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PREFACE

By enrolling in this self-study course, you have demonstrated a desire to improve yourself and the Navy.
Remember, however, this self-study course is only one part of the total Navy training program. Practical
experience, schools, selected reading, and your desire to succeed are also necessary to successfully round
out a fully meaningful training program.

THE COURSE: This self-study course is organized into subject matter areas, each containing learning
objectives to help you determine what you should learn along with text and illustrations to help you
understand the information. The subject matter reflects day-to-day requirements and experiences of
personnel in the rating or skill area. It aso reflects guidance provided by Enlisted Community Managers
(ECMs) and other senior personnel, technical references, instructions, etc., and either the occupational or
naval standards, which are listed in the Manual of Navy Enlisted Manpower Personnel Classifications
and Occupational Standards, NAVPERS 18068.

THE QUESTIONS: The questions that appear in this course are designed to help you understand the
material in the text.

VALUE: In completing this course, you will improve your military and professional knowledge.
Importantly, it can also help you study for the Navy-wide advancement in rate examination. If you are
studying and discover areference in the text to another publication for further information, look it up.
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Sailor’'s Creed

“l am a United States Sailor.

| will support and defend the
Constitution of the United States of
America and | will obey the orders
of those appointed over me.

| represent the fighting spirit of the
Navy and those who have gone
before me to defend freedom and
democracy around the world.

| proudly serve my country’s Navy
combat team with honor, courage
and commitment.

| am committed to excellence and
the fair treatment of all.”
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INSTRUCTIONSFOR TAKING THE COURSE

ASSIGNMENTS

The text pages that you are to study are listed at
the beginning of each assignment. Study these
pages carefully before attempting to answer the
guestions. Pay close attention to tables and
illustrations and read the learning objectives.
The learning objectives state what you should be
able to do after studying the material. Answering
the questions correctly helps you accomplish the
objectives.

SELECTING YOUR ANSWERS

Read each question carefully, then select the
BEST answer. You may refer freely to the text.
The answers must be the result of your own
work and decisions. You are prohibited from
referring to or copying the answers of others and
from giving answers to anyone else taking the
course.

SUBMITTING YOUR ASSIGNMENTS

To have your assignments graded, you must be
enrolled in the course with the Nonresident
Training Course Administration Branch at the
Naval Education and Training Professional
Development and  Technology  Center
(NETPDTC). Following enrollment, there are
two ways of having your assignments graded:
(1) use the Internet to submit your assignments
as you complete them, or (2) send all the
assignments at one time by mail to NETPDTC.

Grading on the Internet:
Internet grading are:

Advantages to

you may submit your answers as soon as
you complete an assignment, and

you get your results faster; usualy by the
next working day (approximately 24 hours).

In addition to receiving grade results for each
assignment, you will receive course completion
confirmation once you have completed all the

assignments. To submit
answers viathe Internet, go to:

your assignment

http://cour ses.cnet.navy.mil

Grading by Mail: When you submit answer
sheets by mail, send all of your assignments at
one time. Do NOT submit individual answer
sheets for grading. Mail all of your assgnments
in an envelope, which you either provide
yourself or obtain from your nearest Educational
Services Officer (ESO). Submit answer sheets
to:

COMMANDING OFFICER
NETPDTC N331

6490 SAUFLEY FIELD ROAD
PENSACOLA FL 32559-5000

Answer Sheets: All courses include one
“scannable” answer sheet for each assignment.
These answer sheets are preprinted with your
SSN, name, assignment number, and course
number. Explanations for completing the answer
sheets are on the answer sheet.

Do not use answer sheet reproductions: Use
only the origina answer sheets that we
provide—reproductions will not work with our
scanning equipment and cannot be processed.

Follow the instructions for marking your
answers on the answer sheet. Be sure that blocks
1, 2, and 3 are filled in correctly. This
information is necessary for your course to be
properly processed and for you to receive credit
for your work.

COMPLETIONTIME
Courses must be completed within 12 months

from the date of enrollment. This includes time
required to resubmit failed assignments.



PASS/FAIL ASSIGNMENT PROCEDURES

If your overall course score is 3.2 or higher, you
will pass the course and will not be required to
resubmit assignments. Once your assignments
have been graded you will receive course
completion confirmation.

If you receive less than a 3.2 on any assignment
and your overal course score is below 3.2, you
will be given the opportunity to resubmit failed
assignments. You may resubmit failed
assignments only once. Internet students will
receive notification when they have faled an
assignment--they may then resubmit failed
assgnments on the web ste. Internet students
may view and print results for failed
assgnments from the web ste. Students who
submit by mail will receive a failing result letter
and a new answer sheet for resubmission of each
failed assignment.

COMPLETION CONFIRMATION

After successfully completing this course, you
will receive a letter of completion.

ERRATA

Errata are used to correct minor errors or delete
obsolete information in a course. Errata may
also be used to provide instructions to the
student. If a course has an errata, it will be
included as the first page(s) after the front cover.
Errata for al courses can be accessed and
viewed/downloaded at:

http://www.advancement.cnet.navy.mil

STUDENT FEEDBACK QUESTIONS

We value your suggestions, questions, and
criticisms on our courses. If you would like to
communicate with us regarding this course, we
encourage you, if possible, to use e-mail. If you
write or fax, please use a copy of the Student
Comment form that follows this page.

For subject matter questions:

E-mail:  n314.products@cnet.navy.mil
Phonee  Comm: (850) 452-1001, Ext. 1826
DSN: 922-1001, Ext. 1826
FAX: (850) 452-1370
(Do not fax answer sheets.)
Addresss. COMMANDING OFFICER
NETPDTC (CODE 314)
6490 SAUFLEY FIELD ROAD
PENSACOLA FL 32509-5237

For enrollment, shipping, grading, or
completion letter questions

E-mail:  fleetservices@cnet.navy.mil
Phone: Toll Free: 877-264-8583
Comm: (850) 452-1511/1181/1859
DSN: 922-1511/1181/1859
FAX: (850) 452-1370
(Do not fax answer sheets.)
Address COMMANDING OFFICER
NETPDTC (CODE N331)
6490 SAUFLEY FIELD ROAD
PENSACOLA FL 32559-5000

NAVAL RESERVE RETIREMENT CREDIT

If you are a member of the Naval Reserve, you
will receive retirement points if you are
authorized to receive them under current
directives governing retirement of Naval
Reserve personnel. For Naval Reserve
retirement, this course is evaluated at 17 points.
These points will be credited in units, as follows:

Unit 1 - 12 points upon satisfactory completion
of assignments 1 through 7.

Unit 2 — 5 points upon satisfactory completion
of Assignment 8 through 11.

(Refer to Administrative Procedures for Naval
Reservists on Inactive Duty, BUPERSINST
1001.39, for more information about retirement
points.)



COURSE OBJECTIVES

In completing this nonresident training course,
you will demonstrate a knowledge of the subject
matter by correctly answering questions on the
following: The Public Works Transportation
Shops Supervisor; The ALFA Company Shops
Supervisor;  Engine  Troubleshooting  and

Vi

Overhaul; Troubleshooting Electrical Systems;
Fuel System Overhaul; Inspecting and
Troubleshooting Brake Systems; Clutches and
Automatic Transmissions; Air Compressor
Overhaul; The Shop Inspector; Hydraulics,
Troubleshooting Transmissions, Transfer Cases,
and Differentials;, Wheel and Track Alignment;
and Air-Conditioning Systems.
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CHAPTER 1

PUBLIC WORKS

TRANSPORTATION SHOPS
SUPERVISOR

A supervisor should possess a large amount
of TACT and DIPLOMACY. Directing shop
activities requires that you contact all types of
people; for example, the mechanics who work for
you, the personnel (military and/or civilian) who
operate the equipment, and the officer (or civilian)
to whom you are responsible. You must be careful
not to let prejudices interfere with your good
judgment.

A transportation maintenance shop supervisor
will need all of his past experience in diagnosing
mechanical troubles accurately, scheduling and
planning repair work skillfully, using all kinds of
repair equipment, and directing the many activi-
ties in maintaining transportation and earth-
moving equipment.

At some time during your career in the Navy,
you may be assigned as a foreman in a public
works (PW) transportation maintenance shop.
You may also have to serve as supervisor of a
Construction Battalion equipment maintenance
shop. Because of the variation in the two different
types of duty, the responsibilities of a foreman
in a PW transportation maintenance shop will be
discussed in this chapter, and the battalion
equipment company shops supervisor’s responsi-
bilities will be discussed in the following chapter.
Although many of the positions have the same
basic duties, the methods of doing the work may
differ considerably. Certain areas of cost control
vary a great deal. Duty in a transportation
maintenance shop includes work of a continuing
nature. Therefore, to provide continuity, civil
service personnel are also employed.

PUBLIC WORKS TRANSPORTATION
DEPARTMENT FUNCTIONAL
ORGANIZATION

A PW transportation department of a naval
shore facility is generally stationary. As a
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supervisor in the PW maintenance branch, you
would probably not have to plan and construct
a new transportation shop, but, rather, would
supervise the repair of equipment. However, if
you are involved in the establishment of a new
base, you will probably be consulted about the
location and layout of the maintenance shops.
You can obtain detailed information on the
physical layout of the buildings by referring to
Naval Facilities Planning Guide, P-437, Facilities
Number 214 20B, Drawing 6028198. The location
of tools and shop equipment depends on the
amount and type of equipment to be maintained.

The PW transportation organization discussed
in this chapter is typical of the type usually found
within a public works activity. The titles and
organization may vary from activity to activity.
To learn more about these organizations, you
should obtain and study current NAVFAC
instructions and publications that pertain to the
public work centers and public work departments.
By referring to [figure 1-1] you can see that the

[ PUBLIC WORKS OFFICER |

SHOPS ENGINEER

TRANSPORTATION
DIVISION DIRECTOR

il ]
OPERATIONS BRANCH EQUIPMENT MAINTENANCE
BRANCH

Safety Inspection

© TRANING o PREVENTIVE MAINTENANCE

© LICENSING © BREAKDOWN MAINIENCAENCE
DiS atchiﬂ o AC.CJD!NI MAI.NIEN.AN
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o UTILIZATION RECORDS Work Authorization
Operations Scheduling

© AUTOMOTIVE POOL
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<
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Production Contral
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Figure 1-1—Functional organization for transportation
management.



transportation division is broken down into two
branches: operations branch and equipment
maintenance branch. Note that both come under
the control of the transportation division director,
who reports through a chain of command to the
public works officer (PWO).

DUTIES AND RESPONSIBILITIES
OF SUPERVISORY PERSONNEL

This phase of our discussion deals with the
duties and responsibilities of various supervisory
personnel within the maintenance branch. The
individual assignments depend upon the needs of
the activity and the skill and experience of
personnel available. The public works officer
makes the final decision.

TRANSPORTATION DIVISION
DIRECTOR

As head of the transportation division, the
transportation director exercises full technical,
managerial, and administrative responsibility for
organizing, directing, and controlling the work
of the division. The director also functions as the
technical advisor within and outside the activity
in planning and procuring vehicle/equipment
requirements for the activity and other supported
customers.

The transportation director exercises complete
managerial responsibilities for the efficient,
economical, and timely administration of the
divisions; directs operations assignments; manages
scheduled preventive maintenance (PM) as well
as repair/overhaul; and is charged with the
requisition and disposition of automotive vehicles,
construction equipment, materials-handling equip-
ment, and miscellaneous specialized equipment.

MANAGER OF THE EQUIPMENT
MAINTENANCE BRANCH

The manager of the maintenance branch is
responsible for planning, work direction, and
administration, and acts as, and assumes the
duties of, the transportation director in case of
the absence of that person. The maintenance
branch’s responsibilities include the following:

1. Preparing and submitting the maintenance
division fiscal financial budget

2. Scheduling work for subordinate
supervisors and planning for the efficient use of
materials and equipment

3. Organizing, coordinating, and directing
the work activities of personnel and units
supervised
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4. Maintaining a balanced workload for
subordinate work units by shifting personnel
effectively among the units

5. Coordinating the work in areas of re-
sponsibilities with other activities and depart-
ment/division supervisory personnel to maintain
a balanced scheduled work flow

6. Reviewing and analyzing production,
cost, and personnel utilization records to evaluate
the progress of work and to control or reduce
costs

7. Reviewing completed work records (Shop
Repair Order, NAVFAC Form 9-11200/3A,
shown in[figure 1-2] and other computer reports)
to assure that production and quality standards
are met

8. Inspecting the shop areas periodically and
checking safety conditions, cleanliness, security,
requirements for materials, and shop equipment

9. Acting on any personnel matter
concerning subordinates and assisting in the
resolution of grievances referred by subordinate
supervisors

10. Promoting safety programs within the
immediate organization, reviewing the safety
performance of the supervisors, and initiating
corrective action as required

11. Seeing that progress, production, cost,
and other records are prepared, maintained, and
consolidated

12. Developing training programs for
employees and subordinate supervisors

PRODUCTION CONTROL
SUPERVISOR

The production control supervisor is re-
sponsible for receiving, inspecting, and
classifying, within applicable Navy codes, all new
and used equipment; preparing reports on
equipment received; scheduling equipment into
the shop for its first servicing; and arranging for
its inclusion into the PM program. Additionally,
the production control supervisor determines parts
and tools required to support equipment during
its life cycle; directs the inspection of vehicles
coming into the shop to find the nature and extent
of repair or PM service required; and determines
the most economical means and methods of
repairs. The production control supervisor applies
standard hours and cost estimates on individual
equipment jobs; initiates shop repair orders; and
schedules work into the various work centers/
shops for orderly accomplishment. Finally, the
production control supervisor directs the
inspection of the mechanics’ work while in
progress; ensures a quality inspection upon
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Figure 1-2.—Shop Repair Order, NAVFAC Form 9-11200/3A.

completion of this work; and directs the main-
tenance of PM records, shop backlog records, and
vehicle history files.

MAINTENANCE AND REPAIR
FOREMAN

The foreman of the maintenance and repair
shop supervises subcenters, such as the body and
paint shop, battery shop, tire shop, toolroom, and
lubrication shop. Responsibilities of the foreman
include the following:

1. Establishing priorities and sequences in
which scheduled workloads will be accomplished,
primarily on a day-to-day/job-by-job basis

2. Analyzing and interpreting shop repair
orders, work requests, and other work
documentation and specifications to determine
work requirements

3. Assigning work among subordinates and
providing specific material requirements
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4. Consulting with higher authority and staff
personnel to make sure that appropriate tools,
materials, and equipment are available as
needed

5. Requesting and coordinating the services
and work of other shops when required

6. Assigning work by written or oral orders

7. Assisting in the training of subordinates
in work methods, procedures, and the operation
of tools and equipment, both new and already in
use

8. Certifying that the work is efficient and
economical and that the work is performed
safely

9. Anticipating operational problems and
acting to overcome delays

10. Directing and recommending changes in
shop layout to improve efficiency

11. Ensuring that subordinates houseclean

12. Issuing and enforcing safety practices and
fire regulations



13. Checking attendance and leave of
subordinates and other personnel matters

CONSTRUCTION EQUIPMENT SHOP
FOREMAN

The foreman of the construction and spe-
cialized equipment shop supervises the machine
shop as a subcenter. The responsibilities are
basically the same as those given under the
maintenance and repair foreman, except for the
technical supervision. This shop is responsible for
the maintenance, repair, and major overhaul
(mechanical and electrical) of specialized
equipment, such as tractors, graders, ditchdiggers,
bulldozers, road rollers, asphalt machines, farm
tractors, jet starters, auxiliary power units,
emergency generators, pumps, and aircraft tow-
tractors.

The machine shop bores cylinders; rebuilds all
types of gasoline and diesel engines, automatic
transmissions, and differentials; and performs
other related repairs.

PREVENTIVE MAINTENANCE

The most important phase of the maintenance
system is scheduled periodic preventive main-
tenance (PM). PM is the systematic inspection,
detection, and correction of potential equipment
failures before they develop into major defects.
The purpose of PM is to keep equipment in safe
and reliable condition with maximum equipment
availability and minimum cost of maintenance.

OPERATOR MAINTENANCE

Operators are the first line of defense against
equipment wear, failure, and damage. Equipment
must be inspected by the operator daily—before,
during, and after operations—so that defects or
malfunctions can be detected before they result
in serious damage, failure, or accident.

It is your responsibility, as a CM1, to see that
the operators are performing their duties. You
should work with the operations branch in mak-
ing recommendations regarding operator PM.
Changes may be necessary in the operator PM to
cope with certain operating conditions. You may
need to set up classes of instruction for the
operators so that they will become familiar with
the right way to maintain their equipment,
especially when new equipment is received in the
activity. If you do set up classes, be sure to
coordinate your training periods with the foreman
in charge of the equipment operations branch so
that you do not interfere with the foreman’s
equipment operating schedules. Also, try to have
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the equipment on hand so you can point out
maintenance services that need attention. It is
better to hold the instructions with small groups
and to keep them as informal as possible. Do not
forget to stress operator maintenance on the
overall operating efficiency of the equipment.

