XS

B54559X1

END HOUSING, FIG. 14
(OUTSIDE BEARING TYPE RFA)

-

2

EXCITER FIELD AND ARMATURE, FIG. 15
(INSIDE BEARING TYPE RFA)

B64233X6

22

L3
L4

L3
L4

L6

Exciter field
Exciter armature

Exciter field
Exciter armature

Stator

SYSTEMS OPERATION



OPERATION OF GENERATOR
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SR 4 GENERATOR
INTRODUCTION

The SR 4 Generator has no brushes and no
commutator. This gives better performance and longer
service life. It uses a solid-state, automatic voltage
regulator. This regulator has only one moving part in the
voltage build-up system. This part is a completely
sealed relay that is activated only when the generator is
started or stopped.

From the outside, the SR 4 Generator looks very
similar to the SRCR generators.

Here are the design characteristics of the SR 4
Generator:

The windings of the alternator coils are the stator
(L6). The windings of the alternator field coils are the
poles of the rotor, shown in the wiring diagram as
rotating field (L5). The rotating field assembly (RFA)
also has:

1. Exciter armature (L4).

Rotating rectifiers (CR1 thru CR6).

Surge suppression diodes (CR7 and CR8).
Positive (E1) and negative (E2) heat sinks.

o > DN

Suppression resistor (R6).

- .
QUTSIDE BEARING TYPE RFA
AT [

AS2053X6 N }\\/\\ y, L3

S

REAR OF GENERATOR
L3 Exciter field L4 Exciter armature

All of these components are installed on the rotor
24

SYSTEMS OPERATION

shaft. The shaft is connected through a flexible plate-
type coupling to the flywheel of the engine. The rear end
of the rotor shaft uses an anti-friction bearing for support.
The stationary exciter field (L3) has a six-pole
distributive winding on a core that is part of the generator
end housing. Both the field coils of the exciter and the
alternator have their windings on magnetic steel. This
metal keeps a small amount of residual magnetism.

START UP VOLTAGE GENERATION

When the engine starts turning the rotating field
assembly (RFA), the residual magnetism in the exciter
field (L3) causes a small amount of alternating current
(AC) voltage to be generated in the exciter armature
(L4). This voltage causes an AC current to flow which is
changed to direct current (D.C.) by the three-phase full-
wave bridge rectifier circuit (CR1 thru CR6). The DC
current then goes to the rotating field (L5) of the
alternator. Here it adds to the residual magnetism of the
rotating field (L5). With this field turning, an AC voltage
is generated in stator (L6) which causes a current to flow
to the output terminals (TO, T1, T2 and T3). Part of this
AC current is changed to half wave DC and is sent back
to exciter field (L3). As a result, the magnetic field in the
exciter becomes stronger. The flow of current back to
(L3) is explained in more detail on the pages that follow.

- - ’ ~ P
Bsugoxz ZINSIOE BEARING TpE RFA:

INSIDE GENERATOR HOUSING

E1l Positive heat sink L5 Rotating field
E2 Negative heat sink L6 Stator



SR 4 GENERATOR

At

FOR SR 4 GENERATORS —
LINE TO NEUTRAL POWER FOR EXCITATION AND REGULATION"

*SR 4 GENERATORS
(Line to Neutral Power For
Excitation & Regulation)

447, 448 and 449 frame —
208 V ONLY
INCLUDES {With Layer Wound Rotor)

All other frames (Random &
Layer Wound Rotors)

DOES 580 frames

NOT 447, 448 and 449 frame
INCLUDE  [(With Layer Wound Rotor)

At
A2
c1,3
c2

A98624X1

REGULATOR MODULE
RECTIFIER MODULE

RFI SUPPRESSION CAPACITOR
SUPPRESSION CAPACITOR
ROTATING RECTIFIERS
SURGE SUPPRESSION DIODES
CONTROLLED RECTIFIER
FIELD RECTIFIER

SURGE SUPPRESSSION DIODE
POSITIVE HEAT SINK
NEGATIVE HEAT SINK

SCR HEAT SINK

FIELD RECTIFIER HEAT SINK
FUSE

SUPPRESSION REACTOR

SCR REACTOR

EXCITER FIELD

EXCITER ARMATURE

E 1 R2
ANAAA
YELLOW ——CW |

At

FOR SR 4 GENERATORS —
LINE TO LINE POWER FOR EXCITATION AND REGULATION"*

Ls ROTATING FIELD
L6 STATOR

TP THERMAL PROTECTOR

R1 VOLTAGE DROOP
POTENTIOMETER

R2 VOLTAGE LEVEL RHEOSTAT

**SR 4 GENERATORS
(Line to Line Power For
Excitation & Reguiation)

P3 REGULATOR GAIN RHEQOSTAT
R4  REGULATOR POWER RESISTOR INCLUDES
RS  DAMPING RESISTOR

R6 SUPPRESSION RESISTOR

580 frames

A98625X1

447, 448, and 449 frames
With Layer Wound Rotor)

R7 REGULATOR POWER RESISTOR
RFA REVOLVING FIELD ASSEMBLY

Ti VOLTAGE DROOP TRANSFORMER DOES
(o] TERMINAL BOARD NUMBER

447, 448 and 449 frame —
208 V
{With Layer Wound Rotor)

All others (Random &
Layer Wound Rotors)

NOT
o] WIRE NUMBER INCLUDE
a SPADE TERMINAL NUMBER
“Thermal protector is not found on some earlier models.
NOTE: Current production and repl A1 nodules (black

in color) for the line to line generator regulators 1equire a wiring
change from that lor regulators using earlier A1 modules (brown
in color). The lead connections from L1 and C1 change their
terminal connections from termtnal 22 to terminal 20.

25




SR 4 GENERATOR

EXCITATION CIRCUIT

Power for excitation comes from stator (L6) during the
negative half cycle. That is, when (TO) is positive and

(T3) is negative. The current flow is shown on the
opposite page.

For SR 4 Generators with line to neutral power for
excitation & regulation

From (TO) to terminal (26).

From terminal (26) through wire (26) to suppression
reactor (L1).

For SR 4 Generators with line to line power for
excitation & regulation

Front the tapped connection of phase 1 of stator
(L6) to terminal (22).

From terminal (22) through wire (22) to suppression
reactor (L1).

For A SR 4 Generators

Through suppression reactor (L1) and wire (12) to
suppression capacitor (C2).

From suppression capacitor (C2) through wire (12)
to SCR reactor (L2).

Through SCR reactor (L2) and wire (19) to spade
terminal (19) of rectifier module (A2).

A2  Rectifier module

C2  Suppression capacitor
F1  Fuse

L1  Suppression reactor
L2  SCR Reactor

TP  Thermal protector (it so equipped)

TS3 Voltage regulator terminal strip
26
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From spade terminal (19) of rectifier module (A2) to
heat sink (E3) and the anode terminal of controlled
rectifier (CR9).

NOTE: To make this current flow through the
controlled rectifier possible, a signal voltage must
be sent to the gate of (CR9). Until this signal turns
(CR9) on, the current puts a charge on suppression
capacitor (C2). When the signal is sent to the gate,
controlled rectifier (CR9) "turns on." Current flows
through controlled rectifier (CR9).

From the cathode terminal of controlled rectifier
(CR9) to heat sink (E4).

From heat sink (E4) to spade terminal (8) of rectifier
module (A2).

Through wire (8) to terminal (F1).

Through wire (F1) to the positive end of exciter field
(L3).

Through exciter field (L3) to terminal (F2).
From terminal (F2) through wire (6) to fuse (F1).

From fuse (F1) through thermal protector (TP) and
wire (24) to terminal (24).

From terminal (24) to connection on phase 2 of
stator (L6).

e

A2 RECTIFIER MODULE

E3 SCR Heat sink
E4  Field rectifier heat sink
CR9 Controlled rectifier



SR 4 GENERATOR

[ e Ay radiniiuieiie et e |

A98624X2

: FOR SR 4 GENERATORS
LINE TO NEUTRAL POWER FOR EXCITATION AND REGULATION*

Al REGULATOR MODULE

- A2  RECTIFIER MODULE
SR 4 GENERATORS C1,3 RFI SUPPRESSION CAPACITOR
(Line to Neutral Power For C2 SUPPRESSION CAPACITOR
Excitation & Regulation) CR1-6 ROTATING RECTIFIERS
447, 448 and 449 frame — CR7,8 SURGE SUPPRESSION DIODES
208 V ONLY CR9 CONTROLLED RECTIFIER
INCLUDES |(With Layer Wound Rotor) crit glg;genggy::\%gssmn DIODE
All other frames {Random & E1 ROSITIVE HEAT SINK
Layer Wound Rotors) E2  NEGATIVE HEAT SINK
o 1580 frames , E3 ' SCR HEAT SINK
DOES E4  FIELD RECTIFIER HEAT SINK
NOT 447, 448 and 449 frame F1 FUSE
INCLUDE |(With Layer Wound Rotor) L1 SUPPRESSION REACTOR

L2 SCR REACTOR
L3 EXCITER FIELD
L4 EXCITER ARMATURE

27
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Ls
L6
TP
R1

R2
R3
R4
RS
R6
R7
RFA
T1
o
a
a

FOR SR 4 GENERATORS
LINE TO LINE POWER FOR EXCITAT!ON AND REGULATION**

ROTATING FIELD

STATOR

THERMAL PROTECTOR
VOLTAGE DROOP
POTENTIOMETER

VOLTAGE LEVEL RHEOSTAT
necULATOR GAIN RHEOSTAT
REGULATOR POWER RESISTOR
DAMPING RESISTOR
SUPPRESSION RESISTOR
REGULATOR POWER RESISTOR
REVOLVING FIELD ASSEMBLY
VOLTAGE DROOP TRANSFORMER
TERMINAL BOARD NUMBER
WIRE NUMBER

SPADE TERMINAL NUMBER

A98625X2

**SR 4 GENERATORS
(Line to Line Power For
Excitation & Regulation)

INCLUDES 580 frames

447, 448, and 449 frames
With Layer Wound Rotor)

NOT

447, 448 and 449 frame —
208 vV

DOES (With Layer Wound Rotor)

INCLUDE All others (Random &

Layer Wound Rotors)

*Thermal protector is not found on some earlier modeis.

NOTE: Current production and repla

'ement A1 modules (black

in color) for the line to line generator fegulators require a wiring

change from that for regulators using

i

arller A1 modules (brown

in color). The lead connections from. L1 and C1 change their
terminal connections from terminal 2:1 to terminal 20.

SYSTEMS OPERATION



SR 4 GENERATOR
VOLTAGE BUILD-UP CIRCUIT

To send the gate signal to controlled rectifier (CR9)
to let voltage increase from residual magnetism, a circuit
goes:

Front spade terminal (19) of rectifier module (A2),
through wire (19) to spade terminal (9) of regulator
module (Al).

Through regulator module (Al) to spade terminal
(10).

From spade terminal (10) of regulator module (Al)
through wire (10) to spade terminal (10) of rectifier
module (A2).

From spade terminal (10) on rectifier module (A2) to
the gate terminal on controlled rectifier (CR9).

NOTE: The voltage build-up circuit in regulator
module (Al) has a normally closed relay, a diode
rectifier and a current limiting impedance in it.

'A52045X4

SYSTEMS OPERATION

When generator voltage at the relay coil is at pickup
value (60 to 70% of rated voltage), the coil causes the
relay contact to open. Another circuit in regulator
module (Al) sends the gate signal to controlled rectifier
(CR9) one time each cycle. When engine speed is
lowered, voltage at the relay coil is lower. When the
voltage is less than the drop-out voltage, the relay
contact closes. Pickup voltage is generated at an
engine rpm less than the factory setting of low idle rpm.
The relay contact will open and close rapidly at an
engine speed of approximately 800 to 900 rpm. If it is
necessary to operate the engine at a speed less than the
factory setting of low idle, either fuse (F1) must be
removed or a single pole, single-throw toggle switch
must be installed between fuse (F1) and terminal (24) in
place of wire (24). The switch rating must be 250 volts,
15 amperes. When the fuse (F1) is removed or the
switch is open, the voltage can not go up and no
damage can come to the regulator.

Regulator module (Al) is sealed in an insulation of
epoxy. Inside the epoxy module (Al) are resistors,
capacitors, rectifiers, zener diodes, transistors and
amplifiers in circuits that are fastened to terminals (1 thru
11). This component is only available as a complete
unit:

GENERATOR REGULATOR ASSEMBLY

Al Regulator module
CR9 Controlled rectifier

F1 Fuse
28



SR 4 GENERATOR
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.FOR SR 4 GENERATORS
LINE TO NEUTRAL POWER FOR EXCITATION AND REGULATION®

*SR 4 GENERATORS
(Line to Neutral Power For
__ Excitation & Regutation)

INCLUDES

447, 448 and 449 frame —
208 V ONLY
(With Layer Wound Rotor)

All other frames (Random &
Layer Wound Rotors)

DOES
NOT
INCLUDE

580 frames

447, 448.and 449 frame
(With Layer Wound Rotor)

A98624X4

Al REGULATOR MODULE

A2 RECTIFIER MODULE

C1,3 RFt SUPPRESSION CAPACITOR
C2 SUPPRESSION CAPACITOR
CR1-6 ROTATING RECTIFIERS

CR7,8 SURGE SUPPRESSION DIODES
CR9 CONTROLLED RECTIFIER
CR10 FIELD RECTIFIER

CR11 SURGE SUPPRESSSION DIODE
E1 POSITIVE HEAT SINK

E2 NEGATIVE HEAT SINK

E3 SCR HEAT SINK

E4 FIELD RECTIFIER HEAT SINK
Fi1 FUSE '
L1 SUPPRESSION REACTOR

L2 SCR REACTOR

L3 EXCITER FIELD

L4 EXCITER ARMATURE
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FOR SR 4 GENERATORS
LINE TO LINE POWER FOR EXCITATION AND REGULATION"*

ROTATING FIELD

STATOR

THERMAL PROTECTOR
VOLTAGE DROOP
POTENTIOMETER

VOLTAGE LEVEL RHEOSTAT
REGULATOR GAIN RHEOSTAT
REGULATOR POWER RESISTOR
DAMPING RESISTOR
SUPPRESSION RESISTOR
REGULATOR POWER RESISTOR
REVOLVING FIELD ASSEMBLY
VOLTAGE DROOP TRANSFORMER
TERMINAL BOARD NUMBER
WIRE NUMBER

SPADE TERMINAL NUMBER

**SR 4 GENERATORS
(Line to Line Power For
Excitation & Regulation)

INGLUDES |80 frames

447, 448, and 449 frames
With Layer Wound Rotor)

447, 448 and 449 frame —
208V

DOES {With Layer Wound Rotor)
NOT
INCLUDE All others (Random &

Layer Wound Rotors)

*Thermal protector is not found on some earlier modeis.

NOTE: Current production and replacement A1 modules (black
in color) for the line to line generator regulators require a wiring
change trom that for regutators using earlier A1 moduies (brown
in color). The lead connections (rom L1 and C1 change their
terminal connections from terminal 22 to terminai 20.

A98625X4

SYSTEMS OPERATION



SR 4 GENERATOR
FLYBACK CIRCUIT

A circuit from the negative (-) end to the positive (+)
end of the exciter field (L3) permits a current flow in' the
exciter field, when the controlled rectifier (CR9) is
"turned off." That is, when (TO) is negative and (T1) is
positive. The flow is as follows:

From the negative () end of exciter field (L3)
through wire (F2) to terminal (F2).

From terminal (F2) through wire (6) to spade
terminal (6) on rectifier module (A2).

From spade terminal (6) on-rectifier module (A2) to
the anode (terminal end) of field rectifier (CR10).

From the cathode (stud end) of field rectifier (CR10)
to heat sink (E4).

From heat sink (E4) to spade terminal (8) on rectifier
module (A2).

-

A2 RECTIFIER MODULE

CR9 Controlled rectifier
CR10 Field rectifier
E4 Heat sink

From spade terminal (8) on rectifier module (A2)
through wire (8) to terminal (F1).

When the current flow goes through exciter field (L3)
it causes a magnetic field around the coils of the field.
The strength of the magnetic field is in relation to the
current going through the exciter field. An increase in
current flow makes the magnetic field stronger, and a
decrease in current flow makes the magnetic field
weaker. When the current through the exciter field (L3)
stops because controlled rectifier (CR9) has cut-off the
flow, the magnetic field strength is maximum. The field

32
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now starts to collapse (grow weaker) back into the
conductors of the coil. As a result of this, a voltage is
induced in the coil. The voltage causes a current flow,
as shown in the circuit schematic. This circuit helps to
keep current flow through exciter field (L3) constant.

INSIDE GENERATOR HOUSING

L3 Exciter Field



SR 4 GENERATOR
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FOR SR 4 GENERATORS
LINE TO NEUTRAL POWER FOR EXCITATION AND REGULATION®

*SR 4 GENERATORS
(Line to Neutral Power For
Excitation & Regulation)

INCLUDES

447, 448 and 449 frame —
208 V ONLY
(With Layer Wound Rotor)

All other frames (Random &
Layer Wound Rotors)

DOES
NOT
INCLUDE

580 frames

447, 448 and 449 frame
(With Layer Wound Rotor)

A98624 X5

Al REGULATOR MODULE

A2  RECTIFIER MODULE

C1,3 RFI SUPPRESSION CAPACITOR
C2 SUPPRESSION CAPACITOR
CR1-8 ROTATING RECTIFIERS

CA7,8 SURGE SUPPRESSION DIODES
CR9 CONTROLLED RECTIFIER
CR10 FIELD RECTIFIER

CA11 SURGE SUPPRESSSION DIODE
3] POSITIVE HEAT SINK

£2: NEGATIVE HEAT SINK

E3 SCR HEAT SINK

E4 FIELD RECTIFIER HEAT SINK
F1 FUSE

L1 SUPPRESSION REACTOR

L2° SCRREACTOR

K] EXCITER FIELD

L4 EXCITER ARMATURE
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ROTATING FIELD

STATOR

THERMAL PROTECTOR
VOLTAGE DROOP
POTENTIOMETER

VOLTAGE LEVEL RHEOSTAT
REGULATOR GAIN RHEOSTAT
REGULATOR POWER RESISTOR
DAMPING RESISTOR
SUPPRESSION RESISTOR
REGULATOR POWER RESISTOR
REVOLVING FIELD ASSEMBLY
VOLTAGE DROCP TRANSFORMER
TERMINAL BOARD NUMBER
WIRE NUMBER

SPADE TERMINAL NUMBER

FOR SR 4 GENERA'ORS
LINE TO LINE POWER FOR EXCITATION AND REGULATION"*

**SR 4 GENERATORS
(Line o Line Power For
Excitation & Regutation)

!NCLUDE.é 580 frames

447, 448, and 449 frames
With Layer Wound Rotor)

447, 448 and 449 frame —
208 V
DOES | {(With Layer Wound Rotor)

NOT
INCLUDE" Ali others (Random &

Layer Wound Rotars)

*Thermal protector is not found on some earlier models.

NOTE: Current production and replacement A1 madules (black
in color) for the line to'line generator regutators require a wiring
change from that for regulators using earlier A1 modules (brown
in color). The lead connections from L1 and C1 change their
terminal connections from terminai 22 to terminat 20,

A98625XS

SYSTEMS OPERATION



SR 4 GENERATOR
OUTPUT VOLTAGE SENSING

Voltage sensing by regulator module (A1) is through
a circuit from connections in phases 1 and 3 of stator
(L6) to terminals (20) and (22). The circuit then goes:

From terminals (20) and (22) through wires (20) and
(22) to spade terminals (1) and (2) on regulator
module (Al).

Through regulator module (Al) to spade terminal

().

From spade terminal (5) on regulator module (A1)
through wire (5) through the red wire to voltage
droop rheostat (R1).

GENERATOR REGULATOR ASSEMBLY

SYSTEMS OPERATION

From voltage droop rheostat (R1) to voltage level
rheostat (R2).

From voltage level rheostat (R2) through wire (6) to
fuse (F1).

Through fuse (F1 ), thermal protector (TP) and wire
(24) to terminal (24).

From terminal (24) to the tapped connection in
phase 2 of stator (L6).

The voltage divider in regulator module (A1) has a

capacitive reactance. Since capacitive reactance will go
up as frequency goes down or will go down as frequency
goes up. the regulator module gives a voltage control on
the basis of volts per hertz.

Stator

Regulator module

Fuse

Voltage droop potentiometer
Voltage level rheostat
Thermal protector
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FOR SR 4 GENERATORS

A98624X6

LINE TO NEUTRAL POWER FOR EXCITATION AND REGULATION®

“SR 4 GENERATORS
(Line to Neutral Power For
Excitation & Regulation)

447, 448 and 449 frame —
208 V ONLY
(With Layer Wound Rotor)

INCLUDES
All other frames (Random &
Layer Wound Rotors)
B DOES 580 frames
NOT 447, 448 and 449 frame
INCLUDE |(With Layer Wound Rotor)

Al REGULATOR MODULE

A2 RECTIFIER MODULE

C1,3 RFI SUPPRESSION CAPACITOR
C2  SUPPRESSION CAPACITOR
CR1-6 ROTATING RECTIFIERS

CR7,8 SURGE SUPPRESSION DIODES
CR9 CONTROLLED RECTIFIER
CR1¢ FIELD RECTIFIER

CR1t! SURGE SUPPRESSSION DIODE
(3] POSITIVE HEAT SINK

€2 NEGATIVE HEAT SINK

E3 SCR HEAT SINK

E4 FIELD RECTIFIER HEAT SINK
F1 FUSE

Lt SUPPRESSION REACTOR

L2 SCR REACTOR

L3 EXCITER FIELD

L4 EXCITER ARMATURE
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FOR SR 4 GENERATORS

LINE TO LINE POWER FOR EXCITATION AND REGULATION**

ROTATING FIELD
STATOR

THERMAL PROTECTOR
VOLTAGE DROOP
POTENTIOMETER

VOLTAGE LEVEL RHEOSTAT
REGULATOR GAIN RHEOSTAT
REGULATOR PCWER RESISTOR

DAMPING RESISTOR
SUPPRESSION RESISTOR

REGULATOR POWER RESISTOR
REVOLVING FIELD ASSEMBLY

“*SA 4 GENERATORS
{Line to Line Power For
Excitation & Regulation)

INCLUDES

580 frames

447, 448, and 449 frames
With Layer Wound Rotor)

OOES

VOLTAGE DROOP TRANSFORMER NOT

TERMINAL BOARD NUMBER

WIRE NUMBER
SPADE TERMINAL NUMBER

INGLUDE

447, 448 and 449 frame —
208 V 3
(With Layer Wound Rotor)

All others {Random &
Layer Wound Rotors)

*Thermal protector is not found on some earlier models.

NOTE: Current production and replacement A1 modules (black
in color) for the line to line generator regulators require a wiring
change from that for regulators using earlier A1 modules (brown
in color). The lead connections from Lt and C1 change their
terminal connections trom terminal 22 to terminal 20,

A)

A98B625X6
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SR 4 GENERATOR

POWER SUPPLY FOR REGULATOR MODULE A1l

For SR 4 Generators with line to neutral power for
excitation & regulation

The following circuit gives power to the regulator module
(AL):

From neutral (TO) of stator (L6) to terminal (261).

From terminal (26) through wire (26) to regulator
power resistor (R4).

Through regulator power resistor (R4) and wire (3) to
regulator module (Al).

Through regulator module (Al) to terminal (6).

From terminal (6) of regulator module (Al) to
potentiometer (R1) (voltage droop).

From potentiometer (R1) (voltage droop) to rheostat
(R2) (voltage level).

From rheostat (R2) (voltage level) through wire (6).
fuse (F1), thermal protector (TP) and wire (24) to
terminal (24).

From terminal (24) to the tapped connection of
phase 2 of stator (L6).

36

GENERATOR REGULATOR ASSEMBLY

SYSTEMS OPERATION

For SR 4 Generators with line to line power for
excitation & regulation

The following circuit gives power to the regulator

module (Al):

Al
F1
R1
R2
R4
TP

From the tapped connected of phase 1 of stator (L6)
to terminal (22).

From terminal (22) through wire (22) to regulator
power resistors (R4,7).

Through regulator power resistors (R4,7) and wire
(3) of regulator (Al).

Through regulator module (Al) to terminal (6).

From terminal (6) of regulator module (Al) to
potentiometer (R1) (voltage droop).

From potentiometer (R1) (voltage droop) to rheostat
(R2) (voltage level).

From rheostat (R2) (voltage level) through wire (6),
fuse (F1), thermal protector (TP) and wire (24) to
terminal (24).

From terminal (24) to the tapped connection of
phase 2 of stator (L6).

Regulator module

Fuse

Voltage droop potentiometer
Voltage level rheostat
Regulator power resistor
Thermal protector



SR 4 GENERATOR

fommmmmm e
[

[

|

I

!

!

'

|

I

:El CR3 || CBe K
L= L g T -
I REA,

[

[

1

A

!

L

FOR SR 4 GENERATORS

A9BE24X7

LINE TO NEUTRAL POWER FOR EXCITATION AND REGULATION*

‘SR 4 GENERATORS
(Line to Neutral Power For
Excitation & Regulation)

INCLUDES

447, 448 and 449 frame —
208 V ONLY
(With Layer Wound Rotor)

All other frames {(Random &
Layer Wound Rotors)

DOES
NOT
INCLUDE

580 frames

447, 448 and 449 frame
(With Layer Wound Rotor)

Al
A2

C1.3

c2

CR1-6
CR7.8

CR9

CR10

CR1
E1

1

E2

E3
E4
F1
L
L2
L3
L4

REGULATOR MODULE
RECTIFIER MODULE

RFl SUPPRESSION CAPACITOR
SUPPRESSION CAPACITOR
ROTATING RECTIFIERS
SURGE SUPPRESSION DIODES
CONTROLLED RECTIFIER
FIELD RECTIFIER

SURGE SUPPRESSSION DIODE
POSITIVE HEAT SINK
NEGATIVE HEAT SINK

SCR HEAT SINK

FIELD RECTIFIER HEAT SINK
FUSE

SUPPRESSION REACTOR

SCR REACTOR

EXCITER FIELD

EXCITER ARMATURE
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FOR SR 4 GENERAATORS
LINE TO LINE POWER FOR EXCITATRON AND REGULATION"*

ROTATING FIELD

STATOR '

THEAMAL PROTECTOR
VOLTAGE DROOP
POTENTIOMETER

VOLTAGE LEVEL RHEOSTAT
REGULATOR GAIN RHEOSTAT
REGULATOR POWER RESISTOR
DAMPING RESISTOR
SUPPRESSION RESISTOR
REGULATOR POWER RESISTOR
REVOLVING FIELD ASSEMBLY
VOLTAGE DROOP TRANSFORMER
TERMINAL BOARD NUMBER
WIRE NUMBER

SPADE TERMINAL NUMBER

**SR 4 GENERATORS
{Line to Line Power For
Excitation & Regulation)

INCLUDES |80 frames

447, 448, and 449 frames
With Layer Wound Rotor)

447, 448 and 449 frame —
: 208 vV
DOES {(With Layer Wound Rotor)

NOT
INCLUDE AU others (Random &

Layer Wound Rotors)

*Thermal protector is not found on some earfier modeis.

NOTE: Current production and replacement A1 modules (black
in color) for the line to line generator regulators require a wiring
change from that for regulators using earlier A1modules (brown
In color). The lead connections from L1 and C1 change thelr
terminal connections from terminal 22 to terminal 20.

SYSTEMS OPERATION



SR 4 GENERATOR

REGULATOR GAIN CIRCUIT

Regulator gain is an adjustment to compensate for
voltage drop caused by generator load or governor
speed droop. A circuit to control regulator gain goes:

From spade terminal (7) of regulator module (Al)
through: wire (17) to regulator gain rheostat (R3).

From regulator gain rheostat (R3) through wire (18) to
spade terminal (8) on regulator module (Al).

There is a feedback circuit to regulator module (A1).
This circuit gives a voltage signal to regulator module

WY E 5 g "
5§32
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SYSTEMS OPERATION

(A1). The signal changes at the same rate as the

voltage of exciter field (L3). The following circuit gives
the signal voltage.

From the cathode of controlled rectifier (CR9) to
terminal (11) on rectifier module (A2).

From terminal (11) through wire (11) to terminal (11)
of regulator module (Al).

The input received by the regulator module is used by
electrical circuits in the module to determine regulator
gain.

GENERATOR REGULATOR ASSEMBLY

Al Regulator module

A2 Rectifier module

CR9  Controlled rectifier

R3 Regulator gain rheostat

38



SR 4 GENERATOR

FOR SR 4 GENERATORS
LINE TO NEUTRAL POWER FOR EXCITATION AND REGULATION®

*SR 4 GENERATORS
(Line to Neutral Power For
Excitation & Regulation)

447, 448 and 449 frame —
208 V ONLY
INCLUDES (With Layer Wound Rotor)

All other frames (Random &
Layer Wound Rotors)

DOES 580 frames

NOT 447, 448 and 449 frame
INCLUDE {(With Layer Wound Rotor)

Al REGULATOR MODULE

A2 RECTIFIER MODULE

C1,3 AFI SUPPRESSION CAPACITOR
c2 SUPPRESSION CAPACITOR
CR1-6 ROTATING RECTIFIERS

CR7,8 SURGE SUPPRESSION DIODES
CR9 CONTROLLED RECTIFIER
CAR10 FIELD RECTFiER

CR11 SURGE SUPPRESSSION DIODE
E1l POSITIVE HEAT SINK

E2 NEGATIVE HEAT SINK

€3 SCR HEAT SINK

E4 FIELD RECTIFIER HEAT SINK
F1 FUSE

L1 SUPPRESSION REACTOR

L2 SCR REACTOR

L3 EXCITER FIELD

L4 EXCITER ARMATURE
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FOR SR 4 GENERATORS
LINE TO LINE POWER FOR EXCITATION AND REGULATION*

ROTATING FIELD .

STATOR

THERMAL PROTECTOR
VOLTAGE DROOP
POTENTIOMETER

VOLTAGE LEVEL RHEOSTAT
REGULATOR GAIN RHEOSTAT
REGULATOR POWER RESISTOR
DAMPING RESISTOR
SUPPRESSION RESISTOR .
REGULATOR POWER RESISTOR
REVOLVING FIELD ASSEMBLY
VOLTAGE DROOP TRANSFORMER
TERMINAL BOARD NUMBER
WIRE NUMBER

SPADE TERMINAL NUMBER

DoCX332ARAR 2366

**SA 4 GENERATORS
(Line to Line Power For
Excitation & Regulation)

INCLLDES 580 frames

447, 448, and 449 frames
With Layer Wound Rotor}

447, 448 and 449 trame —
208 v
DCES {With Layer Wound Rotor)

INgl(_')JDE All others (Random &
Layer Wound Rotors)

*Thermal protector is not found on some earlier models.

NOTE: Current produclion and replacement A1 modules (black
in color) for the line to line generator, regulators require a wiring
change from that for regulators using earlies A1 modules (brown
in color). The lead connections from L1 and C1 change their
terminal connections from terminal 2 to terminal 20.

Al

A98625X8

SYSTEMS OPERATION



SR 4 GENERATOR

RADIO FREQUENCY INTERFERENCE (RFI)
SUPPRESSION

When controlled rectifier (CR9) "turns on", it is very
rapid (approximately three microseconds). This causes
a shock load on the stator (L6). AC voltage shocks till
cause harmonics (frequency multiplications) at radio
frequencies. For many applications, these harmonics
will cause electronic equipment to operate very badly.

The action of suppression capacitor (C2) and SCR
reactor (L2) gives a reduction of the shock load on stator
(L6). As said earlier, suppression capacitor (C2) gets a
charge during the time (TO) is positive and (T8) is
negative and controlled rectifier (CR9) is not "turned on".

DS e/~ 7 vet

SYSTEMS OPERATION

When a gate signal is sent to controlled rectifier (CR9)
the first surge of current is caused by the voltage charge
on (C2). The current increase time is made longer by
SCR reactor (L2). Suppression reactor (L1) and RFI
suppression capacitors (C1) and (C3) cause a reduction
of interference with radio frequencies. Damping Resistor
(R5) is connected in parallel with suppression reactor
(L1) to prevent any voltage oscillations that start in (L1).
RFI suppression capacitor (C1l) is connected from
neutral to (T8) on phase 2 of stator (L6). Suppression
capacitor (C3) is connected from neutral to generator
frame ground. To get the maximum effect from the RFI
suppression capacitors, the generator frame must be
connected to an earth or building (station) ground.

GENERATOR REGULATOR ASSEMBLY

C1,3 RFI Suppression capacitors

Cc2 Suppression capacitor
CR9  Controlled rectifier

L1 Suppression reactor
L2 SCR Reactor

R5 Damping resistor

40



SR 4 GENERATOR

C PROTECTION OF GENERATOR CIRCUITS

The SR 4 Generator regulator and excitation circuits
use many components for protection. Fuse (F1) is the
type that opens very rapidly and gives protection against
secondary damage caused by another component
failure.  This type of fuse is used because it is
specifically made to work in circuits that have
semiconductors. If the fuse needs replacement, it is
important that the same amperage rating and type is
used. A larger amperage rating or a fuse that does not
open rapidly will not prevent damage to other
components.

AS52045X8
bif

— e -

F1 FUSE

Surge suppression diode (CR11) prevents too high
voltages that are abnormal (not normal) and transient
(temporary) from causing damage to controlled rectifier
(CR9) or field rectifier (CR10). Inside of rectifier module
(A2) there are resistance capacitance circuits connected
from anode to cathode of both controlled rectifier (CR9)
and field rectifier (CR10). These circuits give added
protection for abnormal transient peak voltages that can
cause damage at (CR9) or (CR10).

GENERATOR REGULATOR ASSEMBLY
A2. Rectifier module. CR9. Controlled rectifier.
CR10. Field rectifier. CR11. Surge suppression
diode.

Surge suppression diodes (CR7) and (CR8) are
connected in parallel, electrically. CR7 is installed on
the positive heat sink (E1) and CR8 is installed on the
negative heat sink (E2). These diodes are connected in
parallel to give the current capacity needed

SYSTEMS OPERATION

for suppression of any abnormal transient peak voltages
that can cause damage to the rotating rectifiers (CR1
thru CR6).

A L
kéeessox: . ’ é
TN - PR A TN ps

ROTATING FIELD ASSEMBLY (RFA)

El. Positive heat sink. E2. Negative heat sink. R6.
Suppression resistor.

FROM QUTSIDE BEARING TYPE RFA
- *d )

~. .

; i g J
E1 POSITIVE HEAT SINK
R6. Suppression resistor.

Suppression resistor (R6) gives a low resistance circuit
from the insulated windings to the shaft and cores of the
revolving field assembly (RFA). It this resistor was not
installed, air friction on the windings and heat sinks can
cause electrostatic charges. These charges can cause
voltages to become high enough to destroy the
insulation. Resistor (R6) is a 27,000 ohm resistor that
lets these electrostatic charges run off as they are
generated and prevents any voltage build-up. Because
of the Value and power rating of resistor (R6). a ground
failure at any point on the revolving field assembly (RFA)
will not prevent the generator from operating normally
and it will not cause damage to (R6).
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SR 4 GENERATOR

D REGULATOR ADJUSTMENT

r.-
- |

1

GENERATOR VOLTAGE ADJUSTMENT CONTROLS

4. Voltage droop control. 5. Voltage level control.
6. Regulator gain control.

Adjustment of voltage level rheostat (R2) is done with
voltage level control (5). This is done when an increase
or decrease of the generator voltage is necessary to get
correct line voltage.  Adjustment of regulator gain
rheostat (R3) is done with regulator gain control (6).
Adjustment of regulator gain rheostat (R3) and voltage
level rheostat (R2) must be made in sequence to get
exact generator voltage regulation when the engine is
equipped with either a mechanical speed droop or an
isochronous (0% speed droop) governor. Do the steps
that follow:

1. Remove the access panel on the left side of the
generator. Loosen the locknuts on the voltage
adjustment controls. Turn voltage droop control
(4) fully counterclockwise.

2. Start the engine. Increase engine speed to
nameplate rating.

3. Adjust voltage level control (5) to give nameplate
rated voltage. Put a normal load on the
generator. Let the generator warm up to normal
temperature for operation.

42
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4. Remove the load from the generator. Adjust the
voltage level control if necessary. Put a normal
load on the generator. Check generator voltage.
If the voltage stays at nameplate rating,
regulator gain control (6) is adjusted correctly.
Tighten all locknuts.

5. If generator VOLTAGE INCREASES, turn the
regulator gain control a small amount
counterclockwise. If generator VOLTAGE
DECREASES, turn the regulator gain control a
small amount clockwise. Remove the load.
Adjust the voltage level control if necessary.

6. Put a normal load on the generator. If the
voltage does not stay at nameplate. rating see
Step 5. If it does, tighten all locknuts and install
the access panel.

NOTE

Generator sets equipped with a
control panel on top of the generator
have the voltage level rheostat in the
control panel. The yellow wire from
terminal 7 on the terminal strip of the
regulator assembly is disconnected.
The voltage level rheostat on the
control panel is then connected to
terminals 6 and 7 on the terminal
strip. The same sequence of
adjustments must be made.

In order to get an even distribution of reactive load and
to keep circulating currents to a minimum when two or
more generators are operated in parallel. it is necessary
to have a specific decrease in voltage, at each
generator, with an increase in generator load. This
decrease in voltage is the voltage droop. Adjustment of
voltage droop potentiometer (R1) is done with voltage
droop control (4). Correction to the voltage droop can be
made by turning (R1) from counterclockwise for no
voltage droop to clockwise for an increase In voltage
droop. Adjustment of voltage droop control (4) must be
in sequence with voltage level control (5) and regulator
gain control (6). See OPERATION GUIDE for engine.



SR 4 GENERATOR

SYSTEMS OPERATION

SERIES BOOST ATTACHMENT

Series boost lets SR 4 generators stay on the line, for
approximately 10 seconds, when there is a short in the
generating or load circuits. This gives circuit breakers a
chance to trip in sequence. When circuit breakers trip in
sequence, there is less chance for a loss of power to all
of the electrical system.

The series boost panel group has a control module A3.
voltage sensing transformer T3 and series boost heat
sink E5. Current transformer T2 is external to the panel

group.

Voltage sensing transformer T3 gets power from the
same terminals on the regulator terminal strip as exciter
field L3 (terminals 24 and 22 on 580 frame generators
and terminals 24 and 26 on all others). Voltage sensing
transformer T3 gives power to control module A3. The
electrical action of control module A3 causes a gate
signal through wire 34 to the triac on series boost heat
sink E5. The triac short circuits current transformer T2.
This prevents any series boost effect during normal
operation.

AB4473X1

SERIES BOOST ASSEMBLY

A3 CONTROL MODULE

C68 SERIES BOOST CAPACITOR

E5 SERIES BOOST HEAT SINK

T3 VOLTAGE SENSING TRANSFORMER

If there is a short circuit that causes the voltage to
voltage sensing transformer T3 to drop to a low value,
control module A3 will stop the gate signal to the triac.
Current from current transformer T2, will go through the
bridge rectifier on heat sink E5. be rectified and flow
through wire 9 to exciter field L3. This field current will
be enough to give at least three times full load current
into a short circuit. After approximately 10 seconds
electrical action of control module A3 will again cause a
gate signal through wire 34 to the triac on series boost
heat sink E5. The triac will short circuit current
transformer T2. Current flow to exciter field will be zero
until the short circuit is corrected.

Series boost connections are not the same for all
generator sets. Make reference to[Fig. 1] or[Fig. 2]for
series boost to regulator connection. For series boost
current transformer T2 connection, make reference to

Fig. 3[Fig. 4[Fig. 5 o Fig. 6l
NOTE

For current transformer connection
of machines not shown, make
contact with Service Engineering;
Caterpillar Tractor Co.

AzidtIe

CURRENT TRANSFORMER T2
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FIG. 1 SR 4 GENERATOR WITH SERIES BOOST

C [Includes: 447, 448 & 449 frame (layer wound rotor - 208 V only); and all other frames (random

and layer wound rotors) except 580 frame and 447, 448, and 449 frame (with layer wound rotor).]
Al REGULATOR MODULE E3  SCR HEAT SINK R2  VOLTAGE LEVEL RHEOSTAT
A2 RECTIFIER MODULE E4  FIELD RECTIFIER HEAT SINK R3  REGULATOR GAIN RHEOSTAT
A3 CONTROL MODULE ES  SERIES BOOST HEAT SINK R4  REGULATOR POWER RESISTOR
C1,3 RFI SUPPRESSION CAPACITOR F1 FUSE R5  DAMPING RESISTOR
c2 SUPPRESSION CAPACITOR L1  SUPPRESSION REACTOR R6  SUPPRESSION RESISTOR
C68 SERIES BOOST CAPACITOR L2  SCR REACTOR RFA REVOLVING FIELD ASSEMBLY
CR1-6 ROTATING RECTIAERS L3  EXCITER FIELD T1  VOLTAGE DROOP TRANSFORMER
CR7,8 SURGE SUPPRESSION DIODES L4  EXCITER ARMATURE T2  CURRENT TRANSFORMER
CR9 CONTROLLED RECTIFIER L5 ROTATING FIELD T3  VOLTAGE SENSING TRANSFORMER
CR10  FIELD RECTIFIER L6  STATOR (o) TERMINAL BOARD NUMBER
CR11  SURGE SUPPRESSION DIODE TP  THERMAL PROTECTOR []  WIRE NUMBER
E1 POSITIVE HEAT SINK Rl VOLTAGE DROOP POTENTIOMETER [—] SPADE TERMINAL NUMBER
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SR 4 GENERATOR

Al
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C1,3
Cc2
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CONNECTIONS OF T2
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FIG. 2 SR 4 GENERATOR WITH SERIES BOOST
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TO THE SOHZ TEAMINAL ON
T3.

SYSTEMS OPERATION

s

[Includes: 580 frame and 447, 448 & 449 frames (with layer wound rotor) except 447. 448 & 449 C
frames with layer wound rotor - 208 V.]

REGULATOR MODULE
RECTIFIER MODULE
CONTROL MODULE

RFI SUPPRESSION CAPACITOR
SUPPRESSION CAPACITOR
SERIES BOOST CAPACITOR
ROTATING RECTIFIERS
SURGE SUPPRESSION DIODES
CONTROLLED RECTIFIER
FIELD RECTIFIER

SURGE SUPPRESSION DIODE
POSITIVE HEAT SINK

E3
E4
ES
F1

L1
L2
L3
L4
L5
L6
TP
RL

SCR HEAT SINK

FIELD RECTIFIER HEAT SINK
SERIES BOOST HEAT SINK
FUSE

SUPPRESSION REACTOR
SCR REACTOR

EXCITER FIELD

EXCITER ARMATURE
ROTATING FIELD

STATOR

THERMAL PROTECTOR
VOLTAGE DROOP POTENTIOMETER

VOLTAGE LEVEL RHEOSTAT
REGULATOR GAIN RHEOSTAT
REGULATOR POWER RESISTOR
DAMPING RESISTOR
SUPPRESSION RESISTOR
REVOLVING FIELD ASSEMBLY

VOLTAGE DROOP TRANSFORMER

CURRENT TRANSFORMER

VOLTAGE SENSING TRANSFORMER

TERMINAL BOARD NUMBER
WIRE NUMBER
SPADE TERMINAL NUMBER
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- SN1 1 3 - 5NS5 3 3 : : : J_ : 3¢ 24
5N5Q34 SN2 2 5 SN7076 5N76 1 3 r [P q
SN5046 SN14 1 S S5N7077 SN77 2 4 - >
SNS5047 5N1S 2 S 5N7078 5N78 1 3
5N5048 SN16 2 4 SN7079 SN79 2 3
SN5051 SN19 1 5 SN7080 SN8O 2 5
- SNSO 2 4 §N7081 SN81 ! 4 s =
- 5N21 1 3 SN7082 SN82 1 3
- 5NS52 2 | 3 —{—
- SNS3 2 5
- SNS4 1 4 /
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s66883x ! ; ; — (6060000060668
FIG. 3 TRANSFORMER CONNECTIONS DIAGRAM
1. Generator. 6. Heat sink (for connection to 7. Wire from excitation field.
2. Transformer (in series boost). terminal strip, make reference 8. Terminal strip on generator
3. Load line leads (generator). to secondary transformer regulator.
4, Load line leads (transformer). connections chart).
5. Series boost terminal strip.
THREE PHASE LINE LEAD CONNECTIONS
LOW VOLTAGE HIGH VOLTAGE
CONNECT LINE LEADS CONNECT LINE LEADS
T1F-T7F T1F-T7F T4-T7F T1F
T2F-T8F T2F-T8F T5-T8F T2F
T3F-T9F T3F-T9F T6-T9F T3F
T4-T5-T6-TO TO
T4-TS-T6-TO | NEUTRAL NEUTRAL

LINE LEAD CONNECTIONS FOR
SR 4 GENERATORS IN FIG. 3
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SECONDARY TRANSFORMER + +
CONNECTIONS o) o o 0000
GEN. GEN. WIRES GEN. GEN. WIRES S SBADEAEN
AR.NO. | PART NO.[ ™2 T 35 ] AR.NO. | PART NO. 37T 33 (oXeXoXoXoRoXoXo¥ N
SNS035 | 5N3 T 3 | 5NS083 | SN3T 3 5 HE :EH::F 24 \5
- SN4. 2 S SNS064 S5N32 2 4 ‘-—-FJ
5N5039 SN7 2 5 SNS067 SN35 1 4 (4] 26
SN5049 SN17 2 4 SNS09s 5N63 1 4 9
5N5050 5N18 1 3 SN7072 5N72 2 4 F
- 5N21 2 [ 5N7074 5N74 2 5
- SN22 2 4 SN7075 SN75 2 S
SN5059 SN27 2 5 (1)
SN5060 5N28 1 4
5N5061 5N29 1 3 —E}—_
1
Vel
e
0000000000
G F2 1 72 & 3 26 la 2 20
—— ; 2 s— 0000060006089
FIG. 4 TRANSFORMER CONNECTIONS DIAGRAM
1. Generator. 6. Heat sink (for connection to 7. Wire from excitation field.
2. Transformer (in series boost). terminal strip, make reference 8. Terminal strip on generator
3. Load line leads (generator). to secondary transformer regulator.
4. Load line leads (transformer). connections chart).
5. Series boost terminal strip.
THREE PHASE LINE LEAD CONNECTIONS
LOW VOLTAGE HIGH VOLTAGE
CONNECT LINE LEADS CONNECT LINE LEADS
T1-T1F-T7F T1-TAF-T7F | T4-T1F-T7F T1
T2-T2F-T8F T2-T2F-T8F | T5-T2F-T8F T2
T3-T3F-T9F T3-T3F-T9F | T6-T3F-T9F T3
T4-T5-T6-TO TO
T4-T5-T6-TO | NEUTRAL NEUTRAL

LINE LEAD CONNECTIONS FOR

SR 4 GENERATORS IN FIG. 4
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FIG. 5 TRANSFORMER CONNECTIONS DIAGRAM
1. Generator. 6. Heat sink (for connection to 7. Wire from excitation field.
2. Transformer (in series boost). terminal strip, make reference 8. Terminal strip on generator
3. Load line leads (generator). to secondary transformer regulator.
4, Load line leads (transformer). connections chart).
5. Series boost terminal strip.

THREE PHASE LINE LEAD CONNECTIONS
LOW VOLTAGE HIGH VOLTAGE
CONNECT | LINE LEADS | CONNECT | LINE LEADS
TI-T7F TI-T7F TA-T7F T1
T2-T8F T2-T8F T5-T8F T2
T3-TOF T3-TOF T6-TOF T3
T4-T5-T6-TO TO
T4-T5-T6-TO | NEUTRAL NEUTRAL

LINE LEAD CONNECTIONS FOR
SR 4 GENERATORS IN FIG. 5
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SECONDARY TRANSFORMER Q000000000
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FIG. 6 TRANSFORMER CONNECTIONS DIAGRAM
1. Generator. 6. Heat sink (for connection to 7. Wire from excitation field.
2. Transformer (in series boost). terminal strip, make reference 8. Terminal strip on generator
3. Load line leads (generator). to secondary transformer regulator.
4. Load line leads (transformer). connections chart).
5. Series boost terminal strip.
THREE PHASE LINE LEAD CONNECTIONS
LOW VOLTAGE HIGH VOLTAGE
CONNECT LINE LEADS CONNECT LINE LEADS
T1-T7F T1-T7F T4-T7F T1
T2-T8F T2-T8F T5-T2F-T8F T2
T3-T9F T3-T9F T6-T9F T3
T4-T5-T6-TO TO
T4-T5-T6-TO | NEUTRAL NEUTRAL

LINE LEAD CONNECTIONS FOR
SR 4 GENERATORS IN FIG. 6
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SR 4 GENERATOR

SYSTEMS OPERATION

MANUAL VOLTAGE CONTROL ATTACHMENT

The location of the manual voltage control panel can
be up to 76 ft. (23.2 meters) from the generator. Make
reference to the chart.

CONTROL PANEL LOCATION

WIRE SIZE (AWG) MAXIMUM CABLE LENGTH
No. 18 30 ft. (9.1 meters)
No. 16 48 ft. (14.6 meters)
No. 14 76 ft. (23.2 meters)

The manual voltage control can be used to control
generator voltage when there is a failure in the generator
regulator assembly. It will manually control the rate at
which control rectifier CR9 is turned on. For information
on CR9 operation make reference to OPERATION OF
GENERATOR.

NOTE: CR9 and CR10 must be able to
operate correctly for the manual voltage
control to work.

The manual voltage control has a switch (1), voltage
control rheostat (2), flash button (3) and a control
assembly.

"‘;i‘.:,' _'.'t
Caimness PHISS FLASH SUTTON CMY UNTR.
N NOUIAGE JTAATE TO SUMD UR

e

A4G204X1

VOLTAGE CONTROL PANEL

1. Switch (OFF, AUTO and MAN positions). 2. Voltage
control rheostat. 3. Flash button.

Switch (1) is used to make the' selection between
AUTO, MAN and OFF. In the "AUTO" position the
generator regulator assembly controls the generator
voltage. In the “OFF" position the generator voltage will
go to zero. In the "MAN" position generator voltage is
controlled by voltage control rheostat (2).

50

Flash button (3) is used when the generator voltage
does not build up. With switch (1) in the "MAN" position
push flash button (3) until the generator voltage starts to
build up.

NOTICE

Press the flash button only until the
generator voltage starts to build up.
If the button is held too long the
voltage will increase to above the
capacity of the generator. This can
cause the line circuit breaker to trip
or the regulator fuse to open.

When flash button (3) is pushed AC current from the
generator is rectified by a diode on the manual voltage

control panel. This rectified (DC) current goes directly to
the generator exciter field. It does not go through control

rectifier CR9.
/ 4

o
|

ki g il
L=a

——)
=]

A98620X1
CONTROL ASSEMBLY

4. Trigger module. 5. Terminal strip. (4 and
5 are not serviced separately - lowest
serviceable level is Manual Voltage Control
Assembly)

The control assembly is on the back side of the
mounting bracket for regulator module Al. The control
assembly has terminal strip (5) and trigger module (4).
When switch (1) is in the "MAN" position, the action of
electrical circuits in trigger module (4) control the amount
of "on" time for control rectifier CR9.
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WIRING DIAGRAM

4. Trigger module. 5. Terminal strip (control assembly). 6.
Terminal strip (voltage control panel). Al. Regulator module
F1. Terminal (regulator terminal strip).
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TROUBLESHOOTING

TESTING AND ADJUSTING

TROUBLESHOOTING

GENERAL

Before working inside the generator,
make sure that the starter motor can
not be activated by any automatic or
manual signal.

When the engine-generator s
operating, voltages up to 240 are
present on the regulator terminal
board. The heat sinks and other
regulator components have an
electric charge. Components will be
damaged if a metal contact is made
between the generator frame and the
heat sinks or other regulator parts.
Safety procedures must be followed.

A large percent of the electrical problems are caused
by mechanical defects. Take time to carefully inspect
the total installation. Keep the mechanical defects
separate from the electrical defects.

For practical purposes. the generator is a constant
speed unit. RPM that is 5 to 10 percent higher or lower
than the rated rpm can cause terminal voltages that are
5 to 10 percent higher or lower than the rated output.

Generator heat is caused by line current. The higher
the line current, the hotter the generator will become.

A voltmeter and ammeter or KW meter does not
necessarily show the KVA load on a generator because
of the power factor of the load.

Before working on the generator, be sure you
understand the operating principles.

Find the operating trouble and use the wiring diagram
and troubleshooting guide to find the probable cause.
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When troubleshooting for voltage, a generator can
normally be operated at a low rpm. Voltage and
frequency will change directly with rpm. A four-pole, 60
Hertz, 240 volt, 1800 rpm generator at a low idle of 1200
rpm will have an output of 160 volts at 40 hertz.

NOTE: For information on mechanical and
electrical characteristics of SR 4 generators,
make reference to the section INDUSTRIAL
DIVISION DATA SHEETS: No. 70.0.1 and the
TECHNICAL INFORMATION FILE (TIF).

TEST INSTRUMENTS

A volt-ohm-milliammeter with scales of approximately
the following values:

ACVOItS ..o, 0-12, 0-100, 0-300
DC VOIS ...eeviieiiiiiiiieeen, 0-50, 0-100, 0-150
Ohms ...ooeviiiiiiecee, Xl, X10, X100, X1000
DC AMPS .. 0-3

The 6V3030 Digital Multimeter can also be used. By
itself or with other tools, it can do the following:

1. Test rectifiers with the special diode function.

2. Measures resistance of the revolving field and
stator winding of the generator or exciter
winding.

3. With the 6V4960 AC Current Probe, the
multimeter can measure current in the range
10A to 1000A rms (at a circuit-to-ground voltage
of 650 V rms maximum.) See Special
Instruction, Form SEHS801 | for warnings and
more information on how to use the current
probe.

B12214X3

6V3030 DIGITAL MULTIMETER



TROUBLESHOOTING

A circuit continuity tester, similar to the 854627 (circuit
continuity tester) can be used for checking low
resistance continuity. This tool can also be used to
check rectifiers and controlled rectifiers. It uses a 3-volt
battery source. This is all that is needed to activate the
gate of a controlled rectifier.

A Kelvin or Wheatstone bridge can be used to
measure the resistance of the revolving field and stator
winding of the generator or the exciter armature.

A 500 to 1000 volts megohmeter is needed to
measure the insulation resistance of the generator
stator, revolving field, exciter armature, and exciter field.

A DC ammeter with the correct current shunt is used
to measure the current of the exiter field.

A clamp-on volt-ammeter with a 0 to 600 volts and O to
600 amperes scales is used to measure line voltage and
line current. Some generators are rated higher than 600
amperes, but these units are normally connected with
two or more conductors in parallel per phase. To
measure line current for these generators, measure the
current in each conductor per phase and add the
currents together.

NOTE: See WARNING below, if generator is
rated over 600 volts.

A direct-reading tachometer is used to measure rpm.
When exact frequency control is needed, a direct
comparison can be made with outside line power.

On generators with higher than 600
volts rating do hot use direct-reading
test equipment to measure line
voltage or line current, (even though
the instrument has higher voltage
capacity). Voltage and current
transformers with a high voltage
rating must be used. On power
circuits higher than 600 volts, direct-
reading meters CAN have failure of
insulation.

Where the same adjustments are necessary on two or
more units, (as in parallel operation) use the same
instrument for measuring all voltages.

In many of the following resistance test procedures,
the ohmmeter connecting polarity (positive or negative)
is given for testing the respective component.

TESTING AND ADJUSTING

NOTE: The identification of lead polarity on
ohmmeter instruments is not necessarily the
same.

T1423983

POLARITY CHECK OF OHMMETER TERMINAL

1. Selector switch. 2. Selector switch. 3. Mark to
show polarity of ohmmeter cables.

Volt-ohm-milliameter cable polarity must be known.
The red, positive “+”, color on the cable of an ohmmeter
can be either positive (+) or negative (-) and
identification of each cable is needed.

A second volt-ohm-milliameter (multimeter) can be
used with the test ohmmeter to find the correct polarity of
the connecting cables.

Turn one instrument selector switch (1) to DC volts,
and turn the test ohmmeter selector switch (2) to ohms
(RX1). Connect the cables of both instruments together
until both instruments have a meter indication at the
same time. (Change the cables if necessary).

The red, positive “+”, lead from the instrument with
selector switch (1) on DC volts is connected to the
positive lead of the test ohmmeter. Put a mark on the
ohmmeter to show the polarity of the ohmmeter cables
(3). the correct positive and negative identification of the
cables has been made.

On the digital multimeter, the above procedure is not
necessary. Polarity is indicated on the readout.

For further information on using the digital multimeter,
see Special Instruction, Form SEHS7734.
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TROUBLESHOOTING

Temperature has an effect on electrical equipment.
When measuring resistance of a cold components, you
will get a lower indication than you will at higher
temperatures. Ohmmeters in general are not accurate.
Given values of resistance will be different (op to 10
percent), if the total error of instrument method,
temperature and the tolerance of the part add in one
direction.

TROUBLESHOOTING PROCEDURES FOR
GENERATOR/REGULATOR

There are four test sequence charts in
Troubleshooting Procedures. Each is for a different
problem. The problems are:

No AC Voltage

Low AC Voltage
High AC Voltage
Unstable AC Voltage

NOTE: Before making any of the tests. first
read all the information on this page and all
the information in General and in Test
Instruments.
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TESTING AND ADJUSTING

Follow the test sequence chart exactly. This test
sequence chart is in a logical order to find the problem
with the minimum amount of time and work. By making
each test in the exact step-by-step order shown on the
test sequence chart, the serviceman can be sure that, at
the end of the test sequence chart, the components are
all good.

NOTE: If a bad part is found and a
replacement part is installed, test the
replacement part also. Then do the rest of
the tests as shown in the test sequence
chart. In this way all the bad parts will be
found. This is important because one bad
part can cause damage to several other
parts. Then do the PROCEDURE FOR FIRST
OPERATION AFTER REPAIR.

NOTE: If the AC voltage is less than 25 volt,.
use the No AC Voltage test sequence chart.

A separate section for troubleshooting problems with
the generator mounted control panel, automatic
start/stop system, follows the
GENERATOR/REGULATOR test procedures.



TROUBLESHOOTING

TEST
SEQUENCE
CHARTS

NOTE

TESTING AND ADJUSTING

If the serviceman is familiar with the troubleshooting procedure and procedures
for checking components, the following table of resistance values may save time

in troubleshooting.

could change with new component changes.

It should be noted that these values are approximate and

Component Symbol Component Resistance Value (ohms)
C1, 3 RFI Suppression Capacitor Low then infinite
C2 Suppression Capacitor Low then infinite
CR1-6 Rotating Rectifiers Forward 10
Reverse 30K - 300K
CR7,8 Surge Suppression Diodes Fwd. & Rev. 15K or more
CR9 Controlled Rectifier Fwd. & Rev. 30K -3M (1) (2)
CR10 Field Rectifier Forward 10
Reverse 30K or more
CR11 Surge Suppression Diode Fwd. & Rev. 15K or more
L1 Suppression Reactor 0
L2 SCR Reactor 0
L3 Exciter Field 2-3
L4 Exciter Armature Much less than 1
L5 Rotating Field Less than 1
L6 Stator (Armature) Much less than 1
R1 Voltage Droop Pot 0-8
R2 Voltage Level Pot 0 - 500
R3 Voltage Gain Pot 0 - 5000 (3)
R4 Regulator Power Resistor 1500
R7 Regulator Power Resistor
(580 Frame Only)
R5 Damping Resistor 10
R6 Suppression Resistor 27,000

(1) Forward & reverse resistance must be approximately the same.

(2) Gate to cathode forward & reverse resistance Is 10 - 200 and should be about the same

(3) Earlier generators with old Al module (brown in color) - resistance should be 0-5000
ohms. Later generators or generators with replacement Al module (black In color) -
resistance should be 0-500 ohms.
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NO AC VOLTAGE (Cont.)

TESTING AND ADJUSTING
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LACK OF AC VOLTAGE STABILITY

TESTING AND ADJUSTING
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TROUBLESHOOTING

10.
16.
23.
24.
25.
26.
27.
28.

*This item can cause a condition of temporary high AC voltage.

TESTING AND ADJUSTING

TROUBLESHOOTING CHART INDEX

NO AC VOLTAGE
Possible Cause

Voltmeter Has a Defect.

Open (Tripped) Thermal Protector (TP).
Open Fuse (F1).

Engine Low Idle rpm Too Low.

Defect in Rotating Rectifiers (CR1 thru CR6):
Surge Suppression Diodes (CR7. 8); Exciter
Armature (L4); or Exciter Field (L3).

Exciter Field (L3) is Open.

Open or Short Circuit.

Rounded Circuit.

Loose Wire Connections.

Wrong Regulator or Generator Connections.
Shorted Rotating Rectifiers (CR1 thru CR®6).
Short Circuit in Field Rectifier (CR10).

Loss of Residual Magnetism.

Controlled Rectifier (CR9) Has a Defect.
Rectifier Module (A2) Has a Defect.
Regulator Module (Al) Has a Defect.
Shorted Surge Suppression Diode (CR7 or
CR3).

Shorted Surge Suppression Diode (CR11).
Open Suppression Reactor (L1).

Open SCR Reactor (L2).

Shorted Suppression Capacitor (C2).
Shorted RFI Suppression Capacitor (C1).

AC VOLTAGE TOO LOW
Possible Cause

Voltmeter has a Defect.

Defect in Rotating Rectifiers (CR1 thru CR6);
Surge Suppression Diodes (CR7. 8); Exciter
Armature (L4): or Exciter Field (L3).

Wrong Regulator or Generator Connections.
Regulator Module (A1) Has a Defect.

Open Rotating Rectifiers (CR1 thru CR6).
Engine rpm Too Low.

Load Too High or Not Balanced.

Voltage Level Control Setting Too Low (R2).

Voltage Droop Control Setting Too High (R1).

Regulator Gain Control Setting Too Low
(R3).

AC Voltage Too Low (Cont.)

Item

45.
46.
47.
48.

Iltem

10.
14.
15.
16.
29.
30.
31

32.

33.
34.
35.
36.
37.
38.

Iltem

44.

Possible Cause

Current in Exciter Field (L3) Is Not Stable.
Defect in Voltage Level Rheostat (R2).
Defect in Voltage Droop Potentiometer (R1).
Rotor Winding (L5) Defect.

AC VOLTAGE TOO HIGH
Possible Cause

Voltmeter Has a Defect.

Wrong Regulator or Generator Connections.
Controlled Rectifier (CR9) Has a Defect.*
Rectifier Module (A2) Has a Defect.*
Regulator Module (A1) Has a Defect.™
Engine rpm Too High.

Voltage Level Adjustment Too High (R2).
Reverse Polarity on Voltage Droop Transformer
(T2).

Regulator Gain Control Setting Too High
(R3).

Open Regulator Gain Rheostat (R3).

Open Field Rectifier (CR10).™*

Load Not Balanced.

Regenerative Load Power Too High.

Open Regulator Power Resistor (R4 ).*
Open Voltage Reference Circuit.

LACK OF AC VOLTAGE STABILITY
Possible Cause

Voltmeter Has a Defect.

Engine Low Idle rpm Too Low.

Loose Wire Connections.

Controlled Rectifier (CR9) Has a Defect.
Regulator Module (A1) Has a Defect.
Regulator Gain Control Setting Too High
(R3).

Open Regulator Gain Rheostat X R3).

Lack of Load Stability.

Too Much Vibration of Suppression Reactor
(L1).

Lack of Engine rpm Stability.

Damping Resistor Open (R5).

Temporary Short Circuit in RFI Suppression
Capacitor (C1).

Temporary Short Circuit in Suppression Ca-
pacitor (C2).

The result is normally permanent damage to

components. The secondary or visible condition is no AC voltage and an open fuse (F1).
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TROUBLESHOOTING TESTING AND ADJUSTING

POSSIBLE CAUSES VERIFICATION PROCEDURE

1. Voltmeter has a Defect Check voltage with a meter with known accuracy. Check fuses and
connections in the control panel voltmeter circuit. NOTE: The
magnetic field caused by current flow in power cables that are
close to the voltmeter can cause the voltmeter to be wrong. If the
voltmeter is fastened to a part of the control panel that can be
moved or opened, open or move it and read the meter in this
position. If the meter indication is correct after being moved,
change the position of the power cables or prevent the magnetic
field from causing an error in the meter indication.

N

. Open (Tripped) Thermal Set the thermal protector (TP) again. The thermal protector opens
Protector (TP) (trips) when the load is too high or when the load is not in
balance. Make the necessary corrections to the load.

3. Open Fuse (F1) Remove the fuse and check it with an ohmmeter or continuity
circuit tester, similar to 854627.

NOTICE: An open fuseis normally caused by a high voltage
condition. NOTE: Fuse (F1) Is the type that opens very rapidly
and gives protection to the semiconductors used in the control
circuits. Do not use a replacement of any other type, or of

a higher rated amperage.

R

Engine Low Idle RPM Too Low Voltage does not get higher at factory set low idle of 1200 to
1250 rpm. If the outside temperature is low, the controlled
rectifier (CR9) will be more difficult to "turn on" by residual
voltage. An increase of the engine idle rpm of approximately 100
to 150 rpm must show an increase of voltage.

5. Defect in Rotating Rectifiers WARNING
(CR1 thru CR6); Surge A Do what is necessary to keep the engine starting motor from being
Suppression Diodes (CR7, 8); activated during this test.
Exciter Armature (L4) WARNING
or Exciter Field (L3) & Be extra careful when using this procedure. The 110 V AC wires
(Use this method when 110V must be kept insulated from the generator frame.

AC is available.)
Disconnect its wires (F1) and (F2) from terminals (F1) and (F2)
Check continuity through wires (F1) and (F2). Typical resistance
is 2 to 3 ohms.

Now connect the 110V AC wires to wires (F1) and (F2). The
110V AC activates the exciter field (L3).

Connect a DC voltmeter between the positive heat sink (E1) and
the negative heat sink (E2).

Using a bar or engine turning tools, slowly turn the engine flywheel
approximately 90°. At the same time make a note of the measurement on
the DC voltmeter. If all the parts are good, the voltage measurement will
increase and decrease evenly and the minimum voltage will be at least
80% of the maximum voltage. If the minimum voltage is less than 80%

of the maximum or less than 2 volts, check the parts one at a time
according to the Troubleshooting Procedure.

6. Exciter Field (L3) is Open Disconnect wire (F1) from terminal (F1). Check the continuity of
exciter field ( L3) from wire(F1) to terminal (F2). Typical resistance
values are found on EDS sheets 70.0.1 or on the current TIF.

62



TROUBLESHOOTING

POSSIBLE CAUSES

TESTING AND ADJUSTING

VERIFICATION PROCEDURE

7. Open or Short Circuit

Disconnect the rotating field (L5) by removing the wire- to

positive heat sink (E1) and negative heat sink (E2). Check the
continuity of rotating field (L5). NOTE: To measure the

resistance of the rotating field, use a Kelvin or Wheatstone Bridge.
Typical resistance is less than one ohm. Keep the wires from

rotating field (L5) to heat sinks (E1) and (E2) disconnected.

Check the continuity of exciter armature (L4) at the terminal
connections of rotating rectifiers (CR1 thru CR6). NOTE: To
measure the resistance of the exciter armature coils use a Kelvin
Bridge. Typical resistance is much less than one ohm, from
terminals of rotating rectifiers (CR1) to (CR2) etc.

Disconnect load from generator, either by opening the line circuit
breaker or disconnecting the load cables from (T1) (T2) (T3) and

(TO). Disconnect the regulator assembly from stator (L6)

removing the wires at terminals (20. 22. 24 and 26). Check the
generator line lead connections against those shown on the
generator name plate. Check continuity of stator (L6) windings.

NOTE: To measure the resistance of the stator (L6) windings use a
Kelvin Bridge. Typical resistance, between phases. is much less
than one ohm.

8. Grounded Circuit

(Continued on next page)

Moisture (water), dust, grease and other foreign matter can cause a
change in the resistance characteristics of the insulation on the
conductors of the stator and rotor. This is "surface leakage."
Measure the resistance of the insulation when the generator Is
warmer than the air around it. Disconnect the rotating field (L5)

by removing the wires to heat sinks (E1) and (E2). Check the
resistance of the insulation of rotating field (L5) to ground.

NOTE: Resistance of the insulation must be clone with a
megohmeter. Resistance must not be less than on megohm
(1,000,000 ohms).
Connect the rotating field (L5) to the respective heat sink (E1)
and negative end to heat sink (E2), Measure the resistance between
heat sink (E1) and ground. Use a standard ohmmeter. Turn scale
to RX1000. Resistance to ground will be through suppression
resistor (R6) and must be 27,000 ohms plus or minus 10 percent.
Remove the bolts that connect the exciter armature (L4) cables to
the terminals of rotating rectifiers (CR1 thru CR6). Temporarily
use tape for insulation of all wires, except one. This will prevent
an accident if one of the wires is grounded. Use a megohmeter to
measure the resistance of the insulation on the exciter armature
(L4) windings between the wire with no tape and ground. The
resistance must be one megohm or more.
NOTICE: The voltages from the megohmeter can cause
permanent damage to the rotating rectifiers (CR1 thru CR®6).
They must not be connected to the exciter armature (L4)
during the test.
Remove wires (F1) and (F2) from terminal connections (F1) and
(F2). Use a megohmeter and measure the resistance of the
insulation of exciter field (L3). Connect the meter between either
wire, (F1) or (F2) and ground. Resistance must be one megohm or
more.
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POSSIBLE CAUSES

TESTING AND ADJUSTING

VERIFICATION PROCEDURE

(Continued)

Remove the load from the generator by either opening the line
circuit breaker or the load connections to (T1), (T2), (T3) and
(TO). Separate stator (L6) from the regulator assembly by
removing wires (20, 22, 24 and 26) from terminals (20, 22, 24 and
26). If neutral cable (TO) is connected to the generator frame or
ground, open the connection. Use a megohmeter and measure the
resistance of the insulation from each lead (T1 thru TO) of the
stator winding to ground. Generators that are rated 600 volts or
less must have a resistance of one megohm or more. Generators
rated 2400 volts or higher must have a resistance of three
megohms or more.

9. Loose Wire Connections

Visually check for loose or broken wires and connections. Check
the wires and connections on the regulator assembly, the rotating
rectifiers (CR1 thru CR6), and heat sinks (E1) and (E2).

10. Wrong Regulator or Generator
Connections

Make a comparison of the generator line cable connections with
those shown on the generator name plate. Check wiring of the
regulator assembly and revolving field assembly (RFA) against the
wiring diagram.

11. Shorted Rotating Rectifiers
(CR1 thru CR6)

Remove the connection between rotating field (L5) and either

heat sink (E1) or (E2). NOTE: It is not necessary to remove both

connections. The rotating rectifiers can be checked in groups of

three, (CR1, CR2 and CR3) or (CR4, CR5 and CR6). Use an

ohmmeter or 854627 Continuity Tester. NOTE: When using the

8S4627 Continuity Tester, the clip is the negative polarity

terminal and the probe is the positive polarity terminal. The

instructions on the tester label are not correct. Connect the

positive cable to heat sink (E1) and the negative cable to terminal

connection of either (CR1, CR2 or CR3). The ohmmeter must be

on the RX1000 scale. A very high resistance on the ohmmeter

scale or no light with the continuity tester must be the result.

Check the second group of rectifiers (CR4, CR5 and CR®6).

Connect the positive cable of the ohmmeter or continuity tester to

the terminal connector of either (CR4, CR5 or CR6) and the

negative cable to heat sink (E2). A very high resistance indication

on ohmmeter scale (RX1000) or no light on the continuity tester

must be the result.

NOTE

If the test for high resistance or no light is not according
to the description above, one or more of the rectifiers is shorted.
To find the rectifier that is shorted it is necessary that each one be
tested separately. Remove the wires bolted to the rectifier
separately. For more information, see TESTING POWER RECTI-
FIERS AND CONTROLLED RECTIFIERS.

12. Shorted Circuit in Field
Rectifier (CR10)

(Continued on next page)
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Disconnect field rectifier (CR10) by removing wire (8) from spade
terminal (8) of rectifier module (A2). Check reverse resistance of
field rectifier (CR10) with an ohmmeter or continuity tester

(854627). Connect the positive cable of the ohmmeter or

continuity tester on spade terminal (8) and the negative cable on
spade terminal (6). Typical reverse resistance is 30.000 ohms or
more. NOTE: Field rectifier (CR10) is in parallel with a
resistance-capacitance circuit inside rectifier module (A2). When
the ohmmeter test cables are first connected to the circuit, a low



TROUBLESHOOTING

POSSIBLE CAUSES

TESTING AND ADJUSTING

VERIFICATION PROCEDURE

(Continued)

resistance will be seen. As a charge from the ohmmeter is put on
the capacitor the resistance will increase to a constant reading. Set
ohmmeter scale to RX1000. For more information, see TESTING
POWER RECTIFIERS AND CONTROLLED RECTIFIERS.

13. Loss of Residual Magnetism

Check AC voltage at terminals (20) and (22) of regulator
assembly. Less than 4 to 5 volts at 50 hertz or 8 to 9 volts at 60
hertz is an indication that residual magnetism has been lost.

See FLASHING THE FIELD.

14. Controlled Rectifier (CR9) Has
a Defect

Disconnect controlled rectifier (CR9) by removing connections at
spade terminals (10, 11 and 19) of rectifier module (A2). The
ohmmeter scale must be on RX1000. Check forward and reverse
resistance of (CR9) by connecting the positive cable of the meter

to spade terminals (11) and the negative cable to terminal (19).

Read the value of resistance. Reverse the cables and read the
resistance again. Typical resistance in both directions is 300.000
ohms. NOTE: Controlled rectifier (CR9) is connected in parallel
with resistance-capacitance circuit in rectifier module (A2). When
the ohmmeter test cables are first connected to the circuit, a low
resistance will be seen. As a charge from the ohmmeter is put on
the capacitor the resistance will increase to a constant high
indication.

Check the continuity of the gate to cathode circuit of (CR9).

Connect the positive cable of ohmmeter to spade terminal 10,

and the negative cable to spade terminal (11). Typical resistance !s
10 to 200 ohms.

The gate circuit can be checked with the continuity tester

(854627). Connect the positive cable to spade terminal (191 and
the negative cable to spade terminal (11). There must be no light

or meter indication. Place a separate wire connection between
spade terminals (19) and (10). Remove the wire connection as

soon as the light comes on. The light will be on until the

connection at either terminal (19) or (10) is broken. This is a test

of the ability of (CR9) to "turn on." For more information, see
TESTING POWER RECTIFIERS AND CONTROLLED RECTI-
FIERS.

15. Rectifier Module (A2) Has a
Defect

(Continued on next page)

Disconnect rectifier module (A2) by removing the wires on spade
terminals (6, 8, 10, 11 and 19). Check the continuity of the
connections inside of (A2) with an ohmmeter or 854627
Continuity Tester.

Check the following:

FROM TO
Spade Terminal (19) Heat Sink (E3)
Spade Terminal (11) Cathode terminal of (CR9)
Spade Terminal (10) Gate terminal of (CR9)
Cathode terminal of (CR9) Heat Sink (E4)
Spade Terminal (6) Anode terminal of (CR10)
Spade Terminal (8) Heat Sink (E4)
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VERIFICATION PROCEDURE

(Continued)

If all checks show continuity, remove the leads from the cathode
of CR9 and from the anode of CR10. Check continuity from
spade terminal (11) to spade terminal (19). Also check continuity
between spade terminal (6) and spade terminal (8). If continuity is
shown in either test, the module (A2) has an inside short circuit.
Make a replacement of the module as necessary.

16

Regulator Module (Al) Has a
Defect

Test procedures for this component are in the section on
REGULATOR MODULE.

17.

Shorted Suppression Diode
(CR7 or CR8)

Surge suppression diode (CR7) is installed on positive heat sink
(E1) and has a positive stud-type terminal. Surge suppression
diode (CR8) is installed on negative heat sink (E2) and has a
negative stud-type terminal. Disconnect (CR7 and CR8) by
removing the wire to the spade terminal of each diode. Check the
forward and reverse resistance of each diode. Typical resistance in
both directions will be 15,000 ohms or more.

NOTE: A suppression diode failure can normally be found visually
or by the odor of selinium that has become too hot.

18.

Shorted Surge Suppression
Diode (CR11)

Disconnect surge suppression diode (CR11) by removing wire (6)
and both wires (19) connected to its spade terminals. Check the
resistance of (CR11) with an ohmmeter connected to the spade
terminals. Resistance must be 15,000 ohms or more.

NOTE: A failure of the suppression diode can normally be found
visually or by the odor of selinium that has become too hot.

19.

Open Suppression Reactor (L1)

Disconnect suppression reactor (L1) by removing wire (26) from
terminal (26). Check continuity from wire (26), through suppression
reactor (L1) to wire (12) at suppression capacitor (C2).

Resistance is zero.

20.

Open SCR Reactor (L2)

Disconnect SCR reactor (L2) by removing wire (19) from spade
terminal (19) of rectifier module (A2). Check continuity from
wire (19), through SCR reactor (L2) to wire (12) at suppression
capacitor (C2).

NOTE: Suppression reactor (L2) is several turns of wire with an
air core. Resistance is zero.

21.

Shorted Suppression Capacitor
(C2)

Disconnect suppression capacitor (C2) by removing wire (6) from
the spade terminal on the capacitor. Ohmmeter scale must be on
RX1000. Check continuity of (C2) from the spade terminal from
which wire (6) was removed to the spade terminal that wires (12)
are connected. When the ohmmeter test cables are first connected
to the capacitor, a low resistance will be seen. As a charge from
the ohmmeter is put on the capacitor, there will be an increase in
resistance until a constant indication is seen.

22.

Shorted RFI Capacitor (C1)

(Continued on next page)
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Disconnect the RFI suppression capacitor (C1) by removing both
wires (6) from the spade terminal on the capacitor. Ohmmeter
scale set to RX1000. Check continuity of the suppression
capacitor (C1) from the spade terminal from which wires (6) were
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(Continued)

removed to the spade terminal that wires (26) are connected.
When the ohmmeter test cables are first connected to the
capacitor, a low resistance will be seen. As a charge from the
ohmmeter is put on the capacitor, the resistance will go up until a
constant indication of near infinite resistance is seen.

23. Open Rotating Rectifiers (CR1
through CR6)

Disconnect the rotating rectifiers (CR1 through CR6) by removing
the wires from exciter armature (L4) at the connections of each
rectifier. Use an ohmmeter or continuity tester (854627) and put
the negative cable to positive heat sink (E1) and positive cable to
the terminal (anode) of each rectifier (CR1, CR2 and CR3). A low
resistance (10 ohms or less) on ohmmeter scale (RX1) or a light
with continuity tester (8S4627) must be seen. if not, the rectifier
is open and must be changed.

Put the positive cable of the ohmmeter or continuity tester on the
negative heat sink (E2) and the negative cable on the terminal
(cathode) of each rectifier (CR4, CR5 and CR6). A low resistance
(10 ohms or less) on ohmmeter scale (RX1) or a light with the
continuity tester must be seen. If not, the rectifier is open and
must be changed. For more information, see subject, TESTING
POWER RECTIFIERS AND CONTROLLED RECTIFIERS.

24. Engine RPM Too Low

Check the engine rpm with tachometer of high accuracy or with E
frequency meter. Make adjustments to the governor as needed to
get correct engine rpm.

25. Load Too High or Not Balanced

Measure the load in amperes for each phase of the generator. The
ampere load must not be higher than the rating given on the name
plate of the generator. If necessary, make the load smaller. Toc
high load on the engine (too many kilowatts) with low voltage car
be caused by a high power factor. If the power factor is near 0.3
to 1.0, a reduction of the load must be made. Make this reduction
to 80% of the rating In amperes. Too much load on the generator
(too many kilovolt amperes) and low voltage can be caused by
low power factor. If the power factor is less than 0.8, a reduction
in the load is necessary.

When the load between the phases of the generator is not in.
balance, low voltage can be the result. Sensing of the load on the
generator (voltage sensing) is done from phase 1 to phase 2 and
from phase 3 to phase 2. If the highest load is connected from
phase 1 to phase 3 the indicated generator voltage will be low.

26. Voltage Level Control Setting
Too Low (R2)

Get the voltage level higher by making an adjustment of voltage
level control (R2). See Operation and Maintenance Instructions.
Check for good contact between the moving brush and the turns
of wire on voltage level rheostat (R2). Paint or other material car:
prevent good electrical contact between these components. Bad
contact will result in low voltage when it is not possible to get an
adjustment of the voltage level when moving the voltage level
rheostat (R2) from the maximum to minimum setting.
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27.

Voltage Droop Control Setting
Too High (R1)

Correct voltage at no load but low voltage under load at 0.8 power
factor, is an indication that voltage droop control (R1) setting is

too high. To make an adjustment, see Operation and Maintenance
Instructions. Check for good contact between the moving brush
and the turns of wire on voltage droop control potentiometer

(R1). Paint or other material can prevent good electrical contact
between these components. Bad contact will result in low voltage
from the generator under load at 0.8 power factor. You will not

get an adjustment in the voltage as the droop control is moved
from maximum to minimum setting.

28.

Regulator Gain Control Setting
Too Low (R3)

Correct voltage at no load but too low at rated load is an
indication that regulator gain control (R3) setting is too low. See
Operation and Maintenance Instructions for adjustment procedures

29.

Engine RPM Too High

Check engine rpm with a tachometer of high accuracy or with a
frequency meter. Make adjustments as needed to get correct
engine rpm.

30.

Voltage Level Adjustment Too
High (R2)

Turn the voltage level rheostat (R2) toward minimum setting. See
Operation and Maintenance Instructions for adjustment.

31

Reverse Polarity on Voltage
Droop Transformer (T1)

Correct voltage at no-load but too high under load at 0.8 power
factor is an indication that the connections on voltage droop
transformer (T1) is wrong. Stop the engine and change the
connections of voltage droop transformer (T1) at terminals (5)

and (6). If this gives a correct high voltage under load, change the
numbers on wires from the transformer (T1).

32.

Regulator Gain Control Setting
Too High (R3)

Correct voltage at no load but too high at rated load is an
indication that the voltage gain control (R3) setting is too high.
See Operation and Maintenance Instructions for adjustment.
Check for good contact between the moving brush and the turns
of wire on voltage gain control rheostat (R3). Paint or other
material can prevent good electrical contact between these
components. Bad contact will result in high voltage at rated load
and it will not be possible to get an adjustment when the control is
moved from maximum to minimum setting.

33.

Open Regulator Gain Rheostat
(R3)

Disconnect regulator gain rheostat (R3) by removing wire (Ib) at
spade terminal (8) of regulator module (Al). Check resistance
from wire (18) to spade terminal (7) on regulator module (Al).
With the regulator gain rheostat setting on maximum gain, the
resistance will be approximately 5000 ohms (500 ohms in units
with Al module that is black in color). When the gain control is
turned to minimum position the resistance will become less and
will read a short at the minimum position.

34.
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Open Field Rectifier (CR10)

Disconnect field rectifier (CR10) circuit by removing wire (8)

from terminal (F1). Use an ohmmeter or continuity checker
(854627). To check forward resistance of (CR10) put the positive
cable on terminal (F2) and the negative cable on wire (8). A low
resistance (10 ohms or less) on ohmmeter scale (RX1) or a light
with the continuity tester must be seen. If an open circuit

(infinity) or no light is seen field rectifier (CR10) is open. Remove
and install a new rectifier. For more information, see TESTING
POWER RECTIFIERS AND CONTROLLED RECTIFIERS.
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35. Load Not Balanced

When the load on the generator cables (phases) is not the same
the load is not in balance and this can cause high voltage. Sensing
of the load on the generator is done from phase 1 to phase 2 and
from phase 3 to phase 2. If the lowest load is connected from
phase 1 to phase 3, the indicated generator voltage will be high.

36. Regenerative Load Power Too
High

In some applications the load on the generator will come from al
induction motor, used in lifting equipment. When a weight is
lowered with lifting equipment, the motor will work as

generator. The result of this condition is regenerative power going
to the electric set. The regenerative power will cause the electric
set to turn at too high rpm when:

1. There is no other load, or only a small other load on the set
2. When the lifting equipment has no dynamic brake.

With the electric set at too high rpm the output voltage will also
be too high.

37. Open Regulator Power Resistor
(R4)

If regulator power resistor (R4) is open, a temporary high voltage
will be the result. This will cause fuse (F1) to open. To check (R4)
disconnect wire (3) from spade terminal (3) on regulator module
(Al). Check resistance from wire (3) to terminal (26). Typical
resistance is approximately 1500 ohms.

38. Open Voltage Reference Circuit

If the voltage reference circuit is open, a temporary high voltage
will be the result. This will cause fuse (F1) to open. Disconnect
the voltage reference circuit by removing wires (20) and (22) from
terminals (20) and (22). Check resistance from wire (20) to wire
(22). Typical resistance is approximately 95,000 ohms. Check
resistance from wire (20) to terminal (24) and from wire (22) to
terminal (24). Typical resistance is approximately 65,000 ohm
for each circuit. For more information, see REGULATOR
MODULE.

39. Lack of Load Stability

Constant changes in load can cause a condition of variable speed
and voltage. Check load changes that vary at the same time.

40. Too Much Vibration of
Suppression Reactor (L1)

Too much vibration of suppression reactor (L1) can loosen the
coil-core assembly. A loose core can prevent stability of the
voltage.

41. Lack of Engine RPM Stability

(Continued on next page)

When the voltage and engine rpm have no stability, the cause can
be either the voltage regulator assembly or the engine (governor)
To find the cause, disconnect the voltage regulator assembly from
the engine. A separate source of DC excitation is needed. The
separate DC source can not be over 24 volts (batteries can be used
and must have a manually controlled rheostat in series with the
negative lead of the source. The rheostat is needed to give
protection to the exciter field from too much current. Stop the
engine and disconnect wires (F1) and (F2) from terminals (F1
and (F2). Connect the positive cable "+" from the DC source to
wire (F1). Turn the series rheostat to maximum resistance less
than five volts). Connect the negative cable "-" to wire (F2).

Start the engine and run at rated rpm. Look at the AC voltmeter
and turn the rheostat to add to the excitation voltage from the
batteries until the AC voltmeter gives an indication of rate,
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voltage. If the stability of the voltage and rpm are the same as
before, the problem is in the engine (governor).

NOTE: The generator name plate shows the maximum excitation
voltage for full load. At no load, the correct excitation voltage is
approximately 25% of the number on the generator nameplate.

42. Damping Resistor Open (R5) Disconnect damping resistor (R5) by removing wire (12) between
damping resistor (R5) and suppression capacitor (C2). Check
resistance of (R5) from wire (12) to terminal (26). Typical
resistance is approximately 10 ohms.

43. Temporary Short Circuit in RFI Disconnect the RFI suppression capacitor (C1) by removing the

Suppression Capacitor (C1) spade terminal connection of wire (6). Start the engine and look
for voltage stability. If voltage is not correct, remove (C1) and
install a new capacitor.

44, Temporary Short Circuit in Disconnect suppression capacitor (C2) by removing spade terminal
Suppression Capacitor (C2) connection of wire (6). Start the engine and look for voltage
stability. If voltage is not correct, remove (C2) and install a new
capacitor.

To check suppression capacitor (C2), measure the resistance. A
resistance measurement of anything but infinity shows that the
suppression capacitor (C2) is defective. If the resistance is infinity
connect 120V AC, 60 Hz, across the terminals. Current must be
approximately one amp.

NOTE: Install a 10 amp fuse in the 120V AC, 60 Hz, circuit. This
is to be a safety limit if the capacitor is defective.

45. Current in Exciter Field (L3) is With the engine stopped, disconnect wire F1 from terminal F1.
not Stable Connect the positive cable from a DC ammeter to terminal Fl.
Connect the negative cable to wire F1.

NOTE: The DC ammeter must have a capacity of 15 amps or more.
Start the engine. The DC current in the exciter field (L3) must
increase to a value less than 15 amps and remain constant.

46. Defect in Voltage Level With engine stopped, disconnect wire (7) from spade terminal (4)

Rheostat (R2) of module (Al). Measure the resistance between wire (7) and
spade terminal (6) of module (Al). This is the resistance of the
voltage level rheostat (R2). The resistance with the voltage level
rheostat (R2) fully clockwise is 0 ohms. The resistance is 500
ohms at fully counterclockwise. The resistance must change
smoothly as the adjustment of the voltage level rheostat (R2) is
changed between these points.

47. Defect in Voltage Droop With the engine stopped, disconnect wire (5) from terminal (5) on
Potentiometer (R1) module (Al). Measure the resistance between wire (5)and

terminal (6) on the module (Al). Resistance with the voltage

droop potentiometer (R1) fully counterclockwise is 0 ohms. The

resistance is 8 ohms at fully clockwise. The resistance must change

smoothly as the adjustment of the voltage droop potentiometer

(R1) is changed between these points.
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48. Rotor Winding (L5) Defect

If generator voltage goes low again and again. or only when generator
gets to normal temperature for operation. rotor field (L5 )
could be the cause.

If exciter field (L3) current at no load, rated voltage and frequency
is more than rated no load current by 60c, the exciter field ( L3).
exciter armature (L4). or the rotor field (L5) windings could be
defective. If Verification Procedure ,=5 shows no defect. the main
rotor winding (L5) is defective.

If the exciter field current is within the limit at no load. check it a,
close to rated condition (.8 power factor. rated volt and current)
as possible.

NOTE: For rated specifications make reference to ELECTRICAL
MECHANICAL CHARACTERISTICS.

NOTE: A small change in power factor will change the field current
necessary to give rated voltage. An increase in the power factor
of the load will decrease the necessary field current.

If it is not possible to operate the generator at rated load condition,.
operate the generator 4 hours at a known load condition. Measure
the field current. To find acceptable field current for load

conditions other than rated, contact CATERPILLAR TRACTOR CO.
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TROUBLESHOOTING

AUTOMATIC START/STOP SYSTEM
(GENERATOR MOUNTED CONTROL PANEL)

The charts that follow give some of the problems and probable causes for trouble
with automatic start/stop systems.

NO SUPPLY OF STANDBY CURRENT

[ENGINE FAULT LIGHT ENERGIZED]

TESTING AND ADJUSTING

RESET FAULT
CIRCUIT
TRY TO
START
Engine does crank but [Engine does not crank]
will not start
)
E:ranking speed correct ] Cranking speed too siow Starting System Probiem
: , —Open circuit or very high resistance
Engine Starting Problem Starting System Problem —nac;r::&tchzv;‘h&m:ag: :uf:,mcn
—Circuit breaker h fai
—No fuel —Battery does not have enocugh -S:::: ls,-gn:? ((Ia)rn;sdaos:';ure
—Fuel rack not moving charge —ARun relay not energized
—Govemor not operating —Bad cable connections —Arming relay not energized
—Wrong injection timing —Starting motor has a failure —Shutdown relay defective
—'XOFY low air temperature —Engine control switch in wrong
—~Raestriction in air iniet Engine Problem position

—Low compression
—High friction due to seizure

Switch Problem )
-_— Switch Problem

—Water temperature switch has a )
pe —Qil pressure switch has low setting

failure : :
—Overspeed switch setting is low or —Crank terminate switch (under-
has a failure speed switch) set too low

Cranking Panel Problem

—Qvercranking timer has a failure
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NO SUPPLY OF STANDBY CURRENT

[ENGINE FAULT LIGHT NOT ENERGIZED |
[

rEngine does not crank I @gine does operatil
I : ]
Generator does No voitage from
give Voltage Generator
Transfer Switch Problem Generator Problem Transfer Switch Problem
—initiating contact () not closed —See "No AC Voltage" in Trouble- —See Transfer Switch Troutiesroot-
(make reference to Transfer Switch shooting section. ing Guide

Troubleshooting Guide).
Switchgear Probiem

Control Panel Problem

—~See Switchgear Service Manual

—ACS Switch wrong position
—IR or AR & AR relay open circuit

STANDBY CURRENT SUPPLY
STOPS BEFORE NORMAL CURRENT RETURNS

ENGINE FAULT LIGHT ENGINE FAULT LIGHT
ENERGIZED NOT ENERGIZED

Engine Problem . Generator Problem

—High water temperature —Malfunction developed during oper-

—Low oil pressure ation—see "No AC Voitage” in

—Qverspeed Troubleshooting section

—No fuel

—Qverload

—Maechanical failure
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OPERATION OF STANDBY SYSTEM

TESTING AND ADJUSTING

WHEN STANDBY CURRENT IS NO LONGER NEEDED

Standby System stili
gives power

Transfer Switch Problem

—See Transfer Switch Troubleshoot-
ing Guide
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Standby System does not give
power, but engine keeps operating

Cranking Panel Problem

—IR relay has a failure
—ARR relay has a failure
(if so equipped)
—TD/CDTR relay has a failure

Problem on Engine

—Pressure switch has a failure

—Rack stop solenoid has a failure or
open in its circuit

—Fuel rack seizure in tha open posi-
tion (overspeed possibie)

Transfer Switch Problem

—See Transfer Switch Troubleshoot-
ing Guide

No current to the load,
standby system stopped

Transter Switch Problem

—See Transfer Switch Troubleshoot-
ing Guide



TEST OF REGULATOR EXCITER ASSEMBLIES

TESTING AND ADJUSTING

TEST OF REGULATOR EXCITER ASSEMBLIES
(Regulator Removed From Generator)

BOSG12X2
T L

TR TP 1)

FABRICATED TOOLING - FT1488

The special fabricated tooling ( FT1488) provides a way
to test the power generator regulator - exciter
assemblies. It allows testing after repairs without
connecting to the generator set.

TEST PROCEDURE
1. Preparation
A. Connect regulator-exciter to the FT tester as
directed by connection chart.

CONNECTION CHART

Tester
Terminal | 1 2 3 4 5 6 7 8
SR-4
Terminal | 5 6 24 | 26 22 20 F1 | F2

B. Set voltage, droop and gain controls full CCW.
C. Set tester variac control CCW.
D. Turn power switch on.
2. Relay Test
A. Turn the variac slowly CW. at 90 + 20 volts,
there should be slight drop in the field voltage as
the relay energizes.
3. Level control test
A. Set voltage level control to mid-range position.

B. Increase the variac position, raise general.
voltage, until the field voltage starts to decrease
and the load lamp starts to dim. This condition
should occur between 200 and 260 volts on the
generator voltmeter.

C. Turn the voltage level control CW. the field
voltage should increase and the load lamp
should brighten.

D. Turn the voltage level control CCW. the field
voltage should decrease and the load lamp
should dim.

4. Gain control test

A. Set variac, generator voltmeter. to '240 volts.

B. Adjust level control till load lamp is dim.

C. Turn gain control CW. load lamp brightness
should increase, field voltage should Increase.

5. Droop control test

A. Set gain control CCW.

B. Set variac, generator voltmeter, to 240.

C. Adjust level control till load lamp is dim.

D. Turn droop control CW, load lamp should go out,
field voltage should decrease.

NOTE: If the load lamp gets brighter and field
voltage increases, reverse the secondary leads of
transformer T3. This should only occur the first time
the tester is used.

75



TESTING POWER RECTIFIERS AND
CONTROLLED RECTIFIERS

TESTING AND ADJUSTING

TESTING POWER RECTIFIERS AND CONTROLLED RECTIFIERS

The power rectifiers and controlled rectifiers, used in the
SR 4 Generator Sets, are of the stud mounted type. You
must be extra careful during the installation, testing and
replacement of these components.
Failure of these units can be caused by:

1. Too much current.

2. Too much voltage.
3. Too much heat.
4. Wrong torque during installation.

The type of failure normally found in a rectifier or
controlled rectifier is a short circuit from anode to
cathode. An open circuit failure will not be seen with any
frequency. Controlled rectifiers can have a failure with
either a short or an open from gate to cathode. The
performance of the excitation and regulation circuits can
be less than desired as a result of a change in the
characteristics of these components. This type of failure
can not be found with an ohmmeter or continuity tester.

Rotating rectifiers (CR1, CR2 and CR3) and field
rectifier (CR10) are of the normal polarity type: that is the
terminal end is the anode and the stud end is the
cathode. Rotating rectifiers (CR4, CR5 and CR®6) are of
the reverse polarity type: that is the stud end is the -
anode and the terminal end is the cathode.

Controlled rectifier (CR9) is made with the stud
end as the anode, the longest terminal end is the
cathode and the shorter terminal end is the gate.

Ohmmeter or continuity tester (854627) checks
can be made on these rectifiers but only to find short or
open circuit conditions. To do these tests, the positive
cable is connected to the anode and the negative cable
to the cathode, then reverse the cables.

A shorted rectifier will have an indication of zero
or very low resistance with an ohmmeter, or the light will
be on with the circuit tester in both directions. An open
rectifier will have an indication of infinity (maximum) on
an ohmmeter or no light indication with the continuity
tester in both directions. A "good" rectifier will have a
much greater reverse resistance (cathode positive;
anode negative) than forward resistance (cathode
negative; anode positive). Typical reverse resistance is
30,000 ohms to 300,000 ohms. Typical forward
resistance is less than 10 ohms.

The values you get can change with different
meters.

A "good" controlled rectifier will have both
forward and reverse resistance from anode to cathode of
30,000 ohms to 300,000 ohms but they must be
approximately the same.
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To make a test of the gate circuit of a controlled
rectifier, connect the positive and negative cables of an
ohmmeter to the gate and cathode terminals. Read the
value of resistance. Reverse the cables and read the
value again. A shorted gate will have an indication of
zero resistance in both directions. An open gate will
have an indication of an infinite (maximum) resistance in
both directions. A "good" controlled rectifier will have a
forward (gate to cathode) and reverse (cathode to gate)
resistance that are about the same and approximately
10 to 200 ohms.

To make a test of the "turn-on" characteristic of
the controlled rectifier use the continuity tester (854627).
Put the positive cable of the tester on the stud end
(anode) and the negative cable on the cathode terminal.
Temporarily put a wire between the terminals of the gate
and anode. The tester light will come on and be on until
one of the cables is removed. If the light does not come
on, the rectifier is bad. Install a new rectifier.

The stud used to install these rectifiers has two
purposes: to give an electrical connection and a method
of taking the heat away from the rectifier through the
heat sink.

Be careful during the installation of a power
rectifier or controlled rectifier on the aluminum heat sink.
The threads on the rectifier and the contact surfaces on
both the rectifier and the heat sink must be clean. Apply
a small amount of 5P8937 or 5P92 10 Thermal Joint
Compound to the contact surfaces.

NOTE: A pound-inch (N-m) torque wrench check
accuracy in the respective torque range) must be
used for installation of power rectifiers and
controlled rectifiers.

The replacement of rotating rectifiers (CR1
through CR6) can be done more easily by removing the
heat sink assemblies from the cooling fan. Positive heat
sink (E1) has a mark "POS™ and the edge has a red
paint mark. Negative heat sink (E2) has a mark "NEG"
and the edge has a black paint mark.

RECTIFIER TIGHTENING CHART

Tightening Torque
Rectifier Rectifier Pound-Inches
Base

Pat No. Stud Size (N-m)

3N1482 No. 10- 32 12t015(1.3t0 1.7)

3N1483 1/4 - 28 20t025(2.3t02.8)

3N1484 1/4 - 28 20t0 25 (2.3102.8)
Controlled Rectifier 1/4 - 28 20to 25(2.310 2.8)

3N1481




TESTING POWER RECTIFIERS AND
CONTROLLED RECTIFIERS

To remove the heat sink assemblies, each of the
electrical connections must be opened. The assembly is
fastened to the fan with two 5/ 16 in. tap-tite bolts.
When these bolts are installed again, after removal, they
must be tightened to a torque of 144 to 216 pound-inch (
16.3 to 28.1 N-m). When you install the rotating
rectifiers, put the terminal so that it is parallel to the long
edge of the heat sink. This makes it easier when you
are ready to connect the wires from the exciter armature
(L4).

The replacement of controlled rectifier (CR9) and field
rectifier (CR10) can be easily done by removing the
rectifier module (A2) from the regulator chassis. To
remove the module, each of the connections to spade
terminals (6, 8, 10, 11 and 19) must be disconnected.
The module can then be easily removed. The solder
connections on controlled rectifier (CR9) and field
rectifier (CR10) can be safely opened with a soldering
gun and needle-nose pliers. When you install either of
these units use a resin-core solder of the typically
60/40% (tin/lead) type. Use extra care to be sure that
too much heat does not destroy the rectifiers.

TESTING AND ADJUSTING
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VOLTAGE REGULATOR MODULE (A1)

TESTING AND ADJUSTING

VOLTAGE REGULATOR MODULE (A1)

One of the components used in the voltage
regulator assembly on the SR 4 Generator is the
regulator module (Al). It is a completely sealed unit.
Failure of the regulator is usually. caused by failure of
other components in the circuits of the voltage regulator
assembly.

A regulator module (Al) with a defect can cause
any of the following conditions:
No AC voltage
AC voltage too low
AC voltage too high
Lack of AC voltage stability

NOTE: Do not install a new regulator module (A1)
until you have thoroughly tested all of the other
components and circuits in the voltage regulator
assembly.

Tests can be made on the regulator module
when the engine is running or is stopped. To test the
regulator when the engine is running, install a single-
pole, single-throw (SPST) switch in series with wire (24).
This switch must have the ability to automatically turn off
when it is released. Screw terminals must be on the
switch.

NOTE: Remove wire (24) from terminal (24). Connect
switch to wire (24). Install another wire between the
other side of the switch and terminal (24).

Start the engine and run it at 1200 to 1250 rpm.
Close the switch for a moment and read the value of the
line voltage. If the generated voltage is approximately
the same percent of rated voltage as the low idle rpm is
of rated rpm, the regulator is working correctly.
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SPTS SWITCH INSTALLED IN SERIES IN WIRE (24).

Example: If an electric set is rated for 240 volts
at 1800 rpm (60 hertz), it will generate 160 volts at 1200
rpm (40 hertz).

Run the engine at high idle rpm and close the
switch for a moment. Read the line voltage while the
switch is closed. If the line voltage is approximately the
same as rated voltage, the regulator module is working
correctly. If the failure condition does not change, the
regulator module can have a defect.



OPERATION AFTER REPAIR

TESTING AND ADJUSTING

PROCEDURE FOR FIRST OPERATION AFTER REPAIR

Do not run the electric set at rated rpm
immediately after repair. The following procedure can
prevent new failures if the CAUSE of the first failure
condition was not correctly found.

1. Disconnect wires (10 and 19) from regulator
assembly (Al). Cover the terminal of wires (10
and 19) with insulation tape.

2. Start the engine and run it at 1200 to 1250 rpm.
The residual magnetism in the exciter field (L3)
and the rotating field (L5) will give approximately
3 to 4 volts as measured at terminals (20) and
(22). If the controlled rectifier has a short circuit,
the generator will give a higher output voltage.
Install a new controlled rectifier (CR9).