SERVICE STATION MAINTENANCE

Service station maintenance is the service you
would expect from any first-rate filling station
when you purchase fuel; namely, washing the
windshield and checking the oil, battery and
radiator water, fan belt, tire condition, and so
forth. Unfortunately, shortages of personnel have
sometimes curtailed this type of maintenance.
Service station maintenance is a visible area of
public works but is not intended to relieve the
operators of their responsibility.

SAFETY INSPECTIONS

Vehicles will be inspected periodically by
gualified automotive inspection personnel for
safety as follows:

Each motor vehicle will be inspected for safety
at intervals not to exceed 12 months or 12,000
miles, whichever occurs first. To avoid
unnecessary downtime, perform the safety
inspection at the time of the scheduled
serviceability inspection according to the
manufacturer's recommendation.

All deficiencies uncovered during the safety
inspection that affect the safe operation of the
vehicle will be corrected before the vehicle
becomes operational again.

UNSCHEDULED MAINTENANCE
SERVICE

Unscheduled maintenance service is the correc-
tion of deficiencies reported by the vehicle
operator that occur between scheduled safety or
other inspection and services prescribed by the
manufacturer. Unscheduled maintenance services
will be limited to correcting only those items
reported as deficient by the operator and
confirmed by qualified inspection personnel.
Unreported deficiencies observed by the inspector
at an unscheduled service and, in particular, those
affecting safety are to be corrected before the
vehicle is released for service.

COST CONTROL

The Navy'’s cost control system is designed to
obtain complete cost data on maintenance and
operation of automotive, construction, fire fighting,
railway, weight-handling, and materials-handling



equipment. Actual performance of maintenance transportation office. These reports provide the

work is compared to hourly standards for such facts required by supervisors to pinpoint deficient
work, as established and published by various areas and should be used for corrective action.
manufacturers and the Naval Facilities The objectives of the transportation
Engineering Command (NAVFAC), to determine management reports are to provide the following:

efficiency of maintenance operations. The Navy
also uses cost control to justify the performance
of repairs at its activities.

1. Information on the productivity of main-
tenance shop personnel (actual versus standard
hours)

RECORDS AND REPORTS 2. Data on overhead costs

3. Comparison between activity costs and
commercial costs

4. Comparison between actual direct labor
hours expended and established maintenance
input standards

5. Comparison between actual and standard
maintenance costs

In the cost control system, all costs ac-
cumulated in the maintenance and operation of
the equipment are recorded and charged to
appropriations and allotments. These costs may
be director indirect labor or material. They may
also include services provided, such as shop stores,
utilities, and even building maintenance.

To evaluate performance and to assist in ef- Variances indicated in reports frequently
fective management of transportation main- require a searching review of detailed shop records
tenance, a series of transportation management to determine the causes. The individual Shop
reports has been designed that will furnish useful Repair Order, NAVFAC Form 9-11200/3A,
information to management at all levels. These shown in and the Shop Repair
reports are prepared by the accountable fiscal Order (Continuation Sheet), NAVFAC Form
office from the cost records maintained in that 9-11200/3B, shown in contain all of
office and from feeder reports prepared by the the basic data required for this review.
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Figure 1-3.—Shop Repair Order (Continuation Sheet), NAVFAC Form 9-11200/3B.
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A shop repair order (SRO) is the transporta-
tion equivalent of the specific job order. It is
initiated by the control section inspector/estimator
or other specifically authorized personnel
designated by the equipment maintenance branch
supervisor. It is the authorizing document,
estimating form, and cost control record of
maintenance expenditures. Repair costs are
estimated in advance to ensure that costs stay
within economic limitations and to provide a
standard against which to measure job per-
formance and productivity of the mechanics.
Estimates for transportation repairs are taken
from commercial Flat Rate Manuals or estimating
guides. Labor costs and material costs are logged
on the SRO by shop personnel, and the completed
document then serves as a principal source of data
for transportation reports and analysis.

DEPTH OF MAINTENANCE,
REPAIR, AND OVERHAUL

The depth of maintenance, repair, and
overhaul is governed by many factors, mainly
economics. The goal is to provide the best service
available at the least possible costs.

The geographic location of an activity has a
great influence on the depth of maintenance,
repair, and overhaul that a maintenance shop
must perform. Maintenance costs must compare
with national standards. It is easy to see that an
activity near a large city, where many repair
services are available at commercial shops, is
limited as to the type of repairs allowed. Because
of the large volume of work, many of these
specialized commercial shops can perform services
at a reduced cost. When the commercial shop is
nearby, there are no appreciable transportation
or shipping costs to be added to the cost of
repairs. On the other hand, an activity located a
great distance from commercial sources of repair
services and supplies would be able to justify
doing its own major repairs because of the time,
need, and shipping charges involved in having the
work performed outside.

The size of an activity also governs the amount
and depth of maintenance, repair, and overhaul
services. Here, volume is the determining factor
that reduces the maintenance cost to a level
comparable to that of available commercial
facilities.

1-6

COST JUSTIFICATION

The Navy system of preventive maintenance,
implemented by the cost control system with its
accounting procedures and reports, is a continuing
justification for the transportation maintenance
shop’s existence. Costs must be justified unless
the work is highly classified or the geographical
location is extreme.

Remember that needed repairs alone do not
justify repair by the service maintenance shop.

PRESERVATION, STORAGE, AND
DEPRESERVATION OF VEHICLES
AND EQUIPMENT

There is more to storing vehicles and
equipment than merely driving them into open
areas, warehouses, or active storage. The process
of preparing vehicles and equipment for storage
is complex. It is important that you consider all
components of the equipment, as well as the basic
unit, to ensure efficient operation with a minimum
amount of work after storage. The objective of
preservation and storage is to provide efficient and
economical protection to components and equip-
ment from environmental and mechanical damage
during handling, shipment, and storage from the
time of original purchase until they are used.
NAVFAC P-434, Management and Operations
Manual for Construction Equipment Departments,
chapters 8 and 9 and appendix E, contains the
standards and guides for equipment preserva-
tion.

The three levels of preserving and packaging
equipment for storage are A, B, and C.

Level A is that level of preservation that will
protect adequately against corrosion, deteriora-
tion, and physical damage during shipment,
handling, indeterminate storage, and worldwide
redistribution.

Level B is the degree of preservation and
packaging that will protect adequately against
known conditions less hazardous than A. Level
B should be based on firmly established
knowledge of the shipment and storage conditions
and a determination that money will be saved.
This level requires a higher degree of protection



than that afforded by Level C preservation and
packaging.

Level C is the level of preservation that
protects adequately against corrosion, deteriora-
tion, and physical damage during shipment from
the supply source to the first receiving activity for
immediate use.

The proper level of preservation depends on
the availability of information on the probable
handling, shipping, storing units, and conditions
that the vehicles and equipment will undergo
before final issue to the command. Physical
characteristics of the vehicles and equipment must
also be considered.

An approved cleaning technique is a first in
preservation. The effectiveness of an applied
preservative may be measured by the quality of
the surface preparation. All corrosion and
contaminants have to be removed before a pre-
servative is applied.

No single cleaning method or material is
suitable for all cleaning situations. The selection
of a cleaning method, or combination of methods,
depends on one or more of these factors:

1. Material composition of part

2. Complexity of construction and assembly

3. Nature and extent of contaminants

4. Amount and age of equipment

5. Availability of cleaning materials and
equipment

Steam cleaning is suitable for removal of
greases, tar, road deposits, and other
contaminants. This process is particularly
adaptable to parts other than the ENGINE and
GEARCASE EXTERIORS of vehicles and
equipment that ordinarily would not be dis-
assembled before preservation. Engines and
gearcases should be cleaned by spraying with a
decreasing solvent, by allowing for solvent
penetration, and, finally, by flushing with a
clean petroleum solvent or by wiping with a clean
cloth.

“Active storage” means that complex equip-
ment is maintained in serviceable condition by the
operation of all components for brief periods at
regularly scheduled intervals. When lubricants are
redistributed, friction is reduced and deterioration
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is prevented or reduced to a minimum. Only
unboxed automotive and construction equipment
is included in the active storage program.

Upon reactivation, material preserved and
packaged for storage or shipment requires
depreservation and servicing before use. Equip-
ment is to be lubricated under the manufacturer’s
instructions. Seals and closures should be
removed. Housings, casings, and other enclosures
should be drained of preservatives and refilled
with specified operating fluids before operation.
Those components that were removed for storage
should be reinstalled.

Upon activation, in equipment containing
piston-cylinder components, such as internal
combustion engines and air compressors, rotate
the crankshaft slowly with the throttle closed,
ignition off, and compression release lever (if so
equipped) in START position.

Avoid abrasives in removing preservatives.
Remove blocking, wiring, or strapping from
clutch levers or pedals secured in a partially
disengaged position. Adjust drive belts on which
tension has been released. Flush from the system
any corrosion inhibitor mixed with preservative
oil.

TECHNIQUES OF SCHEDULING

An effective and efficient maintenance pro-
gram requires the establishment and upkeep of
a preventive maintenance scheduling system and
a sound shop control procedure. According to
Management of Transportation Equipment,
NAVFAC P-300, vehicles and equipment are to
be scheduled for inspection and servicing
according to the time, mileage, or operating hours
prescribed by the manufacturer’'s recommenda-
tions. As a minimum, the schedule is to ensure
that each vehicle is inspected for safety at least
every 12 months or 12,000 miles, whichever occurs
first. The schedule can be formulated by determin-
ing the estimated annual miles of each vehicle and
dividing by the manufacturer's recommended
service interval. This will determine the humber
of service intervals per year for each vehicle.
Dividing the number of working days per year
(252) by the number of service intervals per year
will develop the number of working days between



SPECIFICATION FOR SCHEDULED MAINTENANCE INSPECTIONS AND SERVICES

VEHICLE MAKE MODEL(S) YEAR(S)

OPERATION SERVICE INTERVAL

See
Manual
1000 MILES > 6112|1824 (3036|4248 | Page
ENGINE

Change engine oil and filter XX [ X[X|X X |X]|X[0312
Clean and refill oil bath air cleaner (if so equipped) XX [X]|X X [X|X X [03-03
Replace dry-type air cleaner filter (6 cyl.) X X X X 103-03
Replace dry-type air cleaner filter (8 cyl.) X X 103-03
Test crankcase emission system. Clean system and replace emission control
valve if required XXX XXX |X]|X|04-11
Clean crankcase emission system hoses, tubes, fittings, carburetor spacer and
replace if necessary. Replace emission control valve X X X X |104-11
Clean crankcase filler breather cap XXX |X XXX {X|04-11
Replace fuel system filter (gas engine) X X 104-08
Inspect thermactor exhaust emission control system hoses and replace if
required (on trucks so equipped) X X X X
Drain, flush, and refill cooling system EACH 24 MONTHS 04-06
Check and lubricate exhaust control valve. Free up if necessary (if so equipped) [ X |X [ X |X /X |X X |X |03-05
Clean and adjust distributor points—replace as required (Clean distributor cap) X X X X 104-11
Check and adjust carburetor—idle speed and fuel mixture X X X X 104-14
Check and clean external choke mechanism X X X X 104-11
Check and adjust ignition timing—initial timing, mechanical and vacuum
advances, and vacuum retard (if so equipped) X X X X 104-13

Figure 1-4—Sample Format for Specification for Scheduled Maintenance Inspections and Services.
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inspections or the designated inspection group
for each vehicle. From this determination, a
schedule can be established providing a quota of
vehicles for inspection daily that will provide a
balanced shop workload. A vehicle/construction
equipment service record form similar to that
shown in[figure 1-4]should be used to record
service intervals and service performed.

PROGRESS CONTROL AND SHOP
WORKLOAD

Control, positive direction of shop workloads,
is achieved through current information on direct

labor available in shop work centers, backlog
man-hours by work center, and man-hours
assigned. One means is a transportation
maintenance shop workload control board
to display the workload status of the
shop/work centers. The indicator on each line can
be moved across the scale to show current
standard hours of backlog. This board may also
show the available man-hours by shop or
subcenter.

Progress in obtaining the most availability of
safe working equipment within budget restrictions
may be charted as required by local commands.

TRANSPORTATION MAINTENANCE SHOP WORKLOAD CONTROL

65 (GENERAL REPAIR ~HRS. SCNEDULED INTO SHOP

70 {00V~ FENDER ) - NRS. SCHEOULED_INTO_SHOP m_

= ] [ e

55 (GENERAL REPAIR HRS INSPECTED BACKLOG

ss(s:nsnAL REPAIR)-HRS, DEADL INED WORK _ “m

70 1800V - FENDER)-HRS. INSPECTED BACKLOG- “—

e —

Figure 1-5.—Transportation maintenance shop workload control board.
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Form Approved PAGE * 2¢

ORDER FOR SUPPLIES OR SERVICES OMB No. 0704-0187
Expires jul 31, 1989 |3 Certien FORNa.

TIONAL DEFENSE UN-
DER DMS AEG 1

1 CONIRACT/PUACH ORDER NO 2 DELIVERY ORDER NO 3 DATE OF OROER 4. REQUISITION - PURCH REQUEST NO

[slo}

6 1SSUED BY LODE ! ADMINISTERED BY ({f others than 6} COOE L 8 DELIVERY FOB
O o
D OTHER

{See Schedule 1f other)

9 CONTRACTOR coDE FACULITY CODE I 10 DELIVER TO FOB POINT BY [Date) 11 MARR IF BUSINESS 15
D SMALL

L ] L ]
D SMALL [iSAD
VANTAGED
12 DISCOUNT TERMS
D WOMEN-OWNED

NAME AND
ADDRESS

13 MAaiL INVOKES TO
L]

14 SHIP TC CO0E 15 PAYMENT WILL BE MADE BY oot l
MARK ALL

PACKAGES AND

Q
ORDER NUMBER

16
rg DELIVERY This delivery order is rssued on another Government agency or in accordance with and subject 10 terms and conditions of above numbered contract
¥
PO
F s Reference your furnish the toficaing on terms specified herein
? PURCHASE ACCEPTANCE. THE CONTRACTOR HEREBY ACCEPTS THE OFFER REPRESENTED BY THE NUMBERED PURCHASE ORDER AS if MAY PREVIOUSLY HAVE BEEN OR IS NOW
NMODIFIED, SUBJECT TO ALL OF THE TERMS AND CONGITIONS 3ET FORTH, AND AGREES TO PERFORM THE SAME
NAME OF CONTRACTOR SIGNATURE TYPED NAME AND TITLE DATE SIGNED
Qu this box i3 marked, supplier must sign Acceptance and return the following number of coples
Xl ACCOUNTING AND APPROPRIATION DATA
T PRROP R S lo] N FoT LULITD SUR THN TRAN pansgar COL e
‘o' R Class CONT nd ALt aclT oAty e ACCTGALY ¥ R costLone AMOUNT
8 19. 20 QUANTITY 21 24 13
iTEM NO. SCHEDULE OF SUPPLIES  SERVICE ORDERED" UNIT UNIT PRICE AMOUNT
ACCEPTED
*uf Qquantity accepred by the Government is same as 24 UNITED STATES OF AMERICA 25 T0TAL
quantity ordered. indicate by X. If different, eater
actual quantity accepted below quantity ordered and 29 ~
N )
. encircle. By ) _ CONTRACTING / ORDERING OFFICER OIFFERENCES
26. QUANTITY IN COLUMN 20 HAS 8EEN 27 SHIP. NO. 28. D.O. VOUCHER NO 30.
D INSPECTED Dazcuv:o DA(CEPYED, AND CONFORMS TO THE INTALS
CONTRACT EXCEPT AS NOTED
E] PARTIAL 32. PAID 8Y 33 AMOUNT VERIFIED CORAECT FOR
L ~
| lFINAl
DATE SIGNATURE OF AUTHORIZED GOVERNMENT REPRESENTATIVE 3. PRYMENT 32 (HECK NUMBER
36. { certily this account s correct and proper for payment. D COMPLETE
m~
| PARTIAL 35 BiL OF LADING NO
DATE SIGNATURE ANO TITLE OF CERTIFYING OFFICER D FINAL
37 RECEWED AT [ 38 RECEIVED BY 39 DATE RECEIVED 40 TOTAL CONTAINERS| 41 SR ACCOUNT NUMBER 42 /R VOUCHER NO

DD Form 1155, JUL 87 Previous editions are obsolete CONTRACTOR MUST SUBMIT FOUR COPIES OF INVOICE
S/N 0102-LF-001-1553

Figure 1-6.—Order for Supplies or Services, DD Form 1155.
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Accuracy in man-hours expended and maintenance
cost is essential to meaningful data. Comparison
of standard hours with actual man-hours could
indicate a shortage of ability, lack of training, or
even shop or tool features that cause delays. When
standard hours are added to induction time, you
should be able to forecast an accurate completion
date. Time spent obtaining repair parts may also
be charted and used to determine positive or
negative availability or management. Some
public works have contracted repair parts
suppliers to increase availability and reduce lead
time.