3. Stop the engine and connect wires (10 and 19)

to spade terminals (10 and 9) of regulator
assembly (Al).

4. Start the engine and run it at 1200 to 1250 rpm.

The output voltage will be approximately 67 to
70 percent of the generator rated voltage. If the
output voltage is too high (much higher than 70
percent of rated voltage), the failure is probably
in the regulator module (Al).

With the engine running at a low idle rpm and
the generator giving a constant voltage
(approximately 60 to 70 percent of rated
voltage), move the governor control to let the
engine come up gradually to rated rpm. Make
an adjustment to the voltage level control (R2)
until the generator is at rated voltage. The
generator is now ready to use.
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FLASHING THE FIELD
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FLASHING THE FIELD

If the generator rotating field (L5) or the exciter field (L3)
have a loss of residual magnetism. the magnetism can
be put back by "flashing" the exciter field winding with a
direct current 6 volt source. This source can be a 6 volt
battery or a stationary battery charger.

DYNAMIC FLASHING (ENGINE RUNNING)

With the engine stopped, connect a voltmeter
(one with a high degree of accuracy) to terminals (20
and 22). Connect the positive "+" cable of the six volt
source to terminal (F1). Start the engine and run at low
idle rpm. Put the negative cable of the six volt source on
terminal (F2) while reading the voltmeter. As soon as
the voltmeter has an indication, remove the negative
cable from terminal (F2).

NOTE: If the negative cable of the DC source is held
on terminal (F2) too long, the generator voltage can
become too high and cause fuse (F1) to open. An
ON-OFF switch in the DC source makes the work
safer and easier. If a battery is the 6 volt source, a
blocking diode in series with the battery decreases
the chance of blowing (opening) the fuse (F1).
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FLASHING WITH ENGINE STOPPED (STATIC
FLASHING)

With the engine stopped, disconnect exciter filed
(L3) wires; (F1) from terminal (F1) and (F2) from terminal
(F2). Connect the positive “+” cable of the six volt
source to wire (F1). Put the negative “-“ cable from the
source and wire (F2) together for a moment, (two or
three times). DO NOT HOLD THEM TOGETHER FOR
MORE THAN ONE OR TWO SECONDS.

NOTE: According to theory, this method has the effect
of putting residual magnetism back in the exciter field.

A more practical method is to flash the field with the
engine running. This is dynamic flashing.
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Caterpillar SR 4 Generators - Electrical/Mechanical Characteristic
Building Services, Material Handling, Marine, Agriculture

General Description

Construction

The SR 4 brushless generator is a single bearing, salient
pole, revolving field alternator of drip-proof construction
built to U.S. NEMA (National Electrical Manufacturers
Association) specifications. The stator frame is bolted to
the engine flywheel housing and the rotor is connected
by a flexible plate type coupling to the engine flywheel.
The generator shaft has an extension into the flywheel
pilot bore to assure optimum alignment. The pilot also
assures positive rotor support in the unlikely event of
coupling looseness or fracture. The stator core is
constructed of laminated electrical steel with semiclosed
skewed slots.

The rotor consists of an integral pole laminated steel
assembly keyed directly to the shaft. The pole faces
contain complete amortisseur windings. Rotating speed
is either 1500 rpm for 50 Hz, or 1800 rpm for 60 Hz.

Windings and Insulation
All SR 4 generators use Class F insulation on both rotor
and stator.

NEMA allows, for Class F insulation, a 1050C
temperature rise (measured by resistance) over a 40°C
inlet air temperature for continuous full load, 24 hour per
day operation. A 130°C temperature rise (above 400C)
is allowed for standby operations. At prime power and
standby kW ratings, SR 4 Generators will not exceed
allowable NEMA temperature rises. Actual operating
temperatures are lower than allowable NEMA
temperature rises.

Stator, rotor and exciter windings are impregnated with
100% epoxy varnish, and the rotor and stator have an
epoxy-asphalt

overcoat which resists abrasion and fungus growth.
Windings are 10-wire wye, connectable for high or low
voltage. Multiple line leads, (parallel wires) assure
maximum line lead flexibility.

Cooling
The SR 4 Generator is self-ventilated with air entry

through louvers at the rear end of the generator and
discharge through screened openings at the drive
coupling end. Air is directed by two axial flow shaft
mounted fans and a centrifugal fan which is mounted to
the flywheel. The centrifugal fan also serves as a
pressure ring for the coupling plates.

Requlator Assembly and Terminal Box
The louver ventilated steel cabinet houses the regulator
assembly and the generator line leads.

SR 4 Generators have solidly mounted cabinet with an
independently shock mounted regulator assembly. This
construction provides vibration isolation for the
regulation unit as well as a solid cabinet to which flexible
electrical conduit may be attached.

Leads may be brought out of the cabinet from either the
top or side of the upper right-hand quadrant of the
cabinet (facing the rear of the generator set). An
optional extension terminal box is available on all SR 4
Generators for improved ease of connections of load
leads to generator leads, or for mounting a circuit
breaker or link board.

Rotating Brushless Exciter

The rotating brushless exciter is mounted within the
generator stator frame. The stationary exciter field is a 6
pole distributed winding on a core that is integral with the
generator end bracket. The three-
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phase rotating armature is mounted on an extension of
the rotor shaft. Six rotating diodes mounted on the rear
fan convert this three-phase AC current to DC for
excitation of the main revolving field.

Voltage Requlation

The static voltage regulator is compact. It has only one
moving part - a hermetically sealed voltage build-up
relay which operates once each time the generator starts
up and shuts down. The relay is integral with the solid-
state epoxy encapsulated module.

The regulating system continually monitors generator
output voltage (as well as line current and operating
power factor) and corrects differences between the
preset voltage level and the actual voltage level.
Differences are sensed by the regulator which raises or
lowers the field excitation of the brushless exciter. In
turn, the brushless exciter raises or lowers generator
field excitation to maintain the desired preset voltage
level. This regulating and control system functions at
low voltage and current levels within the exciter field
circuit. Direct current output from the brushless exciter
is continuous. The resulting voltage and current
variations in the generator field are smooth. The result
is voltage regulation within £ 2% from no load to full load
with 3% speed droop. At isochronous speeds,
regulation is = 1% from no load to full load. At steady
state conditions (no change in load on generator),
voltage level is maintained within = 0.2% of preset
voltage level.

All SR 4 Generators use "volts-per-hertz" type
regulation, which provides the best possible response by
matching generator output to engine capability. This
type of regulation prevents engine stalling under heavy
load application (See engine data sheet 71.3). Over the
normal load range, the voltage gain control maintains a
nearly constant voltage even if the governed engine
speed droops as much as 5% on an 0.8 P.F. load.

Radio Noise Suppression

Although the voltage regulating and exciting system
generate a very minimum of radio frequency noise, the
SR 4 Generator does include noise suppression as
standard equipment. Radio frequency noise level of SR
4 Generators is well within commercially acceptable
limits.
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Telephone Influence Factor (TIF)

Caterpillar SR 4 Generator performance falls well within
accepted standards for minimum telephone interference.
A factor of 250 to 350 is commercially acceptable, in
accordance with NEMA. All SR 4 Generators have a TIF
of less than 50.

Thermal Protection

A thermal protective circuit breaker is used in the exciter
field circuit in addition to a protective fuse. These two
devices provide protection against overheating due to
prolonged operation at low power factor loads. The
circuit breaker is resettable, and the fuse must be
replaced in event it opens.

These protection devices do not replace the normal load
line circuit breaker or line fuses and disconnect switch.

Manual Adjustments
There are three controls on the exciter panel:

Voltage Level - provides a minimum adjustment
of generator output voltage 5% above or below
the standard nameplate voltage on all
generators, except the 50 Hertz 240-480 volt
generators which have an adjustment 10%
above and 5% below nameplate voltage.

Voltage Gain - an adjustment to compensate for
voltage drop caused by generator load and
governor speed droop. It is used to optimize

voltage regulation with either an isochronous or
speed droop governor.

Voltage Droop - Standard on all SR 4
Generators. This adjustment provides for equal
division of reactive KVA when two or more
generators are operated in parallel. It is set at
zero for single unit operation.

SERVICE INFORMATION

Complete service information on SR 4 Generators,
including detail of automatic start-stop systems in the
Package Generator Sets, is found in Service Department
Form No. REGO01106-02, "SR 4 Generator Service
Manual."
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Notes Relating to Charts NOTE: For the latest electrical/mechanical
information, make reference to the TECHNICAL
1. Al SR 4 Generators have 10 line leads and are INFORMATION FILE (T.L.F.).

Wye (Y, star) connected. Line leads are

connectable to either the higher or lower listed
rated voltage.

2. Stator resistance is the line-to-line ohmic value
when the coils are connected in parallel for the
lower voltage. For line-to-neutral stator
resistance, divide the value by 2 For line-to-line
resistance when the coils are connected in
series for high voltage, multiply the value by 4.
For line-to-neutral resistance with the coils in
series for high voltage, multiply the figure by 2.

3. Reactances are line-to-neutral per unit values at

the listed kW rating. To convert to ohmic values,
multiply listed value by the factor:

Rated Volts
(B-x Rated Amperes
4, To find the per unit reactance value at any kW,
multiply the listed per unit value by the factor:
kW
Rated kW

ELECTRICAL/MECHANICAL CHARACTERISTICS

Generator Part Number (Frequency) SN1 {50 Hz) 5N1 (60 Hz) SN2 (50 Hz) 5N2 {60 Hz) SN3 (50 Hz) SN3 (60 Hz

Frame Number 365 365 444 444 445 425
kW/KYA Rating Prime Power 50/63 55/69 85/106 90/112 110/138 135/163
Rated Valts 200-400 240-480 200-400 240-480 200-400 240-480
Rated Amperes 180-90 166-83 306-153 270-135 397-198 406-203
N2 Poles/Sync Speed 4/1500 4/1800 4/1500 4/1800 4/1500 4/18C0
Overspeed Capacity, % 150 128 150 125 150 128
*Stator Resistance, Onhms, @ 25°C .0367 .0367 .0250 .0250 .0120 .0120
*Transient Reactance 0.1872 0.1716 0.3401 ©0.3001 0.2139 0.2188
*Sub Transient Reactance 0.0944 0.0866 0.1806 0.1594 0.1046 0.1070
*Synchronous Reactance 2.2052 2.0215 2.9617 2.6132 2.1038 2.1516
*Negative Sequence Reactance 0.1363 0.1250 0.2150 0.1897 0.1372 0.1304
*Zero Sequence Reactance 0.0420 0.0385 0.0548 0.0483 0.0391} 0.Q04C0
Open Circuit Time Constant, Seconds 0.9496 0.94396 1.2759 1.2759 1.4660 1.4660
Exciter Field Res. Ohms, @ 25°C 2.07 2.07 2.40 2.40 2.40 2.40
Excitation Volts NL/FL 7.5/25 7.5/19 7.5/22 7.5/20 9.0/21 9.0/21
Excitation Amps NL/FL 2.3/10.3 3.0/8.2 2.3/8.4 2.3/7.8 3.6/8.8 3.6/8.8
Derate Altitude, Meters 1000 1000 1000 1000 1000 1000
Derate Temperature °C 50 50 50 50 50 50
Efficiency @0.50 FL 89.3 89.8 90.8 91.2 90.3 91.0
at @0.75 FL 89.9 90.7 90.5 91.5 90.8 9.7
0.8 @1.00 FL 89.3 90.6 89.4 91.0 90.4 91.4
Power Factor @1.25 FL 88.4 90.0 88.0 90.1 89.6 90.8
Temp Rise °C, Stator/Rotor 30/90 90/90 90/90 90/90 30/90 90/90
Heat Dissipated kCal/min 86 82 145 128 168 182
Air Flow Req'd, MJ3/min 25 24 43 38 S0 54
Rotor Height. kg/LBS 1327291 132/291 180/397 180/397 213/469 2137469
WR2 Nmsecl (LB in sec2) 1.021(9.04) 1.021(9.08) 2.100(18.58) 2.100(18.58) 2.525(22.34) 2.525(22.34°
Stator Weight kg/LBS 249/550 249/550 368/812 368/812 411/908 411/908
Total Weight, kg/LBS 381/841 381/841 548/1209 548/1209 624/1377 624/1377
SAE Mounting Flange Number No. 1 No. 1 No.1 Na. 1 No. 1 No. 1
*See Notes
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ELECTRICAL/MECHANICAL CHARACTERISTICS

Generator Part Number (Frequency) SN4 (50 Hz) SN4 (60 Hz) 5N5 (50 Hz) 5NS (60 Hz) 5N6 (50 Hz) SN6 (60 Mz}
447 449

Frame Number 447 449 448 448
kW/KVA Rating, Prime Power 125/156 175/219 210/262 250/313 170/213 2107263
Rated Volts 200-400 240-480 200-400 240-480 200-400 240-480
Rated Amperes 450-225 526-263 758-379 752-376 613-306 632-316
N2 Poles/Sync Speed 4/1500 4/1800 4/1500 4/1800 4/1500 4/1800
Overspeed Capacity, ¢ 50 125 150 128 150 125
*Stator Resistance, Ohms, @ 25°C .0077 .0077 .0048 .0048 .0059 0053
*Transient Reactance 0.2134 0.2490 0.2665 0.2644 0.2614 0.2691
*Sub Transient Reactance 0.1030 0.1201 0.1254 0.1244 0.1225 0.1261
*Synchronous Reactance 2.0727 2.4181 2.6539 2.6328 2.5415 2.6163
*Negative Sequence Reactance 0.1323 0.1543 0.1647 0.1634 0.1590 0.1636
*Zero Sequence Reactance 0.0386 0.0450 0.1257 0.1247 0.0857 0.0882
Open Circuit Time Constant, Seconds 1.6804 1.6804 1.9219 1.921% 1.8541 1.8541
Exciter Field Res. Ohms, @ 25°C 2.75 2.75 2.75 2.75 2.75 2.75
Excitation Volts NL/FL 7.3/18 7.3 9.0/27 9.0/27 7.9/28 7.9/26.5
Excitation Amps NL/FL 2.7/9.3 2.7 3.0/8.8 3.0/8.8 2.7/9.3 2.7/9.0
Derate Altitude, Meters 1000 1000 1000 1000 1000 1000
Derate Temperature °C 50 50 50 S0 50 50
Efficiency 80.50 FL 90.9 92.6 92.9 93.3 92.8 93.1

at 80.75 FL 92.0 93.3 93.4 93.9 93.3 93.8

0.8 @1.00 FL 92.2 93.2 93.1 93.8 33.1 93.7
Power Factor @1.25 FL 91.9 92.8 92.6 93.4 92.5 93.3
Temp Rise °C, Stator/Rotor 90/90 90/90 90/90 90/90 90/90 90/90
Heat Dissipated kCal/min 152 184 224 237 181 202
Air Flow Req'd, M3/min 45 54 66 70 53 60
Rotor Height. kg/LBS 260/574 260/574 322/M1 322/ 282/622 282/622
WRe NmsecZ (LB In Sec?) 3.129(27.70)  3.129(27.70) 4.224(37.33) 4.224(37.39) 3.426(30.33)  3.426(30.33)
Stator Weight kg/LBS 494/1088 494/1088 601/1325 601/1325 537/1183 537/1183
Total Weight, kg/L8S 754/1622 754/1662 923/2036 923/2036 819/1805 819/1805
SAE Mounting Flange Number No. 1 No. 1 No. 1 No. 0 No. 1 No. 1

Generator Part Number {Frequency) SN7 (60 HzZ) SN13(60 Hz) SN14(60 Hz) SN14(60 Hz) 5N15(50 Hz) SN15({50 Hz)
447 444 444 . 444

Frame Number ’ 449A 444
kW/KVA Rating, Prime Power 185/231 235/294 90/112 110/138 85/106 105/131
Rated Volts 240-480 240-480 208-416 208-416 200-400 200-400
Rated Amperes 556-278 707-353 314157 382-191 306-153 379-190
N2 Poles/Sync Speed 4/1800 4/1800 4/1800 4/1800 4/1500 4/1500
Overspeed Capacity, % 125 125 125 125 150 150
*Stator Resistance, Ohms, @ 25°C .0077 .0048 .0195 .0195 .0250 .0250
*Transient Reactance 0.2632 0.2485 0.318% 0.3893 0.3401 0.4201
- *Sub Transient Reactance 0.1270 0.1170 0.1692 0.2068 0.1806 0.2232
*Synchronous Reactance 2.5563 2.4749 2.7736 3.3899 2.9617 3.6585
*Negative Sequence Reactance 0.1631 0.1536 0.2013 0.2461 0.2150 0.2655
*Zero Sequence Reactance 0.0476 0.1173 0.0513 0.0627 0.0548 0.0677
QOpen Circuit Time Constant 1.6804 1.9219 1.2759 1.2759 1.2759% 1.2759
Exciter Field Res. Qhms, @ 25°C 2.75 2.75 1.95 1.95 2.40 2.40
Excitation Volts NL/FL 7.0/22.5 9.0/24 7.0/20 7.0/24 7.5/22 7.5/29
Excitation Amps NL/FL 3.2/8.0 3.0/8.0 3.0/7.8 3.0/9.3 2.3/8.4 2.3/11
Derate Altitude, Meters 1000 1000 1000 1000 1000 1000
Derate Temperature °C 50 50 40 40 40 40
Efficiency ®0.50 FL 92.8 93.3 91.2 81.6 90.8 90.8
at @0.75 FL 93.3 94.0 91.5 91.3 90.5 89.8
0.8 @1.00 FL 93.2 94.0 91.0 90.3 89.4 8s8.2
Power Facto @1.25 FL 92.7 93.6 90.1 89.1 88.0 86.3
Temp Rise °C, Stator/Rotor 90/90 90/90 105/105 105/105 105/105 1057105
Heat Dissipated kCal/min 194 215 128 169 145 201
Air Flow Req'd, M3/min 57 64 8 50 43 59
Rotor Heignt. kg/LB8S 260/574 322/711 180/397 180/397 180/397 180/397
WRS Nmsec? (LB In Sec?) 3.129(27.70)  3.766(33.34) 2.100(18.58) 2.100(18.58) 2.100(18.58) 2.100(18.58)
Stator Weight kg/LBS 502/1107 583/1284 368/812 368/812 368/812 368/812
Total Weight, kg/L8S 762/1681 905/1995 548/1209 548/1209 548/1209 548/1209
SAE Mounting Flange Number No. 1 No. 1 No. 1 No. 1 No. 1 No. 1
*See Notes
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Generator Part Number (Frequency) 5N15(60 Hz)

5H15(60 Hz)

Frame Number 444 444
kW/KVA Rating, Prime Power 90/112 110/138
Rated Volts 240-480 240-480
Rated Amperes 270-135 331-166
N° Poles/Sync Speed 4/1800 471800
Overspeed Capacity, % 125 125
*Stator Resistance, Ohms, @ 25°C .0250 .0250
*Transient Reactance 0. 3001 0.3668
*Sub Transient Reactance 0.1594 0.1948
*Synchranous Reactance 2.6132 3.1939
*Negative Sequence Reactance 0.1897 0.2318
*Zero Sequence Reactance 0.0483 0.059
Open Circuit Time Constant 1.2759 1.2759
Exciter Field Res. Ohms, @ 25°C 2.40 2.40
Excitation Volts NL/FL 7.5/20 7.5/24
Excitation Amps NL/FL 2.3/7.8 2.3/9.3
Derate Altitude, Meters 1000 1000
Derate Temperature °C 40 40
Efficiency @0.50 FL 91.2 91.6
at @0.75 FL 91.5 91.3
Q.8 @1.00 FL 91.0 90.3
Power Factor @1.25 FL 90.1 89.1
Temp Rise °C, Stator/Rotor 105/105 105/105
Heat Dissipated kCal/min 128 169
Air Flow Req'd, M?/min 38 50
Ro or He1§ht kg/LBS 180/397 1807397
Nmsec< (LB In Sec? ) 2.100(18.58) 2.100(18.58)
Stator Weight kg/L8S 368/812 368/812
Total Weight, kg/LBS 548/1209 548/1209
SAE Mounting flange Number No. 1 No. 1

Generator Part Number (Frequency) SN17{60 Hz)

‘SN18(50 Hz)

Frame Number 445 445
kW/XVA Rating, Prime Power 135/169 1107138
Rated Volts 208-416 200-400
Rated Amperes 468-234 397-198
N° Poles,Sync Speed 4/1800 471500
Overspeed Capacity, % 125 150
*Stator Resistance, Ohms, @ 25°C .0100 .0120
*Transient Reactance 0.3009 0.2139
*Syb Transient Reactance 0.1491 0.1046
*Synchranous Reactance 2.9327 2.1038
*Negative Sequence Reactance 0.1945 0.1372
*Zero Sequence Reactance 0.1382 0.039
Open Circuit Time Constant 1.4660 1.4660
Exciter Field Res. Ohms, @ 25°C 1.95 2.40
Excitation Volts NL/FL 8.0/21 9.0/21
Excitation Amps NL/FL 2.6/8.8 3.6/8.8
Derate Altitude, Meters 1000 1000
Derate Temperature °C 40 40
Efficiency @0.50 FL 91.0 90.3
At } {@0.75 FL 91.7 90.8
0.8 @1.00 FL 91.4 90.4
Power Factor @1.25 FL 90.8 89.6
Temp Rise °C, Stator/Rotor 105/105 105/105
Heat Dissipated kSal/m1n ) 182 168
Air Flow Req'd, MY/min 54 50
Ro or He1 ht, kg/LBS 213/469 2137469
Nmsec {LB In Sec?) 2.525(22.34) 2.525(22.34)
Stator Weight kg/LBS 411/908 411/908
Total Weight, kg/LBS 624/1377 62471377
SAE Mounting Flange Number No. 1 No.

*See Notes

SN16(50 Hz)
444
85/106
240-480
256-128
471500

150
.0366
. 3690
.1960
L2136
.2333
.0595
.2759
.40
.5/22
.3/8.4
1000
40
30.8
90.5
89.4
88.0
105/105
145
43
180/397
2.100(18.58)
368/812
548/1209
No. 1

NN~ OOWOQ

5N18(60 Hz)
445
135/169
240-480
406-203
4/1800
125
L0120
.2188
.1070
L1516
. 1404
.0400
.4660
.40
.0/
.6/8.8
1000
40
91.0
91.7
91.4
90.8
105/108
182
54
2137469
2.525(22,34)
411/908
624/1377
No. 1

WO~ O0OOMNOO

5N16(50 Hz)
444
105/131
240-480
316-158
4/1500
150
.0366
.4559
.242)
. 9697
.2881
.0734
.2759
.40
.5/29
L3
1000
40
90.8
89.8
88.2
86.3
105/105
201
59
1807397
2.100(18.58)
368/812
548/1209
No. 1

NN~ 00 WO O

SN19(50 Hz)
445
110/138
240-480
331-165
4/1500
150
.0192
.2425
.1186
.3854
L1556
.0443
.4660
40
.6/21
.4/8.8
1000
40
90.3
90.8
90.4
39.6
105/108
168
50
2137469
2.525(22.34)
411/908
624/1377
No. 1

WEMN—=O0OOMNOO
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SN16(60 Hz) SN16(6C Hz
444 434
90/112 110/138
300-600 300-600
216-108 264-132
4/1800 4/1800

125 125
.0366 .0366
0.3001 0.3668
0.1594 0.1948
2.6132 3.1939
0.1897 0.2318
0.0483 0.05%1
1.2759 1.27¢3
2.40 2.40
7.5/20 7.5/24
2.3/7.8 2.3/9.3
1000 168
40 40
91.2 31.6
91.5 91.3
91.0 90.3
90.1 89.1
105/105 105/135
128 169
38 50
180/397 18C/357
2.100{18.58) 2.100(18.58)
368/812 368/812
548/1209 548/1209
No. 1 No. 1
SN19(60 Hz) SN20(60 Hz
445 447
135/169 175/213
300-600 208-416
325-162 607-304
4/1800 471800
125 125
.0192 .0056
0.2286 0.2436
0.1118 0.1175
2.2483 2.3653
0.1487 0.1509
0.7418 2.044%
1.466C 1,6804
2.40 2.17
8.6/21 7.0/21
3.4/8.8 3.2/7.%
1000 1000
40 40
91.0 92.6
Nn.7 33.3
91.4 93.2
90.8 92.8
105/105 105/108
182 184
54 54
213/469 260/574
2.525(22.34)  3.129(27.70)
411/908 494/1088
624/1377 75471662
No. 1 No. 1
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Generator Part Number (Frequency) 5N21(50 Hz) 5N21(50 Hz) SN21{60 Hz) SN22(50 Hz) 5N22(50 Hz) 5N22(60 Hz)

Frame Number 447 447 447 447 447 447
kW/KVA Rating, Prime Power 125/156 150/188 175/219 125/156 150/188 175/219
Rated Volts 200-400 200-400 240-480 240-480 240-480 300-600
Rated Amperes 450-225 541-27 526-263 376-188 451-225 421-210
N2 Poles/Sync Speed 4/1500 4/1500 4/1800 4/1500 4/1500 4/1800
Overspeed Capacity, % 150 150 125 150 150 125
*Stator Resistance, Ohms, @ 25°C .0077 .0077 .0077 .ons .0118 .0118
*Transient Reactance 0.2134 0.2561 0.2490 0.2186 0.2623 0.2350
*Sub Transient Reactance 0.1030 0.1236 0.1201 0.1054 0.1265 0.1134
*Synchronous Reactance 2.0727 2.4872 2.4181 2.1223 2.5468 2.2819
*Negative Sequence Reactance 0.1323 0.1587 0.1543 0.1354 0.1625 0.1456
*lero Sequence Reactance 0.0386 0.0463 0.0450 0.0395 0.0474 0.0425
Open Circuit Time Constant 1.6804 1.6804 1.6804 1.6804 1.6804 1.6804
Exciter Field Res. Ohms, @ 25°C 2.7 2.75 2.75 2.75 2.75 2.75
Exciation Volts NL/FL 7.3/18 7.3/21 7.3/20 7.3/18 1.3/ 7.3/2)
Excitation Amps NL/FL 2.7/6.3 2.7/1.5 2.7/7.5 2.7/6.3 2.7/1.5 2.7/7.5
Derate Altitude, Meters 1000 1000 1000 1000 1000 1000
Derate Temperature °C 40 40 40 40 40 40
Efficiency @0.50 FL 90.9 92.3 92.6 90.9 92.3 92.6
at @n.75 FL 92.0 92.8 93.3 92.0 92.8 93.3
0.8 @1.00 FL 92.2 92.5 93.2 92.2 92.5 93.2
Power Factor) L@1.25 FL 91.9 91.8 92.8 91.9 91.8 92.8
Temp Rise °C, Stator/Rotor 105/105 105/105 105/105 105/105 105/105 105/105
Heat Dissipated kCal/min 152 175 184 152 175 184
Air Flow Req'd, M3/min 45 52 54 45 52 54
Rosor Heiaht, kg/LBS 260/574 260/574 260/574 260/574 260/574 260/574
WR¢ Nmsec (Lb In Sec?) 3.129(27.70)  3.129(27.70)  3.129(27.70)  3.129(27.70) 3.129(27.70)  3.129(27.70)
Stator Weight kg/LBS 494/1088 494/1088 494/1088 494/1088 494/1088 434/1088
Total Weight, kg/LBS 754/1662 754/1662 754/1662 75471662 754/1662 75471662
SAE Mounting Flange Number No. 1 No. 1 No. 1 No. 1 No. 1 No. |

Generator Part Number (Frequency) SN23(60 Hz) 5N24(50 Hz) S5N24(60 Hz) 5N25(50 Hz) SN25(60 Hz) S5N27(60 Hz)
449 449 449 449

Frame Number 449 446
kW/KVA Rating, Prime Power 250/312 210/262 2507312 210/262 2507312 155/194
Rated Volts 208-416 200-400 240-480 240-480 300-600 208-416
Rated Amperes 867-434 758-379 752-376 631-316 601-301 538-269
N°Poles/Sync Speed 471800 4/1500 4/1800 4/1500 4/1800 4/1800
Overspeed Capacity, % 125 150 125 150 125 125
*Stator Resistance, Ohms, @ 25°C .0038 .0048 .0048 .0081 .0081 .0099
*Transient Reactance 0.2686 0.2665 0.2644 0.2946 0.2694 0.293
*Sub Transient Reactance 0.1257 0.1254 0.1244 0.1379 0.1261 0.1448
*Synchronous Reactance 2.6830 2.6539 2.6328 2.9433 2.6910 2.7794
*Negative Sequence Reactance 0.1655 0.1647 0.1634 0.1815 0.1660 0.1826
+Zero Sequence Reactance 0.0907 0.1257 0.1247 0.0995 0.0910 0.0S517
Open Circuit Time Constant 1.9219 1.9219 1.9219 1.9219 1.9219 1.6045
Exciter Field Res. Ohms, @ 25°C 2.17 2.7% 2.78 2.1% 2.7% 1.9%
Excitation Volts NL/FL 8.5/27 9.0/27 9.0/27 9.0/27 9.0/27 5.5/24
Excitation Amps NL/FL 3.5/8.8 3.0/8.8 3.0/8.8 3.0/8.8 3.0/8.8 3.1/8.8
Derate Altitude, Meters 1000 1000 1000 1000 1000 1000
Derate Temperature °C 40 40 40 40 40 40
Efficiency 0.50 FL 93.3 92.9 93.3 92.9 93.2 92.5
at @0.75 FL 93.9 93.4 93.9 93.4 93.9 93.0
0.8 @1.00 FL 93.8 93.1 93.8 83.1 . 93.8 92.7
Power Factor/ L@1.25 FL 93.4 92.6 93.4 92.6 93.4 92.1
Temp Rise °C, Stator/Rotor 105/105 1057105 105/105 1057105 105/105 105/105
Heat Dissipated k(al/min 237 224 237 224 237 175
Air Flow Req'd, M°/min 70 66 70 66 70 52
Rogor Heigh:, kg/LBS 322/ 322/711 322/711 322/711 322/ 232/511
WR¢ Nmsec (LB In Sec?) 4.224(37.39) 4,224(37.39) 4.224(37.39) 4.224(37.39) 4.224(37.39) 2.847(25.19)
Stator Weight kg/LBS 601/1325 601/1325 601/1325 601/1325 601/1325 434/958
Total Weight, kg/LBS 923/2036 923/2036 923/2036 923/2036 923/2036 666/1469
SAE Mounting Flange Number No. O No. O No. O No. O No. O No. 1
*See Notes
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ELECTRICAL/MECHANICAL CHARACTERISTICS

Generator Part Number (Frequency) 5N28(60 Hz) 5N29(60 Hz) 5N30(60 Hz) SN31(50 Hz) 5N31(60 Hz) 5N32{50 H

Frame Number 446 446 447 447 447 447
kW/KVA Rating, Prime Power 155/194 155/194 185/231 155/194 185/231 155/194
Rated Volts 240-480 300-600 208-416 200-400 240-480 240-480
Rated Amperes 467-233 372-186 642-321 560-280 556-278 467-233
N°® Poles/Sync Speed 4/1800 4/1800 4/1800 4/1500 471800 471500
Overspeed Capacity, % 125 125 125 150 125 150
*Stator Resistance, Ohms, @ 25°C .0119 .0159 .0056 .0077 .0077 .0118
*Transient Reactance 0.2827 0.2761 0.2575 0.2646 0.2632 0.2710
*Sub Transient Reactance 0.1397 0.1364 0.1242 0.1277 0.1270 0.1307
*Synchronous Reactance 2.6815 2.6187 2.5004 2.5700 2.5563 2.6316
*Negative Sequence Reactance 0.1762 0.1721 0.1596 0.1640 0.1631 0.1679
*Zero Sequence Reactance 0.0499 0.0487 0.0466 0.0478 0.0476 0.0490
Open Circuit Time Constant 1.6045 1.6045 1.6804 1.6804 1.6804 1.6804
Exciter Field Res. Ohms, @ 25°C 2.40 2.40 2.17 2.75 2.75 2.75
Excitation Volts NL/FL 6.8/24 6.8/24 7.0/22.5 7.3/22.5 7.3/22.5 7.3/22.5
Exciation Amps NL/FL 2.6/8.8 2.6/8.8 3.2/8.0 2.7/8.0 2.7/8.0 2.7/8.0
Derate Altitude, Meters 1000 1000 1000 1000 1000 1000
Derate Temperature °C 40 49 40 40 40 10
Efficiency ©0.50 FL 92.5 92.5 92.8 92.3 92.8 92.3
at @0.75 FL 93.0 93.0 93.3 92.8 93.3 92.8
0.8 @1.00 FL 82.7 92.7 93.2 92.4 93.2 92.4
Power Factor 1.25 FL 92.1 92.1 92.7 91.7 92.7 91.7
Temp Rise °C, Stator/Rotor 105/108 105/105 105/105 105/105% 105/105 105/1CS
Heat Dissipated kCal/min 175 175 194 182 194 182
Air Flow Req'd, M3/min 52 52 57 54 57 54
Ro%or Height, kg/LBS 232/511 232/511 260/574 260/574 260/574 260/574
WRZ Nmsec< (Lb In Sec2) 2.847(25.9) 2.847(25.19)  3.129(27.70) 3.129(27.70) 3.129(27.70) 3.129(27.7C
Stator Weight kg/LBS 434/958 434/958 502/1107 502/1107 50271107 502/1107
Total Weight, kg/L8S 666/1469 666/1469 762/1681 76271681 762/1681 762/1681
SAE Mounting Flange Number No. 1 No. 1 No, 1 No. 1 No. 1 No. 1

Generator Part Number (Frequency) SN32(60 Hz) 5N33(60 Hz) SN34(50 Hz) SN34(60 Hz) 5N35(50 Hz) SN35(60 H
448

Frame Number 447 448 448 448 448
kW/KVA Rating, Prime Power 185/231 210/263 180/225 210/263 180/225 210/263
Rated Volts 300-600 208-416 200-400 240-480 240-480 300-600
Rated Amperes 445-223 728-364 650-325 631-316 542-271 505-253
N° Poles/Sync Speed 4/1800 4/1800 4/1500 4/1800 4/1500 471800
Overspeed Capacity, % 125 125 150 128 150 125
*Stator Resistance, Ohms, @ 25°C .0ns .0044 .0059 .0059 .0092 .0092
*Transient Reactance 0.2484 0.2643 0.2768 0.2691 0.3004 0.26%1
*Sub Transient Reactance 0.1198 0.1246 0.1297 0.1261 0.1407 0.1261
«“Synchronous Reactance 2.4123 2.5599 2.6909 2.6163 2.9199 2.6163
*Negative Sequence Reactance 0.1540 0.1613 0.1683 0.1636 0.182% 0.1636
*Zero Sequence Reactance 0.0449 0.1209 0.0%07 (0.0882 0.0985 0.0882
Open Circuit Time Constant 1.6804 1.8541 1.8541 1.8541% 1.8541 1.8543%
Exciter Field Res. Ohms, @ 25°C 2.75 2.17 2.75 2.75 2.75 2.75
Excitation Volts NL/FL 7.3/22.5 8.5/26.5 7.9/ 7.9/26.5 9.0/31 9.0/25.5
Excitation Amps NL/FL 2.7/8.0 3.5/9.0 2.7/9.8 2.7/9.0 3.0/9.8 3.0/9.0
Derate Altitude, Meters 1000 1000 1000 1000 1000 1000
Derate Temperature °C 40 40 40 40 40 40
Efficiency @0.50 FL 92.8 93.1 92.7 93.1 92.7 93.1
at @0.75 FL 93.3 © 93.8 93.3 93.8 93.3 93.8
0.8 @1.00 FL 93.2 93.7 93.0 93.7 93.0 93.7
Power Factor/ L@1.25 FL 92.7 93.3 92.4 93.3 92.4 93.3
Temp Rise °C, Stator/Rotor 105/105 105/105 105/105 105/105 105/105 105/105
Head Dissipated kCal/min 194 202 194 202 194 202
Air Flow Req'd, M3/min 54 60 57 60 57 60
Rotor Height. kg/LBS 260/574 282/622 282/622 282/622 282/622 282/622
WR2 Nmsecg (Lb In Sec?) 3.129(27.70)  3.426(30.33) 3.426(30.33) 3.426(30.33) 3.426(30.33) 3.426(30.33
Stator Weight kg/LBS 502/1107 537/1183 §37/1183 537/1183 §37/1183 537/1183
Total Weight, kg/LBS 76271681 819/1805 819/1805 819/1805 819/1805 819/1805
SAE Mounting Flange Number No. 1 No. 1 Ne. 1 No. 1 No. 1 No.
*See Notes
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ELECTRICAL/MECHANICAL CHARACTERISTICS

Generator Part Number (Frequency) S5N36(60 Hz) 5N37(50 Hz) 5N37(60 Hz) 5N38(50 Hz) 5N38(60 Hz) 5N39(60 Hz)

Frame Nuymber 449A 4497 449A 449A 4494 449
kW/KVA Rating, Prime Power 235/294 205/256 2357294 205/256 235/294 260/325
Rated Volts 208-416 200-400 240-480 240-480 300-600 208-416
Rated Amperes 816-408 740-370 707-353 617-309 566-283 903-452
N° Poles/Sync Speed 4/1800 4/1500 4/1800 4/1500 4/1800 4/1800
Overspeed Capacity, % 125 150 125 150 128 125
*Stator Resistance, Ohms, @ 25°C .0038 .0048 .0048 .0081 .0081 .0038
*Transient Reactance 0.2525 0.2602 0.2485 0.2876 0.2532 0.2793
*Sub Transient Reactance 0.1182 0.1225 0.1170 0.1346 0.118% 0.1307
*Synchronous Reactance 2.5220 2.5907 2.4749 2.8732 2.5295 2.7903
*Negative Sequence Reactance 0.1555 0.1608 0.1536 0.1772 0.1560 - 0.1721
*Zero Sequence Reactance 0.0853 0.1227 0.1173 0.097 0.0855 0.0944
Open Circuit Time Constant 1.9219 1.9219 1.9219 1.9219 1.9219 1.9219
Exciter Field Res. Ohms, @ 25°C 2.17 2.75 2.7% 2.75 2.75 2.17
Excitation Volts NL/FL 8.5/20 9.0/24.7 9.0/20 9.0/24.7 9.0/20 8.5/22
Excitation Amps NL/FL 3.5/7.2 3.0/8.5 3.0/7.2 3.0/8.5 3.0/7.2 3.5/8.0
Derate Altitude, Meters 1000 1000 1000 1000 1000 1000
Derate Temperature °C 40 40 40 40 40 40
Efficiency 20.50 FL 93.3 93.0 93.3 93.0 93.3 93.4
at @0.75 FL 94.0 93.5 94.0 93.5 94.0 94.0
0.8 81.00 FL 94.0 93.2 94.0 93.2 94.0 93.8
Power Factor/ “@1.25 FL 93.6 92.7 93.6 92.7 93.6 93.3
Temp Rise °C, Stator/Rotor 105/105 105/108 105/105 105/105 105/108 105/108
Heat Dissipated kCal/min 215 215 215 218 215 247
Air Flow Req'd, M3/min 64 64 64 64 64 73
Raotor Heignt. kg/LBS 322/71 322/ 322/ 322/ 322/ 322/M
WRZ Nmsec (Lb In Sec?) 3.766(33.34) 3.766(33.34) 3.766(33.34)  3.766(33.34) 3.766(33.34) 4,224(37.39)
Stator Weight kg/LBS 583/1284 583/1284 583/1284 58371284 583/1284 610/1344
Total Weight, kg/LBS 905/1995 905/199% 905/1995 905/1995 905/1995 932/2055
SAE Mounting Flange Number No. 1 No. 1 No. 1 No. 1 No. 1 No. 0

Generator Part Number (Frequency) 5N40(50 Hz) 5N40(60 Hz) 5N41(50 Hz) SN41(60 Hz) 5N42(50 Hz) SN42(60 Hz)
449 449 449

frame Number 449 449 449
kW/KVA Rating, Prime Power 230/288 260/325 230/288 260/325 220/275 260/325
Rated Volits 200-400 240-480 240-480 300-600 200-400 240-480
Rated Amperes 830-415 783-3N 692-346 626-313 794397 783-391
N° Poles/Sync Speed 471500 4/1800 4/1500 4/1800 4/1500 471800
Overspeed Capacity, % 150 125 150 125 150 125
*Stator Resistance, Ohms, @ 25°C .0048 .0048 .0081 .0081 .0048 .0048
*Transient Reactance 0.2919 0.2750 0.3226 0.2801 0.2792 0.2750
*Sub Transient Reactance 0.1373 0.1294 0.1510 0.1311 0.1314 0.1294
*Synchronous Reactance 2.9066 2.7381 3.2235 2.7986 2.7802 2.7381
*Negative Sequence Reactance 0.1804 0.1700 0.1988 0.1726 0.1725 0.1700
*Zero Sequence Reactance 0.1377 0.1297 0.109¢0 Q.0947 0.13%7 0.1297
Open Circuit Time Constant 1.9219 1.9219 1.9219 1.9219 1.9219 1.9219
Exciter Field Res. Ohms, @ 25°C 2.75 2.75 2.75 2.75 2.7% 2.75
Excitation Yolts NL/FL 9.0/27 9.0/22 9.0/27 9.0/22 9.0/27 9.0/28
Excitation Amps NL/FL 3.0/9.6 3.0/8.0 3.0/9.6 3.0/8.0 3.0/9.2 3.0/9.5
Derate Altitude, Meters 1000 1000 1000 1000 1000 1000
Derate Temperature °C 40 40 40 40 50 50
Efficiency 80.50 FL 92.5 93.4 92.5 93.4 92.7 93.4
at 80.75 FL 92.9 94.0 82.9 94.0 93.2 94.0
0.8 €1.00 FL 92.6 93.8 92.6 93.8 92.9 93.8
Power Factor/ L@1.25 FL 92.0 93.3 92.0 93.3 92.3 93.3
Temp Rise °C, Stator/Rotor 105/105 105/105 165/105 105/105 90/90 90/90
Heat Dissipated kCal/min 264 247 264 247 241 247
Air Flow Req'd, M3/min 78 73 78 73 n 73
Rotor Height, kg/L8S 322/71 322/711 322/711 22/ 322/711 322/
WR2 Nmsec< (Lb In Sec2) 4.224(37.39)  4.224(37.39) 4.224(37.39) 4.224(37.39) 4.224(37.39) 4.224(37.39)
Stator Weight kg/LBS 610/1344 610/1344 610/1344 610/1344 610/1344 610/1344
Total Weight, kg/LBS 932/2055 932/2055 932/2055 932/2055 93272055 932/2055
SAE Mounting Flange Number No. O No. O No. 0 No. O No. O No. O
*See Notes
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ELECTRICAL/MECHANICAL CHARACTERISTICS

SAE Mounting Flange Number

*See Notes

Generator Part Number (Frequency) 5N43(50 Hz) SN43(50 Hz) SN43(60 Hz) SN43(60 Hz) 5N43(60 Hz) SN43{60 H
Frame Number 584 584 584 584 584 584
kW/KVA Rating, Prime Power 265/331 290/363 295/369 295/369 3207400 320/400
Rated Volts 200-400 200-400 240-480 208-416 208-416 240-480
Rated Amperes 957/478 1047/523 888-444 1024-512 1110-555 963-482
N° Poles/Sync Speed 4/1500 4/1500 4/1800 471800 4/1800 4/1800
Overspeed Capacity, % 150 150 125 125 125 125
*Stator Resistance, Ohms, @ 25°C .0054 .qos4 .0054 .0054 .0054 .0054
*Transient Reactance 0.2163 0.2367 0.20086 0.267 0.2898 0.2176
*Sub Transient Reactance 0.1239 0.1356 0.1149 0.1530 0.1660 0.1247
*Synchronous Reactance 2.6319 2.8801 2.4476 3.2506 3.5261 2.6485
*Negative Sequence Reactance 0.1289 0.1411 0.1196 0.1592 0.1727 0.1297
*Zero Sequence Reactance 0.0237 0.0259 0.0220 0.0293 0.0317 0.0239
Open Circuit Time Constant 2.1133 2.1133 2.1133 2.1133 2.1133 2.1133
gExciter Field Res. Ohms, @ 25°C 4.77 4.77 4.77 4,77 4.77 4.77
Excitation Volts NL/FL 12.0/45 12.0/51 12.0/38 10.0/38 10.0/41 12.0/41
Excitation Amps NL/FL 2.5/9.0 2.5/10 2.5/7.5 2.1/7.5 2.1/8.0 2.5/8.0
Derate Altitude, Meters 1000 1000 1000 1000 1000 1600
Derate Temperature °C 40 40 Lh 40 40 40
Efficiency 90.50 FL 92.1 92.2 92.1 92.1 92.4 92.4
at @0.75 FL 92.5 92.4 93.0 83.0 93.0 93.0
0.8 81.00 FL 92.2 91.9 93.0 93.0 92.9 92.9
Power Factor’ L@1.25 FL 91.5 91.2 92.6 92.6 92.4 92.4
Temp Rise °C, Stator/Rotor 105/108 105/108 105/105 105/105 105/105 105/105
Heat Dissipated kCal/min 321 367 318 18 351 351
Air Flow Req'd, MI/min 95 109 94 94 104 104
Rotor Height. kg/LBS 396/873 396/873 396/873 396/873 396/873 396/873
WRZ NmsecZ (b In Sec?) 8.389(74.25) 8.389(74.25) 8.389(74.25) 8.389(74.25) 8.389(74.25}) 8.389(74.25
Stator Weight kg/LBS 748/1649 748/1649 748/1649 748/1649 748/1649 748/1649
Total Weight, kg/LBS 1144/2522 1144/2522 114472522 1144/2522 114472522 1144/2522
SAE Mounting Flange Number No. O No. @ Noe. O No. O No. O No. @
Generator Part Number (Frequency) SN44(50 Hz) SN44(50 Hz) 5N44 (60 Hz) SN44(60 Hz) SN45(60 Hz) SN46(50 Hz
frame Number 584 584 584 584 586 588
kW/KVA Rating, Prime Power 265/331 290/363 295/369 320/400 335/419 315/394
Rated Volts 240-480 240-480 300-600 300-600 240-480 200-400
Rated Amperes 798-399 873-476 708-354 768-384 1009-504 1137-3%69
N° Poles/Sync Speed 471500 4/1500 4/1800 4/1800 4/1800 4/1500
Overspeed Capacity, % 150 150 125 125 125 150
*Stator Resistance, Ohms, @ 25°C .0079 .0079 .0079 .0079 .0048 .0037
*Transient Reactance 0.2347 0.2568 0.2006 0.2176 0.2059 0.1987
*Sub Transient Reactance 0.13484 0.1471 0.1149 0.1247 0.1181 0.1575
*Synchronous Reactance 2.8558 3.12%1 2.4416 2.6485 2.5189 2.4108
*Negative Sequence Reactance 0.1398 0.1530 0.1196 0.1297 0.1234 3.1224
*lero Sequence Reactance 0.0257 0.0281 0.0220 0.0239 0.0257 0.0215
Open Circuit Time Constant 2.1133 2.1133 2.1133 2.1133 2.1664 2.3741
Exciter Field Res. Ohms, @ 25°C 4.77 4.77 4.77 4.77 4.77 .77
Excitation Yolts NL/FL 12.0/45 12.0/51 12.0/38 12.0/41 12.6/35 12.6/38
Excitation Amps NL/FL 2.6/9.0 2.6/10 2.8/7.5 2.6/8.0 2.6/7.8 2.6/8.0
Derate Altitude, Meters 1000 1000 1000 1000 1000 1000
Derate Temperature °C 40 40 40 40 50 40
Efficiency 80.50 FL 92.1 92.2 92.1 92.4 92.2 31.6
at 80.75 FL 92.5 92.4 93.0 93.0 93.1 32.8
0.8 @1.00 FL 92.2 91.9 93.0 92.9 93.2 93.0
Power Factor) 101,25 FL 91.5 91.2 92.6 92.4 92.9 92.7
Temp Rise °C, Stator/Rotor 105/105 105/105% 105/105 105/105 90/90 1057105
Heat Oissipated kgal/min 321 367 318 351 350 340
Air Flow Req'd, M°/min 95 109 94 104 104 101
Rotor Height, kg/L8S 396/873 396/873 396/873 396/873 4207927 476/1050
WT2 Nmsec {Lb In Sec?) 8.389(74.25) 8.389(74.25) 8.389(74.25) 8.389(74.25) 8.887(78.65) 10.099(89.38)
Stator Weight kg/LB8S 748/1649 748/1649 748/1649 748/1649 79971758 875/1930
Total Weitht, kg/LBS 114472522 1144/2522 1144/2522 114472522 1219/2685 1351/2980
No. O No. O No. O No. O No. 0 No. O
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ELECTRICAL/MECHANICAL CHARACTERISTICS

Generator Part Number (Frequency)

frame Number
kW/KVA Rating, Prime Power
Rated Volts
Rated Amperes
N¢ Poles/Sync Speed
Overspeed Capacity, %
*Stator Resistance, Ohms, 8 25°C
*Transient Reactance
*Sub Transient Reactance
- *Synchronous Reactance
*Negative Sequence Reactance
*Zero Sequence Reactance
Open Circuit Time Constant
Exciter Field Res. Qhms, @ 25°C
Excitation Volts NL/FL
Excitation Amps NL/FL
Derate Altitude, Meters
Derate Temperature °C
Efficiency ©0.50 FL
at ®0.75 FL
0.8 @1.00 FL
Power Factor/ \@1.25 FL
Temp Rise °C, Stator/Rotor
Heat Dissipated kCal/min
Air Fiow Req'd, M3/min
Rotor Height, kg/LBS
WR2 Nmsec (Lb In Sec?)
Stator Weight kg/L8S
Total Weight, kg/L8S
SAE Mounting Flange Number

Generator Part Number (Freguency)
Frame Number

kW/XVA Rating, Prime Power
Rated Volts

Rated Amperes

NS Poles/Sync Speed

Overspeed Capacity, %
*Stator Resistance, Ohms, @ 25°C
*Transient Reactance
*Sub Transient Reactance
*Synchronous Reactance
*Negative Sequence Reactance
*7Zero Sequence Reactance

Open Circuit Time Constant
Exciter Field Res. Ohms, @ 25°C
Excitation Volts NL/FL
Excitation Amps NL/FL

Derate Altitude, Meters

Derate Temperature °C

Efficiency 20,50 FL
at 80.75 FL
0.8 @1.00 FL

Y

Power facto 281.25 FL
Temp Rise °C, Stator/Rotor
Heat Dissipatad kCal/min
Afr Flow Reg'd, M3/min
Rotor Heisht. kg/LBS
WR2 Nmsec< (Lb In Sec?)
Stator Weight kg/LBS
Total Weight, kg/LB8S
SAE Mounting Flange Number

*See Notes
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SN46(60 Hz)
588

395/494
208-416
1371-685
4/1800
12§
.0037
.2765
.2191
.3537
.1702
.0299
3741
J7
.6/37
.6/2.6
1000
40
92.7
93.6
93.7
93.5
105/105
381

13
476/1050
10.099(89. 38)
875/1930
1351/2980

No. 0

—
N ENOOWOoO O

5N48(60 Hz)
584

275/344
240-480
B28-414
4/1800
125
.0054
.1870
0N
.2761
L1115
.0205
1133
77
.0/37
.5/7.2
1000
40
91.5
92.8
93.0
92.7
105/105
297
88
396/873
8.389(74.25)
733/1617
1129/2490
No. 0

-—
NN&:\)OONOO

SN46(60 Hz)
588

3957494
240-480
1189-595
4/1800
128
.0037
.2077
. 1646
.5190
.1279
.0224
3741
77
.6/37
.6/1.6
1000
40
92.7
93.6
93.7
93.5
105/105
381
113
476/1050

—
PN AENOOMOO

10.099(89. 38)

875/1930
1351/2980
Ne. O

5N49(50 Hz)
584

225/281
240-480
677-339
471500
150
.0079
.1992
114
.4248
.1187
0218
1133
77
.0/37
.6/1.5
1000
40
91.6
92.5
92.4
92.0
105/105
265
79
396/873
8.389(74.25)
73371617
1129/2490
No. O

—
RN ERNOONO O
DR

SN47(50 Hz)
588

3157394
240-480
948-474
4/1500
150
.0045
.1896
. 1466
.4189
1109
.0148
. 3566
77
.5/38
.6/8.0
1000
40
91.6
92.8
93.0
92.7
105/10%
340
101
476/1050
10.099(89. 38)
875/1930
1351/2980
No. ©

-—
RN AENOOMNMOO

5N49(60 Hz)
584

2757344
300-600
660-330
4/1800
125
.0079
.1870
0N
.2761
15
.0205
L1133

—
nNaENnNOoOCONOO
« v .

396/873

8.389(74.25)
733/1617
112972490
No. O

1

SN47(60 Hz)
588
395/494
300-600
948-474
4/1800
128
.0045
.1826
1432
.3296
.1068
.0142
. 3566
77
.6/37
.6/7.6
1000
40
92.7
93.6
93.7
93.5
105/108
381
113
476/1050

—
NN AEMOONOO

10.099(89.38)

875/1930
135172980
No. O

SNS0(60 Hz)
365

55/69
208-416
191-95

4/1800

125

.0248
0.1658
0.0836
1,9530
0.1207
0.0372
0.9496
1.66
7.0/19
3.0/8.2

1000
40
89.8
90.7
90.6
90.0
105/10%
82
24
132/29
.021(9.04)
249/550
381/841
No. 1

TESTING AND ADJUSTING

SN48(50 Hz)
584

228/281
200-400
812-406
4/1500
150
.0054
0.1836
0.1052
2.2347
0.1094
0.0201
2.1133
4.77
12.0/37
2.8/7.5
1000
40
91.6
92.5
92.4
92.0
108/10%
265
79 .
396/873

8.389(74.25)

73371617
1129/2490
No. O

SN51(50 Hz)
365

52/65
200-400
188-94

4/1500

150

.0367
0.1947
0.0982
2,2935
0.1418
0.0437
0.9496
2.07
7.5/26.5
3.0/10.4

1000
40
89.6
89.9
89.2
88.2
105/105
90
27
132/29

1.021(9.04)

249/550
381/841
No. !

5N48(60 Hz)
584
275/344
208-416
954-477
4/1800
128
.0054
.2490
. 1426
.0302
.1484
.0273
L1133
77
.0/37
.5/7.2
1000
40
91.5
92.8
93.0
92.7
105/105
297
88
396/873

—
NN EMNOOWO O

8.389(74.25)

73371617
1129/2480
No.O -

5NS1(60 Hz)
365

55/69
240-480
166-83

4/1800

125

.0367
A6
.0866
.0215
L1250
.0385
.9496
a7
.5/19
.0/8,2

1000

40

89.8

90.7

90.6

90.0

105/105

82
24

132/291
.021(".04)

249/550

3817840

Ne. 1

WNNOOOoOMNMNOO
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ELECTRICAL/MECHANICAL CHARACTERISTICS

Generator Part Number (Frequency) SN52(50 Hz) SN52(60 Hz) 5N53(60 Hz) 5NS4(50 Hz) 5NS4 (60 Hz) 5N55(50 ~
365

Frame Number 365 366 366 366 366
kW/XVA Rating, Prime Power 52/65 55/69 65/81 62/78 65/81 62/78
Rated Volts 240-480 300-600 208-416 200-400 240-480 240-480
Rated Amperes 157-78 132-66 226-113 224-112 196-38 187-94
N2 Poles.Sync Speed 4/1500 4/1800 4/1800 471500 4/1800 4/1500
Overspeed Capacity, % 150 125 125 150 125 150
*Stator Resistance, Ohms, @ 25°C .0543 .0543 .0214 .0324 .0324 .0480
*Transient Reactance 0.2144 0.1741 0.1822 0.2046 0.1787 0.2220
*Sub Transient Reactance 0.1081 0.0878 0.0902 0.1012 0.0885 0.1099
*Synchronous Reactance 2.5256 2.0516 2.1965 2.4664 2.1548 2.6763
*Negative Sequence Reactance 0.1561 0.1268 0.1327 0.1490 0.1302 0.1617
*Zero Sequence Reactanc e 0.0481 0.0391 0.0419 0.0470 0.04M1 0.0310
Open Circuit Time Constant 0.9496 0.9496 1.0150 1.0150 1.0150 1.0150
Exciter Field Res. Ohms, @ 25°C 2.07 2.07 1.66 2.07 2.07 2.07
Excitation Volts NL/FL 7.5/26.5 7.5/19 7.0/20 7.5/31 7.5/20 7.5/21
Excitation Amps NL/FL 2.3/10.4 2.3/8.2 3.0/8.2 3.0/12 3.0/8.2 2.3/12
Derate Altitude, Meters 1000 1000 1000 1000 1000 1200
Derate Temperature °C 40 40 40 40 40 30
Efficiency @0.50 FL 89.6 89.8 90.6 90.3 90.6 90.3
at 80.75 fFL 89.9 90.7 91.2 90.3 91.2 90.3
0.8 @1.00 FL 89.2 90.6 91.0 89.5 91.0 89.5
Power FactorJ \@1.25 FL 88.2 90.0 90.3 88.4 90.3 88.4
Temp Rise °C, Stator/Rotor 105/108 105/105 105/105 105/105 105/105 105/105
Heat Dissipated kgal/min 90 82 92 105 32 108
Air Flow Reg‘d, M%/min 27 24 27 3 27 31
Roﬁor Height. kg/L8S 132/29N 132/291 1417312 141/312 141/312 141/312
WRS Nmsecé (Lb In Secz) 1.021(9.04) 1.021(9.04) 1.091(9.66) 1.091(9.66) 1.091(9.66) 1.091(%.%
Stator Weight kg/L8S 249/550 249/550 264/581 264/581 264/581 264/581
Total Weight, kg/LBS 381/841 381/841 405/893 405/893 405/893 405/893
SAE Mounting Flange Number No. 1 No. 1 No. 1 No. 1 No. 1 No. 1

Generator Part Number (Frequency) 5H55(60 Hz) SNS6(50 Hz) 5N56 (60 Hz) SN56(60 Hz) 5NS7(50 Hz) SNS7(60 H:
5

Frame Number 366 36 586 586 586 588
kW/KVA Rating, Prime Power 65/81 280/350 335/419 335/419 280/350 335/319
Rated Volts 300-600 200-400 208-416 240-480 240-430 3CC-6C0
Rated Amperes 156-78 1011-505 1162-581 1009-504 842-421 307-408
N2 Poles/Sync Speed 4/1800 4/1500 4/1800 4/1800 4/1500 4/18C0
Overspeed Capacity, % 125 150 125 125 150 125
*Stator Resistance, Ohms, @ 25°C .0480 .0048 .0048 .0048 .0072 .0072
*Transient Reactance 0.1787 0.2065 0.2741 0.2059 0.2340 0.2150
*Sub Transient Reactance 0.0885 0.1184 0.1572 0.1181 0.1320 0.1213
*Synchronous Reactance 2.1548 2.5265 3.3536 2.5189 2.8852 2,650
*Negative Sequence Reactance 0.1302 0.1238 0.1644 0.1234 0.1384 0.1272
*Zero Sequence Reactance 0.041 0.0258 0.0343 0.0257 0.0393 0.0363
Open Circuit Time Constant 1.0150 2.1664 2.1664 2.1664 2.1079 2.1079
Exciter Field Res. Ohms, @ 25°C 2.07 4,77 4.77 4.77 4.77 3,77
Excitation Volts NL/FL 7.5/20 12.6/35 12.6/35 12.6/35 12.6/35 12.6/35
Excitation Amps NL/FL 2.3/8.2 2.6/7.9 2.6/7.8 2.6/7.8 2.6/7.9 2.5/7.8
Derate Altitude, Meters 1000 1000 1000 1000 1000 10C0
Derate Temperature °C 40 40 40 . 40 40 4c
Efficiency ©0.50 FL 90.6 91.9 92.2 92.2 .9 92.2
at @0.75 FL 91.2 92.6 93.1 93.1 92.6 33.1
0.8 @1.00 FL 91.0 92.5 93.2 93.2 92.5 93.2
Power Factord L@1.25 FL 90.3 92.0 92.9 92.9 92.2 92.9
Temp Rise °C, Stator/Rotor 105/108 105/105 105/105 105/105 105/105 105/105
Heat Dissipated kSal/min 92 326 350 350 326 350
Air Flow Req'd, M?/min 27 9% 104 104 96 104
Ro&or Height. kg/LBS 1417312 4207927 420/927 4207927 4207927 420/927
WR¢ Nmsec? (Lb In Sec?) 1.091(9.66)} 8.887(78.65) 8.887(78.65) 8.887(78.65) 8.887(78.65) 8.887(78.65)
Stator Weight, kg/LBS 264/581 799/1758 799/1758 799/1758 799/1758 79971758
Total Weight, kg/LBS 405/893 1219/2685 1219/2685 1219/2685 1219/2685 1219/2685
SAE Mounting Flange Number No. 1 No. O No. O No. O No. O No. O
*See Notes
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Generator Part Number (Frequency)
Frame Number

kW/KVA Rating, Prime Power

Rated Volts

Rated Amperes

N2 Poles/Sync Speed

Overspeed Capacity, %

*Stator Resistance, Qhms, @ 25°C
*Transient Reactance

*Sub Transient Reactance
*Synchronous Reactance
*Negative Sequence Reactance
*7ero Sequence Reactance

Open Cirucit Time Constant
Exciter Field Res. Ohms, @ 25°C
Excitation Volts NL/FL
Excitation Amps NL/FL

Derate Altitude, Metaers

Derate Temperature °C

Efficiency #0.50 FL
at @0.75 FL
0.8 @1.00 FL
Power Factor’ L@1.25 FL

Temp Rise °C, Stator/Rotor

Heat Dissipated kCal/min

Afr Flow Req'd, M%/min

Rotor Ne13ht kg/LBS

WRZ Nmsec? {Lb In Sec?)

Stator Weight, kg/LBS

Total Weight, kg/LBS

SAE Mounting Flange Number

Generator Part Number (Frequency)
Frame Number

kW/KVA Rating, Prime Power

Rated Volts

Rated Amperes

N° Poles/Sync Speed

Overspeed Capacity, %

*Stator Resistance, Ohms, @ 25°C
*Transient Reactance

*Sub Transient Reactance
*Synchronous Reactance
*Negative Sequence Reactance
*Zero Sequence Reactance

Open Circuit Time Constant
Exciter Field Res. Ohms, 8@ 25°C
Excitation Volts NL/FL
Excitation Amps NL/FL

Derate Altitude, Meters

Derate Temperature °C

Efificency @0.50 FL
at @0.75 FL
0.8 @1.00 FL

r

Power Facto 01.25 FL
Temp Rise °C, Stator/Rotor
Heat Dissipated k(al/min
Rir Flow Req'd, M¥/min
Rotor He1§ht kg/LS
WRZ Nmsecé (Lb [n Sec?)
Stator Weight, kg/LBS
Total Weight, kg/L8S
SAE Mounting Flange Number

*See Notes
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5H58(5Q Hz)

5M58(60 Hz)
589

5HS8(60 Hz)
589

SN59(50 Hz)

TESTING AND ADJUSTING

5M59(60 Hz) 5NE0(50 Hz)
589

589 589 584
420/525 500/625 500/625 420/525 500/625 290/363
200-400 208-416 240-480 240-480 300-600 200-400

1517-759 1735-868 1505-753 1264-632 1204-602 1047-523
4/1500 4/1800 4/1800 471500 4/1800 4/1500
150 125 125 150 128 150
.0023 .0023 .0023 .0033 ,0033 .0054
0.1944 0.2568 0.1929 0.2343 0.2142 0.2367
0.1021 0.1349 0.1013 0.1365 0.1248 0.1356
2.6397 3.4866 2.6188 2.8932 2.6452 2.8801
0.1090 0.1439 0.1081 0.1447 0.1318 0.14M
0.0633 0.0836 0.0628 0.0714 0.0652 0.0259
2.6079 2.6079 2.6079 2.5517 2.5517 2.1133

4.03 4,03 4,03 4.03 4,03 4,77
11.5/45 11.5/37 11.5/37 11.5/45 11.5/37 12.0/51
2.8/9.8 2.8/8.2 2.8/8.2 2.8/9.8 2.8/8,2 2.5/10
1000 1000 1000 1000 1000 1000
40 40 40 40 40 50
92.8 93.5 93.5 92.8 93.5 92.2
93.6 94.3 94.3 93.6 94,3 92.4
93.5 94.3 94.3 93.5 94.3 91.9
93.1 94.0 94.0 93.1 94.0 91.2
1057105 105/105 105/105 105/105 105/108 90/90
419 433 433 419 433 367
124 128 128 124 128 109
545/1202 545/1202 54571202 545/1202 54571202 . 396/873
11.422(101.10) 11.422(101,10) 11.422(101,10) 11.422(101.10) 11.422(101.10) 8.389(74.25)
968/2135 968/2135 968/2135 968/2135 968/2135 748/1649
1513/3337 1513/3337 1513/3337 1513/3337 151373337 114472522
No. O No. 0 Mo. O No. O No. O No. 0
SN60(60 Hz) SN61(50 Hz) SN61(60 Hz) 5N62(60 Hz) SN63(60Hz)

584 588 588 589 446
320/400 315/394 395/494 500/625 155/194
240-480 200-400 240-480 240-480 240-480
963-482 1137-569 1189-595 1505-753 467-233

4/1800 4/1500 4/1800 4/1800 4/1800
128 150 125 125 125
.0054 .0037 .0037 .0023 L0119
0.2176 0.1987 0.2077 0.1929 0.2827
0.1247 0.157% 0.1646 0.1013 0.1397
2.6485 2.4105 2.5190 2.6188 2.6815
0.1297 0.1224 0.1279 0.1081 0.1762
0.0239 0.0215 0.0224 0.0628 0.0499
2.1133 2.3741 2.3741 2.6079 1.6045
4.77 4.77 4.77 4.03 2.40
12.0/41 12.6/38 12.6/37 11.5/37 6.8/24
2.5/8.0 2.6/8.0 2.6/7.6 2.8/8.2 2.6/8.8
1000 1000 1000 1000 1000
50 50 50 50 50
92.4 91.6 92.7 93.5 92.5
93.0 92.8 93.6 94.3 93.0
92.9 93.0 93.7 94.3 92.7
92.4 92.7 93.5 94.0 92.1
90/90 90/90 90/90 90/90 90/90
35 340 381 433 175

104 101 113 128 52

396/873 476/1050 476/1050 545/1202 232451
8.389(74.25) 10.099(89.38) 10.099(89.38) 11.422(101.10) 2.887(25.9)
748/1649 875/1930 875/1930 968/2135 434/958
1144/2522 1351/2980 135172980 151373337 666/1469
No. 0 No. O No. 0 No. O No. 1
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SUBJECT/TITLE:
BUSINESS:
PRODUCT:

AC Voltages Available from Caterpillar SR 4 Generators
Building Services, Material Handling, Marine, Agriculture
Generator Sets

Most generator set applications require that the electrical
output match one of several existing commercial
voltages and one of two frequencies. Where the
generator set is replacing, or supplementing commercial
power, the existing frequency and voltage characteristics
will determine generator selection. Where the generator
set is to be totally isolated from commercial power, the
proposed load (particularly motors) will determine
generated voltage and frequency. Practically all electric
motors above 5 hp are three-phase, and motors of
lesser horsepower can be single- or three-phase.

The more common commercial nominal voltages and
frequencies are:

60 Hz - Single-Phase/Three-Phase
120/208Y, 125/216Y, 127/220Y, 277/480Y, 120/240

60 Hz - Three-Phase Only
220, 240, 480, 575, 600

60 Hz - 3-Wire, Single-Phase Only
110/220, 115/230, 220/440

50 Hz - Single-Phase/Three-Phase
220/380Y, 230/400Y, 240/415Y

50 Hz - Three-Phase Only
460
Note: The slant (/) line indicates both voltages are
available at the same time. With the exception of the
60 Hz 3-wire single-phase 110/220 and 220/440
systems, all other dual voltage systems consist of a
single-phase lower voltage, and a three-phase
higher voltage.

Generally, voltages above about 220 volts originate from
a three-phase source. Commercial distribution is more
commonly three-phase which also permits use of single-
phase loads. Some distribution is single-phase. This
system is limited to single-phase loads only, unless
special transformer-capacitor equipment is used to
simulate or approach a three-phase voltage.

Larger industrial loads are usually three-phase, with
single-phase loads supplied from one or more of the
phases. The following diagrams show how commercial
distribution transformer secondary windings are
connected to obtain one of the above listed common
three-phase and single-phase voltages.

000000000 =

N

7%

L3 L2

Figure 1
3-Phase Y, Wye, Star Common Voltages:
120/208Y; 125/216Y; 127/220Y;
230/380Y; 230/400Y; 240/415Y; 277/480Y

The listed lower voltages of this dual voltage system are
single-phase and can be obtained from any one Line
(L1, L2, L3) and the Neutra (N). The higher voltages are
three-phase and are obtained from L1, L2, L3.
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Note in this Y, Wye, or Star arrangement that a single-
phase voltage is always equal to the higher voltage
divided by 1.732.

Figure 2
3-Phase Delta Common Voltages:
110/220; 120/240; 208; 440; 460; 480

The lower voltage of this delta, dual voltage system is
obtained from one Line (L1 or L2) and the center tap (C)
of one transformer coil. That center tap is usually
connected to an earth ground. Note that these lower
single-phase voltages are equal to one-half of the higher
voltage. The higher listed voltage can be single-phase
obtained from any two Lines: L1 to L2, L2 to L3 or L3 to
L1. A three-phase voltage can also be obtained from a
connection to L1, L2 and L3. Some industrial plants may
also require 208 volts single-phase in addition to
120/240 volts single-phase, and 240 volts three-phase.
The 208 volts can be obtained by connection to L3 and
C.

Commercial power sources often identify their secondary
(user) distribution by voltage and phase. (Example, 240-
lo, 460-30.)

FREQUENCY/VOLTAGE AVAILABLE FROM SR 4
GENERATORS
All SR 4 Generators can readily operate at either 50 Hz
or 60 Hz. Regulated voltage output is proportional to
generator speed. As an example, the 480 volt 60 Hz
(1800 rpm) generator will produce a 400 volt 50 Hz
supply at 1500 rpm.

SR 4 Generators are offered in three basic voltage
levels. The nominal voltage available from one of these
basic voltage levels, plus reconnectable line leads, and a
wide voltage level adjustment range, permit the SR 4 to
match the commercial frequencies, and most of the
commercial voltages.
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SR 4 Generators are "Y" (Star) connected three-phase
machines and have 10 line leads, as shown i
These leads can be field connected, as illustrated in

[Figures 4l and[5] to produce the following voltages at the

frequency shown:

Frequency (1) Nominal Nominal
Voltage Adjustment Range
Up Down
Hz (Volts) (2) (Volts) (Volts)
60 120/208Y 6/11 6/11 (3)
or
240/416Y 12/21 12/21 (4)
60 139/240Y 7112 7/12 (3) (5)
or
277/480Y 14/24 14124 (4) (5)
50 115/200Y 6/10 6/10 (3)
or
230/400Y 12/20 12/20 (4) (6)
60 173/300Y 9/15 9/15 (3)
or
346/600Y 17/30 17/30 (4)
50 139/240Y 14/24 7112 (3)
or
277/480Y 28/48 14/24 (4)

NOTES:

1. SR 4 Generators are designed for 50 or 60 Hz
operation. Nominal voltage is proportional to
speed.

2. The slant line indicates a line-to-neutral single
phase' voltage and a line-to-line three-phase
voltage. Both voltages are available at the same

time.
3. Generator coils are parallel connected.
4, Generator coils are series connected.

5. The 139/240Y or 277/480Y volt 5N43, 5N46,
5N48, 5N56, and 5N58 Generators have a broad
range voltage regulator capable of adjustment
down to 120/208 or 240/416 volts.

6. 400 volt, 50 Hz SR 4 Generators will develop up to
420 volts, no load.

Application
Larger 50 Hz industrial loads require three-phase power
in the range of 380 to 420 volts. Additionally, these
systems often require single-phase voltages in the range
of 220 to 240 volts. The 400 volt 50 Hz
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Figure 3
10 LEAD GENERATOR

N
U N
LINE TO0
L LINE
i L
LINE 2
TO
LINE
!
L,
Figure 4
HIGH VOLTAGE CONNECTION
L“
LINE ?
TO
LINE
LINE TO
‘ L LINE
T |
LINE i
TO
LINE I
1

Figure 5
LOW VOLTAGE CONNECTION 95
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SR 4 Generators directly meet these requirements.
Single-phase loads should be distributed equally from
the three lines to the neutral giving 230 volts single-
phase (at 400 volts, three-phase). Industrial 50 Hz
three-phase loads in the range of 480 volts can be
directly supplied by the 480 volt 50 Hz generators.
However, if single-phase voltage in the range of 220
volts is also required from a 480 volt three-phase
system, single-phase step down transformers will be
required.

Larger 60 Hz industrial loads are generally three-phase
in the range of 460 to 480 volts. Single-phase 120 volt,
120-240 volt or 240 volt loads are almost always
supplied from transformer banks, operating from the 460
to 480 volt three-phase service. The 480 volt 60 Hz SR
4 Generators match this requirement directly. With the
stator coils parallel connected, this range of generators
will directly match large industrial three-phase, 230-240
volt loads.

Other 60 Hz commercial service supplies power in the
range of 120/208Y to 125/216Y volts in a 4-wire "Y"
connected single-phase/three-phase system. The
nominal 120/208Y 60 Hz generator is directly applicable.
Motor starting ability compares to the nominal 240 volt
generator operating at 240 volts. The broad voltage
range 5N43, 5N46, 5N48, 5N56, and 5N58 Generators
connected for low voltage will also directly meet these
application, as the voltage level control has adequate
range.

When these broad range generators are operated in the
208-416 volt range, motor starting ability is good, but of
course, less than when operating at the 240-480 volt
range. The expected voltage dip at the 208-416 setting
will approximate 35% when starting 0.5 hp of motor per
kW of generator prime power rating.

Another common 60 Hz commercial power service
distribution comes from Delta connected transformers,
which will simultaneously supply 240 and 120 volt single-
phase.  Such systems can be quite satisfactorily
supplied from the 60 Hz, 120/208Y volt SR 4 Generator,
since connected equipment readily accepts a +10%
voltage tolerance. When the prospective installation
demands voltages exactly equal to the original,
transformers will be necessary, as 120 and 240 volts can
not be obtained simultaneously from a "Y" connected
generator.

In any installation, single-phase loads should be
distributed as equally as possible around the three-
phases to avoid generator derating or excessive heating.
Single-phase
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loads, balanced within 10%, are considered acceptable
within present engineering practices. In any combination
of single-and three-phase loads, individual line current
should not exceed the generator nameplate ampere
rating.

Voltage Modifications
There are areas where existing commercial 50 Hz power
systems will eventually be converted to 60 Hz. These
areas require a generator which will presently produce a
given voltage at 50 Hz and later be capable of producing
the same voltage at 60 Hz. Suitable generator
application depends on present voltage.

If the present required 50 Hz three-phase voltage is 240
or 480, and the future system will be 60 Hz, 240 or 480
volts, the 50 Hz 240-480 volt generator is suggested.
This generator will produce 300-600 volts at 60 Hz.
However, the exciter-regulator system can easily be
reconnected to lower generated voltage to 240-480 at 60
Hz when the change in commercial frequency occurs.

As originally constructed, this 50 Hz, 240-480 volt
generator has the voltage regulator and exciter field
tapped into the three generator coils forming the center
"Y". These coil taps terminate at terminals 20, 22, and
24 of the regulator terminal board. Remove the wires
from the terminal board, and carefully insulate each wire
to avoid any possible connection or ground. Install new
No. 14 gauge, 600 volt insulated flexible wires from the
terminal board to the generator line leads as follows:

From Terminal Board To Line Lead
No. 20 T-9
No. 22 T-7
No. 24 T-8

The generator will now produce 240 or 480 volts at 60
Hz. The modified generator has the same kVA rating at
60 Hz as it did originally at 50 Hz. Parallel operation is
not affected. Since the modified excitation system is
running at a reduced excitation level, the ability to start
very large motors will be reduced. The range of voltage
level control is also slightly reduced.

If the application presently requires three-phase 50 Hz
voltage at 400 volts, and the future 60 Hz three-phase
voltage will also be 400 volts, the 200-400 volt 50 Hz
generator is a good choice. Without modification, this
generator would produce 240 or 480 volts at 60 Hz. A
special connection of the
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line leads, called "Zig-Zag" will lower the nominal 60 Hz
voltage about 13%, making it usable as a 400 volt unit.
Voltage level adjustment range remains about +5%.
With a zig-zag connection, the excitation level at 60 Hz,
400 volts is essentially the same as it was at 50 Hz, 400
volts. The zig-zag connected generator therefore will
retain its excellent motor starting ability. The final
connections are shown in
Connect T1to T8
T2t0 T9
T3t0 T7
Line Leads are T4, T5, T6
Neutral is TO

If the zig-zag connected generators are to be operated in
parallel or with other generator sets, additional line leads
must be run through the window of the droop
transformer (3N1964). This is necessary to retain the
correct droop transformer voltage relationship when a
zZig-zag connected generator is paralleled.

Observe the direction and the number of T-8 line leads
coming out of the generator and passing through the
transformer window. Also observe the number of times
the T-8 lead (or leads) pass through the transformer
window. An equal number of T-2 leads, must pass
through the window the same number of times, and in
the same direction as the existing T8 leads. The end of
T2 is then connected to T9 as shown in[Eigure 6

On some generators the droop transformer will not
accommodate the additional line leads through the
window. Instructions for the necessary conversion are

shown in[Eigures 7] and[8]

Correctly connected zig-zig generators will operate in
parallel. In single or parallel operation, the 50 Hz kVA
ratings would generally apply to a zig-zag connected
generator operating at 60 Hz.

Zig-zag connections (with proper droop transformer
modification if parallel operation is expected) may also
be applied to a 480 volt 50 Hz generator to cause it to
produce 420 volts at 50 Hz. The original line ampere
rating of a 480 volt 50 Hz generator would apply to the
unit when operated at 420 volts. kVA capacity is
reduced 13%. Modified units will operate in parallel.

There are other areas of the world where 60 Hz
generator sets are now used as prime power, but these
may eventually be required

TESTING AND ADJUSTING

to serve in a standby system when commercial 50 Hz
power becomes available, or is required by
governmental decree. In these instances the oncoming
or future power system will probably be one of the above
listed common 50 Hz three-phase voltages (i.e., 380,
400, or 415). As noted previously, a 60 Hz 480 volt
generator will produce 400 volts at 50 Hz. Normal
voltage level adjustment range of the SR 4 Generator is
adequate to meet the lower and upper limits of the
probable future voltages.

Il 1 | i
240
| [ ¥ Ts
T
I 415 | DROOP
‘ | ] 240 TRANSFORME
1
A T
! ! E 9, L TR
! ; 3
415 415 240 _—_
] ¥ * 514

Figure 6

Zig-zag connection to obtain 420 volts from a 480 volt
generator or 87% of normal volt from any SR 4
Generator. For parallel operation, the droop transformer
must enclose 1-leads as shown. Note the direction of T2
through transformer and the connection to See
for detail when droop transform will not accommodate
additional line leads.

The following generators require installation of a second
3N1964 Droop Transformer to provide space for
additional line leads necessary for operation of zig-zag
connects SR 4 Generators in a parallel system.

5N2 5N24 5N36 5N146 5N6
5N5 5N28 5N37 5N57 5N6
5N6 5N29 5N39 5N58

5N13 5N33 5N40 5N59
5N23 5N34 5N42 5N61
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Mount the second transformer on the generator
frame in line with the existing 3N1964
Transformer and approximately 3 cm (1.2 inch)
to the left.

Drill and tap 4 holes in the generator frame. Put
cloth under the area of drilling. Use a circular
magnet around the holes to catch any drill chips.
Extreme caution is necessary to avoid any
metallic chips from falling onto the stator
winding.

Remove the wire marked 6 from the terminal
board. Install the wire marked 6 from the new
transformer. Connect the original wire 6 to the
wire 5 coming from the new transformer. Use a

bolt, nut, and washer. Carefully insulate this
connection. Secure the wires.

The transformers are now connected in series
additive.

ADDED ORIGINAL

Figure 7

3. Follow the instructions given above to put the

correct number of T2 line leads

TESTING AND ADJUSTING

correctly through the new droop transformer.
Secure the leads to prevent vibration.

Adjust the generator droop as outlined in the
Operation and Maintenance Guide.

T 1 X
240
| i Ts
] T TO TERMINAL BOARD
! T y TERMINAL 6
15 | 240

TO TERMINAL BOARD
6 £d ) TERMINAL S

415 415 240

: ADDED 3N1964
] TRANSFORMER

Figure 8

Zig-zag connection showing installation of
second droop transformer in generators listed on
chart.



EFFECT OF TEMPERATURE ON VOLTAGE REGULATION
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PRODUCT/APPLICATION:
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Effect of Temperature on Voltage Regulation
Building Services, Marine/Petroleum, Material Handling
Generator Sets, SRCR or SR 4 Generators

The operating voltage of a cold (just started) generator
will be slightly higher than the operating voltage when
the generator has been under load and warm. Assume
an SRCR or SR 4 Generator is started when the
temperature has stabilized at 25°C. The full load voltage
of the SRCR Generator would decrease a maximum of
3% when the generator temperature stabilized at 100°C.
The full load voltage of an SR 4 Generator would
decrease a maximum of 1% when this generator
stabilized at 100°C. Most of the voltage decrease
occurs in about 30 minutes. Generally, temperatures of
generators stabilize within two hours.

The effect of cold-to-hot resistance change on generated
voltage is rarely observed in a single SRCR or SR 4
Generator. A correctly adjusted voltage regulator
compensates for most of the voltage differences due to
resistance changes and due to speed changes which
result from increases or decreases in load. The
recommended adjustment procedure is printed in
operators' books and on the inside of a generator side
panel.

The effect of the small voltage change, cold-to-hot, is
observable when paralleling a correctly adjusted cold
generator with a correctly adjusted generator that has
been carrying load for an hour or more. The resulting
voltage difference, although small, causes a circulating
current between generators. There is no cause for
concern as the circulating current will diminish as the
oncoming unit increases in temperature.

The recommended adjustment for parallel operation
makes each generator set voltage the same at operating
temperature. This assures the most stable operation
with lowest circulating currents in unsupervised systems.
However, if a supervised system includes power factor
meters, an operator can at any time adjust the individual
generator set voltage level controls as needed to
minimize circulating currents.

You may want to retain the January 1973 issue of this
Engine Data Sheet for reference on early equipment.
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INDUSTRIAL DIVISION eos s

ENGINE DATA SHEET  oare  septemver 1075
SUBJECT: Remote Voltage Level Control For Caterpillar Generators
BUSINESS: Building Services, Material Handling, Marine, Petroleum, Agriculture

PRODUCT/APPLICATION:

Generator Sets, SRCR and SR 4

It is sometimes desirable to control the voltage level of a
generator at a remote-mounted control panel rather than
at the generator. These instructions cover the selection
and installation of a remote potentiometer to provide the
same full range of voltage level control as the original
generator mounted control. These instructions move the
point of control from the generator to the remote
location.

Selection of Potentiometer Control

If screw driver slot adjustment with locking feature is
acceptable, the original generator mounted control can
be moved to the remote location. A parts service control
(duplicate of original) could also be used. If a knob
adjustment and indicator dial is desired, select a 25 watt
wire wound potentiometer of suitable shaft length to
accommodate the knob and dial. SRCR Generators
require a 25 ohm, 25 watt potentiometer. SR4
generators require a 500 ohm, 25 watt potentiometer.

Wiring the Remote Voltage Level Control:

1. Prepare three lengths of No. 14 600 volt

insulated wire. Use one yellow wire, one red
wire, and one white wire. Cable these wires to
avoid damage. Connect the potentiometer to
the three wires as follows:

Yellow Wire - Solder to the clockwise end of the
potentiometer.

Red Wire - Solder to the counter-clockwise end
of the potentiometer.

White Wire - Solder to the sliding arm contact of

the potentiometer and to the counterclockwise
end of the potentiometer along with the red wire.
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2. Disconnect the existing generator mounted

voltage level control at the terminals noted
below. Insulate each of the removed wires and
secure these to avoid any vibration damage.
Connect the wires to the terminals designated:
A. SRCR Generators With Panel Mounted
Two Phase Half Wave Exciter (Serial
Numbers below 1500)

1. Remove existing white wire at

terminal 17, red wire at terminal 20,
and yellow wire at terminal 16.

2. Connect new white wire to terminal
17, red wire to terminal 20, and
yellow wire to terminal 16.

B. SRCR Generators With Tray Mounted
Two-Phase Half Wave Exciter (Serial
Numbers 1500-2000)

1. Remove existing white wire from
terminal TB1-3, red wire from
terminal TB1-5, and vyellow wire
from terminal TB1-4.

2. Connect new white wire to terminal

TB1-3, red wire to terminal TB1-5,
and yellow wire to terminal TB1-4.

C. SRCR Generators With Tray Mounted
Two-Phase Half Wave Exciter (Serial
Numbers above 2000)
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1. Remove existing white wire from terminal
TB1-3, red wire from terminal TB1-5, and
yellow wire from terminal TB1-4.

2. Connect new white wire to terminal TB1-3,

red wire to terminal TB1-5, and yellow
wire to terminal TB1-4.

D. SRCR Generators With Panel Mounted Single-
Phase Full Wave Exciter (Serial Numbers below
1500)

1. Remove existing white wire from terminal
TB2-4, red wire from terminal TB2-5, and
yellow wire from terminal TB2-3.

2. Connect new white wire to terminal TB2-4,

red wire to terminal TB2-5, and yellow
wire to terminal TB2-3.

E. SRCR Generators With Tray Mounted Single-
Phase Full Wave Exciter (Serial Numbers 1500-
1999)

1. Remove existing white wire from terminal
TB1-3, red wire from terminal 10 on noise
filter (FL1), and yellow wire from terminal
TB1-4.

2. Connect new white wire to terminal TB1-3,
red wire to terminal 10 on noise filter
(FL1), and yellow wire to terminal TB1-4.

F. SRCR Generators With Tray Mounted Single-

Phase Full Wave Exciter (Serial Numbers above
2000)

1. Remove existing white wire from terminal
TB1-3, red wire from terminal TB2-5, and
yellow wire from terminal TB1-4.

2. Connect new white wire to terminal TB1-3,
red wire to terminal TB2-5, and yellow
wire to terminal TB1-4.

TESTING AND ADJUSTING

G. SR 4 Generators (Single Phase Half Wave
Excitation and Regulation)

1. From terminal 7, remove yellow wire that
extends to the clockwise end of voltage
level control.

2. Connect new yellow wire to terminal 7,
new red wire to terminal 6.
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ENGINE DIVISION Eos 73.

_ENGINE DATA SHEET o

SUBJECT: Linear Vibration
BUSINESS: All
PRODUCT/APPLICATION: Generator Sets

b

April 1979

The purpose of this Engine Data Sheet is to:

1. Review the basic theory and nomenclature of
vibration. A knowledge of the language of this
discipline  will encourage a  fundamental
understanding. Such terms as linear, period,
displacement, velocity, and acceleration will be
defined and compared.

2. Identify causes of engine-related vibration. Major
contributors to engine vibration are described, as
well as procedures to isolate and measure
vibrations.

3. Provide possible corrective action. Excessive
vibratory motion may be encountered in the engine,
generator, related components, or any part of the
mounting system. If left unresolved this motion may
cause personnel discomfort and/or equipment
damage. Balance techniques are discussed, and
limits or vibratory forces are defined.

FUNDAMENTALS

Any mechanical system which possesses mass and
elasticity is capable of relative motion. If this motion
repeats itself after a given time period, it is known as
vibration. A simple illustration of vibration is to suspend
a weight (mass) on the end of a spring (elasticity).

As long as no external force is imposed on the system,
the weight remains at rest -- there is no vibration. But
when the weight is moved or displaced and then
released, vibration occurs. The weight will continue to
travel up and down through its original
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Figure 1

position until frictional forces again cause it to rest. This
specific illustration is an example of free vibration. If an
external force continues to affect the system while it is
vibrating, it is termed "forced vibration."

The illustration is also an example of linear vibration.
Linear vibration is an "in-line" motion and occurs as an
object moves and returns along a repeatable path.
Linear vibration must not be confused with the torsional
(twisting) vibration motion of the crankshaft and driven
rotating shafts (refer to EDS 202.1 for the subject of
torsional vibration).

The time required for the weight to complete one
complete cycle is called a period.

If the weight needed one second to complete a full cycle,
the vibration frequency of this system would be one
cycle per second. A system that completed its full
motion 20 times in one minute would have a frequency
of 20 cycles per minute, or 20 cpm.
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Figure 2

The total distance traveled by the weight, that is, from
one peak to the opposite peak, is referred to as the
peak-to-peak displacement.

Figure 3

This measurement is usually expressed in mils, where
one mil equals one thousandth of an inch (0.001 in). It
can be used as a guide in judging vibration severity.

Both average or root-mean-square (rms) are sometimes
used to measure vibration. rms = 0.707 times peak of
vibration. These readings are meaningful in theoretical
discussions, but are of limited practical value.

Another popular method used to determine the
magnitude of vibration is to measure the vibration
velocity. Note that the example is not only moving, but
also changing direction. This means that the speed of
the weight is also constantly changing. At its limit of
motion, the speed of the weight is "0." As it passes

TESTING AND ADJUSTING

through the neutral position, its speed or velocity is
greatest.

P¢An ACCELERATICN

PEAK VELOCITY

Figure 4

The velocity is an extremely important characteristic of
vibration but, because of its changing nature, a single
point has been chosen for measurement. This is the
peak velocity and is normally expressed in inches per
second peak.

Vibration acceleration is another important characteristic
of vibration. It is the rate of change of velocity. In the
example, not that peak acceleration is at the extreme
limit of travel where velocity is "0." As the velocity
increases, the acceleration decreases until it reaches "0"
at the neutral point.

Acceleration is normally referred to in units of "g" (peak)

where one "g" equals the force of gravity at the earth's
surface. (980.665 cm/se, 386.09 in/s2, 32.174 ft/s2

Displacement, velocity, and acceleration a all used by
vibration experts to diagnose particular problems.
Displacement measurements tend to be a better
indication of vibration under condition of dynamic stress
and are, therefore, most commonly used. Caterpillar
has standardized on displacement measurement.

Velocity is a direct measure of vibration and, as such,
provides the best overall indicator of machinery
condition. It does not, however, reflect the affect of
vibration on brittle material.

The relationship between peak velocity and peak-to-

peak displacement can be found by the following
formula:
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V Peak = 52.36 D x F x 10°

Where V Peak
per second peak.

Vibration velocity in inches
D = Peak-to-peak displacement in
mils (1 mil = 0.001 in).

F =
minute (cpm).

Frequency in cycles per

Acceleration measurements or "gs" are commonly used
where relatively large forces are applied. At very high
frequencies (60,000 cpm) it is perhaps the best indicator
of vibration.

The vibration acceleration can be calculated as:
g Peak = 1.42 D x F2 x 107
Measurement

The exact nature of linear vibration is difficult to define
without instrumentation. The human senses are not
adequate to detect relationships between the magnitude
of displacement of a vibration and its period of
occurrence.  For instance, a first order (1 x rpm)
vibration of 0.010 in (0.254 mm) displacement may feel
about the same as a third order measurement of 0.001
in (0.026 mm). However, the severity of vibration does
correlate reasonably well with levels of perception and
annoyance.

Establishing the vibration frequency is necessary when
analyzing this type of problem. It allows identification of
the engine component or mass system which is causing
the vibration. In discussions of vibration, the frequency
of the motion is commonly referred to in terms of "order”
of vibration. In an engine, the order of vibration is the
number of vibratory cycles exhibited by a component
during one revolution of the crankshatft.

Order = Vibration Frequency (cpm)
Engine Speed (rpm)

Overall vibration motion is the vector sum of the motion
of all the orders. In other words, individual order motions
will add or subtract to produce the overall.  This
measurement is not used to identify problems or
establish limits, but rather as an indication of the total
linear vibration motion.

A vibration analyzer is a prerequisite to troubleshooting a
problem of this nature. A unit that measures frequencies
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and amplitude is suggested. Further, the analyzer
should be rugged and easily understood. Good results
have been obtained with the IRD Mechanalysis Model
320. Itis offered by:

IRD Mechanalysis, Inc.
6150 Huntley Road
Columbus, Ohio 43229

All measurements must be made on the main rigid
structural members of the engine and generator. The
instrument pickup must be positioned on the crankshaft
centerline at the locations shown on the sample form.
Measurements (except torque reaction and some
misalignment) can be made at no-load operation. If
measurements are taken while the generator is loaded,
the magnetic field of the generator leads must be
avoided.

If excessive linear vibration motion is present or
suspected, an initial measurement should be made to
identify the source prior to starting corrective action.

These measurements are to be checked against the
applicable limits shown in the graph on |Page 107/ A
sample form is described in this data sheet for
convenient recording of raw data at various engine
speeds (generator frequencies). This form can be used
for the basic engine, single-bearing generators, and two-
bearing generators.

Identification

Experience has shown that in order of decreasing
importance, the primary sources of linear vibration
motion problems are:

1. Misalignment of engine and driven equipment.

2. Unbalance of rotating parts.

3. Resonance from structural mass (weight) and
stiffness (rigidity) combinations.

4. Torque reaction.

5. Cylinder misfiring.

6. Combustion forces.

7. Unbalance of reciprocating parts.

As test data is reviewed, if excessive vibration motion
exists, it will be due to one of the following causes:
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Misalignment or Unbalance

Most linear vibrations of generator sets are caused by
misalignment or unbalance of the rotating members.
This results in first order vibration which can be
corrected in the field.

The vibration motion is relatively constant over the
speed range but exceeds accepted limits. For generator
set applications this may be determined by operating
between 45 Hz to 65 Hz. Load does not change
vibration motion caused by unbalance.

MISALIGNMENT
- OR UNBALANCE
&
=
w
Q
<
-
& NORMAL
=)
ENGINE RPM
Figure 5
Resonance

Large vibration motion (amplitude) occurs within a
narrow speed range. This can occur on the generator
set and/or the attached equipment, such as piping, air
cleaners, etc. When vibrations "peak out" in a narrow
speed range, the vibrating component is in resonance.
Resonance occurs when the disturbing force in the
engine has the same frequency as the natural frequency
of the part which is vibrating. The force of the vibration
is, therefore, added to each cycle of the vibration part
causing magnification of the original vibration.
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Torque Reaction

The vibration motion increases as load is applied. With
a two-bearing generator, it can be caused by insecure
mounting of the engine or generator to its base and/or by
a base not sufficiently rigid to withstand the associated
forces.

TORQUE

DISPLACEMENT

NORM AL

% LOAD
Figure 7

Torque reaction problems are not found with close-
coupled two-bearing or single-bearing generators. The
rigid joint between the flywheel housing and the
generator body is generally adequate to withstand
torque.

Assuming that a two-bearing generator is mounted on a
weak base, first order motion and orders related to the
number of cylinders firing with one crankshaft revolution
are due to torque reaction which, in turn, causes
misalignment. In this case, the first order motion would
be most prevalent. A few engines do not follow the
cylinder firing rule. These are the D346 and 0379 with
second order and the D349 and 0399 with fourth order,
in addition to the first order motion.

Certain specific causes of linear vibration can be further
identified:

Vibration Frequency Correctable Causes

1/2 x Engine rpm
(1/2 Order)

Misfiring of One or
More Cylinders

1 x Engine rpm
(1st Order)

Unbalance, Misalignment
Out of Time Balance
Weights (3408), Crank-
case Overfill

Unbalance, Out of Time
Balance Weights,
Rotating Twice Engine
Speed (3304, D346, D379

2 x Engine rpm
(2nd Order)

1-1/2, 2-1/2, 3rd
and Higher Orders

Normal Cylinder Combus-
tion (Not Correctable)
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CORRECTIVE ACTION
General

If a component is the only item with excessive motion,
the component mounting will have to be altered until the
motion is reduced to an acceptable level at operating
rpm.

When the vibration motion measurements show that 1/2
order is causing the problem, the engine fuel and
governing system must be serviced to eliminate engine
misfiring. No other work should be attempted until
engine misfiring is eliminated.

When excessive 2nd order vibration occurs on 4-cylinder
and V8 engines, the timing of the 2nd order force
balancers should be checked. Other high order vibration
levels cannot be corrected with flywheel balance weights
or balancer timing. Usually these orders involve the
structural characteristics of the generator and base
which would have to be altered.

If the vibration motion involves nonengine-mounted
structures and the engine vibration motion is acceptable,
either the off engine components must have their
mounting altered or proper vibration isolators would have
to be installed between the generator set and the
structure.

If the entire unit has excessive motion, the following
steps are required to remedy the various types of
vibration. However, if the vibration motion for 1st and
2nd orders only still remain excessive after these
procedures, the engine should be removed from the set
and placed on suitable isolators. If the engine is within
limits, a vibration specialist should be consulted. If the
bare engine exceeds the limits, engine components
rotating at engine speed (1st order) or twice engine
speed (2nd order) should be inspected.

Misalignment and Unbalance

1. Check alignment of the unit. Refer-to Caterpillar
Special Instructions for single- and two-bearing
generator installations instructions. These are
indexed under Section 4450 in the Caterpillar
Service Department Master Index microfiche
system. The Special Instructions are also in the
microfiche system.
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2. If vibration is still excessive, refer to Balance
Procedure on[Page 6]

3. Should this procedure fail, the unit should be
mounted on isolators and the Balance Procedure
repeated until a satisfactory level of vibration is
obtained.

Resonance

With resonant conditions there are two ways of reducing
the vibration level. These are: reduction of the exciting
force and changing the natural frequency of the unit. If
the following checks show that the structure the
generator set is mounted on is the cause of the problem,
a vibration specialist or mounting system specialist
should be consulted.

1. Check alignment of the unit.

2. If vibration is still excessive, refer to Balance
Procedure on[Page 107]

3. Should this procedure fail, the unit should be
mounted on isolators and rechecked. If the unit is
satisfactory, the problem is an improper mounting
system which requires changing. Consult the proper
specialist.

Should the balance procedure fail and the set has
excessive linear vibration motion when installed on
the proper isolators, the balance procedure should
be repeated until the linear vibration motion level is
satisfactory.

Torque Reaction

1. This condition is generally encountered when the
engine is driving a conventional two-bearing
generator which is not close coupled. Check
alignment of the unit.

2. If the two-bearing generator set utilizes a structural
steel base which is point mounted, i.e., pads,
isolators, etc., torque reaction can deflect the weak
base. This deflection can cause severe
misalignment and resulting vibration. Assuming the
unit continues to exhibit vibration after alignment, the
base is not strong enough to hold the torque
reaction and needs strengthening. One method of
strengthening is to weld plates on the top and
bottom of the base across the width of the base from
6 in. forward of the rear engine supports to 6 in.
behind the generator feet closest to the engine.
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Balance Procedure

The following correction procedure applied to 1st order
vibration motion.

1. The crankshaft must assume the same position
each time a balance adjustment is made. To assure
this identical location is assumed, position flywheel
to top dead center (TDC) of Number 1 cylinder. A
chalk mark or scribe across flywheel and coupling
plates will provide an easy reference during the
balancing operation.

2. Remove bolts holding generator coupling plates to
flywheel. Rotate generator rotor with plates
attached 90° clockwise while flywheel remains at
Number 1 TDC. Replace coupling plate bolts and
retest for vibration.

3. If vibration remains, again position flywheel at TDC
Number 1 cylinder, index generator rotor another
90° clockwise (total 1800), and retest.

4. |If necessary, repeat Step 3 by rotating another 90°
clockwise.

TESTING AND ADJUSTING

5. Position coupling assembly relative to flywheel where
least amount of vibration occurred. If magnitude of
vibration remains unacceptable, add weight of 2 oz
(56.70 g) under any single coupling plate to flywheel
bolt. Flat washers can be used for this purpose.
Bolt must be sufficiently long to maintain at least 1
1/4 times the bolt diameter of thread engagement.

6. Observe vibration level and relocate weight 90°
guadrant to identify where minimum vibration occurs.

7. Add additional weight at point of minimum vibration
identified in Step 6 until vibration level is no longer
diminished. In no case should more than 5 oz
(141.75 g) be added under any one bolt.

8. If vibration levels are still unacceptable, a local
vibration control specialist should be consulted.

LINEAR VIBRATION GUIDELINES

The following graph is for use with analyzed linear
vibration motion. The graph tables apply to
measurements made an the basic engine structure and
generator frame. It is not for component vibration.
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Figure 8

Line A is to be as a guideline for units as installed, either
with or without mounting isolators. If the linear vibration
motion is at higher levels, vibration complaints may
occur from personnel discomfort and perhaps some
premature parts service.

Line B is the vibration motion limit expected on a bare
engine, i.e., with all crankshaft-driven equipment
removed, and the engine mounted on isolating mounts
where the mounted engine natural frequency is less than
one-half the exciting frequency.
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LINEAR VIBRATION TEST
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FLYWHEEL BALANCE WEIGHTS

TESTING AND ADJUSTING

ENGINE m\nsmm

DATE. April 1979

SUBJECT:
Generators

BUSINESS:

PRODUCT/APPLICATION:

Flywheel Balance Weights On D348, 0349 And 3412 Engines With Single-Bearing

Building Services, Marine/Petroleum, Material Handling
Engines With Single-Bearing Generators, Generator Sets

On D348 and D349 Engines, a flywheel balance weight
must always be installed when making a single-bearing
generator installation. On 3412 Engines a flywheel
balance weight is required if the single-bearing generator
rotor weight supported by the flywheel exceeds 800 Ib
(8363 kg). The purpose of this balance weight is to
minimize linear, first order vibration.

Generator manufacturer's normally balance a rotor
within very small deviation limits. Assuming the rotor is
balanced, there are two other requirements which must
be met before the exact amount and location of the
balance weight can be determined.

1. The rotor must be accurately aligned on center
with the crankshaft.

2. The flywheel supported weight must be known.

Two different methods are used with single-bearing
generators to center the rotor with the crankshatft.

1. Stamped, close tolerance, drive plates center
the rotor into one of the outer flywheel drive pilot
bores.

2. An extension of the rotor shaft with a machined
pilot diameter centers the rotor directly into the
flywheel pilot bearing bore.

Rotor alignment, with drive plates establishing the pilot
into the flywheel, is subject to toleranced variations of
several parts. The accuracy of alignment with this
method is not adequate to allow the predetermination of
balance weight to compensate for the effect of rotor
weight. A trial and error method is required to reduce
linear, first order vibration to an acceptable level. The

procedure is discussed in EDS 73.1 under Correction
Action.

An extended piloted rotor shaft inherently centers and
aligns the rotor directly into the flywheel pilot-bearing
bore. The drive plates then retain the rotor in this
centered position when secured to the flywheel. This
accurate initial alignment allows predetermining
selection and location for adding a flywheel balance
weight.