CONTRACT MAINTENANCE AND
REPAIRS

In the event that a public works is
undermanned or has the personnel but not the
necessary skills, it may be necessary to look for
alternatives to keep up with the maintenance and
repair schedule. Commercial contractors and
other government agencies are two alternatives to
help balance your workload.

COMMERCIAL CONTRACTORS

When work is performed by commercial
contractors or facilities, an Order for Supplies or
Services, DD Form 1155 [(fig. 1-6), supported by
an SRO is required. The control section supervisor
ensures that the SRO covering equipment
scheduled for contract work is properly
documented and turned over to the shop
inspector. The inspector lists the necessary repairs
on the SRO, applies the manufacturer’s flat rate
standards, and returns the SRO to the control
section supervisor. After the contract labor rate,
contract number, order number, and necessary
accounting data are added, the SRO is forwarded
to the contracting officer. The contracting officer
prepares an original and six copies of the DD
Form 1155. One copy is forwarded to the
comptroller, where the estimated amount is
entered on allotment records as an obligation. The
original and four copies, together with both copies
of the SRO, are then returned to the shop
dispatcher for delivery with the equipment to the
contractor. When the equipment is delivered to
the contractor, a custody receipt is to be obtained
and returned to the shop dispatcher. After the
completion of repairs, the contractor returns the
equipment to the shop dispatcher with the original
and one copy of the SRO, four copies of the DD
Form 1155, and the original and three copies of
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the contractor’'s bill. The shop dispatcher turns
the equipment over to the shop inspector and
destroys the custody receipt. The equipment is
then reinspected for satisfactory repairs. The
inspector and the control section supervisor review
the work and the bill. If all is correct, the bill is
certified for payment. The original SRO, three
copies of the DD Form 1155, and three copies of
the contractor’s bill are to be forwarded to the
appropriate office for final processing and
payment. The green copy of the SRO, one
copy of the DD Form 1155, and one copy of
the contractor’s bill are to be filed in the
vehicle history jacket for the life of the
vehicle.

OTHER GOVERNMENT AGENCIES

The procedures for the performance of work
or services by other government agencies, military
and nonmilitary, are basically the same as for
work performed by commercial contractors.
Exact information for these procedures may
be found in chapter 18 of Management of
Transportation Equipment, NAVFAC P-300.

EQUIPMENT WARRANTIES AND
DEFICIENCIES

Normally, warranties guarantee the equipment
and its parts against defective material and
workmanship for a period of time or miles
specified in the procurement contract. Activities
noting deficiencies within the warranty period
should prepare and complete a Quality Deficiency
Report, SF 368 (fig. 1-7), and distribute them to
the appropriate addressees as soon as possible.

1. Original to the appropriate Engineering
Field Division (EFD), Transportation
Equipment Management Center (TEMC)

2. Copy to CBC Port Hueneme Calif. (CODE
153)

3. Copy to NAVFACENGCOM (CODE
1202)

NOTE

Procedures for submittal for Special
Operating Units (SOUs) and Naval Mobile
Construction Battalions (NMCBs) can be
found in chapter 2, section 5, of Naval
Construction Force Equipment Manage-
ment Manual, NAVFAC P-404, or in
section 7, paragraph 1705, of COMCB-
PAC/COMCBLANTINST 11200 series.



(SAMPLE) PRODUCT QUALITY DEFICIENCY REPORT ID CATEGORY | CATEGORY 1 g
[23- 7O (Screening point} .
Public Works Transportation Commanding Officer
Naval Air Station, Code 414 SOUTHNAVFACENGCOM TEMC, Code 12
Morgan, Ms 39309 A "os, pensacola, FL 32508-7100
ib. NAmELEﬁHONE NO. AND SIGNATURE 2b. NAME, TELEPHONE NO. AND SIGNATURE 2¢. DATE
Fred Neebosh
(601)679-6512, AV 213-6512

4. DATE DEFICIENCY
DISCOVER

1s. FROM (Originator)

(TO BE FILLED IN BY TEMC)

5. NATIONALSTOCK NO. (NSN) 16. NOMENCLATURE
M__Wire Rope Sheave

Ta. MANUFAC FCITV/STATE 7o. MF RS, CODE 7c. SHIPPER/CITY/STATE "MFRS. PART NO.
Koehring Crane Co. Trepid Trucking Co.
Waverly, IA 34161 81495 Des Maines. A 3518] FX-105 A
S SERIAL/LDT/BATCH NO. 10a. CONTRACT NO. 10b, PURCHASE ORDE R NO. Toc. REQUISITION NO. 10d. GBL NO.
OLA700~-87 MIPR N00249
NONE C-8110 86~RC-DC575 N/A 88-1252
11ITEM 12. DATE RECD.. MFRD RE. 13 OPERATING TIME AT 12, GOVERNMENT FURNISHED MATEBIAL
REPAIRED/ PAORED OR bVERHAULED FAILURE
m NEwW OVERHAULE | []ves
EFICIENT 4. 1N STOCK
15. QUANTITY \ )
i ax 1 am NONE
(1) TYPE/MODEL/SERIES ZASERIALN
a, END ITEM . -
18 DEFICIENT | [Alrerort, Truck mounted, 30 Ton Hydraulic Crane Ch:gZis ?5%1{%5 72
TEM ete) Model MCH250, BCC 8246-00, Ford Chassis "
WORKS (1] NATIONAL STOCK NO. (M5N) [(2) NOMENCLATURE (3) PART NO.
. NEXT
onwitH  |° zlggen
ASSEMBLY | NONE NONE NONE
17. UNIT CO57 18. ESTIMATED REPAIR COST 19a, ITEM UNDER WARRANTY [19b. EXPIRATION DATE
240- ds 400- JVES (Jno [J¥Nowd 1790
20. WORK UNIT CODE/EIC (Navy end Air Force Only.)
Y-8246

21, ACTION/DISPOSITION
RELEASED FOA RETURNED [™] DISPOSED [ OTHER E:x !
[ Jnotomcexmarron____ oavs [ RRESSEQION (1 F6LIANE oF REPAIRED ] R e d5reteing
rong, how and why, circuristonces prior o eac. causd, action en, Inal u n,

atls
duuoﬂliou rrcommcnjclloru. Aﬂu’h copies of supporting documents, Conlinue on separote shut ll utcnury J

Sheave on crane has 5/8 inch cable way. Wire rope supplied with crane is % inch diameter.
Contacted Koehring by phone 1/19/89, Mr. Makeright Koehring agreed to ship sheave for % inch
diameter wire rope within one (1) week. Sheave was received and installed by Public Works
2/14/89.

23. LOCATION OF DEFICIENT MATERIAL

Building 22
24a.TO (Action Foint) 25a. TO (Support Point) (Use Items 26 and 27 if more than one)
(TO BE FILLED IN BY TEMC IF FORWARDED FOR (TO BE FILLED IN BY CBC PORT HUENEME IF
FURTHER ACTION) FORWARDED TO CONTRACTING OFFICE)
246, NAME, TELFPHONE NO. AND SIGNATURE 24c. DATE 25b. NAME, TELEPHONE NO. ANO SIGNATURE 25¢c. DATE
(24b & 24c TO BE FILLED IN BY CBC (25b & 25¢c TO BE FILLED IN BY
CONTRACTING QFFICE)
27a. TO (Support Point)

263. TO (Support Foint)

260 NAME, TEL EPHIONE NO. AND SIGNATURE 26¢. DATE 27b. NAME, TELEPHONE NO. AND SIGNATURE 27¢. DATE

368 102 o ii3saa STANDARD FORM 368 (REV_10-85)

NSN 7540-00-133-3341 i -17 GENERAL SERVICES AUMINISTRATION
Figure 2-17B (SAMPLE) Comr 101 26 0)

Figure 1-7.-Quality Deficiency Report, SF 368.
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PAGE 1 OF _]

UTANDARD FOmM 120 &Y. REPORT OF
::'.'.‘_‘.".':’v_ ap EXCESS PERSONAL
Fran @ crwn 18442, PROPE“TY

1. REPOAT NO.

NOO187-0151-L

2. DATE MarLED [14 TOTAL COST

31 May 19 $3,954.00

(Cneck onaonmiy ot | X
gy g

o ORICINAL
b, CORRECTED

4 TYPE
OF REPORT

o1 “d')

¢ PARTIAL WD
a4, TOTAL w/O

4. OVERSEAS
f. CONTRACTORS INV

1ANO check e and;0r 1T

v
of 200100 a1EY

3. TO (Namde and Agdcess of Agency 10 which reporl 13 made} THAU

Defence Property Disposal Officer

¢ APPAQP. OA FUND TO BE REIMBUASED (if any}

7. FAOM (Name and Addre1s of Repoileng Agency)

Commanding Officer
Public Works Center, Norfolk, VA 23511

8. REPORT APPAOVED BY (Mameswms Tiiay

J. Smitﬂis;;5557u41;{
Director,NIrans. Dept.

5. FORFURTHMER INFORMATION CONTACT (Titile, Acaress and Telsphone Mo )

J. Jones

Equipment Operation (804) 444-0000, AV 564-0000

10. AGENCY APPROV AL (if speicsnie)

11. SEND PURCHASE DROERS OR DISPOSAL (NSTRUCTIONS 1O (Tille, Agdress 4ng Taiephone No.}

12. GSA CONTRQOL NO.

See Block 7
13 :‘?)C GAROUP 14, LOCATION OF PAQPERTY {11 10cation v 10 De 40aNAONEd §ive Gate] 1%, REIM/REQD 16, AGEMNCY CONTAOL MO 17 él:::l.l}‘ RELEASE
NOO187 e o *
Navy Pubiic Works Center, Norfolk, VA 2
18. €EXCESS PROPERTY LIST conD Nt NUMBER ACQUISITION COST FAIR
ITEM DESCRIPTION OF uniTS seR urIT ToraL vaLue
Tt w®l Ie) 1) ") 0 ) L
001 FSN 2C2310-828-7158 B-8| ea 1 3,954,000 3,954.00

1
USN 92-00000
EC 0104
Type/Capacity: Sedan, Compact
Make/Model: Ford Maverick
Year Mfg.: 1975
Engine Chassis No.:
Cum Mileage: 79,341

Est.
)

Overhaul engine

Copy to: (appropriate TEMC)

18BFD4765DDC45

Cost to Place in B5 Condition:
$450

{2) Renew rear axle 147

(3) Replace windshield 125
(4) Repair rusted out

floorboard 196

(5) Rebuild trans. 275

TOTAL $1193

(When submitted directly to DPDO add

STANDARD FORM 120 REV.
APRIL 1957 EDITION

(Use Stancard Form 120A tor Continua'iin Sheets)

120-100

Figure 1-8.—Report of Excess Personal Property, SF 120.
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Be sure to describe the deficiency in detail. Use
photographs and sketches. (Include a ruler in the
photograph.) If the deficiency has been corrected
before submittal, mark the SF 368,
CORRECTIVE ACTION COMPLETED. If
the deficiency has not been corrected, mark the
SF 368 FOR ACTION.

SAFETY DEFICIENCIES

All civil engineer support equipment (CESE),
regardless of warranty coverage, developing
design deficiencies affecting safe operation are to
be immediately removed from service and
reported by message to CBC PORT HUENEME
(CODE 153), and followed up with a SF 368.
These units are not to be repaired or returned to
service until directed by CBC PORT HUENEME
(CODE 153).

IN CONTINENTAL UNITED STATES

Activities within the continental United States
are to use an available franchised dealer for
repairs. If these sources prove unsatisfactory,
contact the cognizant engineering field division
(EFD) (TEMC) to obtain resolution.

OUTSIDE CONTINENTAL UNITED
STATES

Activities outside the continental United States
are to request the replacement parts directly from
the prime contractor. An SF 368 is to be
submitted. The activity is not to forward the
defective part.

Further information may be found in the
NAVFAC P-300, chapter 23.

TECHNICAL ASSISTANCE

TEMC representatives visit periodically to
analyze and assist the activity. These visits are
specifically designed to review technical and
management procedures to increase the efficiency
and effectiveness of the activity. The TEMC
representative validates the equipment allowance
and reviews operations and maintenance pro-
cedures. A report of the visit and its findings,
including items of major interest, is made to the
commanding officer before the departure of the
TEMC representative.

Transportation assistance visits are made at
18-month intervals for activities with 50 or more
pieces of CESE. Visits are scheduled each 3 years
for activities with less than 50 pieces of CESE.
Additional visits are optional and should be
requested if desired.
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CESE DISPOSAL

As CESE becomes uneconomical to repair, or
simply overage, it has to be disposed of properly.
Whatever the instance, a Report of Excess
Personnel Property, SF 120 is to be
submitted to the cognizant TEMC.

SERVICEABLE EQUIPMENT

When CESE is in excess but still serviceable,
the TEMC will check and ascertain that no other
Navy requirements exist for this CESE. If no
other requirements exist, the cogizant TEMC or
Port Hueneme (Code 15) will instruct your activity
to place the CESE in the nearest Defense
Recycling Management Office (DRMO).

UNSERVICEABLE EQUIPMENT

For all unserviceable CESE, contact the
coghizant TEMC for disposal instructions and
approval. After TEMC approval, turn in the
CESE and its history jacket to the nearest DRMO,
using a DD Form 1348-1 as a transfer document.
Ambulances and dental vehicles have special
disposal instructions listed in Management of
Transportation Equipment, NAVFAC P-300.

INVENTORY RECORDS ADJUSTMENT

Once disposal action is completed, it is
important to adjust the records to reflect changes
in your activity's CESE inventory allowance.
Therefore, it is essential that your TEMC and Port
Hueneme (Code 15) receive copies of the Report
of Excess Personal Property, SF 120; the transfer
document Single Line Item Release/Receipt
Document, DD-1348-1, from the disposal office;
and the Property Record Card, DD-1342.

REFERENCES

Construction Equipment Department Manage-
ment and Operations Manual, NAVFAC
P-434, Naval Facilities Engineering Command,
Washington, D.C., 1982.

Construction Mechanic 1, NAVEDTRA 10645-F1,
Naval Education and Training Program Man-
agement Support Activity, Pensacola, Fla.,
1989.

Management of Transportation Equipment,
NAVFAC P-300, Naval Facilities Engineering
Command, Washington, D.C., 1985.



CHAPTER 2

ALFA COMPANY SHOPS SUPERVISOR

In a Naval Mobile Construction Battalion
(NMCB), the equipment maintenance branch is
composed of four sections: administrative,
automotive repair, heavy equipment repair, and
support shops. These sections, or shops, come
under the overall supervision of the maintenance
supervisor, who is normally a CMCS. As a CM1,
you may be assigned as an inspector or a shop
supervisor in any one of these shops within the
maintenance branch. In small units (CBMUs,
BMUSs, and so forth) and large detachments, it
is common to have a CM1 working as the main-
tenance supervisor.

In your role as shop supervisor, inspector, or
maintenance supervisor, you will not only need
to call upon all of your past experience, but also
you will have to be constantly alert for new ideas
and ways of accomplishing your mission within
the time frames allotted. Of course, skillful
predeployment planning is essential; but
deployments rarely go according to plan,
especially with equipment. Remember, in addition
to facing unusual maintenance problems not
encountered at a public works duty station, you
must be ready to pack your gear and mount out
at any given moment.

This chapter describes the composition of
different equipment maintenance branch shops
and small units. It describes the duties and
responsibilities you will be expected to perform.
Remember, these duties and responsibilities may
vary in each battalion, small unit, or detachment,
Assignments are made by the maintenance
supervisor.

One of the most important tasks is to stay
abreast of developments in equipment main-
tenance. Here are some publications to consult
that will help you keep up to date: Naval
Construction Force Manual, NAVFAC P-315;
Naval Construction Force Equipment Manage-
ment Manual, NAVFAC P-404; Naval
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Construction Force Safety Manual (COMCB-
PAC/COMCBLANTINST 5100.1 series); COM-
CBPAC/COMCBLANT and NAVFACINST
11200 series; Civil Engineer Support Office
Maintenance Bulletins; Equipment Officer
Technical Bulletins; and Equipment Officer
Modification Work Orders.

SETTING UP A MAINTENANCE
BRANCH

Currently most areas that Naval Construction
Force (NCF) units, especially Mobile Construction
Battalions (MCBs), deploy to, have maintenance
facilities already in place. Normally only
upgrading and maintenance of these areas is
required. However, during a contingency, your
unit could go into an area without any facilities.
In this instance you will be required to assist the
maintenance supervisor in setting up the
maintenance branch. In the event that you are
attached to a small unit as the senior CM
(maintenance supervisor), it will be up to you to
set up the maintenance branch and make it
operational.