The balance weight should be added at the proper
location prior to installing the generator with extended
rotor shaft pilot. The amount of balance weight required
depends upon rotor weight supported by the flywheel.
Seel Figure 1 for determining flywheel support weight or
consult the generator manufacturer. Charts A, B, and C
list the appropriate weight for ranges of rotor weight
supported by the flywheel. [Figure 2]shows flywheel
locations for adding the required weight.

No operational function is performed by the extended
shaft; however, it is recommended for applications
where balance weight is required to counteract the
effects of crankshaft supported weight. The major
advantage being selecting and installing balance weight
before assembly virtually eliminates trial and error
balancing after assembly.

A generator manufactured with an extended rotor shaft
pilot is preferred and can be supplied by the generator
manufacturer. Generators without an extended rotor
shaft may be converted with a bolt-on extension.
[3]has recommended dimensions.

A Dbolt on shaft extension introduces additional

machining tolerances. However, if carefully made and
assembled to the rotor, the
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expected total concentric runout can be held to 0.002 in
(0.05 mm).

The extended shaft rotor should be dynamically
balanced within the generator manufacturer's balance
deviation limits while suspended by the rear bearing and
extended shaft pilot diameter.

With an extended piloted rotor shaft, the coupling plates
must have clearance between the outside diameter of
the plates and the flywheel coupling plate bore.
Clearance is necessary or serious vibration may result.

The coupling plates provided with a generator which
does not have an extended shaft rotor pilot are usually of
the close fitting piloting type. These cannot be used
when the bolt-on shaft extension is used.

CATERPILLAR GENERATOR SETS

Caterpillar Generators are matched to the Caterpillar
Engine for minimum vibration. The installation group
includes proper coupling plates and, if necessary,
balance weights correctly mounted on the engine.
Current, price listed Caterpillar Generators should
always be mounted with the price listed installation
arrangement or coupling group for the engine.
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TESTING GENERATOR SET ENGINES

Occasionally, a generator set engine is test run without
the generator attached. If the engine is equipped with a
balance weight on the flywheel (weight, bolt, washer or
bolt and weight), the engine will vibrate. If an engine
equipped with a flywheel balance weight is to be test run
by itself (without the generator), the test should be
performed without the flywheel balance weight
assembly. Before the generator is mounted, be sure the
proper weight assembly (bolt and weight or bolt, weight,
and washer) is installed. Do not permit any substitution
of balance weight parts (i.e., a longer or shorter bolt).

Generator sets having piloted shaft generators may
exhibit wear on the pilot shaft, wear in the flywheel bore,
or both after extensive service. When the total
clearance between these points exceeds 0.005 in (0.127
mm), the assembly alignment function of the piloted
shaft is lost. Shaft extension diameter and flywheel pilot
bore dimensions should be checked. Bore and shaft
should be round within 0.001 in (0.025 mm). Wear
generally occurs on only a small segment of surface in
the bore and/or on the shaft diameter. During assembly,
original alignment can frequently be reestablished by
rotating the engine and generator to positions where the
flywheel bore will support the rotor shaft on previously
not worn surfaces.



FLYWHEEL BALANCE WEIGHTS

TESTING AND ADJUSTING

Finding the weight to be carried on engine flywheel when total rotor weight and location of center of gravity (C.G.) to

points of support are known.

X . Y
§u cG
= Generator
Bearing

Wt.to be
supported by the
gensrator bearing

Wt. to be ROTOR

supported by the WEIGHT
engine flywheel

Weight supported by flywheel = (Rotor Weight) . (Length Y)

(Length X]  + (Length Y)

Figure 1
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FLYWHEEL BALANCE WEIGHTS

D348 Flywheel Balance Weight

Chart A

(For Use Only With Piloted Rotor Shaft)

Range of Weight
Supported by Flywheel

Pounds

582-
652-
714-
783-
864-
930-

652
714
783
864
930
995

1,027-1,109
1,109-1,183
1,183-1,254

Kilograms

265-296
296-325
325-356
356-393
393-423
423-452
467-504
504-538
538-570

384506 lock washer is used on all bolts.

Weight to be mounted at 3/8-16 tapped hole in flywheel. (Sed Figure 2A.)

D349 Flywheel Balance Weight

Weight
Part No.

571180
3N9558
5N3140
2N7214
57905

57938

571098
571146
5R2751

Chart B

(For Use Only With Piloted Rotor Shaft)

Range of Weight
Supported by Flywheel

Pounds

663-
740-
818-
890-

740
818
890
962

962-1,033
1,066-1,138
1,227-1,299
1,321-1,393
1,409-1,482
1,482-1,555

1,623-1,630*

Kilograms

301-336
336-372
372-405
405-437
437-470
485-517
558-590
600-633
640-674
674-707
738-741*

3B4508 lock washer is used on all bolts.

Weight to be mounted at 1/2-13 tapped hole in flywheel. (Sed Figure 2B.)

Weight
Part No.

572252
3N9556
57562
3N6598
2N7215
5N2521
5R3408
5R2868
3N7001
3N8655
5R2995

TESTING AND ADJUSTING

Bolt
Part No.

S1571
S1571
S1571
S1571
S1571
S1571
S1590
S1571
S1571

Bolt
Part No.

S1587
S1587
S1587
S1587
S1587
1A1460
951366
951366
2B947
2B947
951366

*Maximum permissible weight.
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FLYWHEEL BALANCE WEIGHTS
Chart C

3412 Flywheel Balance Weight

(For Use Only With Piloted Rotor Shaft)

Range of Weight Weight
Supported by Flywheel Part No.
Pounds Kilograms
0- 800 0-363 None

800-1,416 363-642 1-5N1870

Weight to be mounted at 1/2-13 tapped hole in flywheel. (See[Figure 2C.)

TESTING AND ADJUSTING

Bolt
Part No.

None
1-7B3235*

*Lock washer or flat washer not required.
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FLYWHEEL BALANCE WEIGHTS

DOWEL LOCATION

‘ 3/8-16-2B THREAD

Figure 2B

ENGINE T.C.

Figure 2C
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Figure 2

TESTING AND ADJUSTING

D348 -- Threaded hole location in flywheel.
-- Balance weights are listed in Chart A.

D349 -- Threaded hole location in flywheel.
-- Balance weights are listed in Chart B.

D412 -- Threaded hole location in flywheel.

-- Drill hole and tap if threaded hole does not

appear at location shown.
-- Balance weights are listed in Chart C.



FLYWHEEL BALANCE WEIGHTS TESTING AND ADJUSTING

Coupling plates must have a 0.010 in
—rt__4® v (0.25 mm) minimum diametral clearance with
- — the flywheel pilot to avoid alignment
A interference with shaft extension.

8-

et

1227 mm
.;‘]—6.4 mm

Flywheel

Flex Plates

Bolt-on Extended Rotor Shaft
Generator Rotor Shaft

/,\-\
N 4

E- WO N N
et e

L.D:E 0.89 mm l .

A
¢ -
- Bolt-on rotor shaft extension must be piloted on generator shaft with 0.001 in (0.03 mm) loose to 0.001 in (0.03 mm) tight
fit and doweled to maintain alignment during reassembly.

- Completed assembly must be dynamically balanced within same limits as manufacturer prescribes for the rotor without
the extension. Rotor should be suspended on the shaft extension and the rear bearing when balance is checked.

Maximum
Weight To Be
Supported
A B C D E On Flywheel
Engine SAE in in in in in Ib
Model No. mm mm mm mm mm kg
3412 0 100 194 294 3.9355 + 0.0005 22.490 + 0.005 1,416
25.4 493 74.7 99.96. + 0.0127 571.25 + 0.13 642
D349 0 075 175 250 4.7230 + 0.0005 22.490 + 0.005 1,630
19.1 44.5 63.5 119.964 + 0.0127 571.25 + 0.13 741
D348 0 0.75 1.75 2.50 4.7230 + 0.0005 22.490 + 0.005 1,630
19.1 44.5 63.5 119.964 + 0.0127 571.25 + 0.13 741

Figure 3
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LINEAR VIBRATION CONTROL

INDUSTRIAL DIVISION
'ENGINE DATA SHEET . . .

o

SUBJECT:
BUSINESS:
PRODUCT/APPLICATION:

TESTING AND ADJUSTING

parsa. . e N € p——

EDS 73.1.2

January 1978

Linear Vibration Control -- Engines With Single-Bearing Generators
Building Services, Marine/Petroleum, Material Handling
3408 Engines With Single-Bearing Generators, Generator Sets

This Engine Data Sheet supplements the information in EDS 73.1.1. Information that follows relates only to later 3408

PC-TA Engines driving single-bearing generators.

We no longer recommend the use of piloted shaft,
single-bearing generators on 3408 PC-TA Generator Set
Engines. Effective with the 3408 Generator Set Engine,
Serial No. 67U1099, a 7N6395 flywheel assembly is
installed which requires use of piloted drive plates.
Although the close tolerance shaft pilot continues on the
5N39, 5N40, 5N41, and 5N42 generators, it is not used
for alignment during assembly. Instead, the accurately
machined drive (coupling) plates function as the initial
alignment device. This drive arrangement can be
applied to any 3408 PC-TA Generator Set Engine
equipped with a 7N6395 flywheel assembly.

BALANCE WEIGHT

PILOT
BORE FLYWHEEL
BALANCE
DOWEL

FIGURE 1
7N6395 FLYWHEEL ASSEMBLY
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A 7N6395 flywheel assembly is readily identified by
absence of the usual finished shaft pilot hole at the
center and presence of the deep pilot bore (18.379 in.
to 18.377 in. [466.83 mm to 466.78 mm]) at the outer
diameter. See[Figure 11 A 5N2030 coupling plate
assembly from a 5N2021 coupling group properly aligns
the generator rotor to the flywheel. The 5N2030
coupling plate assembly is machined to an outside
diameter of 18.374 in. to 18.372 in. (466.69 mm to
466.65 mm). Do not attempt to use the 2N7025 coupling
plate assembly from a 5N1628 coupling group. The
2N7025 plate assembly has an outside diameter of
18.365 in. (466.47 mm) and will not correctly align-a
generator with the flywheel.

/7
FLYWHEEL

BALANCE
DOWEL

BALANCE
WEIGHT
LOCATION
CHART “G"’

3408PC

BALANCE WEIGHT
LOCATION 7N6395
FLYWHEEL ASSEM.
ENGINE AT TC No. 1

FIGURE 4



LINEAR VIBRATION CONTROL

[Figure 2| shows the assembly of a 5N39, 5N40, 5N41, or
5N42 generator to a 3408 PC-TA Engine having a
7N6395 flywheel assembly. Note that the fan of these
later generators has a long pilot diameter fitted into the
flywheel pilot bore. Balance weights are added to the
flywheel when driving single-bearing generators.

5N39, 40, 41, 42

GENERATOR FuywHeeL T

FRAME HOUSING
I

| || BsoLT
GENERATOR BALANCE
FAN 7N6395 WEIGHT
- FLYWHEEL
B ASSEM.
)

5§N2030

COUPLING
SHIMS PLATE
\| Assem. |

GENERATOR
ROTOR HuB

| moToR i |
1 SHAFT : |
| piLOTNOT | |
USED i

FIGURE 2

TESTING AND ADJUSTING

Necessary dimensions for coupling other manufacturers'
generators are given in[Figure 3] The required balance
weight assembly for various generator rotors is in Chart
G. Dimensions for local fabrication of the weights are
Weights are assembled on the outer diameter
of the flywheel directly opposite the flywheel balance
weight (pressed-in dowel). See Figures 1] and 4]

REAR FACE OF
SAE-O FLYWHEEL
HOUSING
1.000 (2.54)
+ .004 (0.10)
CRANKSHAFT | |
END PLAY -~
.795 (20.183) A

—
+.020(.50) % %-13 8 HOLES
! T @ 17.250 2
i T| ; 438.15 2
; : ! \'/2-13 8 HOLES
Lo I @ 14.750 2
| 82 . 374.65
49 !
| =@ ‘-
I NG ! :
° = 4ol
* w3 LT 2.74 MAX
| . i 69.6
18.378 + .001 o
466.83-466.78 | o
I : i
7N6395
] FLYWHEEL ASSEM
3 3408PC

GENERATOR SET

DRIVE PLATES
=PILOT BORE @ + .000-.004
.00-0.10

FIGURE 3
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LINEAR VIBRATION CONTROL

TESTING AND ADJUSTING

CHART G

3408 PC Balance Weights

Range of Weight Supported by Flywheel Assembly 7N6395

Weight Bolt
Pounds Kilograms Part No. Part No.
0- 210 0- 96 No Weight
210- 334 96-151 5N1871 S1620
334- 467 151-212 5N1870 7B3235
467- 601 212-272 5N1869 S1587
601- 734 272-333 5N1868 S1621
734- 868 333-393 5N1867 6H1717
868-1,001 393-454 5N1866 S1595
1,001-1,134 454-515 5N1865 S1595
1,134-1,268 515-575 5N1864 S1585
1,268-1,394 575-632 5N1863 S1585
i‘ X oot Y
[
i
I 1 .
M4 I _
M T Tc.s.
i Generator
. | Bearing
‘ Wt. to be
supported by the
; I l generator bearing (F,}
‘J : *
Y
Wt. to be ROTOR
supported by the WEIGHT (Fy)
engine flywheel! (Fy)
Fr=F, + F, Finding the weight to be carried on engine flywheel
F.= Frel when total rotor weight, CG, and dimensions to
! ﬁ points of support are known.

118

FIGURE 6



LINEAR VIBRATION CONTROL

TESTING AND ADJUSTING

A C

Material: 1

SAE 1144 Steel (High Manganese

Resulfurized)

Commonly used for screw machine —— B ——

stock.

Balance Weight Dimensions
Part No. Weight A
0z g in mm in mm in mm
5N1863 8.34 236.3 0.53 13.49 .650 16.51 1.968 50.00
5N1864 7.35 208.3 0.53 13.49 573 14.55 1.968 50.00
5N1865 6.49 183.9 0.53 13.49 .506 12.85 1.968 50.00
5N1866 5.49 155.6 0.53 13.49 .394 10.87 1.968 50.00
5N1867 4.61 130.5 0.53 13.49 .360 9.12 1.968 50.00
5N1868 3.69 104.7 0.53 13.49 .288 7.32 1.968 50.00
5N1869 1.91 54.2 0.53 13.49 .780 19.81 0.984 25.00
5N1870 1.20 34.0 0.53 13.49 490 12.45 0.984 25.00
5N1871 0.67 19.1 0.53 13.49 274 6.98 0.984 25.00
Tolerance

Dimensions: + .002 in (0.05 mm)

FIGURE 5

Calculate the supported weight as outlined in[Figure 6.
Maximum weight which can be carried on the flywheel is
1,394 |b (632 kg). Fasten the balance weight to the
flywheel with the bolt listed in Chart G. Do not substitute
bolts of different length or material. Do not add lock
washers or other metal locks.

In event a generator set engine is to be tested without
the generator, remove the flywheel weight assembly. Be
sure this is reinstalled with the correct bolt before
installing the generator. The dowel in the flywheel
should not be disturbed when test engines.
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GROUNDING

SUBJECT:
BUSINESS:
PRODUCT/APPLICATION:

- INDUSTRIAL DIVISION
ENGINE DATA SHEET

Generator Sets

TESTING AND ADJUSTING

EDS 75.0

DATE

February 1976

Grounding SRCR and SR 4 Generators
Building Services, Marine, Material Handling

1.

120

In any generator set installation, the frame of the
generator must be positively connected to an earth
ground or to the hull of a vessel. This connection is
the first one made at installation, and the last one to
be removed. If the generator set is on flexible or
resilient pads, the ground connection must be
flexible to avoid possible breakage in later operation.
Ground connection cable or straps should have at
least the current carrying capacity of the largest line
lead to the connected load. Joints in cables or
straps must be clean, free of electrical resistance,
and protected from possible oxidation. Bolted
ground connection joints eventually oxidize, and are
frequent sources of radio frequency interference.
Silver soldered, bolted joints are electrically and
mechanically sound.

a. The radio frequency noise suppressor in early
SRCR generators (below S/N 2000) is
connected to the generator frame. Inadequate
frame grounding can result in interference to
communication or audio equipment and
improper operation of electronic governors.

b. Where local codes permit, an effective ground
connection can be made to an underground all
metallic water piping system. The growing use
of plastic and cement type water pipes makes
water pipe connections hazardous as well as
ineffective. One or more approved corrosion
resistant ground rods, driven at least ten feet
(three meters) into damp soil, are effective. In
dry, sandy soil an extensive wire ground mat
may be required.

2.

"Y"-connected generators should have the neutral
(and frame) grounded when the generator is
installed unless definite measures are taken to
prevent grounds on the load side. (NOTE:
Noncurrent 2400-Volt generators are manufactured
with the neutral wire connected to the generator
frame.)

a. |If the neutral wire is not grounded and one of the
load phase leads becomes grounded, the
resulting voltage surge may damage the noise

suppressor on SRCR Generators with serial
numbers below 2000.

b. If the neutral wire is grounded and one of the
phase leads becomes grounded, the excessive
current will open the load circuit breaker or
collapse the generator voltage. The result
depends on the particular generator electrical
characteristics, type of fault, and circuit breaker
trip rating. An under voltage device may be
required to provide adequate short circuit
protection.

c. There are some instances in which it is
undesirable to ground the neutral wire. In these
applications where definite measures (ground
fault protective circuits) have been taken to

prevent grounds to the phase leads, an
ungrounded  generator neutral lead s
acceptable. Ground fault protection requires

that the entire group of distribution circuits be
studied and treated as a system. The owner
should engage a competent consultant if a new
distribution system is being developed, or if an
existing system is to be modified for ground fault
protection.



GROUNDING

3. There have been reports of excessive circulating
neutral current occurring when two or more
generators are operated in parallel. Generators

should be installed with the assumption that no
excessive circulating neutral current will occur with
the generators paralleled at full load. The phase
current should not exceed 100% of the generator
nameplate ampere rating.

In those cases where excessive neutral currents are
encountered, either a neutral lead reactor or
selective grounding of the neutrals may be used. |If
selective grounding of one generator neutral is used,
a disconnect switch should be installed in each
generator ground lead. The disconnect switch
should have about 25% more current carrying
capacity than the generator line ampere rating.

NOTE: Three phase, "Y"-connected
generators can have a third harmonic
voltage that does not cancel at the
neutral. It is this voltage that causes
the excessive circulating neutral
current that can occur when
operating in parallel.

4.

TESTING AND ADJUSTING

Instructions concerning excessive neutral current
and grounding the generator neutral also apply to
former model generators.

Most radio and audio frequency interference
problems are corrected by proper grounding of the
generator frame. In other instances, the cause is
not the generator set, but equipment that may be
related or unrelated to it. A small, hand-held battery-
powered radio is a useful tool in locating the source
of interference. Tune the radio receiver to the
frequency of the interference and use the receiver
as a probe around pipes, conduits, or other metal
parts. Emitted noise will increase as the source is
approached. Pipes rubbing together can cause
radio frequency interference. Instances have been
known where steel and galvanized pipe connections

create interference even though the joint is
mechanically sound and leak proof. In areas
adjacent to high power radio frequency

generators(transmitters, heating equipment, etc.), a
partial or corroded joint or connection acts like a
very poor rectifier, and can emit interference at
frequencies different from the exciting frequency.

The solution in all such instances has been physical

bonding of the joint or conduit. A clean copper strap
bridging the joint normally clears up the interference.
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TESTING AND ADJUSTING

INDUSTRIAL DIVISION |
.ENGINE: DATA ¢

SUBJECT:
BUSINESS:

PRODUCT/APPLICATION: Generator Sets
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SHEET
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September 1976
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Currents - Circulating in Paralleled Generators
Building Services, Marine, Material Handling

When two or more generator sets are operated in
parallel, a current may circulate between the generators.
This current will exist when the internal voltage
generated by each generator is slightly different, but the
terminal or bus voltage is the same. In the most
elementary form, current will flow out the line leads of
one generator, through the paralleling bus and into the
second generator. It does not flow into the load. This
current, called "circulating current,” is in addition to the
normal line current supplied to the connected load.
When more than two generators are in parallel, current
could flow out of any generator and into one or more of
the other generators. Circulating currents can take
many paths into and out of the several generators.

We are concerned with these "wattless amperes" only
when they interfere with normal generator set operation
or when the normal on-line kVA capacity of the
generators must be reduced because of excessive line
currents. With no-load (zero kilowatts) on a generator in
a parallel system, Caterpillar generators can readily
tolerate a circulating current equal to 20%-25% of the
line ampere rating shown on the generator name plate.
At load conditions (100% kW load), Caterpillar
generators will tolerate a circulating current of up to 10%
of the rated line amperes.

Since circulating currents pass through the generator
coils, these currents heat the coils the same as does the
load current. Further, since circulating currents are
superimposed on the load current passing through the
circuit breaker, circulating currents can cause a breaker
to trip as the breaker could "see" an actual ampere
overload. More complex control systems include
"reverse current" relays which sense counter flow
currents. Currents in excess of the relay setting will
actuate the circuit breaker trip mechanism.
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Observed line current (as indicated by panel ammeters)
in a parallel generator set system is a summation of two
or three currents:

1. Load current -- that current which is supplied to
the load. It may be in phase with the voltage
(unity power factor) or somewhat out of phase
with the voltage (power factor less than unity).

2. Harmonic current -- usually third harmonic
current which flows through the entire system
when "Y" connected paralleled generators have
their neutral leads connected, either directly or
through an earth or ground connection.

3. Circulating current -- that current which flows
between generators for reasons explained
below.

Each of the above currents contribute heat to the
generator coils, the amount being equal to the square of
the sum total current times the resistance of the coils.
Thus, if the current doubles, the heat loss increases by a
factor of four. Coil heating reflects in possible
overheating and lowered efficiency. In very large
generators, this is an important consideration.
Significance of efficiency decreases with smaller
generators. However, coil heat is always a factor, as it
must be removed by ventilation or radiation to keep coil
temperatures to an acceptable maximum.

The load alone determines the load current. Reactors or
switches can be placed in neutral leads to reduce or
eliminate third harmonic currents. Proper generator
voltage adjustment can bring operating circulating
currents to a minimum.

Circulating currents perform an important function: they
account for misadjustment of the generator voltage
control system as well as slight variations in the control
systems.



CIRCULATING CURRENTS

The kilowatt (or horsepower) load on parallel alternators
is entirely a function of the driving source. Thus, to
increase the load demand on one generator set in a
parallel system, the governor speed setting of that
generator set must be increased.

Changing the voltage setting on one generator does not
change the kilowatt load division between generators.
This fact is often confusing, as observation of line
ammeters after a voltage level adjustment will indicate a
current increase, leading to the belief that one generator
has picked up "load." It has not. Instead, currents
circulating between generators have changed. The
panel ammeters indicate this change.

Paralleled alternators must operate at the same terminal
voltage since they are physically connected through the
paralleling bus. If internally generated voltages are not
exactly equal, one alternator will automatically supply an
exciting or magnetizing current to the other alternator to
raise its internally generated voltage. At the same time,
the second alternator will supply a current to the first,
which will lower the generated voltage of this unit. The
net result of circulating or "cross" current is equal
generated voltages.

This action is inherent and automatic. The amount of
circulating current flow is entirely a function of the
internal voltage generated by each of the several
alternators in the parallel system.

The amount and type of connected load also affects
internally generated voltage. Induction motors, for
example, will tend to lower the generated voltage
because the motors require magnetizing current in
addition to power producing current. The generator
which is trying to produce the higher generated voltage
will supply a proportionately greater share of the
magnetizing current not only to the motors but to other
generators on the bus.

When generators are run in parallel, a current sensing
system must be added to each voltage regulator. The
current sensing system samples the generator line
current not only in quantity but also in its phase (angular)
relation to the voltage. The current sensing or droop
system produces a voltage that adds to, or subtracts
from, the voltage sensed by the voltage regulating
system. (This accounts for the name often used:
Voltage Droop System.) The resultant regulating voltage
level (plus or minus droop voltage) causes the regulator
to adjust the alternator exciting current downward for

TESTING AND ADJUSTING

lowered generated voltage, or upward for increased
generated voltage. Within limits, the complete regulator
keeps individual generated voltages nearly equal and
amperes balanced.

In any alternator power system -- single or multiple -- the
system voltage level is established by the level of
generator excitation. When the system is supplying a
purely resistive load (unity power factor), generate
excitation is normally expected to come from the
individual generator exciters (static or rotary). If one
generator exciter in a parallel system is somewhat
deficient, the additional excitation will be supplied by
circulating currents from other generators on the bus.

When the system is supplying induction motors, a higher
exciting or magnetizing current is needed to provide the
magnetic forces in the motors. This motor excitation
subtracts from the total generator excitation driving the
generated voltage downward. All of the voltage
regulators in the system sense this decrease and
individually raise the excitation level and the generated
voltage of their respective generators.

If the voltage regulator action and resultant generator
performance are precisely uniform, each generator
would supply its exact proportion of additional
magnetizing current. In practice this does not occur.
Very small differences result in relatively large
differences of current supplied. The voltage droop
system senses these currents (in amount and in phase
or power factor) and causes the voltage regulator to
react in the correct direction, raising or lowering the
individual excitation level. The result is controlled
division of total line current.

Droop systems will function correctly only if the current
sensing transformers of the several generators are all in
the same phase or line lead. (T-2 in Caterpillar SRCR
Generators, T-8 in SR 4 Generators.)

Droop systems are proportionate. This means that
droop system reaction is proportionate to the ampere
load on an individual generator set. Example: the total
kW load on the system is 150 kW at 0.8 P.F. One
generator is supplying 50 kW, and the other 100 kW.
The total kVA (187.5) should be proportioned with 62.5
kVA on the 50 kW unit, and 125 kVA on the 100 kW unit.
Indicated individual line amperes would also be
proportionate, with one third of the total current coming
from the 50 kW unit and two thirds of the load current
coming from the 100 kW unit.
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CIRCULATING CURRENTS

Operating conditions as just described are not always
possible over the entire load range of the generators.
Electrical and mechanical variations in generators cause
a small difference in ampere or kVA division. Neither is
exactly proportionate to kW load division. The difference
shows up in the panel ammeter indications: the sum of
individual generator line currents exceeds the load
current.

Acceptable levels of circulating current result if the
published procedures are followed for voltage level,
regulator gain, and voltage droop on SRCR and SR 4
generators. These adjustments are always made with
the generator at or near operating temperature. When a
"cold" unit is paralleled to the bus, circulating currents
may be noted. However, these will decrease as the
incoming generator reaches its operating temperature.
These currents are seldom cause for concern. Where
excessive circulating currents do exist, the cause is
generally found to be error in the adjustment procedure
or in operating procedure.

When different sizes of generators are used, or where
different types of voltage regulators are used, the best
adjustment results from using the actual plant load.
Voltage droop levels should be established from a
reference voltage level, and at a reference frequency.

It is generally desirable to have the same voltage droop
on all generators. This means that each generator
should reduce its voltage an equal amount (3% to 5%X)
between no-load and expected full load. Where different
size generators are involved, it may be impractical to
make the full load droop adjustment on the larger
generators. A close approximation can be made by
considering the droop system as a linear device. Select
a plant load equal to at least three-fourths of the smaller
generator capacity. Set the required droop on this
smaller unit (example 5%). Transfer-parallel this same
load to the larger generator and establish the reference
frequency. Set the droop proportionate to the capacity.
Example: 5% was set on the smaller unit with full load.
That load is one-half the larger generator capacity. Set
the droop on the larger generator at 2.5%. The resulting
adjustment will be quite adequate.

Operating errors can cause very high circulating
currents. These generally occur where indicating
instruments are limited to voltmeters and ammeters. It is
entirely possible to have one generator set absorbing
power from the system, and have the ammeters showing
"correct” currents. To avoid this, the operator should
always have the incoming generator set running slightly
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fast, as shown by synchronizing light brilliance at 6 to 10
times per minute prior to closing the circuit breaker. This
will assure that the incoming generator supplies power
(kW) to the load at the time of breaker closure. Load is
then added to the incoming generator set by increasing
the setting of its governor control, or decreasing the
setting of the on-line generator set governor controls.

Operating refinements to regulator adjustment are easily
made on installations equipped with VAR meters, power
factor meters, or wattmeters and line ammeters. (If the
system includes only ammeters, regulator adjustments
must be made with a single unit on the line.) Where
power factor or VAR meters show equal indications,
each generator is supplying its share of the load current
reactive amperes, and circulating current between
generators is at a minimum. Example: load power factor
is 0.8. Generator No. 1 indicates 0.7 P.F. Generator
No. 2 indicates 0.85 P.F. These meter readings tell the
operator that Generator No. 1 is supplying too much
magnetizing current to the load, and possibly to
Generator No. 2. The magnetizing current of Generator
No. 1 can be reduced simply by lowering its voltage
level. Or, if desired, by raising the voltage level of
Generator No. 2, the operating power factors can be
equalized. Circulating current is then at a minimum.

Wattmeters and ammeters can provide the information
necessary to accomplish operating or on-line voltage
level adjustments.
Example:
Load kW 500, Load Line Amperes 750,
Voltage 480
Generator No. 1, Load kW 250,
Line Amperes 350
Generator No. 2, Load kW 250,
Line Amperes 450

These meter readings indicate that Generator No. 2 is
supplying more than its share of magnetizing current.
This is true because Generator No. 1 is operating at a
power factor of 0.86 which is higher than the load power
factor of 0.80, and generator No. 2 is operating at a
power factor of 0.67 which is lower than the load power
factor. Decreasing the voltage level setting of Generator
No. 2 will reduce its magnetizing current and increase
the power factor. At the same time the magnetizing
current from Generator No. 1 will increase, and its
power factor will decrease.

When loads are not equal, the calculated power factor of
each generator can be used
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to correctly distribute magnetizing current and keep the
circulating currents to a minimum. Example:

Load kW 700, Load Line Amperes 1,100,
Voltage 460

Generator No. 1, Load kW 250,
Line Amperes 500

Generator No. 2, Load kW 450,
Line Amperes 630

It should be obvious that the voltage level setting on
Generator No. 2 is too low. Adjustments could be made
to one or both until No. 1 shows a line ampere reading
of about 390, and the line ampere reading of No. 2
shows about 700 amperes. At these conditions, both
generators will be operating at the same load power
factor of 0.8. Circulating current is at a minimum.
Refinements as described above will assure highly
satisfactory operation of paralleled generator sets.

Summary

Circulating currents exist in paralleled generators when
the several generators are attempting to operate at
different voltages although they are connected together
through the common bus. These circulating currents
reduce the effective excitation of one or more
generators, and increase the effective excitation of
others. Generator voltage is directly related to exciter
output. Hence, an attempted generator voltage
difference is the result of different exciter output. Exciter
output is controlled by the voltage regulator, and ultimate
control of circulating current is a function of the regulator.

Effect of Circulating Currents
On Load Sensing Electronic Governors

The Woodward 2301 load sensing governor can react to
excessively large circulating currents.  With correct
adjustment of generator voltage regulators, the load
sensing governor responds to true power or kW load on
the generator set. However, when the value of
circulating current between generators approaches the
value of the actual load current, the governors may react
to these excessive circulating currents and change the
kW load division between generator sets. Load transfer
may be slow, or it may be rapid. There is no predictable
pattern since the observed action depends on the
condition of the generator voltage regulators controlling
the several generators.

TESTING AND ADJUSTING

Incorrectly adjusted voltage regulators are the most
common cause of the "load shift" problem. It is generally
found that initial generator regulator adjustments fail to
include adequate voltage droop or cross-current
compensation. This difficulty can also cause operating
errors.

Some commercially available generator control panels
for use with commercially avail-able generators include a
switch that bypasses the voltage droop circuit in the
voltage regulator. These switches have various names
such as "Single-Parallel" or "Droop In Droop Out."
Operators incorrectly position these switches during
parallel operation, causing one or more generators to
operate without voltage droop or cross-current
compensation. Circulating currents can greatly increase
under these conditions. Governors will generally react.

Switchboard wiring errors, such as reverse-connected
current transformers (used as part of the droop or cross-
current system), can also cause load shift problems. In
these instances, the voltage droop system causes a rise
in generated voltage as the line current increases.
Circulating currents can increase rapidly, and possibly
cause circuit breakers to open. Governor reaction may
be noted just prior to circuit breaker opening.
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TESTING AND ADJUSTING

76.3

e e ¢S ]

BRINE TANK LOAD TEST

The most popular and inexpensive method used to
check generator set power output is the brine tank load

test.

This simple test uses a salt water solution for a

resistive load between the terminals of a generator. The
equipment required is relatively easy to acquire and
assemble.

EQUIPMENT REQUIRED
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Tank -- Preferable circular because electrodes
should be equidistant from each other and the
walls of the tank. It should be 3 to 5 feet (O.9-
1.5m) deep with at least 2.5 gallons (9.4L) per
kW capacity. A galvanized steel stock tank
works well.

Electrodes -- 1/8" to 1/4" (3 to 6mm) thick sheet
steel with surface area of 1.5 square inches
(10cm2) per kW. The electrodes should be
fitted into slotted wooden or steel frames that will
hold them stationary in turbulent water.
Insulation is required between each of the
electrodes and between the electrodes and the
frames to prevent an electrical short. The
electrodes must be positioned equidistant from
each other and the tank walls so that each
generator phase has the same line current.

Salt -- About 0.1 pounds (45g) of very fine salt
per gallon.

Electrical Meters -- Portable tong ammeter and
voltmeter to check current and voltage in each
phase. (Use generator control panel if possible).

Miscellaneous -- Lumber or steel for overhead
framework and electrode frames. Sufficient cord
or cable and pulleys to control electrodes.
Rubber or plastic hose to run make-up water to
tank and to direct overflow away from tank.

OPERATING PROCEDURES

Set up apparatus similar to example pictures.

Raise the electrodes out of the water.

Start the generator set and run it at high idle
until it is warm.

Close the circuit breaker.

Slowly lower the electrodes into the water
making sure each causes the same line current
on each phase.

Operate the unit at one-half load for thirty
minutes. This will warm up the unit and permit
current flow to aid in dissolving the salt.

If the line current does not approach 0.8 of rated
full load current when all electrodes are fully
submerged, add salt to lessen the resistance of
the water. The salt should be added slowly to
allow time for complete dissolving. Watch the
ammeter to ensure readings do not pass
maximum allowable. (If the water is cool when
the salt is added, the salt may dissolve suddenly
when the water begins to boil. This will cause a
rapid increase of line current). Additional water
should be added to replace evaporation loss.

Brine tank load will remain reasonably constant
if the water level is maintained, and the water
does not boil. If the liquid is boiling or flashing
into steam around the electrodes, the load will
not be stable. Severe steam flashing around the
electrodes can cause governor reactions that
may appear to be governor "hunting.” The best
results are always obtained with minimum liquid
conductivity (lowest
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amount of salt) and maximum electrode
immersion. (Greatest possible electrode area in
the liquid.)

For any current reading, the power output of a 3-
phase generator can be calculated using the
following formula:

kW=E x1x1.73
1.000 X P.F.

Where: kW = Kilowatt output
E = Voltage (average of 3
lines)
I = Amperes (average of 3
lines)
PF = Power Factor

A brine tank is a 1.0 power factor load.

WARNING

Rated generator kW occurs at 0.8 PF.
Therefore, to obtain generator rated kW the line
current should be 80% of the nameplate ampere
rating of the generator. Operation at full rated
current would result in a 25% overload.

PORTABILITY

The brine tank can be made portable by placing
it on a small steel trailer as seen in the picture.
The trailer should be equipped with a trailer jack
on each corner to enable the tank to be leveled.

SAFETY

The brine tank test should not be used for any
generator above 480 volts. If the generator
voltage is greater, use reduction transformers.
Avoid any possible flash over between
electrodes and tank.

Be sure the tank or any of its metallic support is
connected to a good earth ground.

The tank should be equipped with overflow
outlets to prevent the boiling water from spilling
over the top of the tank.

Each opening should be four to six inches (10 to
15 CM) from the top and have a hose to direct
the water away from the tank and the operator.

TESTING AND ADJUSTING

EXPLANATION OF PICTURED BRINE TANK

This tank has three vee-shaped electrodes
connected and insulated at the center and to the
side frames. The large center hole and
numerous small holes allow complete water
circulation during the turbulence caused during
load application.

This unit is very sophisticated and is only shown
as an example for constructing a brine tank.
Many applications do not require a load bank
this elaborate. By following the basic
construction guidelines listed earlier, a less
expensive tank can be constructed.

For example, three oil barrels electrically
connected will provide about a 150 kW load
when using round electrodes about 3 inches
(8cm) in diameter and 18 inches (45cm) long.
Discarded pipe with random holes burned
through the surface makes very good
electrodes.
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ALPHABETICAL INDEX

The Alphabetical Index aids in quickly locating the page number of the operation to be performed and refers to the
operation number as listed in the Service Index.

Page Oper.
COMPONENT OPERATION No. No.

Control Panel 129 1
Generator Bearing (Outside Bearing Type RFA) 130 2a

C Generator Bearing (Inside Bearing Type RFA) 132 2b
Generator Removal 138 3
Generator Installation 139 4
Rotor Assembly (Vertical Method) 143 5
Rotor Assembly (Horizontal Method) 145 6
Stator Assembly 147 7

SERVICE INDEX

The Service Index lists all component operations covered in the Disassembly and Assembly section. Unless otherwise
specified, all operations listed under the column "Component Operation” refer to the removal and installation of the
component. The components are grouped within the Service Index with other components located in the same general
area of the generator. The "Other Needed Operations" column indicates other operations that pertain to the operation
being performed.

OPERATION PAGE

NO. COMPONENT OPERATION OTHER NEEDED OPERATIONS NO.

1 Control Panel 129
2a Generator Bearing 130
2b Generator Bearing 132

C 3 Generator Removal 138
4 Generator Installation 139

5 Rotor Assembly (Vertical Method) 1.3and 4 143

6 Rotor Assembly (Horizontal 1,3and 4 145

Method)
7 Stator Assembly 1,3,4and 6 147
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CONTROL PANEL
REMOVE CONTROL PANEL 4460-11

1. Disconnect wires (2) from the generator terminal
strip.

2. Remove four bolts (1) from the shock mounts.

= AN =
Tk

3. Remove control panel. L ’ 2 J
L e} 1) q' ‘a X nf o/
INSTALL CONTROL PANEL 4460-12 s R }‘) o ocagrrtegs
ﬂ"’.{:“‘. " Y N g T L T e -
Fi58 38 R
1. Install control panel and four bolts (1). Far] ; P AS3TaZX L

2. Connect wires (2) to the generator terminal strip.
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GENERATOR BEARING
(OUTSIDE BEARING TYPE RFA)

REMOVE GENERATOR BEARING 7551-11

Tools Needed

887551 Bearing Puller Attachment

887548 Push Puller Assembly

887560  Step Plate

887563 Handle

= I I L P

8H684 Ratchet Box Wrench

1. Remove the panel and louvers from the frame
assembly.

2. Put two pieces of cardboard or sheet metal between
the rotor assembly and the stator assembly. This will
keep the rotor off of the stator when the cover
assembly is removed.

3. Remove four bolts (2) and the retainers that hold the
bearing.

4. Remove six bolts (1) that hold the cover on the stator.
Remove the wires F1 and F2 from the regulator
assembly.

5. Install two guide bolts (4) with 1/2"-13 NC threads, 10
in. (250 mm) long.

6. Install two 3/8"-16 NC forcing bolts (3) in the threaded
holes in cover. Push the cover from the bearing and
remove the cover with a hoist.

NOTICE
Do not damage the stationary exciter
field, which is part of the cover, when
the cover is removed.

7. Remove ring (6) that holds bearing (5) on the shaft.

8. Install tool group (A) and remove the bearing from
shatft.

NOTICE
Do not damage the armature of the
exciter when the tool group is
installed.

NOTE: After the bearing has been
removed, the armature of the exciter -

C can be removed. The armature demsaa
windings will be destroyed.
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GENERATOR BEARING
(OUTSIDE BEARING TYPE RFA)

INSTALL GENERATOR BEARING 7551-12

NOTE: If the armature of the exciter
has been removed, press the
replacement armature on the rotor
shaft using a pipe with approximately
an I.D. and O.D. of the rotor shaft
O.D. and armature winding I.D.
respectively. The rotor shaft has a
taper and keyway.

1. Heat the bearing in oven to a maximum
temperature of 225° F (107° C).

2. Install bearing (1) on the shaft.

3. Install the ring that holds the bearing on the
shaft.

4, Install two guide bolts with 1/2"-13 NC threads,
10 in. (250 mm) long, in the generator. Install
the cover assembly on the two guide bolts.
Slide the cover into position over the bearing.

NOTICE
Do not damage the exciter fields and
armature when cover is installed.

5. Install the bolts that hold the cover on the
generator.

6. Install retainer's (2) and bolts that hold the
bearing in the cover.

7. Connect the two field wires F1 and F2 to the
regulator assembly terminal strip.

8. Remove the cardboard or sheet metal that was
used to keep the rotor off of the stator.

9. Fill the bearing chamber with lubricant. See
Lubrication and Maintenance Guide.

10. Install the louvers in the end of the generator
frame. Install the panel in the frame.

58234X1 } -
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Generator Bearing (Inside Bearing Type RFA) Disassembly and Assembly

Generator Bearing (Inside
Bearing Type RFA)

Remove Generator Bearing  7551-11

Tools Needed A B C
1P1863 Pliers 1
1H3107 Puller Assembly 1
1H3109 Leg 2
8H684 Wrench 1
5F7343 Puller Assembly 1
5P2958 Step Plate 1
1P520 Driver Group

3. Disconnect two wires (2) from the rotor assembly.

4. Remove two bolts (3) that hold the exciter and heat
sink assembly to the shaft.

NOTICE

Do not cause damage to the core
assembly (exciter field) (4) when
removing the exciter and heat sink

1. Remove panel, four louvers and cover assembly from assembly (5).
frame assemblies.

B54581X1

2. Remove two bolts and the shield (1)
from the generator.

5. Remove the exciter and heat sink assembly (5) from
the shaft.
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Generator Bearing (Inside Bearing Type RFA)

Disassembly and Assembly

6. Cut the plastic ties which hold the two wires (F1 and
F2) (6) that go to the regulator from the core assembly
(exciter field).

7. Disconnect the two wires (F1 and F2) (7) from the
regulator terminal strip.

\354566)(1 =
N

8. Remove two nuts and bolts (8) that help hold the core
assembly to the bracket.

9. Remove two bolts (9) and the core assembly from the
bracket.

854567 %1

10. Put cardboard between the rotor assembly and the
stator assembly This will keep the rotor off the stator
when the bracket is removed.

854568X1

11. Support the frame assemblies (11).

12. Remove six bolts and the bottom cover (12) from
the brackets (10).

+ -~
854569X1 5

AV VAN

13. Remove four bolts and two retainers that keep the
bearing in position.
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Generator Bearing (Inside
Bearing Type RFA)

’

B54572X1

- A .
8345701 : 18. Install tooling (B) and remove the bearing (18) from
the shaft.
14. Remove two bolts from the bracket (13) and install
two 1/2"-13 NC 10" long guide bolts (14).

15. Remove the remaining four bolts.
16. Install two 1/2"-13 NC forcing bolts (15) and remove
the bracket. Weight of the bracket is approximately as

follows:

400 frame size 49.5 Kg (110 Ibs)

500 frame size 67 Kg (150 Ibs)

.
8545731 ~ o

19. Use tooling (C) and remove the seal from the
bracket.

Install Generator Bearing 7551-12

Tools Needed A B
1P520 Driver Group 1
1P1863 Pliers 1

17. Use tool (A) and remove the ring (16) from the shaft.

Push the two wires (17) in until the end of the wires are
even with the end of the rotor shaft.
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NOTICE

Make sure the two wires are pulled
through the rotor shaft. Also make
sure that the wires have protection
(4) where they enter the rotor shaft.

B54574X1 .

1. Use tooling (A) and install seal in bracket (1).

5. Install two 1/2"-13 NC 10 in. guide bolts (5).

6. Install bracket on shaft. Weight of bracket is
approximately as follows:

420 frame size 49.5 Kg (110: Ibs)

500 frame size 67 Kg (150 Ibs)

7. Install bolts that hold bracket in place
2. Heat bearing (2) to a maximum temperature of 107°C
(225°F).

3. Install bearing on shatft.

966885X1 < {

8. Install the two retainers (6) and four bolts that keep
the bearing in place.

N ...: _.' -~ S
B66889X1 & Y ) ~

4. Use tool (B) and install the ring (3).
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Generator Bearing (Inside Bearing Type RFA) Disassembly and Assembly

Generator Bearing (Inside Bearing Type RFA)

13. Connect two wires (F1 and F2) (9) to the regulator
terminal strip.

9. Put the bottom shield (7) in place and install six bolts. . . . o
14. Tie the wires together with plastic ties.

10. Remove cardboard from between the stator and
rotor assemblies.

NOTICE

. m—y ——— Do not cause damage to the exciter
») u T g field when installing the exciter and

heat sink assembly.

11. Put the core assembly (exciter field) (8) in position
on the bracket.

12. Install two long bolts. Install two bolts and nuts.

15. Position the exciter and heat sink assembly (10) on
the rotor shaft and install two bolts.
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Disassembly and Assembly

16. Connect the two wires (11) to the exciter and heat
sink assembly

17. Put the shield (12) in position and install the bolts.

18. Install bottom cover assembly, louvers and panel to
the frame assemblies.
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GENERATOR REMOVAL

REMOVE GENERATOR FROM ENGINE
4450-11

1. Remove the rear panel and louvers from the
generator frame. Put pieces of cardboard or
sheet metal between the rotor and the starter.
See GENERATOR BEARING REMOVAL.

2. Remove cover (1) from the generator.

3. Remove bolts (4) that fasten the plates to the
flywheel.

4. Remove bolts (3) that fasten the generator to
the flywheel housing.

(se1sTXT -
5. Fasten a hoist to the generator. Remove the e
four bolts (2) that hold the generator on the

mount or rail.

6. If the generator is equipped with a control
panel, disconnect wires (5) from the engine
at the terminal strip.

7. Remove nut (6) and pull the conduit and
wires (5) out of the generator housing.

R
IS e i
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8. Remove the generator with a hoist.
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DISASSEMBLY AND ASSEMBLY

(ALIGNMENT OF SINGLE-BEARING GENERATORS
TYPICAL)

NOTE: For information or alignment
of two bearing generators makes
reference to Form No. SEHS7073.

Typical installation and alignment procedure for
electric sets with single-bearing generators. Do not start
the alignment procedure until the electric set is
permanently installed. If the electric set is moved to a
different location, check the alignment and make any
corrections necessary. The alignment between the
generator and the engine must be correct to get
maximum performance and long life from the electric set.

INSTALLATION OF THE GENERATOR

AS0813X1

REAR OF ENGINE
A. Pilot bore. B. Surface.

1. Remove all dirt, burrs and paint from the contact
surfaces of the generator supports and the base.

v
>

F

FRONT OF ENGINE
1. Indicator group. 2. Crankshaft pulley.

Remove the protection material (compound) from the
flywheel pilot bore (A) and from the surface (B) that
makes contact with the coupling. All contact surfaces of
the engine, coupling and generator must be completely
clean.

2. Remove the timing pointer cover from the flywheel
housing. Install indicator group (1 ) as shown on the
front of the engine with the tip of the indicator on the face
of crankshaft pulley ( 2). Use a bar between the flywheel
and flywheel housing to push the crankshaft toward the
flywheel to remove all end play. Put the dial indicator in
the "zero" position. Move the crankshaft to its most
forward position, and make a record of the Total
Indicator Reading (TIR). The TIR is the end play of the
crankshaft.

FRONT OF GENERATOR
3. Plate assembly. 4. Shim pack.

3. Put plate assembly (3) in position in the bore of the
flywheel to check for clearance. There must be
clearance between the outside diameter of the plate
assembly (3) and the inside diameter of the bore in
the flywheel.

NOTICE
Damage to the engine and/or
generator can be the result if the
electric set is run with a plate
assembly that does not have this
clearance.

4. Install a full shim pack (4) and plate assembly (3) on
the generator with bolts (5). On D379, G379,
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D398, G398, D399 and G399 engines, tighten bolts (5)
to a torque of 370+ 35 Ib. ft. (505 + 45 Nm). On all
other engines, tighten bolts (5) to the standard torque.

INSTALL BOLTS
7. Bolt. 8. Bolt.

5. Install guide bolt (6) in the flywheel. Put the
5. Bolt. generator in position on the engine, and Install bolts (7)
and (8). Tighten bolts (7) and (8) but do not bend the
locks under bolts (8) at this time.

6. Use a dial indicator (1) to check crankshaft end play
(do not use force to hold the crankshaft in position).
Remove the generator. Remove only enough shims to
get the original amount of end play as shown in Step 2.

ENGINE FLYWHEEL
5- Guide bolt

PUT BOLTS IN POSITION
9. Bolt 10. Generator support.

7. Install the generator and again check the crankshaft
end play. After the correct amount of shims has been
installed, bend the locks under bolts (8).

8. Install but do not tighten all bolts (9) that fasten
generator supports (10) to the base. To align the
generator to the engine, do the steps that follow:

PUT GENERATOR IN POSITION
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Electric Sets Without Supports at the Flywheel
Housing

o

=

e

GENERATOR SET
11. Bolts. 12. Base.

If base (12) of the electric set is fastened to a
foundation, loosen all base-to-foundation bolts.
Loosen all bolts (11) that fasten the engine
supports to base (12).

Check to be sure there is clearance between the
bolts and the bolt holes in the base, engine
supports and generator supports at all locations.

Check the clearance between the base and its
foundation at all mounting locations. Use shims
as necessary to prevent deflection of the base
as the base-to-foundation bolts are tightened.
When there is no deflection in the base tighten
all base-to-foundation bolts to their final torque.

CHECK CLEARANCE

10. Support.
Check the clearance between the base and the
engine and generator supports at all four
location

DISASSEMBLY AND ASSEMBLY

(11). Be sure to check the clearance over the entire
length of the support. This is especially important on
generators with long supports (10), since some surfaces
may not be square or parallel. Use shims as necessary
to prevent deflection of the supports as the bolts are
tightened. After all the necessary shims have been
installed, tighten all mounting bolts to their final torque.

Electric Sets With Supports at the Flywheel
Housing

GENERATOR SUPPORT
10. Support. 12. Base.

a. If base (12) of the electric set is ,fastened to a
foundation, loosen all base-to-foundation bolts.
Loosen all bolts that fasten the engine and
generator supports to the base.

b. Check to be sure there is clearance between the
bolts and the bolt holes in the base, engine
supports and generator supports at all locations.

c. Check the clearance between the base and its
foundation at all mounting locations. Use shims
as necessary to prevent deflection of the base
as the base-to-foundation bolts are tightened.
When there is no deflection in the base, tighten
all base-to-foundation bolts to their final torque.

d. Loosen all bolts (7) that fasten the generator to
the flywheel housing. Tighten every other bolt to
its final torque. Check the clearance between
the base and the engine and generator supports
at all six locations. Be sure to check the
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clearance over the entire length of the supports.
This is especially important on generators with
long supports (10). Install shims as necessary

until all of the mounting surfaces are fiat and
parallel.

CHECK CLEARANCE
7. Bolt.

- T 1

— =

CHECK GAP
D. Gap.

3

4R
|

]

S0616X2

View A-A.
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e. Tighten all bolts that fasten the engine and

generator supports to the base to one-half of
their final torque. Loosen all bolts (7), and check
the gap (D) between the generator and the
flywheel housing at location (E), (F), (G) and (H).
Location (E) must always be at the top. Make a
record of each measurement.