AREA SELECTION

The number and types of vehicles to be
maintained are an important consideration in
selecting the area, determining the size of the
shop, and in laying out the shop. Placement is
most important. If possible, avoid locating the
shop in a low-lying area. Select a site large enough
to allow for expansion, near the center of activity
where there are existing roadways and parking
areas. Proper layout will reduce maintenance
bottlenecks and induce equipment to flow through
the shop. You can obtain more information on
the physical arrangement of buildings from the
Facilities Planning Guide, NAVFAC P-437,
especially in chapter 1.



HEAT, LIGHT, AND VENTILATION

Heat, light, and ventilation for a large,
permanent maintenance shop are included in the
plan specification. However, the installation of
these facilities in the small or temporary shop
depends on the maintenance supervisor.

The decision of whether to heat your shop
depends upon its geographical location. Heaters
should be arranged to provide warmth where it
is most needed. Persons working at benches or
in the shop store require more heat than people
working in the main shop for comparatively short
periods. For this reason, you should place heaters
in corners convenient to workbenches and away
from shop doors.

For adequate lighting, most maintenance
shops depend upon lights arranged in the
overhead of the main shop, lights and windows
near the workbenches, and extension lights that
can be plugged into electrical outlets. When you
are in charge of setting up a maintenance shop,
make sure that enough electrical outlets are
provided for extension lights and electric power
tools. Only the most elaborate shops have enough
windows for efficient lighting.

Removing exhaust gases becomes a big
problem in every maintenance shop. Large doors
in the front and rear of the shop and windows
at the workbenches normally supply all the fresh
air needed, but even these are inadequate to remove
excessive amounts of exhaust gases. These gases
rise and are trapped in the shop overhead unless
roof openings with ventilating fans are provided.
Normally, it is up to the supervisor of a temporary
shop to provide his own method of ventilation.
A piece of flexible steel or neoprene hose attached
to the exhaust on a running engine and carried
outdoors through an opening in the building will
serve the purpose. Do not allow any unnecessary
operation of an engine inside the shop.

When stationary gasoline or diesel engines are
used to produce power in the maintenance shop,
provide exhaust outlets for them. Do not depend
on natural ventilation through door and windows.

At least once during each deployment have the
maintenance shop evaluated by the local base
industrial hygienist, if the service is available. Do
this through your battalion safety office.

TOOLS AND EQUIPMENT

The quantities and kinds of tools and equip-
ment required for a maintenance shop vary with
each shop. In deciding what tools and what type
of equipment to have on hand, consider two
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factors: (1) the operational needs of the battalion
and (2) the cost of the work at a component
overhaul facility. Of course, the needs of the
service come first, but not entirely without cost
justification. Base your decision concerning the
second factor solely on the facts and figures given
in transportation maintenance management reports.

In a maintenance shop setup for repairing all
types of equipment, you will coordinate and
supervise work on many different types; therefore,
study carefully the layout of the shop and the
placement of shop equipment. You will probably
be the one to decide whereto put the shop equip-
ment. This is where experience counts, You should
know where the repair equipment is needed and
where it will be accessible to the operators who
will use it. Without careful planning you can waste
a lot of space and time in shifting equipment from
one place to another. If space in the main shop
is critical, special repair equipment can be put in
smaller shops or rooms adjoining the main shop.

Power tools, such as drill presses and bench
grinders commonly used in repairing all kinds of
equipment, should be located in or near the main
shop area. The locations of other power tools,
such as hydraulic or electric lifts, valve grinders,
and machines for aligning wheels and relining
brakes, depend on where the tools will be best
utilized. The master switch that controls all power
in the shop should be installed where it can be
reached quickly in an emergency.

In placing power tools, secure the legs or bases
to a level surface strong enough to support them
and make sure they will not move or bounce when
in use. Before connecting stationary, electrically
operated power tools to power outlets, be sure
that each one is positioned so that the starting and
stopping switch is within easy reach of the
operator. Ground-fault interrupters should be
installed to prevent accidental electrical shock.
When the connection is complete, test the tools
to ensure that the installation is safe. Also, let
your mechanics operate them and consider any
suggestions they may have for improvements. As
always, make sure your tool and equipment
operators wear protective gear. Double-check
often, looking for ways to improve the efficiency,
as well as the safety, of the whole maintenance
shop.

Welding equipment must be operated in an
area apart from the rest of the shop. Post hazard
warning signs in the area and equip it with fire-
fighting equipment. Erect screens that will confine
flying sparks to reduce the chances that they will
start fires or get into somebody’s eyes.



Tire repair equipment should also be in a
separate section of the shop, located near one of
the shop entrances. With this arrangement, tire
tools, tube-patching equipment, and air hoses can
be used by the EOs as readily as by the CMs.

Before deciding where to place an air com-
pressor (the large shops have more than one),
consider the uses you have for air and where the
air outlets would be most convenient. Compressed
air is needed for operating pneumatic power tools,
cleaning parts, and inflating tires. By keeping
compressor lines as short and free of bends as
possible, you minimize drops in air pressure at
the outlets. Short lines do not collect as much
water as long lines and are therefore less likely
to freeze in cold weather. When you have long
lines, install condensation traps in them and drain
the traps daily.

Battery-charging equipment must be in a well-
ventilated section of the shop away from the
welding area, or in a separate well-ventilated,
explosiveproof building. Because hydrogen fumes
produced by a charging battery are highly
explosive, always install an exhaust fan near the
battery charger. Make sure a water outlet is
available because an approved eyewash and
shower have to be installed so that anyone
involved in a battery shop accident can be bathed
immediately to prevent severe burns. Delay in
diluting or washing out sulphuric acid from a
victim’s eyes could result in loss of sight.

SAFETY

Safety is everyone’s responsibility. Itisa
never-ending job that cannot be left to one
individual or one office. Everyone must always
be alert to accident prevention. It is imperative
that you emphasize safe working practices to the
point that they are routine.

One of the basic rules of shop safety requires
that everyone behave himself. Practical jokes and
horseplay cannot be tolerated. The possible
consequences of such actions are too high a price
to pay for the little humor derived.

You can help prevent accidents by appointing
a shop safety petty officer to detect unsafe
practices, bad habits, and defective tools that
would otherwise go unnoticed. You should replace
your shop safety petty officer periodically, thereby
rotating these duties.

You can reduce the number of personal
injuries in a shop by requiring good housekeeping
practices; for example, keeping the shop floor free
of grease and oil to help prevent mechanics and
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others from slipping or falling. Likewise, clearing
the floor of creepers, stray tools, and parts will
eliminate the chances of tripping over them.

Accidents and injury may be reduced or cut
to zero by starting each day with a stand-up safety
lecture. True, this absorbs valuable time, but it
is worth it.

Crack down on bad habits, such as leaving
jack handles sticking out into walkways and
leaving vehicle doors open while mechanics work
underneath.

THE MAINTENANCE SUPERVISOR

The battalion equipment maintenance super-
visor, usually a CMCS, is responsible for that
battalion’s entire equipment maintenance pro-
gram and all assigned CESE for the battalion and
all its assigned detachments. The senior CM of
a detachment, working in the equipment main-
tenance shop, is the maintenance supervisor for
that detachment site. Maintenance supervisors
have direct control over the administrative section.
Specifically their duties include the following:

1. Control and supervision of all main-
tenance personnel, through the shop supervisors.

2. Ensuring adherence to the scheduled
preventive maintenance program.

3. Ensuring accurate cost control, record
maintenance, and updating.

4. Submitting equipment reports to the
ALFA Company commander and the
commanding officer for distribution to higher
authority.

5. Maintaining the Construction Mechanics’
tool allowance and ensuring that biweekly tool
inventories are conducted.

6. Providing technical and safety training.

7. Providing technical assistance to the
supply and logistics officer with regard to repair
parts.

8. Ensuring quality control of the repair and
maintenance work.

9. Ensuring that the Battalion Equipment
Evaluation Program (BEEP) is carried out under
the latest instructions.

10. Ensuring that the preventive maintenance
schedule is entered into the ALFA Company
minicomputer equipment program. The use of the
minicomputer can then aid in the execution of the
preventive maintenance program.



SHOP INSPECTORS

One of the keys to a successful maintenance
program is good shop inspectors. Shop inspectors
need maturity and tact when dealing with shop
supervisors who are often militarily senior.
of this TRAMAN covers the duties and
responsibilities of shop inspectors more
completely.

AUTOMOTIVE SHOP SUPERVISOR

The automotive shop supervisor, who is
usually a CMC, has direct control over the
automotive repair shop and works directly for the
maintenance supervisor. Among this supervisor’s
duties are the following:

1. Controlling and supervising all main-
tenance personnel assigned to the shop

2. Ensuring that preventive maintenance is
performed under current instructions

3. Submitting accurate maintenance records
to the cost control section

4. Maintaining the mechanics’ tool kits and
conducting required inventories

5. Providing necessary technical and safety
instruction and-leadership

6. Ensuring that all work listed on EROS is
performed and that any additional work is
authorized, recorded, and performed

7. Ensuring that only top quality work is
performed in the shop

HEAVY SHOP SUPERVISOR

The heavy equipment repair supervisor, who
is usually a CMC, has direct control over the
heavy equipment repair shop and works directly
for the maintenance supervisor. In addition to the
duties of the automotive repair supervisor just
listed, the heavy equipment repair supervisor is
responsible for the assignment and supervision of
the field maintenance crew and injector shop if
one is established.

Field Maintenance

The importance of field maintenance and field
repairs cannot be overemphasized. The success or
failure of the deployment from an equipment
maintenance standpoint, and in some cases from
the project standpoint, can be traced to the
unavailability of equipment because of poor field
maintenance or inability to perform adequate and
timely repairs in the field. Experienced field
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mechanics are worth their weight in gold, and the
heavy equipment repair supervisor must be careful
in the selection of the field mechanics, even to the
point of shortchanging himself in the shop. In the
long run, good field maintenance will reduce the
shop workload and improve the operator's con-
cern for the equipment. Remember, it is the
responsibility of the heavy equipment repair
supervisor to provide the tools and equipment
required by the field mechanics.

Injector Shop

When an area or shop has been established to
repair injectors and injection pumps, it will
normally be under the supervision of the heavy
equipment repair supervisor. In addition to the
necessary testing equipment, an injector repair
shop requires a method of controlling the
temperature and cleanliness.

SUPPORT (OR 5000) SHOP
SUPERVISOR

The support (or 5000) shop supervisor, usually
a CMC, reports directly to the maintenance
supervisor. This supervisor is responsible for
training, supervising, and cent rolling personnel
performing the support functions assigned to him
or her by the maintenance supervisor. The support
shop normally includes the toolroom and shops
described in the following paragraphs. All of these
shops perform their services to support the heavy
and automotive repair shops, which have the basic
maintenance responsibility for all civil engineer
support equipment (CESE) assigned to the
battalion. Requests for support services (machine
shop, steel shop, and so forth) from other
companies within the battalion will be routed
through the maintenance supervisor.

MR Shop

Machinery Repairmen (MRs) are assigned to
operate the machine shop trailer, which contains
lathes, drill presses, grinders, and other machine
tools. It should be located near the repair shops
to make it convenient for the crews of both shops
to work together on joint projects. The MRs are
capable of manufacturing or repairing equipment
parts, tools, and machine parts. Valid inventory
lists for the MR trailer may be obtained from
COMCBPAC equipment office or COMCB-
LANT DET, Gulfport.



Electrical Shop

Manned by Construction Mechanics, the elec-
trical shop repairs, rebuilds, cleans, adjusts, and
tests all automotive electrical parts and
accessories, such as generators, starters, and
voltage regulators. In many battalions, Con-
struction Electricians (CEs) are assigned to
conduct load tests and make electrical repairs to
light plants, generators, and welders.

Battery Shop

CMs assigned to the battery shop maintain
and recharge wet cell batteries, mix electrolyte,
and keep a supply of fully charged, spare batteries
for equipment used by the battalion.

The battery shop should be well separated
from any open flames. It must be well ventilated
to prevent accumulation of explosive hydrogen
gas fumes given off during battery charging.
Adequate safety equipment, located within the
battery shop, includes rubber aprons and gloves,
face shields, eyewash, and treadle shower. Elec-
trical light fixtures and plug-in connections should
be of explosiveproof design.

Mechanics’ Toolroom

The mechanics’ toolroom is the central point
for issue of all mechanics’ tools under an
approved custody control system. Each shop
supervisor is the custodian of kits and tools needed
continuously for the shop. These are checked out
by mechanics of the shop on signed custody
receipts. Tools needed to perform particular job
assignments are signed out on an individual basis.
The toolroom petty officer will have an updated
copy of the CESO Sets Kits and Outfits Book
(SKO) to provide accurate inventory lists of all
tool kits by NAVFAC assembly number. A partial
listing of tool kits available to the mechanic
stationed in an NMCB follows.

NAVFAC Assembly Number Kit Name

80012 Tire service tools

80013 Mechanics' hand tools,
for two people

80015 Battery service tools

80016 Automotive tune-up

80017 Automotive body tools

80023 Radiator tools

80031 Metric hand tools

80072 Puller set mechanical,
13 ton

80081 Diesel engine test kit

80414 ALFA Company tool-
room kit

Be sure to check your toolroom SKO for
additional tool kits and their applications.
Toolroom personnel perform tool repair within
their capabilities and ensure that preventive
maintenance service and electrical safety checks
(according to COMCBPAC/COMCBLANTINST
5100.1 series, art. 215) are conducted by battalion
toolroom personnel.

ALFA Company Steel Shop

In construction battalions, Steelworkers (SWs)
and Hull Technicians (HTs) form the nucleus of
the ALFA Company steel shop. Their work
includes repair and rebuilding of chassis
components and body parts; repair and testing of
radiators; and repair of any other metal
components by welding, soldering, brazing, and
so on.

Tire Shop

Personnel assigned to the tire shop repair and
replace pneumatic tires on CESE assigned to the
battalion.

This shop should be located in an easily
accessible area, as over 90 percent of the CESE
assigned to a construction battalion uses
pneumatic tires. The SKO, volume 2, kit 80012,
lists items required to operate a battalion-size tire
shop. An air compressor, separate from the
maintenance shop, is required because of the large
volume of air used.

Lubrication Rack

The mechanics assigned to the lubrication
racks maintain adequate stocks of all lubricants
required by the battalion and lubricate automotive
and construction equipment as required under the
preventive maintenance (PM) program.

Although you will have skid-mounted lubri-
cators and lubricating teams for servicing
equipment in the field, most of your scheduled
PMs will be accomplished in the maintenance
shop area. Outdoor locations for lubrication stalls
are satisfactory in temperate climates and during
favorable weather, but efficiency is increased by
providing suitable shelter. PM racks should
include provisions for storage of greases and oils,
preferably at a distance from your other shop
areas, as a precaution against fire.

In addition to facilitating lubrication services,
these racks should provide for easier inspection
and cleaning of underneath parts and surfaces of
CESE.



COST CONTROL SUPERVISOR

At main body sites and large detachment sites,
the person assigned as cost control supervisor is
normally a CM1. The duties of this supervisor
include monitoring the PM clerk, cost control
clerk, and direct turnover parts (DTO) clerk.
When necessary, he or she will keep the vehicle
status boards current, act as liaison to detach-
ments, and keep the maintenance supervisor up
to date on any incoming and outgoing action
correspondence. The cost control supervisor may
also be responsible for updating the equipment
computer program for the maintenance super-

visor. It is essential that there be a highly reliable
person in this job.

Preventive Maintenance Clerk

The PM clerk is responsible for completing the
basic information on the Equipment Repair Order

(ERO) [(figs._2-1, 2-2, and 2-3), maintaining the
Equipment Repair Order Log Sheet (fig. 2-4) and
the PM Record Card[(figs. 2-5 land 2-6), preparing
the annual PM Schedule and the
Equipment Repair Order Worksheet [(fig. 2-8),
and ordinarily also notifying the dispatcher in
advance of equipment due into the shop and
keeping status boards current as to units in the
shop.

Cost Control Clerk

Cost control in any NCF unit consists of
accurate reporting of all costs, downtime, and
other maintenance data that relates to CESE
repairs. The cost control clerk is responsible for
summarizing the total cost of repair parts and
labor expended and of making these entries in the
appropriate ERO blocks.
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A DIRECT LABOR & INSPECTION C IMOIRECT LABOR O MATERIAL € YOTALS TIME JJLIAN DATE ot b et
_________ 20 = Ly)yr Wﬁ o = .
. / s comavamans 1)1 9 817.8,3,8,2 [ o
0 -
N INEPECTION START ll‘lallll’ng 3 E 8 ) D )
 smoe sTaRT
sermaren ” 'l“l“] 2 ;‘BLBIO > g - 7
cost o storsomsaans I8 g 3 @ 8 3,1 . e
— EVET B BN I N O U i E A IS A WS VD A I S — LTL:;A’_TJ_LLJ
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oLt IENEE NN BN WY .E . 1.0,0,817.8,3,2,1 IHC 0288
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1!2 !X | Steam Clean 4.0
2!3 !X | Change 01l and Filters 1.0
$!1 !X | Lube Complete 1.0
B!4 !X | Change Fuel Filters .5
1'1 X | Clean and Service Batteries .6
1!# !X | Service Air Cleaners .3
ol Replace Rain Cap | on order
F!5'5 | Replace #6 Fuel Injector B 1.8
N!9 '4 | Adjust R/H Steering Brake 3.0
1 1
Y S — o
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AECEIPT OF ABOVE ORDER AND EQUIPMENT IS HEREBY ACKNOWLEDGED
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PERMISSION TO EXCEED WORK ON EAO MUST BE AUTHORIZED BY REQUESTING ACTIVITY
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Figure 2-1.—Equipment Repair Order (ERO), NAVFAC 11200/41.
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Fuel Filters and Screens

TYPE REPATR {BLOCK 6!

A PM

B P™

C P

Interim Repair

Overhaul

Breakdown (Field Repair)
Acceptance

Repair for Stock

Preservation and Storage Maintenance
warranty

Rework

Ancident

Shipping IMspection {CED)
Surveillance Inspectior (CED)
Operational Test (CEQ)

FUNCTIONAL COOES (8LOCK ii)
FWIES —
| Pt

¢ ubeication
Lubrication

Drain & Refill Engine 0il
Engine 0il Filter

Change 0il & Filters (Roth
20x and 03x)

Drain & Refil) Transeission 0il
Trensmission Filters

Change 0il & Filters {Both

50X and 06X)

Drain & Refill Hydraulic 0il
Hydraulic Filters & Screens
Change 0il & Filters (Both

70X and 08X)

Drain & Refill Differential/

' Final Drive 0il/Filters

Q2

Air Cleaner/Filter

(J1x) Battery Service/Recharge

Cleaning
Preservatior
Other

ATTACHMENTS

winch/PCU

Backhoe

Boom

Buckets/Blades/Edges
Sheaves/Pulleys/Wire Rope
Augers

Othee

—
BRAXES

809

Linings/Disks/Plates/Rands

810 Drums/Rotors

All
12
813
R14
815
816
817
B18

Backing Plate/Cams/Calipers
Hoses/l ines/Pipes/Fittings
Master/Wheel Cylinder
Chambers/Diaphragms
Hydrovac/Vacuum Pump
vValves, Governors, Tank
Parking/Hand Brake

Other

SUSPERSTON

20
c2t
c22
23

Springs

Shock Absorbers
Rars/Rods

Other

ORIVE TRAIN

025
b3
027
028
029
D30
D31
D32
033
034
035
036
037
038

Clutch, Main Drive

Clutch, Control/Orum

Manual Transmission
Auto/Power Shift Transmission
Auxiliary Transmission
Transfer Cases/Power Dividers
Drive Shafts/U=Joints
Differentials

Drive Axles

Final Drive/Planetaries
Power Take-Off

Orive Belts/Chains

Torque Converter

Other

ENGINE

€40 Engine Assy, Gas
£41 Engine Assy, Diesel
E42 €ngine Assy, Aux
E43 Air Intake System

A2 Alomers 0 bl T <

£4s

Blower s/ Sup@rcharges/

€45 Exbaust System

€46 Emission Control System
€49 Cooling Systee

£50 Other

FUEL
F52

Fuel System
Fuel Transfer Pump

F. Fuel Injection Pump

&

F

Injectors/Nozzels
Carburator

FS7 Gov/Throttle Controls
F58 Other

HYDRAILIC

Pump

Pressure Control Valves
Operating Valves
Cylinders

Motors
Hoses/Lines/Pipes/Fittings
Accumulators/Tanks

Other

ELECTRICAL

Heplare Battery

Replace Speedometer/tourmeter
Charging System

Cranking System
Lighting/Wiring System
Electrical Cont cls/Parels
Ignition System
Instruments/Gages
Generators, Power/Welding
Electric Drive Motors
Electronic Cieccuits

Other

AND FRAME

Cab/Sheet Metal

Body/Bed
Cushions/Seats/Canvas/Bows/Sideracks
fainting/Markirg

> Frame/Mast

Rumper/Guard/Lifting Device

Fifth Wheel/Trlr Hitch/Towing Hook
Outriqgers/l.anding Gear

Other

STEERING SYSTEM

Adjustments/wheel/Alignment
Steering wheel/Box
Steering Brakes/Clutches
Linkages/Tie Rods/ftc.

Ball Joints/ing Pins

Power Steering Pump/Belt
Steering Cylinder/Hoses

NG9 Other

PNEUMATIC

POl Cylinders

P02 Compressors .

P03 Separators/Filters
PO4 Drifters

P05 Motors

POL Hoses/Lines/Pipes/Fittings
P07 Controls

POB  Receivers/Nilers

P03 Dther

SAFETY £ IPMENT

311 Fire Fxtinquisher

512 Mirrors/Reflertors

513 Windshield Wipers

S§14  Mud Flaps/Huards/ hields
519 Glass/Windshieia

Slu Horn

“17 Other

PRODUCT TRANSFER

719 Asphalt Fump

120 water/Mud fump

T21 Refueling Pumg

T?2 ‘oncrete Cump

T23 Conveyor Belt/Rucket/“crew
T24 QOther

WEATER AT AT TN SYOTEM
HEATERAVENTILATING SYSTER

V26 Asphalt/Tank Heater
V27 water Heater/Defroster
V28 Aggreqate Heater

V29 Screed Heater

vi0 Air Conditioning

V3l Other

EELS/TRACKS

W)

w33 wheels/fims

w34 Tires/Tubes

w15 Bearings/Senls/Fackings
WY, wb Assy/Studs/futs

w3/ Follers/Idlers/Sprockets
w8  Track Frame/Guards

w39 Rails/Pins/Crousers

w40  Track Adjuster/Accumulator
w8l Other

PRODUCTTON EQUIPMENT

743 Jaws/vammer Mili.
744 Rolls/Liners/Concaves
249 Screens

786 Mixers

247 Dryers

248  Screed

249 cales/veters

2% follector

51 Other

o U.S. Government Printing Office: 1979

Figure 2-2—Equipment Repair Order (ERO), NAVFAC 11200/41 (back).

Direct Turnover Parts (DTO) Clerk

All requisitions for not in stock (NIS) and
not carried (NC) material must pass through the
DTO clerk. The individual assigned as DTO clerk
will maintain the DTO Log [(fig. 2-9), Repair Parts
Summary Sheets [(fig. 2-10), deadline file, and
deadline status board. The DTO clerk is also
responsible for receipt and turn-in of DTO repair
parts and for maintaining the DTO parts storage

room.

TECHNICAL LIBRARIAN

The technical librarian is responsible for all
of the CESE maintenance, parts, and operators’
manuals assigned to the NCF unit. The librar-
ian works according to COMCBPAC/COMCB-
LANTINST 5600.1 series in establishing the

inventory and enforcing check-out procedures,
Replacement manuals for older CESE are
normally expensive and hard to obtain. Without
these publications, CESE cannot be properly
maintained, repaired, or operated, and the unit
is largely “dead in the water.” The technical
librarian maintains all required reference
materials, such as microfiche, COSAL, and so
forth, needed to research and initiate parts
requisitions. The technical librarian normally
researches and prepares parts requisitions to free
the floor mechanic to perform maintenance
functions.

BATTALION MAINTENANCE
PROGRAM

The purpose of the battalion maintenance

program is to keep CESE in a constant safe and
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CONTINUATION SHEET
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Figure 2-3.—Equipment Repair Order Continuation Sheet, NAVFAC 11200/41A.

serviceable condition at a minimum cost and to
detect and correct minor deficiencies before they
lead to costly repairs. The CESE Maintenance
System of the NCF and special operating units
(SOU) has three categories of maintenance: (1)
organizational, (2) intermediate, and (3) depot.

ORGANIZATIONAL MAINTENANCE

The first, or organizational, level of
maintenance is divided into two categories:
operator maintenance and preventive maintenance
(PM). Operator maintenance, sometimes called
first-echelon maintenance, is the maintenance that
every operator is required to do to maintain CESE
in a clean, safe, and serviceable condition. It
includes daily inspections, lubrications, and
adjustments necessary to ensure early detection
of malfunctions of CESE.[Figures 2-11 and 2-12
show preventive maintenance forms that the
operator can use as guides for a daily prestart

inspection and as a trouble report in case of any
defect or unsafe condition that needs to be
reported to the dispatcher immediately.

The second part of organizational main-
tenance is preventive maintenance, which goes
beyond the inspections, lubrications, and
adjustments of operator maintenance. Its prime
objective is to maximize equipment availability
and to minimize unnecessary repair costs.
Whenever feasible, operators should participate
in this type of maintenance.

INTERMEDIATE MAINTENANCE

Intermediate maintenance, which every shop
has the responsibility to perform, encompasses the

removal, replacement, repair, alteration,
calibration, modification, rebuilding, and
overhaul of assemblies, subassemblies, and

components. Although the rebuild and overhaul
of major assemblies are included, only essential



ERO USN TYPE ERO DATE DATE
NUMBER CODE NUMBER T Als]c ouT REMARKS
AAQCG 0001 | 252021 25-01286 X 11/2/8 11/8/8
AAOO 0002 | 030701 97-23465 X 11/2/8 11/2/8
AAOO 0013] 485011 48-00123 X X 11/28/8 12/12/8 b/L 12/1/8
ERD NUMBER - Eight-digit number. The first four digits of the ERO
number will be two Alpha characters and two numeric such
as AAOO. The second group will be all numeric and will
run continuously from 0001 through 9999 with no regard
to end of fiscal year.
CODE - Self-explanatory. {Six Digit)
USN NUMBER - Self explanatory.
TYPE ERO - Type maintenance performed: interim repair. A,B, or C-PM.
DATE IN (SHOP) - Date ERO forwarded to inspector.
DATE OUT (SHOP) - Date ERQ returned. Work completed.
REMARKS - Date deadlined etc.

Figure 2-4—Equipment Repair Order Log Sheet.
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BUCYRUS ERIE 308 D 82 — | 42-03317

CUMULATIVE [MILES (OR HRS)[MILES (OR HHS)

TYPE

CUMULATIVE IMILES (OR HRS)

MILES (OR HRS)

TICE DATE MILEAGE OR SINCE REPORTED FOR om DATE |[MILEAGE OR SINCE REPORTED FOR
HRS . OPN LAST PM 6 MO. PERIOD HRS. OPN. LAST PM 6 MO. PERIOD
LAST i
s 12-4-88] 1945 e
= YRANSFERRED
ST | 6-5-88] 2259 FRoM
PRIOR
1L ASTY - - -~
~?v 4-1~88 2060 J secomo
07 6-1-88 2100
01 ([7-26-88] 2156
01 [9-21-88] 2340
02 11-16-88 2510 0/C,F/C,FF/C,HF,C

VEHCLE/CONSTRUCTION EQUIPMENT PM AECORD NAVFAC 11240/8 {2 73} Supersedes NA VOOCKS 1949

Figure 2-5—PM Record Card, NAVFAC 11240/6.
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TYPE CUMULATIVE [MILES (OR HMRS)IMILES (OR HAS} 1YPE CUMULATIVE [MILES (ORHRS) MILES (OR HRS)
po CATE MILEAGE OK SINCE REPORTED FOR PM DATE | MILEAGE OK SINCE REPORTED FOR
HRS. OPN LAST PM 6 MO PERIOD HRS QPN LAST PM 6 MO PERIOD
A14000 FATRLEAD 1
A04000 BOOM TIP 1
| A03500) BOOM J1B 1
A02500 BOOM BUTT] 1
Al1500 CRANE HOQK 1
eE— — I— S—
A0 3000 BOOM EXT 3 L
T T
A23500 TAG LINE 1

NAVFAC 11240/6 (2 751 BACK

Figure 2-6—PM Record Card, NAVFAC 11240 /6 (back).

repairs shall be accomplished to ensure safe and
serviceable equipment. Intermediate maintenance
requires a higher degree of skill than organiza-
tional maintenance, a larger assortment of repair
parts, more precision tools, and more complex
testing equipment. Prior approval is required by
COMCBPAC, COMCBLANT, or CESO before
purchasing expensive parts or components for
any CESE requiring extensive repairs or numer-
ous assembly rebuilds. For further guidance
see COMCBPAC/COMCBLANTINST 11200.1
series, section 2, paragraph 3201.

DEPOT MAINTENANCE

The third level of maintenance is depot
maintenance. This is performed on equipment
that requires major overhaul or restoration to the
degree necessary to restore the unit to a like-new
condition. This level of maintenance is not
normally performed by field units, NMCBs,
ACBs, and the like. Depot maintenance is
performed by designated overhaul facilities, such
as construction equipment departments located
at CBC Port Hueneme, California, CBC
Gulfport, Mississippi, and CBC Davisville, Rhode
Island.
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SCHEDULING MAINTENANCE

The standard interval between preventive
maintenance service inspections for NCF CESE
is 40 working days. This interval is established
initially by grouping all assigned CESE into 40
separate PM groups. The CESE is distributed
evenly among the PM groups so that only the
minimum number of similar units is out of service
at any one time.

It is the responsibility of the maintenance
supervisor to determine whether the PM interval
for any unit of CESE should be reduced.

To maintain reliability, increased working tempo

demands increased preventive maintenance.
The maintenance supervisor may decrease the

interval by assigning specific CESE to more than
one PM group or reducing the total number of
PM groups. The maintenance supervisor is not
authorized to extend the standard interval between
PM service inspections beyond 40 working days.

To establish a deployment schedule of PM due
dates, the maintenance supervisor records the
working days of the month consecutively beside
the PM group numbers. See the sample schedule,
figure 2-7



ACTIVITY
YEAR
PM MONTH AND DAY SCHEDULE
SCHEDULE
GROUP JAN | FEB|MAR |APR | MAY |JUN [JUL {AUG |SEP |OCT |NOV |DEC

1 21 19 14 11 G 1

2 22 20 15 12 9 4

3 23 21 16 15 10 5

4 24 22 17 16 11 6

2 25 25 20 17 12 1

(5] 28 26 21 18 13 8

7 29 27 22 19 16 12

8 30 28 23 22 17 13
9 31 29 24 - fa3 18 14

10 1 1 27 24 19 15

11 4 2 28 25 20 1

12 ) K] 29 26 23 20

13 6 4 31 29 24 o]

14 7 5 3 30 25 22

15 8 8 4. KD 26 25

16 11 9 ] 1 27 26

17 12 10 6 2 30 27

18 13 11 7 5 1 29
19 14 12 10 [ 2 jod
20 15 15 11 7 3 3
21 18 16 12 8 4 4
22 19 17 13 9 1 5—
23 20 18 14 i2 8 &
24 21 19 17 13 9 9
25 25 22 18 14 10 10
26 26 23 19 15 11 11
27 27 24 20 15 14 12
28 2 28 25 21 19 15 13
29 3 1 |26 24 20 18 16
30 4 4 |29 25 21 17 17
31 7 5 130 26 23 18 18
32 8 6 1 27 26 21 19
33 9 7 2 28 27 22 20
34 10 8 3 1 28 23 21
35 11 11 6 2 9 24 24
36 14 12 7 3 130 25 26
37 15 13 8 5 28 27
38 16 14 9 8 3 29 30
39 17 15 10 9 4 30 31
40 18 18 13 10 5 31 e

Figure 2-7—PM Schedule.

A PM Record Card is maintained
for each item of assigned CESE to help the PM
clerk prepare the ERO. The following information
is taken from the completed ERO and entered on
a PM Record Card:

Type of service performed
Date performed
Cumulative mileage/hours

Whether oil or filter was changed (shown by
the abbreviation O/C or F/C)
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PM record cards are maintained by the PM
group in a tickler file, which the maintenance
supervisor reviews at least once a month. When
a vehicle is transferred, the PM Record Cards that
pertain to that vehicle are placed in the history
jacket.

The reverse side of the PM Record Card
(fig. 2-6) is convenient for listing attach-
ments for each USN. This will aid the in-
spector in locating the proper attachments for
PM.