If the gap at location (E) is larger than the gap at
location (G) by more than .005 in. (0.13 mm),
install an equal amount of shims under each
generator support as necessary. If the gap at
location (G) is larger than the gap at location (E)
by more than .005 in. (0.13 mm), remove an
equal amount of shims from under each
generator support as necessary. After a
correction has been made to shim thickness,
tighten the generator support as necessary.
After a correction has been made to shim
thickness, tighten the generator support bolts to
one-half of their final torque and again check the
gap at location (E) and (G). Use this procedure
again and again until the difference in gap
measurements is .005 in. (0.13 mm) or less.

If the gap at location (F) is larger than the gap at
location (H) by more than .005 in. (0.13 mm),
loosen the bolts in the generator supports and
move the rear of the generator to the right. If the
gap at location (H) is larger than the gap at
location (F) by more than .005 in. (0.13 mm).
loosen the bolts in the generator supports and
move the rear of the generator to the left. Do
this procedure again and again until the
difference in gap measurements is .005 in. (0.13
mm) or less. Tighten bolts (2) to their final
torque.

Install a dial indicator on base (12) with the
indicator tip next to a support mounting bolt.
Tighten this bolt to its final torque, and at the
same time check the indicator. If there is more
than .005 in. (0.13 mm) of indicator movement,
the shim thickness is incorrect under that bolt.
Install shims as necessary. Do this procedure
again and again until all engine and generator
support-mounting bolts have been tightened to
their final torque and support deflection is within
specification.
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ROTOR ASSEMBLY

REMOVE ROTOR ASSEMBLY
(VERTICAL METHOD) 4457-11

start by:
a) remove generator from engine
b) remove control panel

1. Remove the louvers (1) and panel (2) from back
of generator frame.

2. Remove the side panels and frame on back of
generator. Remove the retainers that hold the
bearing in the cover.

3. Use a hoist to put the generator in a vertical
position with the hub at the top.

4. Remove the plates (3), shims and the generator
fan (4). Keep the plates and shims together for @ ;: ._1‘
installation. e .
5. Remove the rotor assembly from the stator with 3 \
a hoist.
NOTICE

Do not let the rotor make a contact
with the stator when it is removed.

'\;t;l -':.:xl =
L2pes—
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DISASSEMBLY AND ASSEMBLY

ROTOR ASSEMBLY

INSTALL ROTOR ASSEMBLY
(VERTICAL METHOD 4457-12

1. Be sure the stator assembly and rotor assembly
are clean.

2. Lift the rotor into position over the stator with a
hoist. Slowly lower the rotor into the stator. Be
sure the bearing is in position in the cover.

NOTICE

Do not let the rotor make a contact
with the stator when it is lowered into
the armature.

3. Put the generator in a horizontal position with a
hoist.

4, Put the generator fan over the hub. Install the
original amount of shims and plates (1) on the
hub.

5. Install retainers (2) for the bearing.

6. Install the frames, covers, louvers, and panels
on back of generator.

end by:

a. install generator on engine
b. install control panel
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SR 4 GENERATOR

DISASSEMBLY AND ASSEMBLY

ROTOR ASSEMBLY

REMOVE ROTOR ASSEMBLY
(HORIZONTAL METHOD) 4457-11

start by:

a) remove generator from engine
b) remove control panel

1.

Remove plates (1), shims (3), and fan (2) from
the front of generator.

Install pieces of cardboard or sheet metal (4)
between the rotor assembly and the stator
assembly. Be sure the pieces are as long as the
rotor assembly.

Remove the louvers and panels from the back of
generator. Remove the bolts that hold the
retainers for the bearing. Disconnect wires F1
and F2 from the regulator assembly.

Remove the bolts for the cover. Install two
guide bolts (5) with 1/2"-13 NC threads,
approximately 10 in. (250 mm) long. Connect a
hoist to the cover. Push the cover from the
bearing with two 3/8"-16 NC forcing bolts.
Remove the cover.

NOTICE
Do not damage the stationary exciter
field, which is part of the cover, when
removing the cover.

Fasten a hoist to the back of shaft.

Put a steel pipe (7) on the end of shaft, to the
inside of hub.

NOTE: Be sure the pipe is long
enough to go through the
generator.

Remove rotor assembly (6) out the back of
generator with a hoist.

NOTICE
Keep the rotor assembly level at all
times during removal. This will

prevent damage to the armature
windings in the generator.

3TTAX1

— h' Ao 4&%’)"""“"::;—:5! }“
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SR 4 GENERATOR DISASSEMBLY AND ASSEMBLY
ROTOR ASSEMBLY

INSTALL ROTOR ASSEMBLY
(HORIZONTAL METHOD) 4457-12

1. Be sure the stator assembly and the rotor
assembly are clean.

2. Put a piece of cardboard or sheet metal on the
inside of the stator.

3. Put the rotor in position for installation in back of
the generator. Put a steel pipe through the
stator and on to the front of the shaft, against the
hub.

4, Fasten a hoist to the end of rotor (1). Install the
rotor. Use the pipe as a support for the other
end of the rotor.

NOTICE
Keep the rotor level when it is
installed and prevent damage to the
stator wiring.

5. Remove the cardboard or sheet metal from
between the rotor and the stator.

6. Install with two guide bolts 1/2"-13 NC threads,
10 in. (250 mm) long, in the back of generator.
Install the cover assembly with a hoist. Connect
the two field wires F1 and F2 to the regulator
assembly.

NOTICE

Do not damage the stationary exciter
field which is part of the cover, when
the cover is installed.

7. Install the two retainers (2) for the bearing.'
Install the louvers and panel in the back of the
generator frame.

8. Install the generator fan (4). Install the original

amount of shims (3), and plates on the
generator hub.

end by:
a) install the generator on engine
b) install control panel
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SR 4 GENERATOR DISASSEMBLY AND ASSEMBLY
STATOR ASSEMBLY
REMOVE STATOR ASSEMBLY 4453-11

start by:
a) remove rotor assembly (Horizontal Method)

1. Remove the frame from the stator housing.

2. Disconnect the wires from the voltage regulator
assembly. Put a mark on wires for identification.

3. Remove the voltage droop transformer (2).

4. Remove the bolts (1) that hold the voltage
regulator on the stator housing. Remove
voltage regulator.

5. Remove covers (3) from the housing.

6. The stator (4) is available to service if needed.
INSTALL STATOR ASSEMBLY 4453-12
1. Install the covers on the housing.

2. Install the voltage regulator assembly on the
housing.

3. Install the voltage droop transformer.
4. Connect the wires to the voltage regulator.

5. Install the frame on the stator housing.

end by:
a) install rotor assembly (Horizontal Method)

A,
58234x1 N -
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DC SCHEMATICS

SYSTEMS OPERATION

HOW TO READ CONTROL PANEL DC SCHEMATICS

LINE NUMBERS USED FOR
COMPONENT LOCATION:
FOR EXAMPLE MSG IS ON

‘ LINE D

| pem———— e

OOTTED LINES BETWEEN
COMPONENTS ARE THE SYMBOL
FOR WIAES OUTSIOE THE
CONTROL PANEL

I

| ca ] SYMSOL FOR TERMINAL ON
Ip———— - L% 7 STy o SRSy TS1. GENERATOR TERMINAL
OPTIONAL STRIP
O e AteatoR r__.r__.._____..__._____..___..__ll__‘
AND AMMETER 28 1
\I Y SO, -_————— L
[N SRR P P ' I i . S I S
]
’
513 7y B ;Ls/c 2
NA ' |
¢ SYMBOL FOR TERMINAL ON
P
—_— §1 /p; TS2. CONTROL PANEL TERMINAL
OPTIONAL —_ —_—— e N ——— STRIP
GLOW PLUGS -ir— | l
AND MEAT 1 o rm . ——d | o e
swiTcH @E [
l % -@- 5 - > e
OPTIONAL e e e =T e e e __..._-J
SYNCHRONIZING — S i e e —— — — — — — — — —
MOTOR AND . RAISE 2 25 1
GOVERNOR ' I - --@_©—6 & | DOTTED LINES ARQUND A
SWITCH I —) -~ OWER 24 1 «#ma- GAOUP OF COMPONENTS.
-- - g—P—> SYMBOL FOR OPTIONAL
e e e e e e e = L L e e e o ATTACHMENT
GND_£rre) IGN 10 10 pow
‘ =7
1 In AR PIN IOENTIFICATION
on
m»—‘@' +f / ACS SWITCH
124 GNO IGN 3 PN IDENTIFICATION ON
1 5ToP / RELAYS

OPTIONAL CYCLE
CRANKING MODULE
ccm

OPTIONAL COOL
DOWN TIMER

OFTIONAL AUXILIARY el ]

RELAY MODULE
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LINE NUMBERS ON THE RIGHT
SIDE OF THE O1AGRAM. GIVE
LOCATION QF RELAY CONTACTS
A LINE BELOW THE LINE NUMBER
TELLS THAT TME RELAY CONTACT
ON THAT LINE IS NORMALLY
CLOSED. FOR EXAMPLE. RUN
AELAY CONTACT [RAI ON LINE 1!
IS NOAMALLY CLOSED. THE AUN
RELAY CONTACT ON LINE 201$
NORMALLY OPEN

11 20—

m—— I RE NUMBER

L 1
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CONTROL PANEL (TYPE 1)

SYSTEMS OPERATION

GENERATOR MOUNTED CONTROL PANEL
(TYPE 1 - PRIOR TO CATERPILLAR PARTS SERVICE)

INTRODUCTION
The uses of the generator mounted control panel are:

To help control the electric power made by the
generator set
To monitor (check) the operation of the generator set.

To help protect the generator set from damage caused
by low oil pressure, high coolant temperature, overspeed
and overcrank.

To help with the transfer of electrical load to and from
the generator set.

To help parallel two or more units onto the same bus.

IDENTIFICATION

The location of the control panel is on the top of the
regulator housing. Identification of some of the control
panel components is given on black plastic plates. The
position of control panel switches is also given on these
plates. The control panel has an eleven place model
number on the panel nameplate.

NOTE: Parts for this control panel
are not serviced by Caterpillar
Tractor Company.

WIRING

Wiring diagram No. 1 shows wiring connections for
control panels made before the remote Annunciator
panel and Prealarm module were available through
Caterpillar.

Wiring diagram No. 2 shows wiring connections for
control panels made after remote Annunciator panel
3N7325 and Prealarm module 3N5569 were available
through Caterpillar.

wiring diagram No. 3 is for packaged generator sets
with a two element speed switch (OSS and USS) in
place of overspeed switch (OS).

NOTE: A photograph of the panel is
shown after wiring diagram No. 2.

MAXIMUM RECOMMENDED TOTAL BATTERY
CABLE LENGTH

CABLE DIRECT ELECTRIC STARTING
SIZE 12 Volt 24-32 Volt
0 41t (1.2m) 15 ft. (4.6 m)
00 5ft. (1.5 m) 18ft. (5.5m)
000 6 ft. (1.8 m) 21 ft. (6.4 m)
0000 7.5ft. (2.3 m) 27 ft. (8.2m)

COLOR CODE
B - black
W - white
R - red
PU - purple
W/B - white with black stripe
0] - orange
BR - brown
BL - blue
LT GR - light green

The number after the color is the recommended wire
size
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CONTROL PANEL (TYPE 1)

182
CONTROL
PANEL

A98942x 1

BATTERY

MAGNETIC
SWITCH

CIRCUIT BREAKER

STARTER
MOTOR

T81-6
ISV 3
fas
RACK SOLENOID

O TS2- T3 (tF USED)

n

15129

3/

v

T81.2
T
" T82- 71
181-2%

SYNC M
GOVERNOR
SYNCHRONIZING
MOTOR
{F SO EQUIPPED}

T$1-23

NOTE C

cT2

l
]
| em]em
|
|

4 A

188

<13

4

03 O
oR O

o2 o
o= o

oR o

N A TS
-
=
-
=
-
@
~
S
~
=

oR o

ﬁLO?’,. o

2 TS 12
O— 15212
oP

OIL PRESSURE
SENDER

8 =W TSI
511 eeee—ed O €
one
N
AN
N
s Y.

WT!
WATER TEMPERATURE
SENDER

>v

GENT
GENT2

o NO

O «O

0 ~0

wn
o
[N

o
P B

0 wo-
=

b

o

oao0O
(-3

[- 3

=
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0 & O
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O w

]

n
L

o

(4]

]

[~ o
[+

23 80

82 n 1

6 &6 6 o o

13
© 0 0 0 0 0 0o 0 o (]

QPs
OIL PRESSURE
CONTACTOR

=4
o

53
B w6 oms | peciiaron

WIRING DIAGRAM

NOTE: Customef mMust supply wires shown dotted.
NOTE A: To inig®ting contactor at automatic transfer switch.

No. 1

NOTE B ONC

—_—Joc
—lo NO
wT

WATER TEMPERATURE
CONTACTOR

NOTE B: The yeilow wire from voltage ievil rheostat (R2) to terminal (7) on the regutator terminal strip must be disconnected at

terminal (7).

NOTE C: Terminais 15, 16, 17, 18 and 19 5f TS2 available for remote annunciator panel.
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CONTROL PANEL (TYPE 1) SYSTEMS OPERATION

TS1-8 NC
TS1-6 d
“'— e
T51.3 g
TS1-1 NO
f
MAGNETIC RACK SOLENOIO %S
swirea OtL PRESSURE
CONTACTOR
. Tl

TS1-24 L
i
NC
i 1.3 o
L 2 T$1 - 1§ =30 C
4 n . {o
- B 751 - 34 om0 NO
GOVERNOR
SYNCHRONIZING - . wTP
MOTOR WATER
{1F SO EQUIPPEDI TEMPERATURE

N

CIRCUIT
BREAKER

CONTACTOR
73 {PREALARM}

STAHTER

MOTOR — .
| TS1.1
{
TS1-20 {'rsz,fz 751 9 ee———1+0 NO
S m" { TS‘.l_——_—ic
! N .
| Ll' A 2=
N )/ 0s
BATTERY wrs . QVERSPEED
— WATER TEMPERATURE
f _ SENOER
B —; ' NOTEC - NOTEC!
o "o 51,12
) -9 ,
] t S0 ¢r2 noreg | 9~ 23 LgD .
! o rrsia ox TS1.2
|cn L - - o”'m)rerl L ALK ‘3
i M we ! A ! TS1.10 N
wr  opsiFe|sm|nAs i cni ' ot | oee X - ’
! I I K 1k ! Ot PRESSURE FUEL PRESSURE
\ pav 1 _SENDER T ACTOR
g}rqgééooo’o W36“5500':)6{)000
0 2 N UYB B2 zol L] T ON% %W ‘g ‘0‘ ‘g ’
? -
L L T81- 33---51«:-‘
l 1 i
| 1
1

ey ™ —

LFS T

b
$1-15 ~ — 1OC —o
Al NOTE ¢ i s 1° l.

| L1

182 LY L] > & o > o [ o 8]0 6 46 %6 o ° LOW FUEL LEVEL LOW WATER TEMPERATURE
CONTROL| 1]2 |3 S 6 1 8 § 10 f1 12 13 14 15]16 17 W 19 26{j20 2t 22 23 80 82 v T2 T3 29 PREALARM ;,1 ?3 SWITCH QONTAGTOR
PANEL |oo jo © 0000 0 © 0 0o0fooooolfloooo oo o000 o] (Oh;?“%UNLAEU 7 ’ {1F SO EQUIPPED) \IF SO EQUIPPED)
- o : h—=- R . o
NOTE D NOTE O . l E one -2 O
' T3 > rsn n_' T st.1—oc 151.36 0 l
NOTEF REGULATOR o o - ) . o
NOTEB { 50 NoTES T81.5 —JONO - " opp
Sl . : - . \ wT . OIL PRESSURE CONTACTOR
Adgaesxt & : t : P - WATER TEMPERATURE CONTAGTTOR - (PREALARN}
o . WIRL .
GRAM No. 2
NOTE: Customer must supply wires shown dotted.
NOTE A: To initiating contactor at automatic transfer switch. NOTE E: Used cnly with governor switch and PSG governor.

NOTE B: The yellow wire from voltage level rheostat (R2) to terminat termi onnect NOTE F: Conner:ted to optional prealarm module.
lerminal (7). 9 (R2) to terminal (7) on the reguiator nal strip must be disc “ NOTE G: Connected to auxiliary contact (N.O.) on emergency side of transter switch. Used onty with OP“OM' remote annunciator

NOTE C. Terminals in optional remote annunciator panel. T : panel for generitor Indication.
NOTE D: Used only with oplional remote annunclator panel, prealarm mod . NOTE H: Ta optonal preaiarm moduie. Connect wire 37 to terminal 1 on the fow il pressure indicator. Connect wire 50 to the
to TS1-29 to TS1-15 with R# panel, prealar ufe, or PSG governor. Jumper B+ from TS1-210 TS1- normally open ﬂ’ontact on the oit pressure timer.

{
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CONTROL PANEL (TYPE 1)

T51-6
TS1-3
RS

RACK SOLENOID

Y/

MAGNETIC e ’ T
SwTCH : ,

TS1.24
(=] =T }] L
BREAKER
1S1-3
S T2
- / l
T$1.25 R
SM
) GOVERNOR
SYNCHRONIZING
MOTOR
\ 8 73 (IF SO EQUIPPED)
STARTER i [

! TS1-11
K 5272
Tsi-21 15123 s2T 15273
{1F USED)
. ‘ N
. . AN
. N
’ : ‘ WTS Rz

ZRY
! WATER TEMPERATURE
4 SENDER
NOTEC NOTE C NOTEC
T N T3
2 2 (2 23 Lga 5112
oct , 0sicT2 NOTEG LFS.. i
7 P o - oppl TS12 s ur AUX
s fs - Iesy 1t :cn o b wre : NOTY D :Lwrl-ml'"‘ oo
iy o o sM ' . !
1 FP} sM wT PS SS WIS | : 1 1 : b | ! j ] f | 0P
I l l ‘ M NL B L L | I ‘ \% P J, '3 !.’ o,LsPEstEs:ns
b o o o
RS EEEEEEEEE EEEFRERERES
o2 2 2929227 99?eRTPT TR A A O S -
y T T rsr-:n-—-Bncjl
1 1
E NOTEG bt LADN |
Y5
NOTEC ONO | '«
‘ L J, LTF§J
EALS ° o LOW FUEL LEVEL
P éd & & & & O > & ¢ P 3 & & & olfs & & 1 muoof U 1 SWITCH
3 4 S 6 1 8 9 W 1213 W4 511617 1819 2 20 2 ' | . {1F SO EQUIPP!
éioooooo o 0 0o 0 0 0Jo 0 © o0 oljo o o T?EO?EI:'T? onclEm
r$1-30 15129 . i -I_ » _| 151.29—4o ¢ ]:
il | NOTED . T 83 1513 » .
NOTE F . REGULATOR -1 Te . TS1-35 ——+0O NO
_ . o o | woteB sy NOTEM

wWTP
WATER TEMPERATURE CONTACTOR
(PREALARM)

WIRING DIAGRANC. 3

tomer must supply wires shown dotied.
) initiating contactor at automatic transter switch. .
1e yeliow wire from voltage level rheostat (R2) to terminal (7) on the reguiator terminal strip musst be disconnecied at

NOTE E: Used only with governor switch and PSG govemor.
NOTE F: Connected to optional prealarm module..

NOTE G: Connected to auxiliary contact
panel for generator indication.

" inats in optional remote anm NOTE H: To optional prealarm module. Connect wire 37 to terminal 1 on the low oll pr

T51-8
NC
TS1.7—
NO 1. UsS NO

0oPS
OIL PRESSURE
CONTACTOR

O NC

st ————JocC b

>
TST-5 e LONO

wT
WATER TEMBERATURE
CONTACTOR

NO - OPS —e—ouodO NO 1

goc
T$1-1 PO €

1.9 {oN02 oss

¥S1-2

TS1.10 No

FP
FUEL PRESSURE
CONTACTOR

TS1-15—40 }:

TS1-34—40

LwT
LOW WATER TEMPERATURE
CONTACTOR
{1F SO EQUIPPED)

TS1-39 NC
TS1-36 O l
NO

o
OIt PRESSURE CONTACTOR
{PREALARM)

(N.O.) on emergency side of transfer switch. Used only with optional remote annunciator

panel.
d only with optional remote annunciator panel, prealarm module, or PSG governor. Jumper B+ from TS1-2t0 T51-30

normally open contact on the oil pressure timer.
> TS1-1S with R#14
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CONTROL PANEL (TYPE 2)

oPP

GSM

'—M‘“
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P—T52 2

53TA
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‘Some rack solenocids (RS) and shutof! solenoids (SS) do not have a zener diode across the terminals.

ALT
APR

ATS
AUX
B+

BATT
cs
CCM
CcT
G3
G5M
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g99¢Y 0 0
-]

Q9
ol

TS2iasa

TSi=a T$2-3

CCm

T30
Ay
RETEN
TSi-30
226
ore THimle

Te1-1

Tet~-u

A98938X1

AMMETER

ALTERNATOR

ANNUNCIATOR PANEL—REMOTE
AUXILIARY RELAY MODULE
AUTOMATIC TRANSFER SWITCH
AUXILIARY CONTACT

BATTERY POSITIVE

BATTERY NEGATIVE

SATTERY

CIRCUIT BREAKER

CYCLE CRANKING MODULE
CURRENT TRANSFORMER
GOVERNOR SWITCH
GOVERNOR SYNCHRONIZING
MOTOR

HEAT SWITCH

LFS
LwT

MS
MSG
oci
opP

OP!
oPP

orPs
osl

WIRING DIAGRAM

INITIATING CONTACT

(FOR CUSTOMER USE)

LOW FUEL LEVEL SWITCH,
LOW WATER TEMPERATURE
SWITCH

MAGNETIC SWITCH

MAGNETIC SWITCH (GLOW PLUGS)
OVERCRANK INDICATOR

OIL PRESSURE GAUGE
SENDING UNIT

LOW Oit. PRESSURE INDICATOR
OIL PRESSURE SWITCH
(PRE-ALARM)

OIL PRESSURE SWITCH
{SHUTDOWN)

OVERSPEED INDICATOR

Wire and Cable shown as dash lines (—) are to be put on by the customer.
TS2 Terminal numbers are shown on control panel schematics.
The wiring diagram shows the connections for ali available attachments. The unit will have wiring only tor the attachments which

are instalied.

0ss
PAM
PS
PSW
RS
SM

uss

LYY

Lowenm

OVERSPEED SWITCH (SHUTDX
PRE-ALARM MODULE

PINION SOLENOID
PRESSURE SWITCH
SHUTOFF SOLENOID
STARTING MOTOR

TERMINAL STRIP
UNDERSPEED SWITCH
WATER TEMPERATURE GAUG
SENDING UNIT

HIGH WATER TEMPERATURE
INIDCATOR

WATER TEMPERATURE SWITC
(PRE-ALARM)

WATER TEMPERATURE SWITC
(SHUTDOWN)

TS3-6. Before connecting TS2-80 10 TS3-6, remove yeoliow wire from TS3-7. Put insuiation on the end of the yellow wire soitcannot

make electrical contact with TS3-7.

Jumper wires trom B+ to TS1-2 to TS1-30 to TS1-29 to TS1-15 are for use with annuncistor panei (remote) or pre-siarm moduie

TS1-38 is the terminal for connection of the indicator light on the snnunciatcr panel (remote) which shows that the generator is

working.

When cycie cranking module (CCM) is instalied remove the jumper wire from TS2-4A to TS2-4,

Do not operate alternator (ALT) without a battery (BATT) connected in the circuit. Do not poiarize the alternator. Do not try to
charge a common battery (BATT) with the alternator (ALT) and a DC generator at the same time.

TS1-37 is the terminal for the connection of the low oil pressure indicator (DPP) in the pre-alarm module.
TS1-39 is the terminai for the connection of remote shutdown and pre-alarm indicators when the pre-alarm module is used.
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CONTROL PANEL (TYPE 2)

Fil

2?

R[

APS4I0X

S PR
E R 4
—"chs’o"""""""—r_‘- ~~~~~ —l ?

ENFLIRE

2,00

92
n b

CONTROL PANEL WITH MECHANICAL SPEED SWITCH

P A

27

REMOTE
ALARM CONTACTS 2

BN

AUTOMATIC POSITION
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A
ACS
ALT
AR
ARX

OC Ammeter

Engine Control Switch
Charging Alternator
Arming Relay
Auxiliary Relay Module

BATT Battery

c8
CcCm
cCT
CRC
D
DSS

Circuit Breaker

Cycle Cranking Module
Cycle Crank Relay

Cycle Crank Logic Timer
Diode

Dusl Speed Switch
(inciudes USS and 0SS)

ENFL Engine Fauft Light With Fault

GP
GS
GSM
HS

|

MS
MSG

0OCi
ocT
OP
OPG
OPI
OoPSs
OSl
0ss
PIL
PLS
PS
PSW
RE

AR
RS
SMm
SR
uss
WY

wWTG
wT

WTS

©

Reset Function

Governor Switch

Governor Synchronizing Motor
Glow Plug Heat Switch
Romote Start initiating Contact
Magnetic Switch (Crank Circuit)
Magnetic Switch (Glow Plug
Circuit)

Overcrank Iindicator
Overcrank Timer

Oil Pressure Gauge Sender
Ol Pressure Gauge -
Low Oil Pressure Indicator
Oii Pressure Switch
Overspeed Indication
Overspeed Switch

Panel lllumination Lamp
Panel Lamp Switch

Pinion Solenoid

Pressure Switch

Fault Reset Switch, Part of
ENFL :

Run Relay

Reck Solenoid

Starting Motor

Shutdown Relay
Underspeed Switch

Water Tempersture Gsuge
Sender

Water Temperature Gauge
High Water Temperature
indicator

Water Temperature Switch

Terminal Strip Point (Control
Panel)

Terminal Strip Point (Generator
Terminai Box)

SYSTEMS OPERATED



CONTROL PANEL (TYPE 2)

COMPONENTS

ACA
ACS
ACV
AVS

ENFL/RE
FM
PL1,2

SYSTEMS OPERATION

NOTE: For specifications on components located on the engine, make reference
to the ENGINE SERVICE MANUAL.

o aminaton st
coNIRe PantL

G ® s s

‘ENFURE

CONTROL PANEL (TYPE 2 - CHANGE LEVEL 0 THRU 1)

. X &
Py AT

Alternating current ammeter PLS Panel lamp switch 1. Button (direct current ammeter
Engine control switch ocCl Overcrank indicator DCA. it so equipped)

Alternating current voltmeter OPG Oil pressure gauge 2. Button (heat switch HS. if so
Ammeter/voltmeter selector OPI Oil pressure indicator equipped)

switch osl Overspeed indicator 3. Button (governor switch GS. if so
Engine failure light/reset switch WTG  Water temperature gauge equipped)

Frequency meter WTI Water temperature indicator 4. Panel (Prealarm module PAM. it so
Panel lamps VLR Voltage level rheostat equipped)

ACA Alternating Current Ammeter

AC ammeter (ACA) gives an indication, in amperes,
of the current from each phase of the generator to the
load. Ammeter/voltmeter selector switch (AVS) is used
to connect the ammeter to the current transformer on
phase T1, T2 or T3; see Contact Chart. Ammeters
normally have an input range from O to 5 amperes.
Current transformer (CT1, CT2 or CT3) causes a
reduction of the actual line current, in its respective
phase lead, to a level within the input range of the
ammeter. The ammeter is calibrated (has marks) to give
an indication of the actual current flow in one phase load
of the generator.
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CONTROL PANEL (TYPE 2)

N1
55 56
! e ll2
hgl v I
— o
‘;2 3!! ”4
® D‘z T12 {
i S et
T13
T G155
20 tt {
.Q@_‘ »
9. 10
21 el
—3) 54
A
1 12
2 it
o)
Nt
13 14
23 p—i} k
_G) .
~ is 16
AD WA
{14+
17 '_J
AS8617X1

AMMETER/VOLTMETER SELECTOR SWITCH (AVS)

ACA Alternating current ammeter
ACV Alternating current voltmeter
F1,2,3 Fuses
FM Frequency meter
® Terminal point on TS2 in control panel
® Terminal Point on TS3 part of voltage
regulator
CONTACT CHART FOR AVS
OFF 1 2 3
1 X X
2 X
3 X
4 X
5 X X X
6 X
7 X
8 X
3 X X X X X X X
10 K X X
11 X X
12 ¥ x 3
13 X X
14 X X X X )
15 X X X x X x X
16 X X X X X X x
17 3 X X x x X x

NOTE: X gives an
closed contact, X on the line gives an
"make before break"

indication of
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SYSTEMS OPERATION
ACS Engine Control Switch

Engine control switch (ACS) controls the engine start
and stop systems. To start the engine move the switch
to the manual position. To stop the engine. move the
switch to the STOP or OFF position. For standby
application (engine starts when remote initiating contact |
closes) move the switch to the AUTO position. For more
information on the operation of this switch, make
reference to the AUTOMATIC START/STOP SYSTEM..

CONTACT CHART FOR ACS
AUTO MAN STOP | OFF
1 2 3 4
1 X X X X
2 X
3 X
4 X
5 X
6 X X X X
7 X
8 X
9 X
10 X

ACV Alternating Current Voltmeter

AC voltmeter (ACV) shows the potential difference
(voltage) between phase T1-T2, T2-T3 or T3-T1 at
position 1, 2 or 3 respectively. Make reference to the
ALTERNATING CURRENT AMMETER.

DCA Direct Current Ammeter

Direct current ammeter (DCA) goes in place of plug
(). This ammeter shows the amount of DC current in
amperes, that flows in the alternator circuit (if so

equipped).
ENFL/RE Engine Failure Light/Reset Switch

Engine failure light/reset switch (ENFL/RE) will
activate when the engine has a failure. One or more of
the shutdown indicators will also activate to give an
indication of the problem. Shutdown relay (SR) will
activate to start the shutdown sequence. Make
reference to SHUTDOWN CAUSED BY ENGINE
FAILURE and ENGINE DOES NOT START
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NOTICE

Turn engine control switch (ACS) to
the STOP or OFF position
immediately after engine shutdown
caused by high water temperature,
low oil pressure or overspeed. This
will cause an open in the circuit to
the arming relay (AR). Normally open
contact of arming relay (AR2) will
open and current fow to rack
solenoid (RS) will stop. This will help
prevent damage to the rack solenoid
from too much current.

FM Frequency Meter

Frequency meter (FM) shows the hertz (cycles per
second) of the electricity made when the generator set is
in operation. There is a direct relation between the
frequency of the electricity and the rpm of the generator
set; see formula.

number of poles x rpm
120

frequency (hertz) =

GS Governor Switch

Governor switch (GS) is in place of button (3) when
the engine is equipped with a remote control
synchronizing motor for the governor. Engine speed is
controlled with this switch.

HS Heat Switch

Heat switch (HS) is in place of button (2) when the
engine is equipped with glow plugs. This switch is used
to operate the glow plugs for cold weather starting.

OPG Oil Pressure Gauge

Oil pressure gauge (OPG) shows the pressure, in
psi, of engine lubrication oil. When pressure switch
(PSW) or normally open contact of the arming relay
(AR2) is closed, oil pressure gauge (OPG) is connected

SYSTEMS OPERATION

across battery voltage. There is a relation between the
current flow in this circuit and the engine oil pressure
read on oil pressure gauge (OPG). Oil pressure sender
(OP) controls the current flow by a change in resistance
according to the change in engine oil pressure.

PAM Prealarm Module
Make reference to ATTACHMENTS.
PL1,2 Panel Lamps

Light for the control panel is given by panel lamps
(PL1 and PL2). These lamps are controlled by panel
light switch (PLS).

VLR Voltage Level Rheostat

Voltage level rheostat (VLR) takes the place of
voltage level rheostat (R2) on the generator regulator
assembly. It is used to adjust the voltage output of the
generator.

NOTE: Make reference to
OPERATION OF GENERATOR,;
REGULATOR ADJUSTMENT. On
generators equipped with a generator
mounted control panel, the yellow
wire from voltage level rheostat (R2)
to terminal (7) on the regulator
terminal strip is disconnected at
terminal (7).

WTG Water Temperature Gauge

Water temperature gauge (WTG) shows the
temperature, in degrees fahrenheit, of engine coolant.
When pressure switch (PSW) or normally open contact
of the arming relay (AR2) is closed, water temperature
gauge (WTG) is connected across battery voltage.
There is a relation between the current flow in this circuit
and the coolant temperature read on water temperature
gauge (WTG). Water temperature sender (WT) controls
the current flow by a change in resistance according to
the change in coolant temperature.
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AUTOMATIC START/STOP SYSTEM

Introduction

The automatic start/stop system is normally used for
standby operation. That is, without an operator. The
generator set must start, pick up the load, operate the
load, and stop after the load is removed. An automatic
transfer switch controls the transfer of load to and from
the generator set. When normal (commercial) power
has a failure, initiating contactor (1), part of the automatic
transfer switch, closes. This will begin the automatic
start sequence. When the engine starts, the control
panel instruments will show voltage and frequency. The
automatic transfer switch will transfer the load to the
generator set when voltage and frequency reach
approximately rated value. When normal power returns,
the automatic transfer switch will transfer the load back
to normal power. Initiating contactor (I) will open. This
will begin the automatic stop sequence. The generator
set will also stop automatically if the engine has a failure.

NOTE: There are two types of
automatic start/stop systems used
with the earlier type generator
mounted control panel. One uses a
mechanically driven speed switch
(USS and OSS) and an oil pressure
switch (OPS) that is the shape of a
cylinder. The other uses an electrical
speed switch (DSS) and an oil
pressure switch that is the shape of a
box.

Automatic Start
With engine control switch (ACS) in the AUTO

position, contacts 1, 2 and 6 are closed. When
commercial (normal) power has a failure, initiating

contactor (1) closes. This makes a complete circuit from
battery (BATT) to energize run relay (RR), magnetic
switch (MS). dual speed switch (DSS) (it so equipped)
and overcrank timer (OCT).

When run relay (RR) is energized, contacts (RR2)
open and contacts (RR1) close. (RR2) open prevents
current flow to rack solenoid (RS) through pressure
switch (PSW). (RR1) closed makes it possible to
energize oil pressure indicator (OPI).

When magnetic switch (MS) is energized. (MS)
contacts close and pinion solenoid (PS) is energized.
This causes (PS) contacts to close, starting motor (SMJ)
will crank the engine. (FPS) or (PSW) will close. This
energizes water temperature gauge (WTG) and oil
pressure gauge (OPG).

When overcrank timer (OCT) is energized. a timer
will start. After the engine cranks for approximately 30
seconds, the timer will top. (OCT) contacts will close.
Make reference to ENGINE DOES NOT START.

When dual speed switch (DSS) (if so equipped) is
energized, the magnetic pickup relays the engine rpm to
the switch. The dual speed switch has an underspeed
(USS) circuit and an overspeed (OSS) circuit.

Manual Start

The current flow for manual start is similar to
automatic start except engine control switch (ACS) is
turned to the MAN position. Contact (2) is open and
contact (3) is closed. It is not necessary for initiating
contactor (I) to close. Run relay (RR). magnetic switch
(MS) and overcrank timer (OCT) will energize as soon
as contact (3) is closed.

AB4471X

1217.22.25
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ADC
ACS
ALT
AR
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AMMETER

ENGINE CONTROL SWITCH
CHARGING ALTERNATOR
ARMING RELAY

AUXILIARY RELAY MODULE

BATT BATTERY

cB
CCM
CCT
CRC
D
DSss

ENFL

GP
GS
GSM

HS
i

MS
MSG

0OcCl1
ocCT
oP

OoPG
OPI

OPS
oSl
0ss
PIL
PLS
PS
PSW

CIRCUIT BREAKER
CYCLE CRANKING MODULE
CYCLE CRANK RELAY
CYCLE CRANK LOGIC TIMER
DIODE

DUAL SPEED SWITCH
(INCLUDES USS AND 0SS)
ENGINE FAULT LIGHT WITH
FAULT RESET FUNCTION
GLOW PLUGS

GOVERNOR SWITCH
GOVERNOR SYNCHRONIZING
MOTOR

GLOW PLUG HEAT SWITCH
REMOTE START INITIATING
CONTACT

MAGNETIC SWITCH (CRANK
CIRCUIT)

MAGNETIC SWITCH (GLOW
PLUG CIRCUIT)

OVERCRANK INDICATOR
OVERCRANK TIMER

OIL PRESSURE GAUGE
SENDER

OIL PRESSURE GAUGE

LOW OIL PRESSURE
INDICATOR

OIL PRESSURE SWITCH
OVERSPEED INDICATION
OVERSPEED SWITCH

PANEL ILLUMINATION LAMP
PANEL LAMP SWITCH
PINION SOLENOID
PRESSURE SWITCH

FAULT RESET SWITCH, PART
OF ENFL

RUN RELAY

RACK SOLENOID

STARTING MOTOR
SHUTDOWN RELAY
UNDERSPEED SWITCH
WATER TEMPERATURE
GAUGE SENDER

WATER TEMPERATURE
GAUGE

HIGH WATER TEMPERATURE
INDICATOR

WATER TEMPERATURE
SWITCH

TERMINAL STRIP POINT
(CONTROL PANEL)

TERMINAL STRIP POINT
(GENERATOR TERMINAL BOX)
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178

Engine Starts

At 600 rpm, underspeed switch (USS) closes. Oil
pressure increases. This activates oil pressure switch
(OPS). The normally closed contact opens and the
normally open contact closes. The arming relay (AR) is
now connected across battery voltage. Contacts (AR1)
close and lock in the arming relay. Contacts (AR2) close
to help complete a circuit to rack solenoid (RS) for
shutdown. Contacts (AR3) open. This de-energizes
magnetic switch (MS). (MS) contacts open to de-
energize pinion solenoid (PS). (PS) contacts open to
de-energize starting motor (SM). Contacts (AR4) open
to de-energize overcrank timer (OCT).
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ADC
ACS
ALT
AR
ARX
BATT
cB
CCM
CCT
CRC
D
oss

ENFL

GP
GS
GSM

HS
I

MS
MSG

ocCl!
oCT
oP

OPG
OP!

oPS
0sli
0ss
PIL
PLS
PS
PSwW
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AMMETER
ENGINE CONTROL SWITCH
CHARGING ALTERNATOR
ARMING RELAY

AUXILIARY RELAY MODULE
BATTERY

CIRCUIT BREAKER

CYCLE CRANKING MODULE
CYCLE CRANK RELAY
CYCLE CRANK LOGIC TIMER
DIODE

DUAL SPEED SWITCH
(INCLUDES USS AND OSS)
ENGINE FAULT LIGHT WITH
FAULT RESET FUNCTION
GLOW PLUGS

GOVERNOR SWITCH
GOVERNOR SYNCHRONIZING
MOTOR

GLOW PLUG HEAT SWITCH
REMOTE START INITIATING
CONTACT

MAGNETIC SWITCH (CRANK
CIRCUIT)

MAGNETIC SWITCH (GLOW
PLUG CIRCUIT)
OVERCRANK INDICATOR
OVERCRANK TIMER

OIL PRESSURE GAUGE
SENDER

OIL PRESSURE GAUGE
LOW OIL PRESSURE
INDICATOR

OIL PRESSURE SWITCH
OVERSPEED INDICATION
OVERSPEED SWITCH
PANEL ILLUMINATION LAMP
PANEL LAMP SWITCH
PINION SOLENOID
PRESSURE SWITCH

EAULT RESET SWITCH,
PART OF ENFL

RUN RELAY

RACK SOLENOID

STARTING MOTOR
SHUTDOWN RELAY
UNDERSPEED SWITCH
WATER TEMPERATURE
GAUGE SENDER

WATER TEMPERATURE
GAUGE

HIGH WATER TEMPERATURE
INDICATOR

WATER TEMPERATURE
SWITCH

TERMINAL STRIP POINT
(CONTROL PANEL)
TERMINAL STRIP POINT
(GENERATOR TERMINAL BOX)
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Engine Does Not Start

If the engine does not start in approximately 30
seconds, overcrank timer (OCT) will let current flow to
overcrank indicator (OCI), engine failure light/reset
switch (ENFL/RE) and shutdown relay (SR).

(SR1) contacts close to lock in the shutdown relay.
(SR2) contacts open. This de-energizes run relay (RR)
and magnetic switch (MS). (MS) contacts open and de-
energize pinion solenoid (PS). (PS) contacts open and
de-energize starting motor (SM). Pressure switch
(PSW) will open. This de-energizes water temperature
gauge (WTG) and oil pressure gauge (OPG).

Overcrank indicator (OCI) will pop out (move out
suddenly) and engine failure light/reset switch
(ENFL/RE) will give light. To start the engine, do the
steps that follow:
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Turn engine control switch (ACS) to OFF or STOP.
This will prevent the engine from starting if it is not
desired. it will also de-energize overcrank timer
(OCT) and overcrank indicator (OCI).

Push and release engine failure light reset switch
(ENFL/RE). This will open (ENFL, RE) contacts for
a moment and de-energize shutdown relay (SR) and
engine failure light reset switch (ENFL/RE).

Push overcrank indicator button (OCI) back in.

Turn the engine controls switch to AUTO. If the
engine does not start in approximately 30 seconds,
the overcrank indicator will pop out and the engine
failure light/reset switch will give light.

Turn engine control switch (ACS) to OFF or STOP.
Correct the problem that caused the engine not to
start. Make reference to TROUBLESHOOTING.
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ADC
ACS
ALT
AR

ARX
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AMMETER

ENGINE CONTROL SWITCH
CHARGING ALTERNATOR
ARMING RELAY

AUXILIARY RELAY MODULE

BATT BATTERY

cB
CCM
cCT
CRC
D
DSsS

ENFL

GP
GS
GSM

HS
1

MS
MSG

oc!
oCcT
oP

OoPG
OP!

oPsS
Osi
0ss
PIL
PLS

CIRCUIT BREAKER

CYCLE CRANKING MODULE
CYCLE CRANK RELAY
CYCLE CRANK LOGIC TIMER
DIODE

DUAL SPEED SWITCH
(INCLUDES USS AND 0SS)
ENGINE FAULT LIGHT WITH
FAULT RESET FUNCTION
GLOW PLUGS

GOVERNOR SWITCH
GOVERNOR SYNCHRONIZING
MOTOR

GLOW PLUG HEAT SWITCH
REMOTE START INITIATING
CONTACT

MAGNETIC SWITCH (CRANK
CIRCUIT)

MAGNETIC SWITCH (GLOW
PLUG CIRCUIT)
OVERCRANK INDICATOR
OVERCRANK TIMER

OIL PRESSURE GAUGE
SENDER

OIL PRESSURE GAUGE
LOW OIL PRESSURE
INDICATOR

OIL PRESSURE SWITCH
OVERSPEED INDICATION
OVERSPEED SWITCH
PANEL ILLUMINATION LAMP
PANEL LAMP SWITCH
PINION SOLENOID
PRESSURE SWITCH

FAULT RESET SWITCH,
PART OF ENFL

RUN RELAY

RACK SOLENOID

STARTING MOTOR
SHUTDOWN RELAY
UNDERSPEED SWITCH
WATER TEMPERATURE
GAUGE SENDER

WATER TEMPERATURE
GAUGE

HIGH WATER TEMPERATURE
INDICATOR

WATER TEMPERATURE
SWITCH

TERMINAL STRIP POINT
(CONTROL PANEL)

TERMINAL STRIP POINT
(GENERATOR TERMINAL BOX)
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Return of Commercial (Normal) Power

When commercial power returns, the automatic
transfer switch transfers the load to commercial power.
Initiating contacts (I) open. This de-energizes run relay
(RR) and arming relay (AR).

When run relay (RR) is de-energized, contacts
(RR2) close and contacts (RR1) open. (RR2) closed
energizes rack solenoid (RS). The rack solenoid moves
the rack to the FUEL OFF position. (RRI) open prevents
an indication of low oil pressure with normal shutdown.

When aming relay (AR) is de-energized, contacts
(AR1 and AR2) open and contacts (AR3 and AR4) close.
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(AR1) open prevents the arming relay from being
energized before the engine starts. (AR2) open
prevents current flow to rack solenoid (RS) when engine
control switch (ACS) is in the OFF or STOP position.
(AR3) closed helps complete the circuit to magnetic
switch (MS). (AR4) closed helps complete the circuit to
and overcrank timer (OCT).

When the engine stops, pressure switch (PSW)
opens. This de-energizes water temperature gauge
(WTG), oil pressure gauge (OPG) and rack solenoid
(RS).

Diode (D1) releases any voltage in the coil of rack
solenoid (RS) when it is de-energized.
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AMMETER

ENGINE CONTROL SWITCH
CHARGING ALTERNATOR
ARMING RELAY

AUXILIARY RELAY MODULE

BATT BATTERY

ca
CCM
cCcT
CRC
D
Dss

ENFL

GP
GS
GSM

HS
|

MS
MSG

o] o
oCcT
opP

OPG
OP!

oPS
osl
0SS
PIL-
PLS
PS
PSW

CIRCUIT BREAKER
CYCLE CRANKING MODULE
CYCLE CRANK RELAY
CYCLE CRANK LOGIC TIMER
DIODE

DUAL SPEED SWITCH
(INCLUDES USS AND 0SS)
ENGINE FAULT LIGHT WITH
FAULT RESET FUNCTION
GLOW PLUGS

GOVERNOR SWITCH
GOVERNOR SYNCHRONIZING
MOTOR

GLOW PLUG HEAT SWITCH
REMOTE START INITIATING
CONTACT

MAGNETIC SWITCH (CRANK
CIRCUIT)

MAGNETIC SWITCH (GLOW
PLUG CIRCUIT)
OVERCRANK INDICATOR
OVERCRANK TIMER

OIL PRESSURE GAUGE
SENDER

OIL PRESSURE GAUGE
LOW OIL PRESSURE
INDICATOR

OIL PRESSURE SWITCH
OVERSPEED INDICATION
OVERSPEED SWITCH
PANEL ILLUMINATION LAMP
PANEL LAMP SWITCH
PINION SOLENOID
PRESSURE SWITCH

FAULT RESET SWITCH,
PART OF ENFL

RUN RELAY

RACK SOLENOID

STARTING MOTOR
SHUTDOWN RELAY
UNDERSPEED SWITCH
WATER TEMPERATURE
GAUGE SENDER

WATER TEMPERATURE
GAUGE

HIGH WATER TEMPERATURE
INDICATOR

WATER TEMPERATURE
SWITCH

TERMINAL STRIP POINT
(CONTROL PANEL)

TERMINAL STRIP POINT
(GENERATOR TERMINAL BOX)

183



CONTROL PANEL (TYPE 2)

184

Manual Shutdown

When engine control switch (ACS) is turned to the
STOP or OFF position, contacts (9 or 10) close and
contacts (2 and 3) are open. (9 or 10) closed completes
a circuit to rack solenoid (RS). The rack solenoid moves
the rack to the fuel OFF position. When contacts (2 and
3) are both open, no shutdown indicators can operate.
This also de-energizes run relay (RR) and arming relay
(AR). (RR2) opens, (RR1) closes. (ARl and AR2)
open, (AR3 and AR4) close.

Pressure switch (PSW) will open when the engine
stops. This de-energizes water temperature gauge
(WTG), oil pressure gauge (OPG) and rack solenoid
(RS).

Diode (D1) releases any voltage in the coil of rack
solenoid (RS) when it is de-energized.

The system is ready to start if engine control switch
(ACS) is turned to MAN or AUTO.
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[+ A93271X1 ADC AMMETER
I‘If; o heak iy ACS ENGINE CONTROL SWITCH
ALT CHARGING ALTERNATOR

AR  ARMING RELAY

ARX AUXILIARY RELAY MODULE

: BATT BATTERY

T’ C8 CIRCUIT BREAKER

CCM CYCLE CRANKING MODULE

CCT CYCLE CRANK RELAY

CAC CYCLE CRANK LOGIC TIMER

D  DiODE

DSS DUAL SPEED SWITCH
(INCLUDES USS AND OSS)

ENFL ENGINE FAULT LIGHT WITH
FAULT RESET FUNCTION

GP GLOW PLUGS

GS GOVERNOR SWITCH

GSM GOVERNOR SYNCHRONIZING
MOTOR

HS GLOW PLUG HEAT SWITCH

I REMOTE START INITIATING

e :_':1\1‘ aart

CONTACT
MS MAGNETIC SWITCH (CRANK
CIRCUIT)
MSG MAGNETIC SWITCH (GLOW
PLUG CIRCUIT)
OC! OVERCRANK INDICATOR
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OP OIL PRESSURE GAUGE
3 SENDER

OPG OIL PRESSURE GAUGE
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0SS OVERSPEED SWITCH
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Shutdown Caused by Engine Failure

The packaged generator set has shutdown sensors,
shutdown indicators and a shutdown circuit for the
conditions that follow:

Low oil pressure

High water temperature
Overspeed

Overcrank

PwbdPE

For information about overcrank shutdown, make
reference to ENGINE DOES NOT START.

Conditions (1, 2 or 3) will energize its respective
indicator, engine failure light/reset switch (ENFL/RE) and
shutdown relay (SR).

(SR1) contacts close to lock in the shutdown relay.
(SR2) contacts open. This de-energizes run relay (RR).
(RR2) closes and (RR1) opens. (RR2) closed energizes
rack solenoid (RS). The rack solenoid moves the rack to
the fuel OFF position. Pressure switch (PSW) will open
when the engine stops. This de-energizes water
temperature gauge (WTG), oil pressure gauge (OPG)
and rack solenoid (RS). The correct indicator will pop
out (move out suddenly) to show the cause of the
shutdown. To start the engine, do the steps that follow:

SYSTEMS OPERATION
1. Turn engine control switch (ACS) to OFF or STOP.

This will prevent the engine from starting if it is not
desired.

NOTICE

Do Step 1 immediately after
shutdown. Step 1 will help prevent
damage to rack solenoid (RS) from
too much current. When engine
control switch (ACS) is turned to
STOP or OFF, (AR2) contacts will
open and stop current flow to the
rack solenoid.

2. ldentify and correct the problem that caused the
shutdown.

3. Push engine failure light/reset switch (ENFL/RE).
This will open (ENFL/RE) contacts and de-energize
shutdown relay (SR).

4. Push the indicator button that is out.
5. Reset oil pressure or overspeed switch if necessary.

The system is ready to start if engine control switch
(ACS) is turned to MAN or AUTO.
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CONTROL PANEL WITH ELECTRONIC SPEED SWITCH
AUTOMATIC POSITION-HIGH WATER TEMPERATURE SHUTDOWN
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e s L¥ e . ., ABX1  ADC AMMETER
' ﬁ?*’«“*"’“‘*‘“ﬂli ATt 'I'l’" S ! ACS ENGINE CONTROL SWITCH
H rs ; " ALT CHARGING ALTERNATOR
-@- ‘ AR  ARMING RELAY
ARX AUXILIARY RELAY MODULE

BATT BATTERY

CB CIRCUIT BREAKER

CCM CYCLE CRANKING MODULE

CCT CYCLE CRANK RELAY .