[race
EQUIPMENT REPAIR OROER (ERO) WORKSHEET 1 of _2
NAVFAL 11200418 4 ™ — e
TUSNG tABER 7 EQPTCOSTCODE |3 ACTRTY UK e I08 OMDLR oI R 15 LOCATIONALLOWANCE 6 TYPL ACPAR |7 R MCTCA RCAGWNG |8 MALE M TER ACADSG 11 (RO MAMELR
«813987 4BSI9) AAG9991L
10 CUSTOMEN 11 WOAK CENTEN 12 DESCRPTION 1) YEAN 14 MAxt 15 MOOEL 1% ;?a’;?;‘;la
17 ENGINE MANUF ACTUAEA l‘. ENGIE MOOEL l'. ENGIE SERAL NUMBER [n CHASSIS SERAL NUMBER
2 » » 27 18 DOCUMENT n
" SN Prscu |1 Mameactunen |3t CESCRPTION (122 D il tovse | acvo
2910-00-555-1234 31997 [ 165437891 | rnjector Line #6 v loea | 850
3 APPRGVID BY IGNATURD W, Gt
.73, CM 7/8/91

Figure 2-8.-Equipment Repair Oder Worksheet. NAVFAC 11200/41B.

DIRECT TURNOVER LOG (DTO)

UNIT — | N/ s 1SSUED &
DATE DEPT. |9 | usw mpmER NSN-F/74 ITem PRICE E1E s REQ. NO. FOLLOW-UP REC'D L nITIAL
P o,

Figure 2-9.—Direct Turnover (DTO) Log.

The types of PM inspection are defined and

given as follows:

Type A Inspections

This type of inspection is given at intervals of
40 working days, using the appropriate PM service
and inspection guide. They are performed on
scheduled PM due dates. After having received

two Type A PMs, the vehicle qualifies for a Type
B inspection.

Type B Inspections

The Type B PM inspection is performed
after two consecutive Type A inspections, us-
ing the appropriate PM service and inspection

guide.
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REPAIR PARTS SUMMARY SHEET

PM Group 23
Code 485001 USN 48-00123

. Dept.

Date No UND Req No. Nomenciature Follow-up Rec’d
8018 | A009 B | 8021-2211 | Gasket Set 1/31 2/28
8229 | Alél B | 8230-2713 |Injector 8/28 9/15 10/2 10/11
8246 | A218 B Raincap

Figure 2-10.—Repair Parts Summary Sheet Sample

OPERATOR'S INSPECTION GUIDE AND TROUBLE REPORT
REGISTRATION NO. JCCVETER REAZING

93-455/3 //385

Use this form as a guide when petforming before and after operation
inspections. Check v/ ) items that require servicing by maintenance
pecrsonanel

.DAMAGE fExteriar [nterior Missing Components)

t
2.LEAKS (Grl, Gas. Mater}
3.TiRES /Check inflatiun, abnarma!l wear;
4.FUEL. Qil., WATER SULPPLY (Adntifreeze in season)
5.BATTERY [Check water level, cables, eic.]
6. HORN
7. LIGHTS/REFLECTORS /NI RROIS/TURN S$IGNALS
B.INSTRUMENTS (01!, Arr, Temperature, etc.)

V' |9 WINDSHIELD wipER
10, CLEAN wINDSHIELS/VEMICLE INTERIOR
11iCARGD. MOUNTED ECuPVENT
12.STEERING
13, SAFETY DEVICES /Seat belts, flares, etc.}
14.0RIVE BELTS/PULLEYS

‘/ |5, BRAKES (Droin air tark when equipped)
6. 0THER (Spect?y i1n "“Remarks ™)

oate . CPENATON'S S . GaAT AL 77
2-24- 4. R Baker

REMARRS

Grakes Seem Jo a8
Ween 4oos 160 NoT Due
7o Wet7HER Cowpizionss.

NAVFAC 9-11240 12 (12-69)
Supersedes DE Eorm
S/NM 0108 -w0a - 1195

Figure 2-11.—Operator’s Inspection Guide and Trouble
Report, NAVFAC 9-11240/13.
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Type C Inspections

Consult COMCBPAC/COMCBLANTINST
11200.1 series for guidance regarding frequency
of Type C PM scheduling.

NOTE

Cost and availability of repair parts,
as well as resources and working con-
ditions, must be considered along with
CESE commitments and conditions.

EQUIPMENT REPAIR ORDER AND
CONTINUATION SHEET

The Equipment Repair Order (ERO)|(figs. 2-1]
and 2-2) and the continuation sheet[(fig. 2-3) are
used in the NCF to record costs of repairs, hours
required for repairs, and total time that equipment
is out of service. The data will help the NCF in
budget planning, determining life expectancies of
equipment, and predicting future equipment and
training requirements. The Naval Facilities
Engineering Command Systems Office (FACSO),
Port Hueneme, California, also uses the data to
compile cost and utilization figures on each piece
of USN-numbered equipment. Therefore, the data
must be complete, accurate, and neatly recorded
according to NAVFAC P-404 and COMCBPAC/
COMCBLANTINST 11200 series.



OPERATOR'S DAILY PM REPORT
NAVFAC 11260/4 (9-74)
Supersedes NAVDOCKS 2664

S/N 0105-LF-004-1520

Use Reverse Side for Remarks

USN WO

44-08178

FUFL

/2

OPR RS

Explanatory Notes on Reverse Side,

oK
v

NO.

1| RADIATOR SOLUTION

2| GEW. & FAm BELT

3| ENGINE OIL LEVEL

W | AR CLEANER

§ | PRECLEANER

& | BATTERY

7| WYOL O|L\ LEVEL

8] LUBRICATION

9 { TIRE COROITION

0 | saFerY equir.

GENERAL COND,

FUEL LEYEL

INSTRUMENTS

SHUTOOMM
PRECAUTIONS

OTHER

ERATOR'S SIGNATURE

PP EBpar
7

OP

TE / I
1/14]

OPERATOR'S DAILY SERYICES

1} Fill redistor to proper level. Remove debris
from core.
Inspect belts for proper tension, alinements

and condition.

~

3| Fill to proper level, 1nspect for leaks.

4| Inepect end clesn oil bath and dry type as
required.

5| Clean filter jar as often »- condations
warrant.

6 Vxluullr 1nspect for condition. Fill to
proper level.

7| Fill to proper o1l levels and inspect for
leaks.

8 | Perform daily lubricetion services as desig-
nated by the Transportation Diviasion.

Check tire pressure with gage. Inflate as
necessary to recommended preasure. Hemove
glass, stones, nails,
Inspect for condition, safety guards, boow
stops, radius i1ndicators, warning devices,
ladders, fire extinguishers, etc.
Inspect unit for genersl condition.
or report any deficiencies requiring mechan-
ics attention.

Fill fuel tank ess necessary.

Check sll gages and meters for proper opera-
tion.

Perform prescribed shutdown services such as
securing machines, drsining air tanks, cover
exhasust stacks, close hoods, etc.

[.ist any deficiencies noted during operstion.

etc.

10

Cerrect

-

12
13

14

15

REMARKS

FRONT

BACK

Figure 2-12.—Operator’s Daily PM Report, Construction and Allied Equipment, NAVFAC 11260/4.

The Equipment Repair Order Worksheet
[2-8) is used solely to list repair parts used. It is
used by the mechanic and shop supervisor to
ensure that all supply documents are attached to
the ERO. The cost control supervisor and the
maintenance supervisor use this form to record
the cost of repair parts properly.

The ERO is the sole authority to perform work
on equipment, whether the work is performed in
the field or in the shop. An ERO is required each
time labor time exceeds 1.0 hour or materials are
expended on scheduled PM, interim repairs,
modernization or alteration of equipment, or
deadline cycling or preservation of equip-
ment. The ERO Log Sheet is one
means for keeping track of the status of the
EROS.
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REPAIR PARTS

Any NCF unit has a wide variety of CESE
assigned to it. Large quantities of repair parts
are required to keep CESE in top operating
condition. Because of this, a Construction
Mechanic is assigned to supply to work in
the repair parts outlet to identify repair
parts, to provide counter help, and to act
as a warehouseman. He or she also acts as
an interface between supply and the maintenance
supervisor. The Construction Mechanic assigned
to this position is required to attend Shops Stores
Procedure Class, given by NCTC Port Hueneme,
California, to learn the full scope of his or her
responsibilities. (See COMCBPAC/COMCB-
LANTINST 4400.3 series for the NCTC SSPC
course number.)




COSAL SUPPORT

NAVFAC-funded initial outfitting repair parts
allowances required by the NCF for support of
its assigned equipment are listed in Consoli-
dated SEABEE Allowance Lists (COSALS). The
COSAL establishes the support for assigned
organic and augment equipment based on USN-
numbered listings. COSALs are published under
the authority contained in the NAVFAC/NAV-
SUP program support agreement by Naval
Ships Parts Control Center (SPCC), Mechanics-
burg, Pennsylvania. COSALs are both technical
and supply documents. They are technical
documents in that equipment nomenclature,
operating characteristics, technical manuals, and
so on, are described in Allowance Parts Lists.
They are supply documents in that they list all
parts by manufacturer’'s code and part number,
national stock number, unit of issue, and price
and quantity authorized by NAVFAC mainte-
nance policy. Repair parts allowances are designed
to provide a 90 percent effectiveness for 1,800
construction hours or 90 days support. This
90-day period is defined as a 3-month utilization
period for vehicles or equipment in new or like-
new condition. Selection of parts included in the
COSAL is made after identification; usage
and insurance items are coded by maintenance
capability according to NAVFAC Lead Allowance
Parts Lists. Maintenance codes are used to control
the allowed item range for each of the various
organizational maintenance capabilities. The

definition and application of maintenance codes
are contained in appendix C of the COSAL
introduction. There are two basic categories of
repair parts: parts peculiar—NAVSUP modifier
code 98 and parts common—NAVSUP modifier
code 97. These are published in two separate
COSALs. Parts peculiar are applicable only to
specific makes or models of equipment. Parts
common are the general repair type of items,
(appendix G of the COSAL introduction) and are
not referenced to any specific equipment. Military
and commercial operators, manuals, parts
manuals, and maintenance manuals are listed in
the parts peculiar COSAL. A descriptive account
showing the method of entry and how to use the
COSAL is contained in appendix F of the COSAL
instruction.

A third category of repair parts has been
added to the battalion’s allowance. The NAVSUP
modifier 96 is a minimodifier 97 for use with the
air detachment or an extended detachment.

SUPPLY AIDS

The following supply aids have been developed
and are distributed with each COSAL to assist
personnel in the repair parts program:

NAVSUP Form 1114 [(fig. 2-13)—Stock Re-
cord Card Afloat.

Add Item Listing—Repair parts provided by a
Naval Construction Battalion Center (NCBC) to
support new equipment not previously supported.
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E REQUISITIORE DUTSTARDING Ak st oty far] [ veuc [tn| Juwo] tciusive vates of simana | scwanse 30 rwe | rese. e rwe | wiL essanr
i DATE | BOCUMIAT WO, % QuARTITY OATE/ DOCUNENT RO. rEcOIPTE e on wAND $ATL/ GOCUNERT HO. sgcaieTs sves oa nane
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§ %/U/éo /f27-+ < 8 3
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Figure 2-13.—Stock Record Card Afloat, NAVSUP Form 1114.
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Figure 2-14.—Single-Line Item Release/Receipt Document, DD Form 1348-1.
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Figure 2-15.—Single-Line Item Consumption/Management Document (Manual), NAVSUP Form 1250-1.
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DOD SINGLE LINE ITEM RELEASE/RECEIPT DOCUMENT

1 AUG 61

DD FORM 1348 -1
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Delete Item Listing—Repair parts provided by
a previous COSAL that are no longer required.

DD Form 1348-1 (fig. 2-14)4-Single-Line Item
Release/Receipt Document.

Transfer Item Listing—A list showing pre-
vious COSAL items that must be transferred
to other locations because of equipment transfer.

Summary Item List—A composite list of all
items required by the old COSAL.

Stock Number Changes—Two listings: old-to-
new national stock number (NSN) and new-to-
old (NSN) which show changes in the stock
number listed in the old COSAL and updated by
the new COSAL.

TECHNICAL LIBRARY

An effective CESE management program
needs technical data and guides for each item of
CESE. Within the NCF, operator manuals,
lubrication charts, parts manuals, and shop repair
manuals are included in each parts peculiar
COSAL. Civil Engineer Support Office (CESO)
administers the technical manual support
program. Inadequate or deficient TMs are
reported to CESO.

REQUESTING REPAIR PARTS

NAVSUP Forms 1250-1[(fig. 2-15) and 1250-2
fig. 2-16) are used as authorization for drawing

NON-NSN REQUISITION (4491)
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Figure 2-16.—NAVSUP Form 1250-2.
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or ordering repair parts. The appropriate shop
supervisor is responsible for ensuring that they are
prepared according to COMCBPAC/COMCB-
LANTINST 4400.3 series.

Repair Parts Available from Stock

After the shop supervisor or higher authority
authenticates the request, the cost control clerk
submits the form to the repair parts storeroom
with the ERO, After receiving the required part,
the receiver signs NAVSUP Form 1250-1 [(fig.]
[2-15) in data block 31. The repair parts person
then enters the NSN quantity and price on the
ERO worksheet and verifies the issue by
initials.

Repair Parts Not in Stock (NIS),
Not Carried (NC), or Procured from
Salvage or Local Manufacture

If the repair part requested is NIS or NC, the
storeroom storekeeper marks an “X” in the
appropriate box in data block 12 and verifies data
entries.

The request for an NIS/NC repair part will
be attached to the ERO and returned to the cost
control office for review by the maintenance
supervisor and assignment of the urgency-of-need
designator. The ERO, with NAVSUP Form
1250-1 or 1250-2 attached, is then passed to the
cost control clerk, who records the information
in the DTO log and DTO Summary Sheet. The
cost control clerk pulls the yellow copy of the
ERO and files it with the DTO Parts Summary
Sheet. Nonoperational ready supply (NORS)/
anticipated nonoperational ready supply
(ANORS) entries in the DTO log are annotated
in red ink.

Requests for repair parts with an urgency-of-
need designator “B” in data block 3 require the
approval signature of the ALFA FOUR or
designated assistant in data block 30. All urgency-
of-need designator “A” requests require the
approval signature of the ALFA SIX.

The supply department orders the NIS/NC
repair part and returns the yellow copy of
NAVSUP Form 1250-1 or 1250-2 [(fig. 2-16)
within 72 hours after assigning the Julian date and
serial number in data block B[(fig. 2-15). The
Julian date and serial number, referred to as the
requisition number, are entered in the DTO log
and will always be used for reference whenever
a request is made for the requisition status of an
outstanding order.
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When any NIS/NC repair part is received, the
item is given to the DTO clerk. The DTO clerk
notates the part received on the DTO log and the
appropriate DTO Summary Sheet. The yellow
copy of the NAVSUP 1250-1 or 1250-2
and 2-16) is taken from the file and attached to
the part, which is then stored in the DTO bin
according to the PM group of the equipment for
which it was ordered. Any DTO part received for
a deadline piece of equipment must be brought
to the attention of the maintenance supervisor for
disposition.

Repair parts from salvage or local manu-
facture (fabrication within the unit) may not
involve procurement or issue action through the
repair parts storeroom but must be documented
for purposes of cost control and historical
demand.

NON-NSN Requisition, NAVSUP Form
1250-2 is processed in the same manner
as NAVSUP Form 1250-1 [(fig. 2-15).

Job Control Number (JCN)

The job control number consists of fourteen
alphanumeric characters. The first six characters
are the service designator (R, V, or N) and unit
identification code (UIC). The next four
characters are the work center (WC) code (for
example, “AAOQ”) as defined in COMCBPAC/
COMCBLANTINST 4400.3 series. The last four-
character group is a locally assigned job sequence
number (JSN).

WRONG PARTS!

Each year millions of dollars are wasted by
ordering wrong parts. As a maintenance
supervisor, you are responsible for ensuring that
the Construction Mechanics assigned to the
technical library are researching and ordering
repair parts accurately. Strict adherence to proper
supply procedures and a strong working
relationship with your supply department will help
prevent waste, save the government thousands of
dollars, and curb unnecessary CESE downtime.

REPAIR PARTS TURN-IN

In the event, for one reason or another, that
“the wrong parts” arrive at your site, do NOT
ignore the problem. Such actions as hiding or
burying them, giving them away, or destroying
them are all illegal, and severe disciplinary action
can be taken against you. Leaving these parts “on



the shelf in case of need” is also in conflict with
supply instructions, and it clogs up your
storeroom or shop. The proper procedure is to
turn these parts in to your supply department and
let supply dispose of the parts properly. Proper
procedures may be obtained from the supply
officer of your unit.

BATTALION EQUIPMENT
EVALUATION PROGRAM (BEEP)

The reliability of equipment is one of the main
factors in the ability of an NMCB to perform its
assigned mission. Before you take a look at this
program from the maintenance viewpoint, you
should familiarize yourself with current COM-
CBPAC/COMCBLANTINST 11200.1 series.
This instruction establishes uniform procedures
to be followed during a battalion’s on-site relief
and equipment turnover.

The purpose of the battalion equipment
evaluation program (BEEP) is threefold: (1) to
pass on all special knowledge of CESE
maintenance and operations techniques; (2) to
provide the relieving battalion with a realistic and
in-depth condition evaluation of CESE allowance,
facilities, tools and materials; and (3) to use the
full expertise and efforts of the two equipment
forces to provide the relieving battalion and
detachments with the best possible’ ‘A” Company
operation to conduct a successful deployment.

RESPONSIBILITIES OF THE
RELIEVING BATTALION

Before arriving on the site, the incoming
battalion is responsible for the following:

1. Notify COMCBPAC Equipment Office,
Port Hueneme, California; COMCBLANT
Detachment, Gulfport, Mississippi; and the
battalion being relieved of the commencement
date of the BEEP at least 30 days before
commencement date. It is recommended that the
BEEP start at least 10 days before the arrival of
the main body.

2. Provide information, as required, to COM-
CBPAC/COMCBLANT equipment representa-
tives for the completion of the BEEP report.

3. Ensure that all personnel required for the
BEEP (see COMCBPAC/COMCBLANTINST
11200.1 series, chapter 3, for personnel
requirements) are assigned to the advance party.

2-19

4. Have sufficient supplies of NMCB decals
for organic and augment equipment on hand.

5. Ensure that required documents and
supplies accompany the advance party.

RESPONSIBILITIES OF THE
BATTALION BEING RELIEVED

Before and during the BEEP, the battalion
being relieved is responsible for the following:

1. Coordinate the BEEP commencement date
with the incoming battalion.

2. Assign counterparts to personnel arriving
with the incoming battalion, and ensure that these
personnel remain on site until completion of the
BEEP. Personnel should not be assigned to other
duties that would conflict with their participation
in the BEEP.

3. Make available all necessary tools and shop
equipment with which to evaluate and repair the
equipment.

4. Clean and make available all equipment for
evaluation and repair.

5. Coordinate the scheduling of equipment
for inspection with the incoming battalion.

NOTE

The recommended procedure is to
schedule the equipment by PM group,
using the appropriate number of PM
groups to enable the BEEP to be
completed within 10 working days.

6. Ensure that an ERO is prepared for each
item of equipment with a copy of the Equipment
Evaluation Inspection Guide[(figs. 2-17 hnd 2-18)
and also a copy of the Attachment Evaluation
Inspection Guide [fig. 2-19), when appropriate.

7. Have two full workdays of CESE
precleaned and staged before the commencement
of the BEEP.

JOINT RESPONSIBILITIES

The following tasks are accomplished jointly
by the battalions during the BEEP:

1. An inspection of all maintenance records,
noting accuracy and deficiencies and updating as
required.

2. A review and accountability of all
maintenance correspondence that is pending final
action.



DATE

CODE USN NO. MILEAGE HOURS ENGINE SERIAL NO.
INSPECTORS TNITIALS NNCR INITIALS NAMCB
COOLING SYSTEM LEVEL TEAKS CONDITION
LUBRICATION SYSTEM LEVEL LEAKS CONDITION
CHARGING SYSTEM BATTERY LEVEL| BELTS CABLES CONNECTIONS

HEADLIGHTS TAILLIGHTS BLACK OUT | INSTRUMENTS
LIGHTING SYSTEM
- CLEARANCE REFLECTORS REMARKS
e
=
Q[ FUEL sYSTEM LEVEL TEAKS CONDITION
&
z SIZE TYPE TREAD CONDITION | INFLATION
.
o TIRES
= MOUNTED SPARE SIZE CONDITION | INFLATION
S
N RAILS PINS SHOES SPROCKETS
TRACKS IDLERS REMARKS
AUTO TRANS FLUID MIRRORS LUG NUTS

MISCELLANEOUS CONTROLS CABLES DOORS GLASS
UPHOLSTERY BODY CONDITION

REMARKS

INSPECTORS INITIALS NMCB INITIALS NAMCB
INSTRUMENTS | WARNING DEVICES HORN

ACCESSORIES
W/S WIPERS BRAKES CLUTCH HAND BRAKE
ENGINE TRANSMISSION TRANSFER CASE

Q .

% LEAKS DIFFERENTIALS | BRAKES STEERING WINCH

z

2 STARTING IDLING FULL LOAD

4]

Z ENG

| ENGINE PERFORMANCE  FRARTIAL LOAD REMARKS

g

STEERING BRAKES CLUTCH TRANSMISSION
DIFFERENTIALS | TRANSFER CASE | PTO WINCH
VEHICLE PERFORMANCE

HYD SYSTEM

DRIVE SHAFTS

UNUSUAL NOISE/MOTION

REMARKS

Figure 2-17.—Equipment Evaluation Inspection Guide.
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| DATE

I.D. NUMBER DESCRIPTION LOCATION
ASSIGNED TO CODE USN NO. MOUNTED/UNMOUNTED
INSPECTORS INITIALS NMCB INITIALS | NMCB
FRAME MOUNTINGS MOUNTING HARDWARE
PRESTART CONTROLS CABLES/SHEAVLS BUSHINGS/BEARINGS
INSPECTION
HOSES HYD SYSTEM CUTTING EDGE/TEETH
REMARKS
INSPECTORS INITIALS NMCB INITIALS | NMCB
PARTIAL LOAD FULL 1.OAD
OPERATIONAL
INSPECTION REMARKS
(NITIALS NMCB RECOMMENDED
CONDITION CODE
OPERATIONS
SUPERVISOR INITIALS NMCB RECOMMENDED
CONDITION CODE
REMARKS
MAKE MINOR REPAIRS/ORDER PARTS (initials)
SHOP SUPERVISOR
FINAL INSPECTION (Initials)

OVERALL CONDITION Circle Applicable Code (below)

The following is a complete listing of the possible codes with a bricf description.

Code  Description
Al Serviceable/Unused-Good F8 Unserviceable Repairable-Repairs Required-Fair
A2 Serviceable/Unused-Fair F9 Unserviceable Repairable-Repairs Required-Poor
A3 Serviceable/Unused-Poor G7 Unserviceable Incomplete-Repairs Required-Good
A4 Serviceable/Used-Good G8 Unserviceable Incomplete-Repairs Required-Fair
AS  Serviceable/Used-Fair GY9  Unserviceable Incomplete-Repairs Required-Poor
A6  Serviceable/Used-Poor SX Unserviceable Scrap/Salvage
SS  Unserviceable Scrap/Scrap
F7  Unserviceable Repairable-Repairs Required-Good

ABOVE CONDITION AGREED TO BY MAINTENANCE SUPERVISORS FROM BOTH BATTALIONS

NMCB (SIGNATURE)

NMCB (SIGNATURE)

COMCBPAC/LANT Equip. R

ep. (Signature) Date Code

Figure 2-18.—Equipment Evaluation Inspection Guide—Continued.
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SHOP INSPECTION AND REPAIR

INSPECTORS INITIALS NMCB INITIALS NMCB
COLLATERAL DISCREPANCIES/SHORTAGES
EQUIPAGE
- INVENTORY
x
£ . INITIALS NMCB RECOMMENDED
Z OPERATIONS CONDITION CODE
e SUPERVISORS
7 INITIALS NMCB RECOMMENDED
- CONDITION CODE
REMARKS
INSPECTORS INITIALS NMCB INITIALS NMCB
ENGINE TRANSMISSION AXLES TRANSFER CASE
MOUNTING BOLTS SPRINGS BODY CAB FENDERS
FUEL TANKS REMARKS
EXHAUST SYSTEM | SPRINGS SHOCKS J TIE RODS
MISCELLANEQUS
DRAG LINK IDLER ARM CONTROL LINKAGE

AIR INTAKE SYSTEM

CLEANER COND.

PIPING CONNECT

TURBOCHARGER, BLOWER

BRAKE LINING BEARING ASSEMBLIES SEALS

FRONT WHEELS BOOTS DRUMS CYLINDERS | BACKING PLATE
SHOE MOUNT ADJUST MECH REMARKS
BRAKE LINING BEARING ASSEMBLIES SEALS

REAR WHEELS BOOTS DRUMS CYLINDERS | BACKING PLATE
SHOE MOUNT ADJUST MECH REMARKS

SHOP SUPERVISOR

MAKE MINOR REPAIRS/ORDER PARTS (Initials)

FINAL INSPECTION (Initials)

OVERALL CONDITION Circle Applicable Code (below)

The following is a complete listing of the possible codes with a brief description.

Code

Al
A2
Al
A4
AS
Ab

F7

Description

Serviceable/Unused-Good

Serviceable/Unused-Fair
Serviceable/Unused-Poor
Serviceable/Used-Good
Serviceable/Used-Fair
Serviceable/Used-Poor

F8
F9
G
GB
G9
SX
SS

Unserviceable Repairable-Repairs Required-Good

Unserviceable Repairable-Repairs Required-Fair
Unserviceable Repairable-Repairs Required-Poor
Unserviceable incompicte-Repairs Required-Good
Unserviceable Incomplete-Repairs Required-Fair
Unserviceable Incomplete-Repairs Required-Poor
Unserviceable Scrap/Salvage
Unserviceable Scrap/Scrap

ABOVE CONDITION AGREED TO BY MAINTENANCE SUPERVISORS FROM BOTH BATTALIONS

NMCB (SIGNATURE)

NMCB (SIGNATURE)

COMCBPAC/LANT Equip. Rep. (Signature)

Date Code

Figure 2-19.—Attachment Evaluation Inspection Guide.
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3. An inventory and inspection of all
permanent ALFA Company shop equipment,
noting condition and deficiencies.

4. A preventive maintenance inspection to
the BPM level on each nonpreserved item of
USN-numbered equipment assigned, using the
Equipment Evaluation Inspection Guide.
Accomplish all repairs possible, dependent upon
the work force, space, and repair parts available
as determined jointly by both maintenance
supervisors.

5. A preventive maintenance inspection of all
equipment attachments, using an Attachment
Evaluation Inspection Guide. Accomplish all
repairs possible, dependent upon the work force,
space, and repair parts available as determined
jointly by both maintenance supervisors.

6. A visual inspection of each preserved item
of assigned USN-numbered equipment, using an
Equipment Evaluation Inspection Guide. The
equipment is not depreserved for testing un-
less visual inspection shows major discrepan-
cies.

The equipment condition codes as defined
below are used in completing the parts of{figures|
[2-18 &nd 2-19 that describe the overall condition
of the equipment being BEEPed. Complete
definitions of the codes are as follows:

A-Serviceable. New, used, repaired or

reconditioned equipment that is serviceable for
its intended function.

1-Unused-Good. Unused equipment that
is usable without repairs and is ready for use.

2-Unused-Fair. Unused equipment that is
usable without repairs, ready for use, but
somewhat deteriorated.

3-Unused-Poor. Unused equipment that is
usable without repairs but has considerable
deterioration or damage.

4-Used-Good. Used equipment that is
usable without repairs and most of its useful life
remains.

5-Used-Fair. Used equipment that is usable
without repairs but is somewhat worn or
deteriorated and may soon require repairs.

6-Used-Poor. Used equipment that may be
used without repair but is considerably worn or
deteriorated. Remaining utility is limited or major
repairs will soon be required.
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F-Unserviceable (Repairable). Economi-
cally repairable equipment that requires repair or
reconditioning.

G-Unserviceable (Incomplete). Equipment
requiring additional parts or components to
complete before issue. Also includes items with
a long lead time, additional part requirement.

7-Repairs Required-Good. Required re-
pairs are minor and should not exceed 15 percent
of the replacement cost.

8-Repairs Required-Fair. Required repairs
are considerable and are estimated to range from
16 percent to 40 percent of replacement cost.

9-Repairs Required-Poor. Required repairs
are major and are estimated to range from 41
percent to 65 percent of replacement cost.

S-Unserviceable (Scrap). Equipment
that has no value except for its basic material.

X-Salvage. Property that has some
value, but repair or rehabilitation to use for the
intended purpose is clearly impractical.
Cannibalization of parts is possible.

X-Scrap. Material that has no value except
for its basic material cost.

NOTE

Repair costs by percentage of
replacement as set forth in numerical
coding will pertain to deadlined equipment
only.

COMCBPAC/COMCBLANT
RESPONSIBILITIES

Representatives from COMCBPAC or COM-
CBLANT will be present at each BEEP and will
remain on board until all phases of the BEEP have
been completed. The primary duty of the re-
presentives is to present guidelines to personnel
from both battalions that they are to cover and
adhere to during the BEEP. (These guidelines
are listed in the COMCBPAC/COMCBLANT-
INST 11200.1 series, page 157, paragraph
3702. ) Specific responsibilities of the
COMCBPAC/ COMCBLANT representatives
are as follows:

1. Provide technical assistance during the
BEEP.



Authenticate all NAVSUP Form 1250-1s
and 1250-2s generated during the BEEP.

Assign all final CESE condition codes.
4. Conduct a post-BEEP critique for ap-
propriate personnel of both battalions.

Prepare and submit a BEEP completion
report to COMCBPAC or COMCBLANT,
with copies to appropriate addresses.

KEEP IN MIND THAT SAFETY
WILL BE PARAMOUNT
THROUGHOUT THE ENTIRE BEEP

REPAIR PARTS

The repair parts portion of the BEEP will be
accomplished according to COMCBPAC/COM-
CBLANTINST 4400.3 series, appendix C.

EMBARKATION

As indicated in the name, mobility is a major
portion of the tasking of each Mobile Con-
struction Battalion. The battalion maintains a
staff that preplans for given situations. They work
with the air detachment, air echelon, and sea
echelon scheduling for ships or planes. The
embarkation staff determines and adjusts load
requirements to fit the type of units doing the
transporting. As a CM1, you will be tasked to
communicate with the embark staff through your
chain of command. This communication will
include changes in types of equipment available,
deadlined units designated as air detachment or
air echelon, and parts requirements changes.

SCHEDULING

Scheduling of equipment through the shop
during embarkation depends on which equipment
is to be embarked, the number of mechanics
available, and time allowed. All equipment must
be thoroughly cleaned, and time must be allotted
for this operation. Air detachment equipment will
receive top priority. As a shop supervisor, you
will find that your input and knowledge of the
mechanic’s capabilities will be vitally important.

INSPECTING
Equipment to be embarked should have minor

repairs accomplished before embarkation. These
units must be capable of operating for some time
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without breakdown. Deadlined units on the sea
echelon may be repaired under way. Equipment
to be transported aboard aircraft will be delayed
if fuel, oil, and water leaks are not detected during
your inspection and corrected while in the shop.

PREPARING

Coordinated preplanned efforts between the
mechanics, wash rack personnel, collateral
equipment, and Equipment Operators are es-
sential for a successful embark. All collateral
equipment has to accompany the unit for which
it was intended; spare tires have to be mounted.
Depending on the method of transporting, dump
truck headache boards need to be removed and
secured in the bed, tops removed, windshields put
down and taped, and exhaust stacks loosened. It
is often required that the buckets and counter-
weights of front-end loaders be removed. Detailed
data for each unit will be coordinated between the
embark staff and the transporting unit.

STAGING

After the equipment has undergone the shop
requirements, it might need to be loaded with
designated equipment. All air-transported units
must be weighed and the center of balance marked
in the configuration in which it is to be loaded.
After this has been accomplished, it maybe staged
for convoy or movement in a place that is not
congested and does not interfere with continued
progress of equipment in process.

TRANSPORTING

Often a convoy movement is required to reach
the transporting unit. This operation may be used
to arrange equipment in load-number order if it
was not done during the staging phase. Loading
and tie-down are normally under the directions
of the loadmaster of the aircraft or the boatswain
of the ship.

HAZARDOUS MATERIALS

WARNING

Materials required to operate a
maintenance organization are often toxic,
corrosive, explosive, or highly flammable.
These materials (paints, gases, acids, fuels,



lubricants, and so on) are to be located
where they are convenient to the users,
secured safely (locked up), and at a safe
distance to minimize injury in the event of
a mishap. Warning signs pertaining to
hazardous materials are required to be
posted. The shop safety petty officer is to
be aware of all of the locations of these
materials in the maintenance shop. All
shop personnel have to be briefed and are
to understand fully countermeasures to
take in the event of an accident. Complete
safety instructions for hazardous materials
storage are listed in the U. S. Army Corps
of Engineers Safety and Health
Requirements Manual, EM 385-1-1.

STORAGE

Fuels may be stored in underground tanks,
fuel bladders, or properly equipped fuel tankers.
The method of disbursing fuels depends on
whether the site is temporary or not. At a
temporary site, drummed fuels may be used.
When selecting a fueling site, consider the
accessibility of vehicles requiring fuel. Tracklaying
equipment and automotive equipment are usually
fueled in separate areas to avoid congestion.

Paints and lubricants are inventoried by the
supply department. However, you are responsible
for storing those in use or drawn in large
quantities. Storing lubricants properly includes
taking steps to prevent fire or contamination by
water. Paints should be stored away from flames.
Provide a fire-resistant area for paints stored
inside a building. A well-constructed metal
CONEX box is generally suitable for small
guantities. By using good housekeeping practices,
you can help avoid accidents or fires.