CRC CYCLE CRANK LOGIC TIMER

D DIODE

DSS DUAL SPEED SWITCH
(INCLUDES USS AND 0SS)

ENFL ENGINE FAULT LIGHT WITH
FAULT RESET FUNCTION

GP GLOW PLUGS

GS GOVERNOR SWITCH

GSM GOVERNOR SYNCHRONIZING
MOTOR

HS GLOW PLUG HEAT SWITCH

| REMOTE START INITIATING
CONTACT

MS MAGNETIC SWITCH (CRANK
CIRCUIT)

MSG MAGNETIC SWITCH
(GLOW PLUG CIRCUIT)

OCI OVERCRANK INDICATOR

OCT OVERCRANK TIMER

OP  OIL PRESSURE GAUGE
SENDER

OPG OIL PRESSURE GAUGE

OPI LOW OIL PRESSURE
INDICATOR

OPS OIL PRESSURE SWITCH

0S| OVERSPEED INDICATION

0SS OVERSPEED SWITCH

PIL PANEL ILLUMINATION LAMP

: PLS PANEL LAMP SWITCH
g Xy 2 ‘ PS  PINION SOLENOID

ENFL RE

2
4 PSW PRESSURE SWITCH
2 : : RE FAULT RESET SWITCH,
ocs ors K f PART OF ENFL
= K RR  RUN RELAY
: 7 RS RACK SOLENOID
w s ob1 6 SM  STARTING MOTOR
% @_(.)__1 —_— SR SHUTDOWN RELAY
e ~ USS UNDERSPEED SWITCH
z : e ; WT WATER TEMPERATURE
+—— @ GAUGE SENDER
) 0 WTG WATER TEMPERATURE
—— GAUGE
ass 0 WT! HIGH WATER TEMPERATURE
2 INDICATOR
——®
s s e WTS WATER TEMPERATURE
0 REMOTE SWITCH
! ALAAM CONTACTS ol
» ' o ©  TERMINAL STRIP POINT

{(CONTROL PANEL)
a TERMINAL STRIP POINT
CONTROL PANEL WITH MECHANICAL SPEED SWITCH (GENERATOR TERMINAL BOX)
AUTOMATIC POSITION—HIGH WATER TEMPERATURE SHUTDOWN
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GENERATOR MOUNTED CONTROL PANEL
(TYPE 3 - CHANGE LEVEL 2 THRU 8)

INTRODUCTION

The uses of the generator mounted control panel
are:

To help control the electric power made by the
generator set.

To monitor (check) the operation of the generator
set.

To help protect the generator set from damage
caused by low oil pressure, high coolant
temperature, overspeed and overcrank.

To help with the transfer of electrical load to and
from the generator set.

To help parallel two or more units onto the same
bus.

IDENTIFICATION

The location of the control panel is on the top of the
regulator housing. This panel has a place for a heat
switch and Prealarm module. The shutdown indicators
are relay lamp type. The control panel has a 12 place
model number on the panel nameplate. The model
number gives an indication of the control panel
component part numbers. Make reference to the Parts
Book, GENERATOR MOUNTED CONTROL PANEL.
Form No. SEBP1068. The last digit of the model
number is the change level to which the panel was built.

WIRING

See the pages that follow for wiring diagrams,
schematics and photo illustrations for identification.

SYSTEMS OPERATION
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ALT
APR
ARX

AUX
B+

B-
BATT
CB
CCM

CT
CTS
DSS
GS
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GENERATOR TERMINAL STRIP TS1, REGULATOR TERMINAL STRIP TS3.
GENERATOR, CURRENT TRANSFORMERS AND CIRCUIT BREAKER

AMMETER (CONTROL PANEL
MOUNTED)

CHARGING ALTERNATOR
(NOTE H)

ANNUNCIATOR PANEL-
REMOTE

AUXILIARY RELAY MODULE
(CONTROL PANEL MOUNTED)
AUXILIARY CONTACT (NOTE E)
BATTERY POSITIVE

BATTERY NEGATIVE

BATTERY

CIRCUIT BREAKER

CYCLE CRANKING MODULE
(CONTROL PANEL MOUNTED)
CURRENT TRANSFORMER
CRANK TERMINATE SWITCH
DUAL SPEED SWITCH
GOVERNOR SWITCH
(CONTROL PANEL MOUNTED)

GSM
HS

LFS
LWT
MS
MSG

OCl
OoP

OPI

OPP

OPS

(ON]]

GOVERNOR SYNC MOTOR
HEAT SWITCH (CONTROL
PANE MOUNTED)

LOW FUEL LEVEL SWITCH
LOW WATER TEMP SWITCH
MAGNETIC SWITCH (CRANK
CIRCUIT)

MAGNETIC SWITCH (GLOW
PLUG CIRCUIT)
OVERCRANK INDICATOR
OIL PRESSURE GAUGE
SENDER

LOW OIL PRESSURE
INDICATOR

OIL PRESSURE SWITCH
(PRE-ALARM)

OIL PRESSURE SWITCH
(SHUTDOWN)

OVERSPEED INDICATOR

0SS

PAM

OVERSPEED SWITCH
(SHUTDOWN)

PREALARM MODULE
(CONTROL PANEL MOUNTED)
PINION SOLENOID
PRESSURE SWITCH
SHUTOFF SOLENOID
STARTING MOTOR

TERMINAL STRIP
UNDERSPEED SWITCH
(CRANK TERMINATION)
WATER TEMPERATURE GAGE
SENDER

HIGH WATER TEMPERATURE
INDICATOR

WATER TEMPERATURE
SWITCH (PRE-ALARM)
WATER TEMPERATURE
SWITCH (SHUTDOWN)
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NOTE:
NOTE A:
NOTE B:

NOTE C:

NOTE D:

NOTE E:

NOTE F:
NOTE G:

NOTE H:

NOTE I
NOTE J:

NOTE K:

NOTE L:

NOTE M:

CONTROL PANEL COMPONENTS (PARTIAL) AND CONTROL PANEL
TERMINAL STRIP TS2

DOTTED WIRES BY CUSTOMER

To normally open initiating contacts | of automatic transfer switch.

The yellow wire from voltage level rheostat (R2)to terminal 7 on the regulator terminal strip is disconnected at terminal 7.
Some generator sets without an Annunciator panel (remote) or a Prealarm module are not equipped with B + connection
from TS1-2 to TS1-30 to TS1-29 and TS1-15.

Some generator sets are grounded at the line from the current transformer's neutral. Some are grounded through a jumper
between TS1-20 and a terminal strip support screw.

To normally open auxiliary contact on emergency side of transfer switch, if the generator set is equipped with an
Annunciator panel (remote). Used to give generating indication.

Red jumper between TS2-4A and TS2-4 is not used with cycle cranking module.

Do not operate the alternator without a battery connected in the circuit. Do not polarize alternator.
common battery with the alternator and a. DC generator at the same time.

To optional remote low lubrication oil pressure indicator installed by the customer.

To optional remote shutdown indicator installed by the customer.

On some generator sets, underspeed switch (USS) is connected to the common terminal on oil pressure switch (OPS).
Connect the wire to the normally open terminal on oil pressure switch (OPS) to help prevent low oil pressure shutdown when
engine oil pressure does not increase as fast as engine speed during engine starting.

If terminal 1 is connected to terminal 2 speed switch will shutdown engine at 3/4 overspeed set point. Speed switches with a
verify button do not have terminal 1. Push the verify button to shutdown the engine at 3/4 overspeed set point.

Some frequency meters are connected phase (TS2-FM to TS3-22 to stator T7) to neutral (TS2-TO to TS3-26 to stator TO).
Others are connected phase (TS2-FM to TS3-22 to stator T7) to ground (control panel chassis). When the frequency meter
is connected phase to ground, terminal TS2-TO has a mark 93 and is not connected to TS3-26.

CTS is areplacement for USS. CTS, crank terminate switch, gives a better description of the actual purpose of the switch.

Do not charge a
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AUTOMATIC POSITION
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ADC AMMETER

ACS ENGINE CONTROL SWITCH

ALT CHARGING ALTERNATOR

AR  ARMING RELAY

ARX AUXILIARY RELAY MODULE

BATT BATTERY

CB CIRCUIT BREAKER

CCM CYCLE CRANKING MODULE

CCT CYCLE CRANK RELAY

COT COOL DOWN TIMER

CDTR COOL DOWN TIMER RELAY

CRC CYCLE CRANK LOGIC TIMER

CTS CRANK TERMINATE SWITCH

D DIODE

DSS DUAL SPEED SWITCH
(INCLUDES CTS AND DSS)

ENFL ENGINE FAULT LIGHT WITH
FAULT RESET FUNCTION

GP GLOW PLUGS

GS GOVERNOR SWITCH

GSM GOVERNOR SYNCHRONIZING
MOTOR

HS  GLOW PLUG HEAT SWITCH

I REMOTE START INITIATING

CONTACT

MS MAGNETIC SWITCH (CRANK
CIRCUIT)

MSG MAGNETIC SWITCH (GLOW
PLUG CIRCUIT)

OCIR OVERCRANK INDICATING
RELAY

OCT OVERCRANK TIMER

OP  OIL PRESSURE GAUGE
SENDER

OPG OIL PRESSURE GAUGE

OPIR LOW OIL PRESSURE

INDICATOR RELAY

OIL PRESSURE SWITCH

OVERSPEED INDICATING

RELAY

0SS OVERSPEED SWITCH

PiL  PANEL ILLUMINATION LAMP

PLS PANEL LAMP SWITCH

PS  PINION SOLENOID

PRESSURE SWITCH

RE  FAULT RESET SWITCH,
PART OF ENFL

RR  RUN RELAY

SS  SHUT-OFF SOLENOID

SM  STARTING MOTOR

SR SHUTDOWN RELAY

WT WATER TEMPERATURE

GAUGE SENDER

WATER TEMPERATURE

GAUGE

WTIR HIGH WATER TEMPERATURE

INDICATING RELAY

WATER TEMPERATURE

SWITCH

oPS
OSIR

TERMINAL STRIP POINT
(CONTROL PANEL)
TERMINAL STRIP POINT .
(GENERATOR TERMINAL BOX)
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@_—A ‘B

cCoilL

)

....'

A98941X1
RELAY CONTACT SCHEMATIC
A98592X2
RELAY LAMP COMPONENT WIRING
A98950X1

93

RELAY LAMP SCHEMATIC
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COMPONENTS
NOTE: For specifications on components located on the engine, make reference to

the ENGINE SERVICE MANUAL.

r

CONTROL PANEL (TYPE 3 - CHANGE LEVEL 2 THRU 8)

ACA Alternating current FM Frequency meter VLR  Voltage level rheostat
ammeter PL1,2 Panel lamps 1. Button (heat switch HS, if

ACS Engine control switch PLS Panel lamp switch so equipped)

ACV Alternating current OClI Overcrank indicator 2. Button (governor switch
voltmeter OPG Oil pressure gauge GS, if so equipped)

AVS Ammeter/voltage selector OPI Oil pressure indicator 3. Panel (Prealarm module
switch osl Overspeed indicator PAM, If so equipped)

DCA Direct current ammeter WTG Water temperature gauge

ENFL/RE Engine failure light/reset WTI Water temperature indicator
switch

INSIDE CONTROL PANEL
(TYPE 3 - CHANGE LEVEL 2 THRU 8)

4. Location for CDT (cool down timer if so equipped). 5.
Location for AUX (auxiliary relay, if so equipped). 6. Location
for CCM (cycle crank module, If so equipped).
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ACA Alternating Current Ammeter CONTACT CHART FOR AVS

OFF 1 2 3

AC ammeter (ACA) gives an indication, in amperes,

of the current from each phase of the generator to the 1 X X X
load. Ammeter/voltmeter selector switch (AVS) is used 2 X
to connect the ammeter to the current transformer on 3 X
phase T1, T2 or T3; see Contact Chart. Ammeters 4 X
normally have an input range from 0 to 5 amperes. 5 X X %
Current transformer (CT1, CT2 or CT3) causes a
reduction of the actual line current, in its respective 6 X
phase lead, to a level within the input range of the 7 X
ammeter. The ammeter is calibrated (has marks) to give 8 X
an indication of the actual current flow in one phase load g X X X X X x X
of the generator. 10 ¥ X X
11 ) S ¢ ¢
NOTE: Several methods have been .
used to connect control panel 12 x x 1
instruments. The recommended 13 X X X
method is shown in the diagrams. 14 X X ¥ X X x X
15 ¥ x X X X X X
16 X X X X X X X
17 X X kX 4 X X X
® © . o
% T0 NOTE: X gives an indication of a
To n ™ - closed contact. .Y on the line gives
VOLTAGE D) —@® an indication of "make before break".
REGULATOR

Tt

™ $6

!

112
T2

©—[ = | O—{ [
Ti3
=] O—{7]
» Lo T3
3 “ £ —=1— |.,
10 Aca 20
; 9| = — 3
2 ‘1‘5—1-‘[1—24 ij\
g
13 14 22
3 ST ®- J :
13
—© s " 23 p— —q- 4
)
T ~ 15 16
17 1}
[ ] 17
A98946X2 AvS 44
A98947X2 AVS

(800V Control Pane! Only)
AMMETER/VOLTMETER SELECTOR SWITCH (AVS) WIRING DIAGRAMS

ACA  Alternating current ammeter ® Terminal pointon TS2 in
ACV  Alternating current voltmeter control panel

F1,2,3 Fuses ® Terminal Point on TS3 part
FM Frequency meter of voltage regulator
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ACS Engine Control Switch

Engine control switch (ACS) controls the engine start
and stop systems. To start the engine, move the switch
to the manual position. To stop the engine move the
switch to the STOP or OFF position. For standby
application (engine starts when remote initiating contact
1 closes), move the switch to the AUTO position. For
more information on the operation of this switch, make
reference to the AUTOMATIC START/STOP SYSTEM.

CONTACT CHART FOR ACS
AUTO MAN STOP OFF

2 3 4

1 X X X X

2 X

3 X

4 X

5 X

6 X X X X

7 X

8 X

9 X

10 X

ACV Alternating Current Voltmeter

AC voltmeter (ACV) shows the potential differential
(voltage) between phase T1-T2, T2-T3 or T3-T1 at
position 1, 2 or 3 respectively. Make reference to the
ALTERNATING CURRENT AMMETER.

DCA Direct Current Ammeter

This ammeter shows the amount of DC current in
amperes, that flows in the alternator circuit (if so

equipped).
ENFL/RE Engine Failure Light/Reset Switch

Engine failure light/reset switch (ENFL/RE) will
activate when the engine has a failure. One or more of
the shutdown indicators will also activate to give an
indication of the problem. Shutdown relay (SR) will
activate to start the shutdown sequence. Make
reference to SHUTDOWN CAUSED BY ENGINE
FAILURE and ENGINE DOES NOT START.

NOTICE

Turn engine control switch (ACS) to
the STOP or OFF position
immediately after engine shutdown
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caused by high water temperature,
low oil pressure or overspeed. This
will cause an open in the circuit to
the arming relay (AR). Normally open
contact of arming relay (AR2) will
open and current flow to rack
solenoid (RS) will stop. This will help
prevent damage to the rack solenoid
from too much current.

FM Frequency Meter

Frequency meter (FM) shows the hertz (cycles per
second) of the electricity made when the generator set is
in operation. There is a direct relation between the
frequency of the electricity and the rpm of the generator
set: see formula.

number of poles x rpm
frequency (hertz) = 120

GS Governor Switch

Governor switch (GS) is in place of button (2) when
the engine is equipped with a remote control
synchronizing motor for the governor. Engine speed is
controlled with this switch.

HS Heat Switch

Heat switch (HS) is in place of button (1) when the
engine is equipped with glow plugs. This switch is used
to operate the glow plugs for cold weather starting.

OPG Oil Pressure Gauge

Oil pressure gauge (OPG) shows the pressure. in
psi, of engine lubrication oil. When pressure switch
(PSW) is closed, oil pressure gauge (OPG) is connected
across battery voltage. There is a relation between the
current flow in this circuit and the engine oil pressure
read on oil pressure gauge (OPG). Oil pressure sender
(OP) controls the current flow by a change in resistance
according to the change in engine oil pressure.

PAM Prealarm Module
Make reference to ATTACHMENTS.
PL1,2 Panel Lamps
Light for the control panel is given by panel lamps

(PL1 and PL2). These lamps are controlled by panel
light switch (PLS).
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VLR Voltage Level Rheostat

Voltage level rheostat (VLR) takes the place of
voltage level rheostat (R2) on the generator regulator
assembly. It is used to adjust the voltage output of the
generator.

NOTE: Make reference to OPERATION OF
GENERATOR; REGULATOR ADJUSTMENT. On
generators equipped with a generator mounted control
panel, the yellow wire from voltage level rheostat (R2) to
terminal (7) on the regulator terminal strip is
disconnected at terminal (7).

SYSTEMS OPERATION
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AUTOMATIC START/STOP SYSTEM
Introduction

The automatic start/stop system is normally used for
standby operation. That is, without an operator. The
generator set must start, pick up the load, operate the
load, and stop after the load is removed. An automatic
transfer switch controls the transfer of load to and from
the generator set. When normal (commercial) power
has a failure, initiating contactor (1), part of the automatic
transfer switch, closes. This will begin the automatic
start sequence. When the engine starts, the control
panel instruments will show voltage and frequency. The
automatic transfer switch will transfer the load to the
generator set when voltage and frequency reach
approximately rated value. When normal power returns,
the automatic transfer switch will transfer the load back
to normal power. Initiating contactor (I) will open. This
will begin the automatic stop sequence. The generator
set will also stop automatically if the engine has a failure.

NOTE: For specifications on
components located on the engine,
make reference to the ENGINE
SERVICE MANUAL.

Automatic Start

With engine control switch (ACS) in the AUTO
position, contacts 1, 2 and 6 are closed. When
commercial (normal) power has a failure, remote start
initiating contact (I) closes. This makes a complete
circuit from battery (BATT) to energize run relay (RR)
and magnetic switch (MS).
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When run relay (RR) is energized, contacts (RR2)
open and contacts (RR1) close. (RR2) open prevents
current flow to shutoff solenoid (SS) through pressure
switch (PSW). (RR1) closed energizes dual speed
switch (DSS) and overcrank timer (OCT).

When dual speed switch (DSS) is energized, a
magnetic pickup relays engine rpm to the switch. The
dual speed switch has a crank terminate (CTS) circuit
and an overspeed (OSS) circuit.

When overcrank timer (OCT) is energized, a timer
will start. After the engine cranks for approximately 30
seconds the timer will stop. (OCT) contacts will close.
Make reference to ENGINE DOES NOT START.

When magnetic switch (MS) is energized, (MS)
contacts close and pinion solenoid (PS) is energized.
This causes (PS) contacts to close, starting motor (SM)
will crank the engine. (PSW) will close. This energizes
water temperature gauge (WTG) and oil pressure gauge
(OPG).

Manual Start

The current flow for manual start is similar to
automatic start except engine control switch (ACS) is
turned to the MAN position. Contact (2) is open and
contact (3) is closed. It is not necessary for remote start
indicating contact (I) to close. Run relay (RR) and
magnetic switch (MS) will energize as soon as contact
(3) is closed.
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A AMMETER

ACS ENGINE CONTROL SWITCH

X ALT CHARGING ALTERNATOR.

ARE AR  ARMING RELAY

ARX AUXILIARY RELAY MODULE

BATT BATTERY

B+ BATTERY POSITIVE

B-  BATTERY NEGATIVE

C8 CIRCUIT BREAKER

CCM CYCLE CRANKING MODULE

CCT CYCLE CRANK RELAY

CRC CYCLE CRANK LOGIC TIMER

CT CURRENT TRANSFORMER

CTS CRANK TERMINATE SWITCH

D DIODE

DSS DUAL SPEED SWITCH
(INCLUDES CTS AND 0SS)

ENFL ENGINE FAULT LIGHT WITH
FAULT RESET FUNCTION
GP GLOW PLUGS
GS GOVERNOR SWITCH
GSM GOVERNOR SYNCHRONIZING
MOTOR
o] HS GLOW PLUG HEAT SWITCH
..... 1 RMEOTE START INITIATING
....... CONTACT
MS  MAGNETIC SWITCH (CRANK
c CIRCUIT)
MSG MAGNETIC SWITCH (GLOW
PLUG CIRCUIT)
OCIR OVERCRANK INDICATING
RELAY
OCT OVERCRANK TIMER
OP OIL PRESSURE GAUGE
SENDER
tes OPG OIL PRESSURE GAUGE
146, OPIR LOW OIL PRESSURE
INDICATING RELAY
OPS Oii. PRESSURE SWITCH
20,15%.21 OSIR QOVERSPEED INDICATING
RELAY
0SS OVERSPEED SWITCH
20.16%.22 PIL  PANEL ILLUMINATION LAMP
PLS PANEL LAMP SWITCH
PS  PINION SOLENOID
2017523 PSW PRESSURE SWITCH
! RE  FAULT RESET SWITCH.
wTS i PART OF ENFL
18 e 20,18%.24 RR RUN RELAY
SS  SHUT-OFF SOLENOCID
SM  STARTING MOTOR
SR SHUTDOWN RELAY
WT WATER TEMPERATURE
GAUGE SENDER
2 WTG WATER TEMPERATURE
GAUGE
WTIR HIGH WATER TEMPERATURE
roaaeex: INDICATING RELAY
WTS WATER TEMPERATURE
SWITCH
15 15 OPIR 16 16
1L
2 E-® 5ty -0-8 ©  TERMINAL STRIP POINT
darn 1117 (CONTROL PANEL)
c 2 — —e8 @  TERMINAL STRIP POINT
58 18 18 (GENERATOR TERMINAL BOX)
7 ‘ WTIR
5I 8
OSIR 1919
24 5: 'L8 2Oz 3

B41392X1

CONTROL PANEL
AUTOMATIC POSITION-ENGINE CRANKS
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200

Engine Starts

At 600 rpm. crank terminate switch (CTS) closes.
Oil pressure increases. This activates oil pressure
switch (OPS). The normally closed contact opens and
the normally open contact closes. The arming relay
(AR) is now connected across battery voltage. Contacts
(AR1) close and lock in the arming relay. Contacts
(AR2) open. This de-energizes magnetic switch (MS).
(MS) contacts open to de-energize pinion solenoid (PS).
(PS) contacts open to de-energize starting motor.
Contacts (AR3) open to de-energize overcrank timer
(OCT).

SYSTEMS OPERATION
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CONTROL PANEL
AUTOMATIC POSITION-ENGINE STARTS

SYSTEMS OPERATION

A AMMETER

ACS ENGINE CONTROL SWITCH

ALT CHARGING ALTERNATOR

AR  ARMING RELAY

ARX AUXILIARY RELAY MODULE

BATT BATTERY

B+ BATTERY POSITIVE

B- BATTERY NEGATIVE

CB  CIRCUIT BREAKER

CCM CYCLE CRANKING MODULE

CCT CYCLE CRANK RELAY

CRC CYCLE CRANK LOGIC TIMER

CT CURRENT TRANSFORMER

CTS CRANK TERMINATE SWITCH

o} DIODE

DSS DUAL SPEED SWITCH
(INCLUDES CTS AND OSS)

ENFL ENGINE FAULT LIGHT WITH
FAULT RESET FUNCTION

GP  GLOW PLUGS

GS GOVERNOR SWITCH

GSM GOVERNOR SYNCHRONIZING
MOTOR

HS  GLOW PLUG HEAT SWITCH

i REMOTE START INITIATING
CONTACT

MS MAGNETIC SWITCH (CRANK
CIRCUIT)

MSG MAGNETIC SWITCH (GLOW
PLUG CIRCUIT)

OCIR OVERCRANK INDICATING
RELAY

OCT OVERCRANK TIMER

OP  OIL PRESSURE GAUGE
SENDER

OPG OiL PRESSURE GAUGE

OPIR LOW OIL PRESSURE
INDICATING RELAY

OPS OIL PRESSURE SWITCH

OSIR OVERSPEED INDICATING
RELAY

OSS OVERSPEED SWITCH

PIL  PANEL ILLUMINATION LAMP

PLS PANEL LAMP SWITCH

PS  PINION SOLENOID

PSW PRESSURE SWITCH

RE  FAULT RESET SWITCH,
PART OF ENFL

RR  RUN RELAY

S§S  SHUT-OFF SOLENOID

SM  STARTING MOTOR

SR SHUTDOWN RELAY

WT WATER TEMPERATURE
GAUGE SENDER

WTG WATER TEMPERATURE
GAUGE

WTIR HIGH WATER TEMPERATURE
INDICATING RELAY

WTS WATER TEMPERATURE
SWITCH

[c) TERMINAL STRIP POINT
(CONTROL PANEL)

o] TERMINAL STRIP POINT
(GENERATOR TERMINAL BOX)
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Engine Does Not Start

If the engine does not start in approximately 30
seconds, overcrank timer (OCT) will let current flow to
overcrank indicating relay (OCIR). (OCIR) contacts
close and current flows to energize engine fault light
(ENFL) and shutdown relay (SR).

(SR) contacts open. This de-energizes run relay
(RR) and magnetic switch (MS).

When run relay (RR) is de-energized, contacts
(RR2) close and contacts (RR1) open. (RR2) closed
completes a circuit to shutoff solenoid (SS) until
pressure switch (PSW) opens. (RR1) open de-
energizes arming relay (AR), dual speed switch (DSS)
and overcrank timer (OCT).

SYSTEMS OPERATION

NOTE: Pressure switch (PSW) is not always closed when the engine cranks.
Pressure caused by starting motor rotation of the engine is not always enough to

close (PSW).

When magnetic switch (MS) is de-energized, (MS)
contacts open. This de-energizes pinion solenoid (PS).
(PS) contacts open and de-energize starting motor (SM).

Overcrank indicating relay (OCIR) and engine fault
light (ENFL) will give light. To start the engine, do the
steps that follow:

1. Turn engine control switch (ACS) to OFF or STOP.
This will prevent the engine from starting if (ENFL) is
pushed.

2. Push and release engine fault light (ENFL). This will
open (ENFL) contacts for a moment and de-
energize overcrank indicating relay (OCIR). (OCIR)
contacts will open and de-energize engine fault light
(ENFL) and shutoff relay (SR).

3. Turn the engine control switch to AUTO. If the
engine does not start in approximately 30 seconds,
the overcrank indicating relay and engine fault light
will give light.

4. Turn engine control switch (ACS) to OFF or STOP.
Correct the problem that caused the engine not to
start. Make reference to TROUBLESHOOTING.
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CONTROL PANEL

AUTOMATIC POSITION-ENGINE DOES NOT START

SYSTEMS OPERATION

AMMETER

ENGINE CONTROL SWITCH
CHARGING ALTERNATOR
ARMING RELAY

AUXILIARY RELAY MODULE
BATTERY

BATTERY POSITIVE
BATTERY NEGATIVE
CIRCUIT BREAKER

CYCLE CRANKING MODULE
CYCLE CRANK RELAY
CYCLE CRANK LOGIC TIMER
CURRENT TRANSFORMER
CRANK TERMINATE SWITCH
DIODE

DUAL SPEED SWITCH
(INCLUDES CTS AND 0SS)

ENGINE FAULT LIGHT WITH
FAULT RESET FUNCTION
GLOW PLUGS

GOVERNOR SWITCH
GOVERNOR SYNCHRONIZING
MOTOR

GLOW PLUG HEAT SWITCH
RMEOQOTE START INITIATING
CONTACT

MAGNETIC SWITCH (CRANK
CIRCUIT)

MAGNETIC SWITCH (GLOW
PLUG CIRCUIT)
QOVERCRANK INDICATING
RELAY

OVERCRANK TIMER

OIL PRESSURE GAUGE
SENDER

OIL PRESSURE GAUGE
LOW QIiL. PRESSURE
INDICATING RELAY

OIL PRESSURE

SWITCH

OVERSPEED INDICATING
RELAY

OVERSPEED SWITCH
PANEL ILLUMINATION LAMP
PANEL LAMP SWITCH
PINION SOLENOID
PRESSURE SWITCH

FAULT RESET SWITCH.
PART OF ENFL

RUN RELAY

SHUT-OFF SOLENOID
STARTING MOTOR
SHUTDOWN RELAY

WATER TEMPERATURE
GAUGE SENDER

WATER TEMPERATURE
GAUGE

HIGH WATER TEMPERATURE
INDICATING RELAY

WATER TEMPERATURE
SWITCH

TERMINAL STRIP POINT
(CONTROL PANEL)
TERMINAL STRIP POINT
{(GENERATOR TERMINAL BOX)
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CONTROL PANEL (TYPE 3) SYSTEMS OPERATION
Return of Commercial (Normal) Power

When commercial power returns, the automatic transfer switch
transfers the load to commercial power. Remote start initiating contacts
(I) open. This de-energizes run relay (RR).

When run relay (RR) is de-energized, contacts (RR2) close and
contacts (RR1) open. (RR2) closed completes a circuit to shut-off
solenoid (SS). The shutoff solenoid moves the rack to the fuel OFF
position. After the engine stops (PSW) will open to de-energize the shut-
off solenoid. (RR1) open de-energizes arming relay (AR) and dual
speed switch (DSS).

Diode (D1) is in the shut-off solenoid circuit to help prevent electrical

sparks (arching), at the shut-off solenoid contacts, when the shut-off
solenoid is deenergized.
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CONTROL PANEL

SYSTEMS OPERATION

A AMMETER

ACS ENGINE CONTROL SWITCH

ALT CHARGING ALTERNATOR

AR  ARMING RELAY

ARX AUXILIARY RELAY MODULE

BATT BATTERY

B+ BATTERY POSITIVE

B- BATTERY NEGATIVE

CB  CIRCUIT BREAKER

CCM CYCLE CRANKING MODULE

CCT CYCLE CRANK RELAY

CRC CYCLE CRANK LOGIC TIMER

CT CURRENT TRANSFORMER

CTS CRANK TERMINATE SWITCH

D DIODE

DSS DUAL SPEED SWITCH
(INCLUDES CTS AND OSS)

ENFL ENGINE FAULT LIGHT WITH
FAULT RESET FUNCTION

GP  GLOW PLUGS

GS GOVERNOR SWITCH

GSM GOVERNOR SYNCHRONIZING
MOTOR

HS GLOW PLUG HEAT SWITCH

! RMEOTE START INITIATING
CONTACT

MS MAGNETIC SWITCH (CRANK
CIRCUIT)

MSG MAGNETIC SWITCH (GLOW
PLUG CIRCUIT)

OCIR OVERCRANK INDICATING
RELAY

OCT OVERCRANK TIMER

OP  OlL PRESSURE GAUGE
SENDER

OPG OIL PRESSURE GAUGE

OPIR LOW OIL PRESSURE
INDICATING RELAY

OPS OIL PRESSURE SWITCH

OSIR OVERSPEED INDICATING
RELAY

0SS OVERSPEED SWITCH

PIL  PANEL ILLUMINATION LAMP

PLS PANEL LAMP SWITCH

PS  PINION SOLENOID

PSW PRESSURE SWITCH

RE  FAULT RESET SWITCH,
PART OF ENFL

RR RUN RELAY

SS  SHUT-OFF SOLENOID

SM  STARTING MOTOR

SR SHUTDOWN RELAY

WT  WATER TEMPERATURE
GAUGE SENDER

WTG WATER TEMPERATURE
GAUGE

WTIR HIGH WATER TEMPERATURE
INDICATING RELAY

WTS WATER TEMPERATURE
SWITCH

©  TERMINAL STRIP POINT
(CONTROL PANEL)

B  TERMINAL STRIP POINT

AUTOMATIC POSITION-AUTOMATIC SHUTDOWN

(GENERATOR TERMINAL BOX)
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CONTROL PANEL (TYPE 3) SYSTEMS OPERATION
Manual Shutdown

When engine control switch (ACS) is turned to the STOP or OFF
position, contacts (9 or 10) close and contacts (2 and 3) are both open,
no shutdown indicators can operate. (9 to 10) closed completes a circuit
to shut-off solenoid (SS). The shut-off solenoid moves the rack to the
fuel OFF position. (2 and 3) open deenergizes run relay (RR).

When run relay (RR) is de-energized, contacts (RR2) close and
contacts (RR1) open. (RR2) closed completes a parallel circuit to shut-
off solenoid (SS). This circuit is necessary to stop the engine when the
engine control switch is in the AUTO or MAN position. After the engine
stops, (PSW) will open to deenergize the shut-off solenoid. (RR1) open
de-energizes arming relay (AR) and dual speed switch (DSS).

Diode (D1) helps prevent electrical sparks (arcing), at the contacts in
the shut-off solenoid circuit when the shut-off solenoid is de-energized.
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STOP POSITION-MANUAL SHUTDOWN

CONTROL PANEL

SYSTEMS OPERATION

A AMMETER

ACS ENGINE CONTROL SWITCH

ALT CHARGING ALTERNATOR

AR ARMING RELAY

ARX AUXILIARY RELAY MODULE

BATT BATTERY

8+ BATTERY POSITIVE

B- BATTERY NEGATIVE

€8 CIRCUIT BREAKER

CCM CYCLE CRANKING MODULE

CCT CYCLE CRANK RELAY

CRC CYCLE CRANK LOGIC TIMER

CT  CURRENT TRANSFORMER

CTS CRANK TERMINATE SWITCH

D  DIODE

DSS DUAL SPEED SWITCH
(INCLUDES CTS AND OSS)

ENFL ENGINE FAULT LIGHT WITH
FAULT RESET FUNCTION

GP GLOW PLUGS

GS GOVERNOR SWITCH

GSM GOVERNOR SYNCHRONIZING
MOTOR

HS GLOW PLUG HEAT SWITCH

[ RMEOTE START INITIATING
CONTACT

MS MAGNETIC SWITCH (CRANK

CIRCUIT)

MAGNETIC SWITCH (GLOW

PLUG CIRCUIT)

OCIR OVERCRANK INDICATING
RELAY

OCT OVERCRANK TIMER

OP OIL PRESSURE GAUGE

SENDER

OIL PRESSURE GAUGE

LOW OIL PRESSURE

INDICATING RELAY

OPS OIL PRESSURE SWITCH

OSIR OVERSPEED INDICATING
RELAY

0SS OVERSPEED SWITCH

PIL PANEL ILLUMINATION LAMP

PLS PANEL LAMP SWITCH

PS  PINION SOLENOID

PSW PRESSURE SWITCH

RE  FAULT RESET SWITCH,
PART OF ENFL

RR RUN RELAY

SS  SHUT-OFF SOLENOID

SM  STARTING MOTOR

SR SHUTDOWN RELAY

WT WATER TEMPERATURE

GAUGE SENDER

WATER TEMPERATURE

GAUGE

WTIR HIGH WATER TEMPERATURE

INDICATING RELAY

WATER TEMPERATURE

SWITCH

MSG

OoPG
OPIR

TERMINAL STRIP POINT
(CONTROL PANEL)

TERMINAL STRIP POINT
(GENERATOR TERMINAL BOX)
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CONTROL PANEL (TYPE 3) SYSTEMS OPERATION
Shutdown Caused by Engine Failure

The packaged generator set has shutdown sensors, shutdown
indicators and shutdown circuit for the conditions that follow.

Low oil pressure

High water temperature
Overspeed

Overcrank.

e NS

For information about overcrank shutdown, make reference to ENGINE
DOES NOT START.

Conditions (1, 2 or 3) will energize its respective indicating relay. The
number (2) contacts of the respective relay will close to energize engine
fault light (ENFL) and shut-off relay (SR). The number (1) contacts of the
respective relay will close to lock in the relay.

When shutdown relay (SR) is energized, (SR) contacts open. This de-
energizes run relay (RR). Contacts (RR2) close and contacts (RR1)
open. (RR2) closed completes a circuit to shut-off solenoid (SS) until
pressure switch (PSW) opens. (RR1) open de-energizes arming relay
(AR) and dual speed switch (DSS).

Diode (D1) helps prevent electrical sparks (arcing) at the contacts in
the shut-off solenoid circuit, when the shut-off solenoid is de-energized.

Engine fault light (ENFL) and the indicating relay for the fault condition
will give light. To start the engine, do the steps that follow.

1. Turn engine control switch (ACS) to OFF or STOP.
This will prevent the engine from starting it (ENFL) is pushed.

NOTE: For start up when (OCIR) indicating relay gives light,
make reference to ENGINE DOES NOT START.

2. Correct the problem that caused the engine to shutdown.

3. Push and release engine fault light (ENFL). This will open
(ENFL) contacts for a moment and deenergize the indicating
relay. The indicating relay contacts will open and de-energize
engine fault light (ENFL) and shutdown relay (SR).

NOTE: Reset oil pressure or overspeed switch if necessary.

The system is ready to start if engine control switch (ACS)
is turned to MAN or AUTO.
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CONTROL PANEL

A
ACS
ALT
AR
ARX
BATT
B+
B~
cB
CCM
CcCT
CRC
CcT
CTS
D
Dss

ENFL
GP
GS
GSM

HS
|

MS
MSG
OCIR

oCcT
oP

OPG
OPIR

oPs
OSIR

0ss
PIL
PLS
PS
PSW

AUTOMATIC POSITION-SHUTDOWN (HIGH
WATER TEMPERATURE)

SYSTEMS OPERATION

AMMETER

ENGINE CONTROL SWITCH
CHARGING ALTERNATOR
ARMING RELAY

AUXILIARY RELAY MODULE
BATTERY

BATTERY POSITIVE
BATTERY NEGATIVE
CIRCUIT BREAKER

CYCLE CRANKING MODULE
CYCLE CRANK RELAY
CYCLE CRANK LOGIC TIMER
CURRENT TRANSFORMER
CRANK TERMINATE SWITCH
DIODE

DUAL SPEED SWITCH
(INCLUDES CTS AND OSS)
ENGINE FAULT LIGHT WITH
FAULT RESET FUNCTION
GLOW PLUGS

GOVERNGQOR SWITCH
GOVERNOR SYNCHRONIZING
MOTOR

GLOW PLUG HEAT SWITCH
RMEOTE START INITIATING
CONTACT

MAGNETIC SWITCH (CRANK
CIRCUIT)

MAGNETIC SWITCH (GLOW
PLUG CIRCUIT)
OVERCRANK INDICATING
RELAY

OVERCRANK TIMER

OIL PRESSURE GAUGE
SENDER

OIL PRESSURE GAUGE
LOW OIL PRESSURE
INDICATING RELAY

OlL PRESSURE SWITCH
OVERSPEED INDICATING
RELAY

QVERSPEED SWITCH
PANEL ILLUMINATION LAMP
PANEL LAMP SWITCH
PINION SOLENOQID
PRESSURE SWITCH

FAULT RESET SWITCH,
PART OF ENFL

RUN RELAY

SHUT-OFF SOLENOID
STARTING MOTOR
SHUTDOWN RELAY

WATER TEMPERATURE
GAUGE SENDER

WATER TEMPERATURE
GAUGE

HIGH WATER TEMPERATURE
INDICATING RELAY

WATER TEMPERATURE
SWITCH

TERMINAL STRIP POINT
(CONTROL PANEL)
TERMINAL STRIP POINT
(GENERATOR TERMINAL BOX)
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CONTROL PANEL (TYPE 4) SYSTEMS OPERATION

C GENERATOR MOUNTED CONTROL PANEL
(TYPE 4 - CHANGE LEVEL 9 THRU 11)

INTRODUCTION

The uses of the generator mounted control panel are:

To help control the electric power made by the generator set.
To monitor (check) the operation of the generator set.

To help protect the generator set from damage caused by low oil
pressure, high coolant temperature, overspeed and overcrank.

To help with the transfer of electrical load to and from the generator set.
To help parallel two or more units onto the same bus.
IDENTIFICATION

The location of the control panel is on the top of the regulator housing.
This panel has a place for a heat switch and Prealarm module. The
shutdown indicators are relay lamp type. The control panel has either a
12 or 13 place model number on the panel nameplate. The model
number gives an indication of the control panel component part numbers.
Make reference to the Parts Book, GENERATOR MOUNTED CONTROL
PANEL, Form No. SEBP1068. The last digit (or two digits) of the model
number is the change level to which the panel was built.

WIRING

See the pages that follow for wiring diagrams, schematics and
photographs for identification.
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SYSTEMS OPERATION
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ALT
APR
ARX

AUX
B-

B-
BATT
CB
CC™M

CT

CTS
DSS
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SYSTEMS OPERATION
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GENERATOR TERMINAL STRIP TS1, REGULATOR TERMINAL STRIP TS3.
GENERATOR, CURRENT TRANSFORMERS AND CIRCUIT BREAKER

AMMETER (CONTROL PANEL
MOUNTED)

CHARGING ALTERNATOR
(NOTE H)

ANNUNCIATOR PANEL -
REMOTE

AUXILIARY RELAY MODULE
(CONTROL PANEL MOUNTED)
AUXILIARY CONTACT (NOTE F)
BATTERY POSITIVE

BATTERY NEGATIVE
BATTERY

CIRCUIT BREAKER

CYCLE CRANKING MODULE
(CONTROL PANEL MOUNTED)
CURRENT TRANSFORMER
CRANK TERMINATE SWITCH
DUAL SPEED SWITCH

GS

GSM
HS

LFS
LWT
MS
MS

OcCl
OP

OPI

OPP

OPS

GOVERNOR SWITCH
(CONTROL PANEL MOUNTED)
GOVERNOR SYNC MOTOR
HEAT SWITCH (CONTROL
PANEL MOUNTED)

LOW FUEL LEVEL SWITCH
LOW WATER TEMP SWITCH
MAGNETIC SWITCH (CRANK
CIRCUIT)

MAGNETIC SWITCH (GLOW
PLUG CIRCUIT)

OVERCRANK INDICATOR

OIL PRESSURE GAUGE
SENDER

LOW OIL PRESSURE
INDICATOR

OIL PRESSURE SWITCH
(PRE-ALARM)

OIL PRESSURE SWITCH
(SHUTDOWN)

OSI  OVERSPEED INDICATOR

0SS  OVERSPEED SWITCH
(SHUTDOWN)

PAM  PREALARM MODULE
(CONTROL PANEL MOUNTED)

PS PINION SOLENOID

PSW  PRESSURE SWITCH

SS SHUTOFF SOLENOID

SM STARTING MOTOR

TS TERMINAL STRIP

WT  WATER TEMPERATURE GAGE
SENDER

WTI  HIGH WATER TEMPERATURE
INDICATOR

WTP  WATER TEMPERATURE
SWITCH (PRE-ALARM)

WTS  WATER TEMPERATURE

SWITCH (SHUTDOWN)
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SYSTEMS OPERATION
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CONTROL PANEL COMPONENTS (PARTIAL) AND CONTROL PANEL
TERMINAL STRIP TS2

NOTE A: Wire and cable shown dotted to be
furnished by customer.

NOTE B: To be wired to engine starting contact
(N.O.) in auto transfer switch by customer.

NOTE C: Each wire on terminal strip is identified on
each end corresponding to terminal strip number.

NOTE D: Remove yellow wire and insulate from
terminal 7 at TS3 before connecting wire from TS2.

NOTE E: Use 3 wire diagram with sodine 3 wire
synchronizing motor. Use 2 wire diagram with 2
wire permanent magnet motor.

NOTE F: To be wired to auxiliary contact (N.O.) on
emergency side of transfer switch. Req'd only when
optional generator set Annunciator panel (remote) is
provided. (generating indication).

NOTE G: Red jumper wire from TS2-4A to TS2-4
must be removed when cycle cranking module is
used.

NOTE H: Do not operate alternator without a battery
connected in the system. Do not polarize alternator.
Do not operate alternator simultaneously with a DC
generator to charge a common battery.

NOTE I: Provide 24 volts for remote low oil pressure
(pre-alarm) (OPP) indication when pre-alarm module
is used.

NOTE J: Provides 24V for customer provided

remote shutdown and pre-alarm indicator when pre-
alarm module is used.
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CONTROL PANEL
AUTOMATIC POSITION

ADC
ACS
ALT
AR
ARX

SYSTEMS OPERATION

AMMETER

ENGINE CONTROL SWITCH
CHARGING ALTERNATOR
ARMING RELAY

AUXILIARY RELAY MODULE

BATT BATTERY

CcB

CCM
CcCT
coT

CIRCUIT BREAKER

CYCLE CRANKING MODULE
CYCLE CRANK RELAY
COOL DOWN TIMER

CDTR COOL DOWN TIMER RELAY

CRC
CTs
D

Dss

Gp
GS
GsM™

HS
I

MS
MSG
OCIR

ocT
oP

QPG
OPIR

oPs
OSIR

oss
PiL
PLS

PSw
AR
Ss
SM

WY

CYCLE CRANK LOGIC TIMER
CRANK TERMINATE SWITCH
DIODE

DUAL SPEED SWITCH
(INCLUDES CTS AND QsS)
GLOW PLUGS

GOVERNOR SWITCH
GOVERNOR SYNCHRONIZING
MOTOR

GLOW PLUG HEAT SWITCH
REMOTE START INITIATING
CONTACT

MAGNETIC SWITCH (CRANK
CIRCUIT)

MAGNETIC SWITCH (GLOW
PLUG CIRCUIT)
OVERCRANK INDICATING
RELAY

OVERCRANK TIMER

OIL PRESSURE GAUGE
SENDER

OlL PRESSURE GAUGE

LOW OIL PRESSURE
INDICATOR RELAY

OIL PRESSURE SWITCH
OVERSPEED INDICATING
RELAY

OVERSPEED SWITCH
PANEL ILLUMINATION LAMP
PANEL LAMP SWITCH
PINION SOLENOID
PRESSURE SWITCH

RUN RELAY

SHUT-OFF SOLENOID
STARTING MOTOR
SHUTDOWN RELAY

WATER TEMPERATURE
GAUGE SENDER

WATER TEMPERATURE
GAUGE

HIGH WATER TEMPERATURE
INDICATING RELAY

WATER TEMPERATURE
SWITCH

TERMINAL STRIP POINT
(CONTROL PANEL)

TERMINAL STRIP POINT
(GENERATOR TERMINAL BOX)
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A88941X1

RELAY CONTACT SCHEMATIC

A98592X2

RELAY LAMP COMPONENT WIRING

AZ8950X1

93

RELAY LAMP SCHEMATIC
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COMPONENTS

NOTE:

For specifications on components

located on the engine, make reference to the

ENGINE SERVICE MANUAL.

ACA

ACS
ACV

AVS
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CONTROL PANEL (TYPE 4 - CHANGE LEVEL 9 THRU 11)

Alternating current
ammeter

Engine control switch
Alternating current
voltmeter
Ammeter/voltage selector
switch

FM
PL1,2
PLS
OocCl
OPG
OPI
oSl
WTG
WTI

Frequency meter VLR
Panel lamps 1.
Panel lamp switch

Overcrank indicator 2
Oil pressure gauge

Oil pressure indicator 3.

Overspeed indicator
Water temperature gauge
Water temperature indicator

INSIDE CONTROL PANEL
(TYPE 4 - CHANGE LEVEL 9 THRU 11)

Voltage level rheostat

Button (Direct current ammeter
DCA)

Button (heat switch HS, if

S0 equipped)

Panel (Prealarm module

PAM, if so equipped)

4. Location for CDT (cool down timer, if so equipped). 5.

Location for AUX (auxiliary relay, if so equipped). 6.

Location for CCM (cycle crank module, if so equipped).



CONTROL PANEL (TYPE 4)
ACA Alternating Current Ammeter

AC ammeter (ACA) gives an indication. in amperes, of
the current from each phase of the generator to the load.
Ammeter/ voltmeter selector switch (AVS) is used to
connect the ammeter to the current transformer on
phase T1, T2 or T3; see Contact Chart. Ammeters
normally have an input range from 0 to 5 amperes.
Current transformer (CT1, CT2 or CT3) causes a
reduction of the actual line current. in its respective
phase lead. to a level within the input range of the
ammeter. The ammeter is calibrated (has marks) to give
an indication of the actual current flow in one phase load
of the generator.

NOTE: Several methods have been used to
connect control panel instruments. The
recommended method is shown in the

diagrams.
e
% TO
TO n M ™
VOLTAGE +—&)——@®~
REGULATOR

PLLP

O—[= [ I
20 }i.
® A
9 10 ACA
_éi '_T- 20
iR I '1_17‘
n 4
N |
23 021 P |"-‘4
._@7
15 6
17
—
A98946X2 AVS

{600V Control Panel Only)

SYSTEMS OPERATION

CONTACT CHART FOR AVS
PHASES
CONTACT | OFF 1(T1) 2(T2) 3(T3)
1 X X X X
2 X -
3 X
4
5 X X X
6 X
7 X :
8 {
9 X X X X
10 X
11 X |
12 X A
13
14 X X X 3
15 X X X
16 X X { X X
17 X K X X X
NOTE: X gives an indication of a closed

contact. X on the line gives an indication of

"make before break."

A
= '
j - o
e (B Pl
& i
; 5 oG
—e—"
12 e ]
— - ||
: | | 2
——= || 15
= o
M e o Mgl |
& i X e
T} -
—_— R
1 —|I—I—II—T!
iagia

ABABATNT

A98947X2

AMMETER/VOLTMETER SELECTOR SWITCH (AVS) WIRING DIAGRAMS

ACA Alternating current ammeter O
ACV Alternating current voltmeter
F1,2,3 Fuses )
FM Frequency meter

Terminal point on TS2 in

control panel

Terminal Point on TS3 part

of voltage regulator
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ACS Engine Control Switch

Engine control switch (ACS) controls the engine start
and stop systems. To start the engine, move the switch
to the MANUAL position. To stop the engine move the
switch to the STOP or OFF/ RESET position. For
standby application (engine starts when remote initiating
contact | closes), move the switch to the AUTO position.
To start after engine shutdown caused by high water
temperature, low oil pressure or overspeed, turn switch
to STOP position and correct fault. Then move switch to
OFF/ RESET position. Engine can now be started in
MANUAL or AUTO position. For more information on
the operation of this switch, make reference to the
AUTOMATIC START/STOP SYSTEM.

CONTACT CHART FOR ACS
OFF-
CONTACT | RESET AUTO MAN STOP

1 X X X X

2 X

3 X

4 X

5 X X X X

6 X

7 X

8

9 X X . X
10 X x
11 X X 3
12 | X
13 X X
14 X
15 X X X
16 X 4 X X
17 X X

NOTE: X gives an indication of a closed
contact, X on the line gives an indication of
"make before break."

ACV Alternating Current Voltmeter

AC voltmeter (ACV) shows the potential differential
(voltage) between phase T1 -T2, T2-T3 or T3-T1 at
position 1, 2 or 3 respectively. Make reference to the
ALTERNATING CURRENT AMMETER.

DCA Direct Current Ammeter
DC Ammeter (DCA) is used in place of button (1)
when the ammeter is ordered. This ammeter shows the

amount of DC current in amperes, that flows in the
alternator circuit (if so equipped).
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FM Frequency Meter

Frequency meter (FM) shows the hertz (cycles per
second) of the electricity made when the generator set is
in operation. There is a direct relation between the
frequency of the electricity and the rpm of the generator
set; see formula.

frequency (hertz) =number of poles x rpm
120

GS Governor Switch

Governor switch (GS) is used when the engine is
equipped with a remote control synchronizing motor for
the governor. Engine speed is controlled with this
switch.

HS Heat Switch

Heat switch (HS) is in place of button (2) when the
engine is equipped with glow plugs. This switch is used
to operate the glow plugs for cold weather starting.

OPG Oil Pressure Gauge

Qil pressure gauge (OPG) shows the pressure, in psi,
of engine lubrication oil. When pressure switch (PSW) is
closed, oil pressure gauge (OPG) is connected across
battery voltage. There is a relation between the current
flow in this circuit and the engine oil pressure read on oil
pressure gauge (OPG). Oil pressure sender (OP)
controls the current flow by a change in resistance
according to the change in engine oil pressure.

PAM Prealarm Module
Make reference to ATTACHMENTS.
PL1, 2 Panel Lamps

Light for the control panel is given by panel lamps
(PL1 and PL2). These lamps are controlled by panel
light switch (PLS).

VLR Voltage Level Rheostat

Voltage level rheostat (VLR) takes the place of voltage
level rheostat (R2) on the generator regulator assembly.
It is used to adjust the voltage output of the generator.

NOTE: Make reference to OPERATION OF
GENERATOR; REGULATOR ADJUSTMENT.
On generators equipped with a generator
mounted control panel, the yellow wire from
voltage level rheostat (R2) to terminal (7) on
the regulator terminal strip is disconnected
at terminal (7).
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AUTOMATIC START/STOP SYSTEM
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CONTROL PANEL (TYPE 4)
AUTOMATIC START/STOP SYSTEM
Introduction

The automatic start stop system is normally used for
standby operation. That is. without an operator. The
generator set must start, pick up the load. operate the
load, and stop after the load is removed. An automatic
transfer switch controls the transfer of load to and from
the generator set. When normal (commercial) power
has a failure. initiating contactor (1). part of the
automatic transfer switch. closes. This will begin the
automatic start sequence. When the engine starts, the
control panel instruments will show voltage and
frequency. The automatic transfer switch will transfer
the load to the generator set when voltage and
frequency reach approximately rated value. When
normal power returns. the automatic transfer switch will
transfer the load back to normal power. Initiating
contactor (1) will open. This will begin the automatic stop
sequence. The generator set will also stop automatically
if the engine has a failure.

NOTE: For specifications on components
located on the engine, make reference to the
ENGINE SERVICE MANUAL.

Automatic Start

With engine control switch (ACS) in the AUTO
position. contacts (10) and (9) are closed. When
commercial (normal) power has a failure. remote start
initiating contact (I) closes. This makes a complete
circuit from battery (BATT) to energize run relay (RR)
and magnetic switch (MS).

220
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When run relay (RR) is energized, contacts RR2) open
and contacts (RR1) close. (RR2) open prevents current
flow to shutoff solenoid (SS) through pressure switch
(PSW). (RR1) closed energizes dual speed switch
(DSS) and overcrank timer (OCT).

When dual speed switch (DSS) is energized, a
magnetic pickup relays engine rpm to the switch. The
dual speed switch has a crank terminate (CTS) circuit
and an overspeed (OSS) circuit.

When overcrank timer(OCT) is energized. a timer will
start. After the engine cranks for approximately 30
seconds the timer will stop. (OCT) contacts will close.
Make reference to ENGINE DOES NOT START.

When magnetic switch (MS) is energized. (MS)
contacts close and pinion solenoid (PS) is energized.
This causes (PS) contacts to close. starting motor (SM)
will crank the engine. (PSW) will close. This energizes
water temperature gauge (\WTG) and oil pressure gauge
(OPG).

Manual Start

The current flow for manual start is similar to automatic
start except engine control switch (ACS) is turned to the
MAN position. Contact (10) is open and contact (11) is
closed. It is not necessary for remote start indicating
contact (1) to close. Run relay (RR) and magnetic switch
(MS) will energize as soon as contact (11) is closed.
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ADC AMMETER
ACS ENGINE CONTROL SWITCH
ALT CHARGING ALTERNATOR
AR  ARMING RELAY
ARX AUXILIARY RELAY MODULE
BATT BATTERY
CB CIRCUIT BREAKER
CCM CYCLE CRANKING MODULE
CCT CYCLE CRANK RELAY
CDT COOL bOWN TIMER
CDTR COOL DOWN TIMER RELAY
CRC CYCLE CRANK LOGIC TIMER
CTS CRANK TERMINATE SWITCH
D DIODE
DSS DUAL SPEED SWITCH
(INCLUDES CTS AND 0SS)
GP GLOW PLUGS
GS GOVERNOR SWITCH
GSM GOVERNOR SYNCHRONIZING
MOTOR
HS GLOW PLUG HEAT SWITCH
I REMOTE START INITIATING
CONTACT
MS MAGNETIC SWITCH (CRANK
CIRCUIT)
MSG MAGNETIC SWITCH (GLOW
PLUG CIRCUIT)
OCIR OVERCRANK INDICATING
RELAY
OCT OVERCRANK TIMER
7.14 opP QIL PRESSURE GAUGE
SENDER
1 OPG OIL PRESSURE GAUGE
OPIR LOW OIL PRESSURE
INDICATOR RELAY
14.16.13 OPS OIL PRESSURE SWITCH

5 OSIR OVERSPEED INDICATING
I RELAY
s Bl 20150 0SS OVERSPEED SWITCH
b PIL  PANEL ILLUMINATION LAMP
b PLS PANEL LAMP SWITCH
8 Bl g0 e 2 PS  PINION SOLENOID
_j‘ PSW PRESSURE SWITCH
p ety ‘ RR  RUN RELAY
. O—F - Lo | oo SS  SHUT-OFF SOLENOID
SM  STARTING MOTOR

SR SHUTDOWN RELAY
20185, 29 WT WATER TEMPERATURE
GAUGE SENDER
WTG WATER TEMPERATURE
GAUGE
WTIR HIGH WATER TEMPERATURE
INDICATING RELAY
" WTS WATER TEMPERATURE
SWITCH

B Yol Fadadoaliuds

© TERMINAL STRIP POINT
{(CONTROL PANEL)

s 15 OPIR ' s a TERMINAL STRIP PCINT
. LE_ og (GENERATOR TERMINAL BOX)
22 ] 05'1;' 1717
WTIR 18 18
a 4 e
OSIF 4e e
24 — &4 ——oa 844427X1

CONTROL PANEL
AUTOMATIC POSITION - ENGINE CRANKS
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Engine Starts

At 600 rpm, crank terminate switch (CTS) closes. Oil pressure
increases. This activates oil pressure switch (OPS). The normally
closed contact opens and the normally open contact closes. The arming
relay (AR) is now connected across battery voltage. Contacts (AR1)
close and lock in the arming relay. Contacts (AR2) open. This de-
energizes magnetic switch (MS). (MS) contacts open to de-energize
pinion solenoid (PS). (PS) contacts open to deenergize starting motor.
Contacts (AR3) open to de-energize overcrank timer (OCT).
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2!

22

23

ocR .,

AL TR
l e L e

gSIL: 19 g

CONTROL PANEL

AUTOMATIC POSITION - ENGINE STARTS

14, 16, 13

20,157, 21

2. 16%. 22

20, 17%, 23

20, 18%. 24

844428X1

ADC
ACS
ALT
AR
ARX

SYSTEMS OPERATION

AMMETER .
ENGINE CONTROL SWITCH
CHARGING ALTERNATOR
ARMING RELAY

AUXILIARY RELAY MODULE

BATT BATTERY

cs
CCM

CIRCUIT BREAKER
CYCLE CRANKING MODULE

CCT CYCLE CRANK RELAY

CDT COOL DOWN TIMER

CDTR COOL DOWN TIMER RELAY
CRC CYCLE CRANK LOGIC TIMER

CTs
D
Dss

CRANK TERMINATE SWITCH
DIODE

DUAL SPEED SWITCH
(INCLUDES CTS AND 0OSS)

GP GLOW PLUGS

GS GOVERNOR SWITCH

GSM GOVERNOR SYNCHRONIZING
MOTOR

HS GLOW PLUG HEAT SWITCH

! REMOTE START INITIATING
CONTACT

MS MAGNETIC SWITCH (CRANK
CIRCUIT)

MSG MAGNETIC SWITCH (GLOW
PLUG CIRCUIT)

OCIR OVERCRANK INDICATING
RELAY

OCT OVERCRANK TIMER

OP  OIL PRESSURE GAUGE
SENDER

OPG OIL PRESSURE GAUGE

OPIR LOW OIL PRESSURE
INDICATOR RELAY

OPS OIL PRESSURE SWITCH

OSIR OVERSPEED INDICATING
RELAY

OSS OVERSPEED SWITCH

PIL  PANEL ILLUMINATION LAMP

PLS PANEL LAMP SWITCH

PS  PINION SOLENOID

PSW PRESSURE SWITCH

RR  RUN RELAY

$S  SHUT-OFF SOLENOID

SM  STARTING MOTOR

SR SHUTDOWN RELAY

WT WATER TEMPERATURE
GAUGE SENDER

WTG WATER TEMPERATURE
GAUGE

WTIR HIGH WATER TEMPERATURE
INDICATING RELAY

WTS WATER TEMPERATURE

SWITCH

TERMINAL STRIP POINT
(CONTROL PANEL)

TERMINAL STRIP POINT
(GENERATOR TERMINAL BOX)
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Engine Does Not Start

If the engine does not start in approximately 30 seconds, overcrank timer
(OCT) will let current flow to overcrank indicating relay (OCIR). (OCIR) contacts
close to lock in the (OCIR) relay and close shutdown relay (SR).

(SR) contacts open. This de-energizes run relay (RR) and magnetic switch
(MS).

When run relay (RR) is de-energized. contacts (RR2) close and contacts
(RR1) open. (RR2) closed completes a circuit to shutoff solenoid (SS) until
pressure switch (PSW) opens. (RR1) open deenergizes arming relay (AR). dual
speed switch (DSS) and overcrank timer (OCT).

NOTE: Pressure switch (PSW) is not always closed when
the engine cranks. Pressure caused by starting motor
rotation of the engine is not always enough to close (PSW).

When magnetic switch (MS) is de-energized. (MS) contacts open. This de-
energizes pinion solenoid (PS). (PS) contacts open and de-energize starting
motor (SM).

Overcrank indicating relay (OCIR) will give light. To start the engine, do the
steps that follow:

1. Turn engine control switch (ACS) to OFF RESET. This will open (ACS)
contact (15) and de-energize overcrank indicating relay (OCIR). (OCIR)
contacts will open and de-energize the shutoff relay (SR).

2. Turn the engine control switch to MANUAL or AUTO if | contact is
closed. If the engine does not start in approximately 30 seconds. the
overcrank indicating relay will give light.

3. Turn engine control switch (ACS) to STOP position. Observe fault lights

and turn ACS to OFF RESET. Correct the problem that caused the
engine not to start. Make reference to TROUBLESHOOTING.
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14,16, 13

20, 15%, 21

20, 16%, 22

20, 17%. 23

20, 18%, 24

CONTROL PANEL
AUTOMATIC POSITION-ENGINE DOES NOT START

844429Xx1

ADC
ACS
ALT
AR
ARX

SYSTEMS OPERATION

AMMETER

ENGINE CONTROL SWITCH
CHARGING ALTERNATOR
ARMING RELAY

AUXILIARY RELAY MODULE

BATT BATTERY

cs

CcCMm
CcCT
cDT

CIRCUIT BREAKER

CYCLE CRANKING MODULE
CYCLE CRANK RELAY
COOL DOWN TIMER

CDTR COOL DOWN TIMER RELAY

CRC
CTs
D

Dss

GP
GS
GsSM

HS
I

CYCLE CRANK LOGIC TIMER
CRANK TERMINATE SWITCH
DIODE

DUAL SPEED SWITCH
(INCLUDES CTS AND 0S8S)
GLOW PLUGS

GOVERNOR SWITCH
GOVERNQR SYNCHRONIZING
MOTOR

GLOW PLUG HEAT SWITCH
REMOTE START INITIATING
CONTACT

MAGNETIC SWITCH (CRANK
CIRCUIT)

MAGNETIC SWITCH (GLOW
PLUG CIRCUIT) .
OVERCRANK INDICATING
RELAY

OVERCRANK TIMER

OIL PRESSURE GAUGE
SENDER

OIL PRESSURE GAUGE

LOW OIL PRESSURE
INDICATOR RELAY

OIL PRESSURE SWITCH
OVERSPEED INDICATOR
RELAY

OVERSPEED SWITCH
PANEL ILLUMINATION LAMP
PANEL LAMP SWITCH
PINION SOLENOCID
PRESSURE SWITCH

RUN RELAY

SHUT-OFF SOLENOID
STARTING MOTOR
SHUTDOWN RELAY

WATER TEMPERATURE
GAUGE SENDER

WATER TEMPERATURE
GAUGE

HIGH WATER TEMPERATURE
INDICATING RELAY

WATER TEMPERATURE
SWITCH

TERMINAL STRIP POINT
(CONTROL PANEL)

TERMINAL STRIP POINT
(GENERATOR TERMINAL 8OX)
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Return of Commercial (Normal) Power

When commercial power returns. the automatic transfer switch
transfers the load to commercial power. Remote start initiating contacts
(I) open. This de-energizes run relay (RR).

When run relay (RR) is de-energized, contacts (RR2) close and
contacts (RR1) open. (RR2) closed completes a circuit to shut-off
solenoid (SS). The shut-off solenoid moves the rack to the fuel OFF
position. After the engine stops (PSW) will open to de-energize the shut-
off solenoid. (RR1) open deenergizes arming relay (AR) and dual speed
switch (DSS).

Diode (D1) is in the shut-off solenoid circuit to help prevent electrical
sparks (arcing), at the shutoff solenoid contacts, when the shut-off
solenoid is de-energized.
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ADC AMMETER

ACS ENGINE CONTROL SWITCH

ALT CHARGING ALTERNATOR

AR  ARMING RELAY

ARX AUXILIARY RELAY MODULE

BATT BATTERY

CB  CIRCUIT BREAKER

CCM CYCLE CRANKING MODULE

CCT CYCLE CRANK RELAY

CDT COOL DOWN TIMER

CDTR COOL DOWN TIMER RELAY

CRC CYCLE CRANK LOGIC TIMER

CTS CRANK TERMINATE SWITCH

D DIODE

DSS DUAL SPEED SWITCH
(INCLUDES CTS AND 0SS)

GP GLOW PLUGS

GS GOVERNOR SWITCH

GSM GOVERNOR SYNCHRONIZING
MOTOR

HS GLOW PLUG HEAT SWITCH

I REMOTE START INITIATING
CONTACT

MS  MAGNETIC SWITCH (CRANK
CIRCUIT)

MSG MAGNETIC SWITCH (GLOW
PLUG CIRCUIT)

OCIR OVERCRANK INDICATING
RELAY

OCT OVERCRANK TIMER

OP  OIL PRESSURE GAUGE
SENDER

OPG OIL PRESSURE GAUGE

OPIR LOW OIL PRESSURE

14 (a0 = ~O—— @A s INDICATOR RELAY
~ E, B ST, OPS OIL PRESSURE SWITCH
S oS Tc i QSIR OVERSPEED INDICATING
15 ¢ 0P = O 04 | 20, 15%. 21 RELAY .
i I 0SS OVERSPEED SWITCH
,L l' PIL  PANEL ILLUMINATION LAMF
'8 ! 20, 16%. 22 PLS PANEL LAMP SWITCH
r 1 PS  PINION SOLENOID
: o] 0 174 23 PSW PRESSURE SWITCH
, - LI o RR  RUN RELAY
i | SS  SHUT-OFF SOLENCID
! | SM  STARTING MOTOR
s i | 20184 24 SR SHUTDOWN RELAY
s acs 8| WT  WATER TEMPERATURE
] GAUGE SENDER
r WTG WATER TEMPERATURE
9 e _ YReser ol GAUGE
WTIR HIGH WATER TEMPERATURE
o 52 INDICATING RELAY
WTS WATER TEMPERATURE
SWITCH
©  TERMINAL STRIP POINT
156 1§ QPR 16 16 (CONTROL PANEL)
n G g @  TERMINAL STRIP POINT
2 | A (GENERATOR TERMINAL BOX)
WTIR 18 18
e 5
24 gs:: 19 19
— -8 BA4430X 1

CONTROL PANEL

AUTOMATIC POSITION-AUTOMATIC SHUTDOWN
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CONTROL PANEL (TYPE 4) SYSTEMS OPERATION
Manual Shutdown

When engine control switch (ACS) is turned to the STOP position or
OFF, RESET position. contacts ( 10 and 11) are open. With contacts
(10 and 11) open, the run relay (RR) de-energizes. In addition, the
STOP position closes contacts (5 and 8). This provides another path to
the shutoff solenoid (SS).

When run relay (RR) is de-energized, contact (RR2) closes and
contact (RR1) opens. With (RR2) closed, it completes a circuit to the
shut-off solenoid (SS). If the STOP position is used, closed contact
(RR2) completes a parallel circuit to shutoff solenoid (SS). (This parallel
circuit is necessary to stop the engine when the engine control switch is
in the AUTO or MAN position.) After the engine stops, (PSW) will open to
de-energize the shutoff solenoid. With contact (RR1) open, the arming
relay (AR) and the dual speed switch (DSS) are de-energized.

Diode D1 helps prevent electrical sparks (arcing) at the contacts in the
shutoff solenoid circuit when the shutoff solenoid is de-energized.
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ADC
ACS
ALT
AR
ARX

CcB

CCM
cCT
CcDT

CRC
CTs
D

Dss

GP

GS
GSM

HS
l

) 14.16.13

20. 15%, 21 0SS

20 16%. 22 PS

20, 17%, 23 RR

20,182 24

544421X1

CONTROL PANEL
STOP POSITION-MANUAL SHUTDOWN

SYSTEMS OPERATION

AMMETER

ENGINE CONTROL SWITCH
CHARGING ALTERNATOR
ARMING RELAY

AUXILIARY RELAY MODULE

BATT BATTERY

CIRCUIT BREAKER
CYCLE CRANKING MODULE
CYCLE CRANK RELAY
COOL DOWN TIMER

CDTR COOL DOWN TIMER RELAY

CYCLE CRANK LOGIC TIMER
CRANK TERMINATE SWITCH
DICDE

DUAL SPEED SWITCH
(INCLUDES CTS AND 0SS)
GLOW PLUGS

GOVERNOR SWITCH
GOVERNOR SYNCHRONIZING
MOTOR

GLOW PLUG HEAT SWITCH
REMOTE START INITIATING
CONTACT

MAGNETIC SWITCH (CRANK
CIRCUIT)

MAGNETIC SWITCH (GLOW
PLUG CIRCUIT)
OVERCRANK INDICATING
RELAY

OVERCRANK TIMER

OIL PRESSURE GAUGE
SENDER

OIL PRESSURE GAUGE

LOW OIL PRESSURE
INDICATOR RELAY

OIL PRESSURE SWITCH
OVERSPEED INDICATING
RELAY

OVERSPEED SWITCH

PANEL ILLUMINATION LAMP
PANEL LAMP SWITCH
PINION SOLENOID
PRESSURE SWITCH

RUN RELAY

SHUT-OFF SOLENOID
STARTING MOTOR
SHUTDOWN RELAY

WATER TEMPERATURE
GAUGE SENDER

WATER TEMPERATURE
GAUGE

HIGH WATER TEMPERATURE
INDICATING RELAY

WATER TEMPERATURE
SWITCH

TERMINAL STRIP POINT
(CONTROL PANEL)
TERMINAL STRIP POINT
(GENERATOR TERMINAL 8OX
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Shutdown Caused by Engine Failure

The packaged generator set has shutdown sensors, shutdown
indicators and shutdown circuit for the conditions that follow.

Low oil pressure

High water temperature
Overspeed

Overcrank

PR

For information about overcrank shutdown, make reference to ENGINE
DOES NOT START.

Conditions (1, 2 or 3) will energize its respective indicating relay. The
number (2) contacts of the respective relay will close to energize shut-off
relay (SR). The number ( 1) contacts of the respective relay will close to
lock in the relay.

When shutdown relay (SR) is energized, (SR) contacts open. This de-
energizes run relay (RR). Contacts (RR2) close and contacts (RR1)
open. (RR2) closed completes a circuit to shut-off solenoid (SS) until
pressure switch (PSW) opens. (RR ) open de-energizes arming relay
(AR) and dual speed switch (DSS).

Diode (D1) helps prevent electrical sparks (arcing) at the contacts in
the shut-off solenoid circuit, when the shut-off solenoid is de-energized.

Indicating relay for the fault condition will give light. To start the
engine, do the steps that follow.

1. Turn engine control switch (ACS) to OFF or STOP.

NOTE: For start up when (OCIR) indicating relay gives light,

make reference to ENGINE DOES NOT START.

2. Correct the problem that caused the engine to shutdown.

3. Rotate ACS to OFF RESET position. This de-energizes the
indicating relay. The indicating relay contacts will open and de-
energize the shutdown relay (SR).

NOTE: Reset oil pressure or overspeed switch if necessary.

The system is ready to start if engine control switch (ACS)
is turned to MAN or AUTO.
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CONTROL PANEL
AUTOMATIC POSITION-SHUTDOWN (HIGH
WATER TEMPERATURE)

14,16, 13

20, 15%, 21

20, t6%, 32

20, 17%, 23

20, 18%, 24

Ba4432X 1

SYSTEMS OPERATION

ADC AMMETER

ACS ENGINE CONTROL SWITCH

ALT CHARGING ALTERNATOR

AR  ARMING RELAY

ARX AUXILIARY RELAY MODULE

BATT BATTERY

CB CIRCUIT BREAKER

CCM CYCLE CRANKING MODULE

CCT CYCLE CRANK RELAY

CDT COOL DOWN TIMER

CDTR COOL DOWN TIMER RELAY

CRC CYCLE CRANK LOGIC TIMER

CTS CRANK TERMINATE SWITCH

D DIODE

DSS DUAL SPEED SWITGH
(INCLUDES CTS AND OSS)

GP GLOW PLUGS

GS GOVERNOR SWITCH

GSM GOVERNOR SYNCHRONIZING
MOTOR

HS GLOW PLUG HEAT SWITCH

1 REMOTE START INITIATING
CONTACT

MS MAGNETIC SWITCH (CRANK
CIRCUIT)

MSG MAGNETIC SWITCH (GLOW
PLUG CIRCUIT)

OCIR OVERCRANK INDICATING
RELAY

OCT OVERCRANK TIMER

OP  OIL PRESSURE GAUGE
SENDER

OPG OIL PRESSURE GAUGE

OPIR LOW OIL PRESSURE
INDICATOR RELAY

OPS OIL PRESSURE SWITCH

OSIR OVERSPEED INDICATING
RELAY

0SS OVERSPEED SWITCH

PIL  PANEL ILLUMINATION LAMI

PLS PANEL LAMP SWITCH

PS  PINION SOLENOID

PSW PRESSURE SWITCH

RR  RUN RELAY

SS  SHUT-OFF SOLENOID

SM  STARTING MOTOR

SR SHUTDOWN RELAY

WT  WATER TEMPERATURE
GAUGE SENDER

WTG WATER TEMPERATURE
GAUGE

WTIR HIGH WATER TEMPERATURE
INDICATING RELAY

WTS WATER TEMPERATURE
SWITCH

TERMINAL STRIP POINT
(CONTROL PANEL)

c] TERMINAL STRIP POINT
(GENERATOR TERMINAL BOYX)
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C GENERATOR MOUNTED CONTROL PANEL
(TYPE 5 - CHANGE LEVEL 12)

INTRODUCTION

The uses of the generator mounted control panel are: To help control
the electric power made by the generator set.

To monitor (check) the operation of the generator set.

To help protect the generator set from damage caused by low oil
pressure, high coolant temperature, overspeed and overcrank.

To help with the transfer of electrical load to and from the generator
set.

To help parallel two or more units onto the same bus.
IDENTIFICATION

The location of the control panel is on the top of the regulator housing.
This panel has a place for a heat switch and Prealarm module. The
shutdown indicators are relay lamp type. The control panel has a 13
place model number on the panel nameplate located inside bottom
surface of control panel. The model number gives an indication of the
control panel component part numbers. Make reference to the Parts
Book, GENERATOR MOUNTED CONTROL PANEL, Form No.
SEBP1068. The last two digits of the model number are the change
level to which the panel was built.

WIRING

See the pages that follow for wiring diagrams, schematics and
photographs for identification.
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LWT
(IF AEQUIRED)

{iF REQUIRED}

wTP
(1F REQUIRED) TS1-29 W# 14—
TS1.35 B4 14—
(5--==
LFS cA NCor——TS1.33 R 14—
{IF REQUIRED) [N
CUSTOMER FURNISHED | -C°il—73‘-15 W 14—
AND WIRED | _ ool
TS1.24 R# 14
75124 R# 14 1.2 —
& - TS1-31 8LA 14—
TS1.25 B#14 TS1.26 B# 14—
2 WIRE 3 WIRE GSM
GSM (IF AEQUIRED) NOTE E
{IF REQUIRED) T$1.26 PU% 14—
NOTE E

R

GLOW PLUGS
{IF AEQUIRED)

R#10

R#10

3

B#10

Ofs amas o o X) e ve e

TS1-15 Wé 18—
ﬁ :Ts1~34 B 14—

TS1-29 W#14 —{
TS1.38 BLA 14—

COPPER SHUNT TO
MTG BOLT

TS1-4 w# 14—

—TS1-6 LTGN# 14
—SM-84# 14:

L 151.11 wm#u{%

—~TS1-12 BL# 14

| ~151.8 aL#14
L —TD-2 0#14
KDSSJO LTGN# 14,
| -701 B#14

| ~-SM-B B#14
| -TD-3 8414
| -TS1-1 R# 14
| —T51.9 w/B#14
| —~T51.7 PUZ 14
h—0PS-1 LTGN

SYSTEMS OPERATION

| 1515 w14
N_bss11 az14

»«1:3%“:
/W'TSNO R214 !

DIQDE
sS
WT
qﬁp
[Joes
SHLD | 2O +—BARE—
CoM | 30428
SIG | aQ 4CLEARS MAG
:(.)—; s O L GROLL
+H-60
NOE 70D
com¢ QO B
Nl 3O
NO$10Q el
SIteIby
120 |s
DSS

WTS [JUMPER WIRE FROM

DSS TERMINAL 6108
w 11 1S R&14)

PU # 10—
—TS1.2 R4 14

|~ 1513 Bat1a 3

50
}—Dss 5 axu:):g & of
h—0PS.1 O# 14m——rT01 79
N—0ps-2 814

y—————TS1-27 W/B# 14

ASO B# 14—
0SS5 B# 14—y

B#6 SS 8414
|
- ! ALT
¥ | ‘IF REQUIREC!
NOTE ~
BATT J
Oy -—
SM 8-8.% 14—
TS1-10 O& 14—
ASO \ -~ .
(IF REQUIRED! P T3 TS
APR
— {IF REQUIRED)
. s

1 9 8 4 = TS1.30 —

2_4————OP|——TS1-16

3 9 OC)mman TS1:17 e,

4 -———WTI—TS1~18——-ﬂ
§——0851—T51:19 ———r
$——1LF5—T781.33 ——
F——WT—T51-34 ——

8
R AUX ——T51-38 ey

10 4 B——T51.31 ——

. >

L® *,
,
1
B66868X1 teee = TO TST

REMOTE AND ENGI

NE MOUNTED ELECTRICAL COMPONENTS
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ALT
APR
ARX

ASO
AUX
B-

B-
BATT
CB
CCM

CDT

CT
CTS
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TO CONTROL PANEL MOUNTED
TEAMINAL STRIPS-TS2

SYSTEMS OPERATION

~ T T T T ™ T - '
TS21 | 1523 r’“* [ rs27 ["5?'9 Ts311{Ts213 1 rsx.:mTTsz-w‘T&-m 15220 Tsz-zz‘*rsz-u]r: -zs] =
lTS?nZ TS24 | TS268 TS!J’TS:-IO TS212{TS2-14 TS2.15{782-17 | 152-18 § 152.21}7S2-23{ 752-25 [TS2-27 —-I—_
ln l [ l n alslxlalalalalalnls | A GENEAATOR MOUNTED
NI S5 lsd7 (ol s fiofn b2 qratliaf> 18 {elirfia e} o] TERMINAL STRIPS 51
N 4
all! ,\n?. B B 1 bt o ) ° 4 UMBER 1 THRU 42
¥
[ | 1 |
's WTS | €TS [oss wT o) LFS 5
DSS TO |TD) Ms | sS [ OPS | As0 | o | | WT ! O :
TOENGINE j ] J l J L A=nove 8 l ' :
MOUNTED COMPONENTS ) ‘
< /T 2 -
« S : T S 9N
P S N
8414 NOTE F :
1
J. I | T0 ——
[ rs2a3[ts23s[Ts237 15239 | ? -
TS1-15 I'rsz:u'rsz-as 1 ! " IS
X | i T -
ryis3 W R I - i
29[ 3043173233} 34435 ] LINE iILoAD
I ol ivicy ll '
’ e . I2 - -
RARIAI x — il
B+ :ssmf iwr WT | . .I "
,
P{ 8- |LFs | ! T3 ] (B .
[ I | pOWER GENERATOR D 3 o=
L P ] 123 PHASE 3 ==
T
i LF|S | AOTATION —_—
: | | L / T$2- T2 ol
q.-.__...__.____/_«'_._.a'_ [ P S, 4 TS2-T3
TO REMOTE
ANNUNCIATOR PANEL o =
e TS2-82 Q7)) fe—— GENERATOR REGULATOR
3 TERMINAL STRIP-TS3
—1 NOTE O
—rs2r—F0 )
L e
e P2z ]

866868 X1

GENERATOR TERMINAL STRIP TS1, REGULATOR TERMINAL-STRIP TS3,
GENERATOR, CURRENT TRANSFORMERS AND CIRCUIT BREAKER.

AMMETER (CONTROL PANEL
MOUNTED)

CHARGING ALTERNATOR
(NOTE H)

ANNUNCIATOR PANEL -
REMOTE

AUXILIARY RELAY MODULE
(CONTROL PANEL MOUNTED)
AIR SHUT-OFF SOLENOID
AUXILIARY CONTACT (NOTE F)
BATTERY POSITIVE

BATTERY NEGATIVE
BATTERY

CIRCUIT BREAKER

CYCLE CRANKING MODULE
(CONTROL PANEL MOUNTED)
COOL DOWN TIMER
(CONTROL PANEL MOUNTED)
CURRENT TRANSFORMER
CRANK TERMINATE SWITCH

DSS
GS

GSM
HS

LFS
LWT
MS
MSG

OoCl
OoP

OPI

OPP

OPS

DUAL SPEED SWITCH
GOVERNOR SWITCH
(CONTROL PANEL MOUNTED)
GOVERNOR SYNC MOTOR
HEAT SWITCH (CONTROL
PANEL MOUNTED)

LOW FUEL LEVEL SWITCH
LOW WATER TEMP SWITCH
MAGNETIC SWITCH (CRANK
CIRCUIT)

MAGNETIC SWITCH (GLOW
PLUG CIRCUIT)
OVERCRANK INDICATOR
OIL PRESSURE GAUGE
SENDER

LOW OIL PRESSURE
INDICATOR

OIL PRESSURE SWITCH
(PREALARM)

OIL PRESSURE SWITCH
(SHUTDOWN)

Oosl
0SS

PAM

PS
SS
SM
D
TS

OVERSPEED INDICATOR
OVERSPEED SWITCH
(SHUTDOWN)

PREALARM MODULE
(CONTROL PANEL MOUNTED)
PINION SOLENOID

SHUTOFF SOLENOID
STARTING MOTOR

TIME DELAY RELAY
TERMINAL STRIP

WATER TEMPERATURE GAGE
SENDER

HIGH WATER TEMPERATURE
INDICATOR

WATER TEMPERATURE
SWITCH (PRE-ALARM)
WATER TEMPERATURE
SWITCH (SHUTDOWN)
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SYSTEMS OPERATION

CAANK TIME ADJUST (PRE-SET FOR 10 SECONDS) o °
RESET TIME ADJUST (PRE-SET FOR 10 SECONCS) O &=
® 5 3 &5 TS2:25 RAISE o)
0 7 %k Ts22a—4Q1 4 RAISE A o G
TS2.32 ?
og 9 g 70 6 é é TS§2:32 ——t02¥ 5 LOWER o === i
.3 — TS2:34 =
| [ ] TS23 LOWER 3 WIRE GS o
TS2-4A Ts2:3 TS225—03 6 {IF AEQUIRED)
TS23 TS2.4 NOTE E 2
2 WIRE GS /= o
TS2:7 ccM (IF REQUIRED)
(IF REQUIRED) NOTE E 152.72 PAM
ARX NOTE G {If REQUIRED)
(IF REQUIRED) T$2.73
COOL DOWN 8O{——152. A
ER ey O Ts214 NOTE G (IF REQUIRED)
B8 A NOTE K
3 504——T52-13
504+——T52:30 NOTE L — v
40—_—1’523 * L ] . @ *
COT  304—TS113 4A TS19— 1 15 =T5115~ —TS3-22— F\ .Z—f'Lccm
20— T51.14 90 [—PAM —7S1.4 ] 4_f— ccm 16 75116~ ARX] P 3 B3
10 f BEER S p-TS1.5 5 17_—T1s117— coT 76 f— 76—
coT 27 FT51-27— | —T1S16~§ 6 18 _—TS1-18~ 50 501
(tF REQUIRED) TO fr=T53-26 = l—T151.7 7 B—aRX 19 =753 .19~ {—TS1-39~] 39 -39~
NOTE M 2 F-T51.2— |—T518-W" 8 0 ]~ TS1-20~ b-Ts1 374 37 37
GS~—3 3 }-T51-3— ~7s1.9—4_8_p—PAM 21 f—-Ts121 =731 3G~FL—36a
80 §—T53.6 — —Ts1.104_10 22 H—TS1 22 b-Ts1.35— 35 F—35
G#I L] -
.82 B-Ts3.7 —~ b—7s1.n 4 11 23 |--TS1-23~ P-TS134—4 34 j-—34
3 T T — —~—T51.124 12 GS—# 24 f—-TS1.24— -TS1-33— 33 #—334
A It sm-r-:3 T2 b—T2— 151137 13 F— coT Gs— E- 75125 653 32 B—32
NOTE K - ; Sz
A T3 13— 7114 14 fen CDT HS — —T151.26 DT 30 - 30
974 p=ALT-R— =8 e e o o () N
e o NOTE M
CONTROL PANEL MOUNTED
TERMINAL STRIPS-TS2
-\ ¥ D,
T0 TS1 & TS3

B66870X1

CONTROL PANEL COMPONENTS (PARTIAL) AND CONTROL PANEL
TERMINAL STRIP TS2

NOTE: A: Wire and cable shown dotted to be
furnished by customer.

NOTE B: To be wired to engine starting contact
(N.O.) in auto transfer switch by customer.

NOTE C: Each wire on terminal strip is identified on
each end - corresponding to terminal strip number.

NOTE D: Remove yellow wire and insulate from
terminal 7 at TS3 before connecting wire from TS2.

NOTE E: Use 3 wire diagram with Bodine 3 wire
synchronizing motor. Use 2 wire diagram with 2
wire permanent magnet motor.

NOTE F: To be wired to auxiliary contact (N.O.) on
emergency side of transfer switch. Required only
when optional generator set Annunciator panel
(remote) is provided. (Generating indication).

NOTE G: Red jumper wire from TS2-4A to TS2-4
must be removed when cycle cranking module is
used.

NOTE H: Do not operate alternator without a battery
connected in the system. Do not polarize alternator.
Do not operate alternator simultaneously with a DC
generator to charge a common battery.

NOTE |I: Provides 24 volts for remote low oil
pressure (pre-alarm) (OPP) indication when pre-
alarm module is used.

NOTE J: Provides 24V for customer provided remote
shutdown and pre-alarm indicator when pre-alarm
module is used.

NOTE K: Jumper wire from TS2-72 to TS2-73 must
be removed when ammeter is used.

NOTE L: Jumper wire from TS2-13 to TS2-133 to be
removed if additional fault shutdowns are added.
Example: Reverse power relay or remote shutdown.

NOTE M: When adding the engine cool down timer

option, wires from TS1-13 and TS1-14 should be
reconnected to CDT-3 and CDT-2.
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SYSTEMS OPERATION
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B66871X1

AR  ARMING RELAY

ACS ENGINE CONTROL SWITCH

BATT BATTERY

CB  CIRCUIT BREAKER

CCM CYCLE CRANKING MODULE

CTS CRANK TERMINATE SWITCH

D DIODE

DSS DUAL SPEED SWITCH
(INCLUDES CTS AND 0SS)

| REMOTE START INITIATING
CONTACT

MS  MAGNETIC SWITCH (CRANK
CIRCUIT)

MSG MAGNETIC SWITCH (GLOW
PLUG CIRCUIT)

OCIR OVERCRANK INDICATING
RELAY

OCT OVERCRANK TIMER
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NOTE A TENMINALS 13 & 14 OF THE GENERATCR
8OX wiLL BE CONNECTED TO rEAm
138 14 0% THE CONTAGL SANEL WHEN
ME COT 1S NOT
un JUMPER WIRE FROM TEAMINAL STRIP
ROINT NUMEER 4a 7O 4 IN CONTROL PANEL
MUST BE AEMOVED WHEN THE CYCLE CRANKING
MODULE (COM) 15 USET
AUXILIARY RELAY JARX) CONTACTS ARE
CUSTOMER WIRED  SEE l!LAV whl‘ACY 501£lnﬂc
ALL Eucm( WIRING SHOWN AS DOTTED LIN
YN! OVEACRANK TIMER OC"! 1S TQ € ID.IWEG 10
ME 20 s&mm SET POINT RED DOT)  WNEN CYCLE
Unmlu«z ICOMI 1S USED THE OVERCRANK TIMER (OCT)

NOTE 8

e C

MOTE O
NOTE €

CONTROL PANEL
AUTOMATIC POSITION

oP OIL PRESSURE GAUGE
SENDER

OPG OIL PRESSURE GAUGE

OPIR LOW OIL PRESSURE
INDICATOR RELAY

OPS OIL PRESSURE SWITCH

OSIR OVERSPEED INDICATING
RELAY

OSS OVERSPEED SWITCH

PIL PANEL ILLUMINATION LAMP

PLS PANEL LAMP SWITCH

PS PINION SOLENOID

RR RUN RELAY

SS SHUT-OFF SOLENOID

SM STARTING MOTOR

IS 7O BE AQUUSTED TO
WHITE DGt

NQTE F
IN AUTO 2O8IT IO}
NOTE G

THE %0 SECOND SETROINT
ACS SWITCH mnun\cri SHOWN WIT SAITCH
JUMPER wiRE nou TEAMINAL 77

rinmu; 73 MUST 8€ AEMOVED '~s~

Awnsl A1 15 USED

NOTE W Jumn

€ FROM TEAMINAL A

vtammu. m 10 8¢ ltmvi

RELAY OR REMOTE SHUTI
4 NORMALLY CLOSED SWi
TERMINAL 13 AND TEAMI

DOWN INSERT
1TO SETWEEN
naL 113

SHUTDOWN RELAY
TIME DELAY RELAY

TIME DELAY AUXILIARY
WATER TEMPERATURE
GAUGE SENDER

WATER TEMPERATURE
GAUGE

HIGH WATER TEMPERATURE
INDICATING RELAY

WATER TEMPERATURE
SWITCH

INDICATES EQUIPMENT
EXTERNAL TO CONTROL
PANEL

TERMINAL STRIP POINT
(CONTROL PANEL)

TERMINAL STRIP POINT
(GENERATOR TERMINAL BOX)
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(::>"""" A 173 <gi>
L am

colL

¢

A98941X1
RELAY CONTACT SCHEMATIC
s 2 <
6
4 5
Z N 2
_I
A B
2
1
3
—
A88592X2
RELAY LAMP COMPONENT WIRING
A98950X1

O,

93

RELAY LAMP SCHEMATIC
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238

COMPONENTS

NOTE: For specifications on components located on the engine, make reference to the ENGINE
SERVICE MANUAL.

~ S ]

\ W\ <

[

D i i, s O WA v A Ay A —
886872X1 I 7 3 4 . AVS OPI PLS WTI ACS OS! HS 0CI 6$ VLA
PANEL DOOR (TYPE S — CHANGE LEVEL 12)
{FRONT VIEW)

N 2 . 3 avs OPIR  PLS WTIR ACS OSIA HS OCIR G5 VLR PaM

1.
o I » 1) z / ]

T ‘_‘\ ‘
P\

866873X1 A 0rG WwTG  PLI ACA FM ACY PL2

PANEL DOOR (TYPE 5 — CHANGE LEVEL 12)
(TOP VIEW WITH DOOR OPEN)

SYSTEMS OPERATION
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SYSTEMS OPERATION

oct an
.
=

O
@

IVV
-

IS

S
R

S

&

BB
X B I

S

&
&

N
)

S
N

CCT

e
i

ICRANK)

CCM (IF REQUIRED)

ACA

ACS
ACV

AVS

CDT
CDTR
CCM
CCT
F1

F2

F3

FM

LOGIC PANEL (TYPE 5 - CHANGE LEVEL 12)
(FRONT VIEW INSIDE PANEL)

60 AMP CIRCUIT BREAKER
(ALTERNATOR)

20 AMP CIRCUIT BREAKER
(AIR SHUT-OFF)

10 AMP CIRCUIT BREAKER
(CONTROL)

20 AMP CIRCUIT BREAKER
(SHUTDOWN)

AMMETER

ALTERNATING CURRENT
AMMETER

ENGINE CONTROL SWITCH
ALTERNATING CURRENT
VOLTMETER
AMMETER/VOLTAGE
SELECTOR SWITCH

COOL DOWN TIMER

COOL DOWN TIMER RELAY
CYCLE CRANKING MODULE
CYCLE CRANKING RELAY
FUSE

FUSE

FUSE

FREQUENCY METER

GS
HS
OoCl
OCIR

OCT
OPG
OPI
OPIR

osil
OSIR

PAM
PL1, 2
PLS
WTG
WTI
WTIR

VLR

GOVERNOR SWITCH

HEAT SWITCH
OVERCRANK INDICATOR
OVERCRANK INDICATOR
RELAY

OVERCRANK TIMER

OIL PRESSURE GAUGE
OIL PRESSURE INDICATOR
OIL PRESSURE INDICATOR
RELAY

OVERSPEED INDICATOR
OVERSPEED INDICATOR
RELAY

PREALARM MODULE
PANEL LAMPS

PANEL LAMP SWITCH
WATER TEMPERATURE
GAUGE

WATER TEMPERATURE
INDICATOR

WATER TEMPERATURE
INDICATOR RELAY
VOLTAGE LEVEL RHEOSTAT
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ACA Alternating Current Ammeter

AC ammeter (ACA) gives an indication, in amperes, CONTACT CHART FOR AVS
of the current from each phase of the generator to the PHASES
load. Ammeter voltmeter selector switch (AVS) is used CONTACT OEF 1(T1) 2 (T2) 3(T3)
to connect the ammeter to the current transformer on 1 X X X
phase T1, T2 or T3; see Contact Chart. Ammeters > X
normally have an input range from 0 to 5 amperes. 3 X
Current transformer (CT1, CT2 or CT3) causes a 4 X
reduction of the actual line current, in its respective 5 X X <
phase lead, to a level within the input range of the
ammeter. The ammeter is calibrated (has marks) to give 6 X
an indication of the actual current flow in one phase load ! X
of the generator. 8 X
9 X X K X
NOTE: Several methods have been used to 10 X

[EY
[E
x

connect control panel instruments. The
recommended method is shown in the

[EEN
N
X

diagrams. 13 X
14 X X K X
15 X X X
16 X X X
TO 17 X K X X
VOLTAGE
REGULATOR

NOTE: X gives an indication of a closed
AcY contact, X on the line gives an indication of
. "make before break."

Li' 10 ACA
TN =
» "A»—Lﬂfu
-
23 - HH‘:
——
‘511 L15
) 17
—
A98946X2 AvS
(600V Controt Panel Only)

A98947X2 AVS

AMMETER/VOLTMETER SELECTOR SWITCH (AVS) WIRING DIAGRAMS

ACA Alternating current ammeter @ Terminal pointon TS2 in
ACV Alternating current voltmeter control panel

F1,2.3 Fuses @ Terminal Point on TS3 part
FM Frequency meter of voltage regulator
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ACS Engine Control Switch

Engine control switch (ACS) controls the engine start
and stop systems. To start the engine, move the switch
to the MANUAL position. To stop the engine move the
switch to the STOP or OFF/RESET position. For
standby application (engine starts when remote initiating
contact 1 closes), move the switch to the AUTO position.
To start after engine shutdown caused by high water
temperature, low oil pressure or overspeed, turn switch
to STOP position and correct fault. Then move switch to
OFF/RESET position. Engine can now be started in
MANUAL or AUTO position. For more information on
the operation of this switch, make reference to the
AUTOMATIC START/STOP SYSTEM.

CONTACT CHART FOR AVS
OFF-

CONTACT RESET | AUTO MAN STOP
1 X X X
2 X
3 X
4 X
5 X X X
6 X
7 X
8 X
9 X X K X

10 X X
11 X

12 X
13 X

14 X X X X

15 X X X
16 X X X
17 X X X X

NOTE: X gives an indication of a closed contact, X on
the line gives an indication of "make before break."

ACV Alternating Current Voltmeter

AC voltmeter (ACV) shows the potential differential
(voltage) between phase T1-T2, T2-T3 or T3-T1 at
position 1, 2 or 3 respectively. Make reference to the
ALTERNATING CURRENT AMMETER.

DCA Direct Current Ammeter

DC Ammeter (DCA) is used when-the ammeter is
ordered. This ammeter shows the amount of DC current
in amperes, that flows in the alternator circuit (if so

equipped).

SYSTEMS OPERATION

FM Frequency Meter

Frequency meter (FM) shows the hertz (cycles per
second) of the electricity made when the generator set is
in operation. There is a direct relation between the
frequency of the electricity and the rpm of the generator
set; see formula.

number of poles x rpm
120

frequency (hertz) =

GS Governor Switch

Governor switch (GS) is used when the engine is
equipped with a remote control synchronizing motor for
the governor. Engine speed is controlled with this
switch.

HS Heat Switch

Heat switch (HS) is when the engine is equipped
with glow plugs. This switch is used to operate the glow
plugs for cold weather starting.

OPG Oil Pressure Gauge

Oil pressure qauge (OPG) shows the pressure, in
psi, of engine lubrication oil. When pressure switch
(PSW) is closed, oil pressure gauge (OPG) is connected
across battery voltage. There is a relation between the
current flow in this circuit and the engine oil pressure
read on oil pressure gauge (OPG). Oil pressure sender
(OP) controls the current flow by a change in resistance
according to the change in engine oil pressure.

PAM Prealarm Module
Make reference to ATTACHMENTS.

PL1, 2 Panel Lamps

Light for the control panel is given by panel lamps
(PL1 and PL2). These lamps are controlled by panel
light switch (PLS).

VLR Voltage Level Rheostat

Voltage level rheostat (VLR) takes the place of
voltage level rheostat (R2) on the generator regulator
assembly. It is used to adjust the voltage output of the
generator.

NOTE: Make reference to OPERATION OF
GENERATOR: REGULATOR ADJUSTMENT. On
generators equipped with a generator mounted
control panel, the yellow wire from voltage level
rheostat (R2) to terminal (7) on the regulator terminal
strip is disconnected at terminal (7).
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AUTOMATIC START/STOP SYSTEM

Introduction

The automatic start/stop system is normally used for
standby operation. That is, without an operator. The
generator set must start, pick up the load, operate the
load, and stop after the load is removed. An automatic
transfer switch controls the transfer of load to and from
the generator set. When normal (commercial) power
has a failure, initiating contactor (1), part of the
automatic transfer switch, closes. This will begin the
automatic start sequence. When the engine starts, the
control panel instruments will show voltage and
frequency. The automatic transfer switch will transfer
the load to the generator set when voltage and
frequency reach approximately rated value. When
normal power returns, the automatic transfer switch will
transfer the load back to normal power. Initiating
contactor (1) will open. This will begin the automatic
stop sequence. The generator set will also stop
automatically if the engine has a failure.

The packaged generator set has shutdown sensors,
shutdown indicators and shutdown circuit for the
conditions that follow.

Low oil pressure

High water temperature
Overspeed

Overcrank

NS

NOTE: For specifications on components located on
the engine, make reference to the ENGINE SERVICE
MANUAL.

Automatic Start

With engine control switch (ACS) in the AUTO
position, contacts (10) and (9) are closed. When
commercial (normal) power has a failure, remote start
initiating contact (1) closes. This makes a complete
circuit from battery (BATT) to energize run relay (RR)
through normally closed contacts of the four engine fault
relays (OPR), (WTRI), (OSR1), (OCR).
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When run relay (RR) is energized. contact (RR2)
opens and contact (RR1) closes. (RR2) open prevents
current flow to shutoff solenoid (SS). (RR1) closed
energizes the (MS) through a normally closed (AR2)
contact. At the same time power is applied to the
overcrank timer (OCT). A magnetic pickup relays engine
rpm to the dual speed switch (DDS). The dual speed
switch has a crank terminate (CTS) circuit and an
overspeed (OSS) circuit.

When overcrank timer (OCT) is energized, a timer
will start. After the engine cranks for approximately 30
seconds the timer will stop. (OCT) contacts will open.
Make reference to ENGINE DOES NOT START.

When magnetic switch (MS) is energized, (MS)
contacts close and pinion solenoid (PS) is energized.
This causes (PS) contacts to close, starting motor (SM)
will crank the engine.

Manual Start

The current flow for manual start is similar to
automatic start except engine control switch (ACS) is
turned to the MAN position. Contact (10) is open and
contact (11) is closed. It is not necessary for remote
start indicating contact (1) to close. Run relay (RR) and
magnetic switch (MS) will energize the same as with
Automatic Start.
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Engine Starts

At 600 rpm, crank terminate switch (CTS) closes. This energizes the
arming relay (AR). Contact (AR2) opens which disconnects the circuit to
(MS) and the overcrank timer (OCT). The contact (AR2) closes to lock in
the (AR) relay. Contact (AR3) closes to turn on the water temperature
and oil pressure gauges.

At this same time, the (CTS) contact arms the time delay relay
(TDR). The TDR has a fixed 9 second delay to allow for oil pressure
build up. When oil pressure comes up, it actuates the oil pressure switch
(OPS). The (OPS) contact clears the failure circuit and closes the (TDR)
timer bypass contact.

When the TDR contact closes, it energizes the time delay auxiliary

(TDX). The TDX arms the oil pressure failure circuit along with the shut-
off solenoid (SS) and the optional air shut-off solenoid (ASO).
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LINE NO.
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CONTROL PANEL
AUTO POSITION (ENGINE STARTYS)
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Engine Does Not Start

If the engine does not start in approximately 30
seconds, overcrank timer (OCT) will let current flow to
overcrank indicating relay (OCR). Contact (OCR2)
closes to lock in the (OCR) relay and contact (OCR1)
opens to open the RR relay circuit. This de-energizes
run relay (RR) and magnetic switch (MS).

When run relay (RR) is de-energized, contact (RR2)
closes and contact (RR1) opens. Contact (RR2) closed
completes a circuit to shutoff solenoid (SS) until TDX
opens.

NOTE: TDR contact closes after 9 seconds
into the 30 second cranking cycle. The TDX
relay in turn energizes. This causes the TDX
contacts to close. The TDX contacts will
remain closed for 70 seconds after the end of
the 30 second cranking cycle.

Contact (RR1) open de-energizes arming relay (AR),
and overcrank timer (OCT).

When magnetic switch (MS) is de-energized, (MS)

contacts open. This de-energizes pinion solenoid (PS).
(PS) contacts open and de-energize starting motor (SM).
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Overcrank indicating relaying (OCR) will give light.
To start the engine, do the steps that follow:

1. Turn engine control switch (ACS) to
OFF/RESET. This will open (ACS) contact (IS)
and de-energize overcrank indicating relay
(OCR). Contact OCR1 will close so that the run
relay (RR) can be energized.

2. Turn he engine control switch to MANUAL or
AUTO if | contact is closed. If the engine does
not start in approximately 30 seconds, the
overcrank indicating relay will give light.

3. Turn engine control switch (ACS) to STOP
position. Observe fault lights and turn ACS to
OFF/RESET. Correct the problem that caused
the engine not to start. Make reference to
TROUBLESHOOTING.

NOTE: If the engine can not be started or
stopped with the panel controls, check the
condition of circuit breaker (CB2). (There is
no visual indication of its condition). Press
to reset.
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LINE NO.
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Return of Commercial