Gases normally used by Construction
Mechanics include oxygen, acetylene, MAPP-gas,
helium, and butane. The U.S. Army Corps of
Engineers Safety and Health Requirements
Manual, EM 385-1-1 is the current reference for
safe handling and storage of compressed gases.

WARNING

Oil and grease must NOT be allowed
to come in contact with gases; if they do,
they may explode or burn out of control.

Compressed gas containers will be segregated
and stored in the manner prescribed at specific
distances from each other and working areas.
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Acid or electrolyte used in the battery shop
is to be stored in an upright position on a stable
platform. This space is to be well ventilated, A
facility for quick drenching of the eyes is to be
available in this area.

SPILLS AND CLEANUP

When spilled in the shop, fuels are hazardous.
They cause fires and accidental falls and they
contaminate air and water. Small spills can be
cleaned with absorbents that must be disposed of
properly. Good housekeeping means fewer
accidents.

Spills at fueling stations are normally smaller
than bulk fuel spills. They may be absorbed with
sand or oil dry types of absorbents. These
absorbents must be properly disposed of also.

Fueling spills spell fire! Hosing the affected
area with water will dilute the fuel to a degree,
but it will also spread the fuel over a larger area.
Fuels may contaminate water systems as well as
sewer systems. Should a large quantity of volatile
fuel enter a sewer system, notify proper
authorities.

Oil drums at fueling stations used by the
Equipment Operators must have a catch trough
for spillage. Oil caught in this way is placed in
a container for waste oil. Waste oil from service
stations, shops, and lubrication areas is disposed
of by re-refining when possible.

Using waste oil as a dust or weed control agent
is prohibited, because this oil often washes into
water systems during heavy rains. Burning of
waste oil contributes to air pollution and is
prohibited. Re-using or burning waste oils is
allowed in large power plants that can separate
contaminates or blend the waste with fuel
properly.

Field repair personnel are responsible for
collecting oils and fuels drained during repair
operations. Spilled lubricants penetrate the soil
and could reach the groundwater table.
Contaminating the groundwater table may harm
local drinking water. Immobilize a ground spill
by adding dry soil to soak up the spill. To prevent
contamination of the water table, collect the waste
lubricants and return them to a collection point
for disposal. You must develop contingency
plans in case of a hazardous material spill.
OPNAVINST 4110.2 (series), Hazardous Material
Control and Management, and OPNAVINST
5090.1 (series), Environment and Natural
Resources Protection Manual provide detailed
information.



DEFENSE REUTILIZATION AND
MARKETING OFFICE (DRMO)

Do not let your maintenance area become the
ALFA Company junk yard. Unneeded materials
and CESE that have no further use, worn-out
CESE components, batteries, tires, and so on, are
to be turned in to the Defense Reutilization and
Marketing Office (DRMO) to “clean house.”
Contact your supply officer and local DRMO for
proper turn-in procedures.

CESE DISPOSAL

Disposition instructions for CESE assigned
to an NMCB come from COMCBPAC Equip-
ment Office in Port Hueneme, California, or
COMCBLANT DET, Gulfport, Mississippi. Only
upon receipt of these instructions may disposal
be initiated.

A. Follow the procedures outlined in the
disposal letter/message.

B. Remove all unit decals and stencils
from the equipment.

C. On or before the predetermined date
in the disposal letter/message, using a
DoD Form 1348-1 as a turn-in docu-
ment, deliver the equipment, its
attachments, and its history jacket to
the nearest DRMO. (List on the 1348-1
all attachments accompanying the unit
to DRMO.)

NOTE

Unless otherwise directed, all collateral
equipage and attachments assigned to that
particular unit will accompany the unit to DRMO.

D. Upon completion of action, forward
a copy of the disposal letter/message
with a copy of the signed DD Form
1348-1 turn-in document as an
enclosure to COMCBPAC Equipment

2-26

Office or COMCBLANT DET within
15 days of disposal action.

Adjust your CESE inventory records,
status boards, DTO files, DTO room,
and so forth. Notify supply and the
dispatch supervisor of your actions.

NOTE

Disposal letters/messages are not
blanket cannibalization authority. If your
shop needs parts from a piece of CESE
going to DRMO, request authority from
COMCBPAC Equipment Office or COM-
CBLANT DET to remove such parts.

HAZARDOUS MATERIALS DISPOSAL

Hazardous materials have special turn-in
procedures. For instance, batteries must be
drained of all electrolyte before turn-in. The
electrolyte is turned in separately in a separate
container. Both items, electrolyte and batteries,
are to be palletized and marked “HAZARD-
OUS” before turn-in. If in doubt of any
hazardous material turn-in procedures, contact
your local DRMO office.

REFERENCES

Naval Construction Force Equipment
Management Manual, NAVFAC P-404, Naval
Facilities Engineering Command, Washing-
ton, D.C., 1988.

Naval Construction Force Manual, NAVFAC
P-3 15, Naval Facilities Engineering Com-
mand, Washington, D.C., 1985.

U.S. Naval Construction Force Embarkation
Manual, COMCBPAC/COMCBLANTINST
3120.1, 1988.

U.S. Naval Construction Force Equipment
Management Manual, COMCBPAC/COM-
CBLANTINST 11200.1D, 1988.



CHAPTER 3

ENGINE TROUBLESHOOTING
AND OVERHAUL

The engine of any piece of equipment is taken
for granted as long as it runs smoothly and
efficiently. But all engines lose power sooner or
later from normal wear. When this happens, the
mechanic must be able to determine the cause and
know what is needed to correct the trouble.

Generally speaking, it is not the supervisor’s
job to perform engine repairs, but it is the
supervisor's job to see that these repairs are
performed correctly and to assist and instruct
those doing the work.

Since the SEABEEs use many models of
internal combustion engines, it is impossible to
specify the detailed overhaul procedures for all
the engines. However, here are several basic
principles that apply to all engine overhauls.

1. Consult the detailed repair procedures
given in the manufacturers’ instruction and
maintenance manuals. Study the appropriate
manuals and pamphlets before attempting any
repair work. Pay particular attention to
tolerances, limits, and adjustments.

2. Observe the highest degree of cleanliness
in handling engine parts during overhaul.

3. Before starting repair work, be sure all
required tools and replacements for known
defective parts are available.

4. Keep detailed records of repairs, such as
the measurements of parts, hours of use, and new
parts installed. An analysis of these records will
indicate the hours of operation that may be
expected from the various engine parts and help
in determining when a part should be renewed to
avoid a failure.

Since maintenance cards, manufacturers’
technical manuals, and various instructions
contain repair procedures in detail, this chapter
will be limited to general information on some of
the troubles encountered during overhaul, their
causes, and methods of repair.
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HORSEPOWER AND HORSEPOWER
RATINGS

Horsepower is a unit for measuring work per
unit of time. One horsepower is equivalent to
33,000 foot-pounds of work per minute.
Horsepower is determined by either measuring
mechanically or computing mathematically.

Maintenance manuals should be consulted for
engine performance data and specifications. These
manuals will also have additional horsepower
designations and the many different horsepower
ratings used by manufacturers in describing the
equipment. The method used in measuring power
and the purpose for which it is intended account
for the variety of horsepower and horsepower
ratings.

INDICATED HORSEPOWER

INDICATED HORSEPOWER is the theo-
retical power that an engine would deliver if all
frictional losses were eliminated. It is used mainly
by experimental engineers in designing new and
more efficient engines. Indicated horsepower may
be computed from the following formula:

PLANK

Indicated HP = —3-3’0—00—

Where

Mean effective pressure in pounds
per square inch (This is the average
pressure on the piston during the
power stroke minus the average
pressure during the other three
strokes.)

= Length of stroke in feet
= Area of piston head in square inches

Working strokes per minute

XZ > r
I

= Number of cylinders in the engine
33,000

The equivalent of one horsepower
in foot-pounds per minute



Of all the factors given in this formula, only
cylinder pressure (P) and engine rpm (N) can be
changed during the normal operation of the
engine. The remaining factors are constant.

BRAKE HORSEPOWER

BRAKE HORSEPOWER is the actual amount
of power that an engine can deliver at a certain
speed with a wide-open throttle. The term brake
horsepower is derived from the braking device
(usually a dynamometer) that is applied to
measure the horsepower an engine develops. The
dynamometer consists of a resistance-creating
device, such as an electric armature revolving in
a magnetized field. A paddle wheel revolving in
a fluid may also be used to absorb the energy.

An ENGINE DYNAMOMETER maybe used
to test an engine that has been removed from the
vehicle it drives. If the engine does not develop
the manufacturer's recommended horsepower and
torque at specific rpms, the engine must be tuned
up or repaired.

The CHASSIS DYNAMOMETER can give a
quick report on engine conditions by measuring
output at various speeds and loads. It is useful

in shop testing and adjusting automatic
transmissions.

On the chassis dynamometer [(fig. 3-1), the
driving wheels of the vehicle are placed on rollers.
The engine drives the wheels, and the wheels drive
the rollers. By loading the rollers varying amounts
and by running the engine at different rpms,
nearly all normal driving conditions can be
simulated. The tests and checks can be made
without the interference of body noises, as
happens when the vehicle is driven on the road.

FRICTION HORSEPOWER

FRICTION HORSEPOWER is the difference
between indicated horsepower and brake horse-
power. Actually, it is the power required to
overcome friction within the engine, such as
friction between engine parts, resistance in driving
accessories, and, among other things, loss due to
pumping action of the pistons. The latter maybe
compared to the effort required to raise the handle
of a hand-operated tire pump. It may be difficult
to define friction horsepower properly, but with
proper maintenance, it can be reduced to improve
the mechanical efficiency of the engine.

2.16

Figure 3-1.—Chassis dynamometer.
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DRAWBAR AND BELT
HORSEPOWER

There are two kinds of horsepower commonly
used by manufacturers in rating the power of
construction vehicles: drawbar and belt
horsepower.

DRAWBAR HORSEPOWER is the power
that can be exerted in pulling a load.
Specifications of the Caterpillar D-8 H series with
a D-342 engine, for example, rate the drawbar
horsepower at 180.

BELT HORSEPOWER is equivalent to the
rated engine power except in cases where the belt
pulley is driven through a gear train. In that case,
there is a slight loss of power caused by gear
friction. Also, while there may be some belt-pulley
slippage, it is disregarded in arriving at the belt
horsepower rating.

The national Automotive Chamber of Com-
merce has developed a simplified method of
determining taxable horsepower based on the bore
of the engine and the number of cylinders. This
specification is listed in most manufacturers’
manuals, but it does not truly represent

the actual horsepower of modern high-speed,
high-compression engines. It is used for licensing
purposes only in some states.

GRAPHS AND DIAGRAMS

Graphs and diagrams are abbreviated methods
of recording operational and maintenance
data.

Manufacturers’ operational and maintenance
manuals often contain graphs and diagrams. The
technical bulletins, prepared chiefly for tune-up
mechanics, may use a particular graph or diagram
to eliminate pages of written description that
otherwise would be necessary.

PERFORMANCE CURVES

[Figures 3-2 &nd 3-3 are examples of graphs
that describe engine performance in terms of
brake horsepower and fuel consumption.
Dynamometer tests provide the data used in
plotting the performance curves for each engine.
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Figure 3-2.—Performance curves of a typical six-cylinder gasoline engine.
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Figure 3-3.—Performance curves of a typical six-cylinder diesel engine.

[Eigure 3-4] is another example of a graph. It shows
that the amount of torque an engine produces
varies with its speed. The relationship between
torque and horsepower is shown in[figure 3-5]

Horsepower is related to both torque and
speed. When both are increasing, as they do
between 1,200 and 1,600 rpm, then horsepower
goes up sharply. As torque reaches maximum and
begins to taper off, horsepower continues to rise
to maximum. The horsepower starts to decline
beyond rated speed where torque falls off sharply.

TIMING DIAGRAMS

Engine timing is largely a matter of opening
and closing valves or ports and of adjusting igni-
tion or fuel injection so that these events occur at
the proper time in the cycle of engine operation.
Timing diagrams picture these events in relation to
each other and in relation to top dead center (TDC)
and bottom dead center (BDC). They are useful to
the CM for quick and easy reference. However,
before timing diagrams can be useful, the me-
chanic must recall a few facts about engine cycles.

The four-stroke-cycle engine makes two
complete crankshaft revolutions in one cycle
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700 (intake, compression, power, and exhaust). The

two-stroke-cycle engine completes a cycle with just
600 mgﬂm = one crankshaft revolution. With diesel engine
300 cycles (two- and four-stroke), the event of fuel
400 injection will be shown on the timing diagram
hd instead of spark ignition, which is common to
prd gasoline engine operating cycles.

TORQUE LBS FT
F
R

pd Four-Stroke-Cycle Engine Timing

q [Figure 3-6/shows a typical timing diagram for
a four-stroke-cycle diesel engine. The actual length
of the strokes shown and the beginning of fuel
injection will vary a few degrees in either
direction, depending on the specific manu-
12 16 20 24 28 32 facturer’'s recommendations. Follow the events in
RPM (HUNOREDS) this cycle by tracing the circular pattern
around two complete revolutions in a clockwise

Figure 3-5.—Relationship between torque and horsepower. direction.
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Figure 3-6.—Typical timing diagram of a four-stroke-cycle diesel engine.
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Start TDC with the beginning of the POWER
STROKE. Compression is at its peak when fuel
injection has been completed and combustion is
taking place. Power is delivered to the crankshaft
as the piston is driven downward by the expanding
gases in the cylinder. Power delivery ends when
the exhaust valve opens.

After the exhaust valve opens, the piston
continues downward to BDC and then upward in
the EXHAUST STROKE. The exhaust gases are
pushed out of the cylinder as the piston rises to
TDC, and the exhaust valve closes a few degrees
after TDC to ensure proper scavenging. The
crankshaft has made a complete revolution during
the power and exhaust strokes.

The intake valve opens a few degrees before
TDC near the end of the upward exhaust stroke
to aid in scavenging the cylinder. As the
crankshaft continues to rotate past TDC, the
INTAKE STROKE begins. The intake stroke
continues for the whole downward stroke and part
of the next upward stroke to take advantage of
the inertia of the incoming charge of fresh air.

The rest of the upward stroke is the COM-
PRESSION STROKE, which begins at the instant
of intake valve closing and ends at TDC FUEL
INJECTION may begin as much as 40° before
TDC and continue to TDC, thus completing the
power cycle and the second complete revolution
of the engine.

By showing an approximate ignition point in
place of fuel injection,[figure 3-6] could easily
represent a timing diagram for a typical gasoline
engine.

For additional information on diesel fuel
injection system tests that can be made both in
the shop and in the field, refer to the
manufacturer’s service manual.

Two-Stroke-Cycle Engine Timing

shows a timing diagram of a two-
stroke-cycle diesel engine. This engine is typical
of the General Motors series, which uses a blower
to send fresh air into the cylinder and to clear out
the exhaust gases. The movement of the piston
itself does practically none of the work of intake
and exhaust, as it does in a four-stroke-cycle
engine. This fact is important to the mechanic in
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detecting two-stroke-cycle diesel engine power
losses.

Beginning at TDC[(fig. 3-7), the fuel has been
injected, and combustion is taking place. The
piston is driven down, and the power is delivered
to the crankshaft until the piston is just a little
more than halfway down. The exhaust valves (two
in each cylinder) open 92 1/2° after TDC. The
exhaust gases blow out through the manifold, and
the cylinder pressure drops off rapidly.

At 132° after TDC (48° before BDC), the
intake ports are uncovered by the downward
movement of the piston. Scavenging air under
blower pressure swirls upward through the
cylinder and clears the cylinder of exhaust gases.
This flow of cool air also helps to cool the cylinder
and the exhaust valves. Scavenging continues until
the piston reaches 44 1/2° after BDC. At this
point, the exhaust valves are closed. The blower
continues to send fresh air into the cylinder for
just a short time (only 3 1/2° of rotation), but
it is sufficient to give a slight supercharging effect.

The intake ports are closed at 48° after BDC,
and compression takes place during the remainder
of the upward stroke of the piston. Injection
begins at about 22 1/2° before TDC and ends
about 5° before TDC, depending on the engine
speed and load.

The whole cycle is completed in one revolution
of the crankshaft, and the piston is ready to
deliver the next power stroke.

Multiple-Cylinder Engines

Theoretically, the power stroke of a piston
continues for 180° of crankshaft rotation on a
four-stroke-cycle engine. Best results can be
obtained, however, if the exhaust valves are
opened when the power stroke has completed
about four-fifths of its travel. Therefore, the
period that power is delivered during 720° of
crankshaft rotation, or one four-stroke cycle, will
be 145° multiplied by the number of cylinders in
the engine. This may vary slightly according to
the manufacturers’ specifications. If an engine has
two cylinders, power will be transmitted for 290°
of the 720° necessary to complete the four events
of the cycle. The momentum of the flywheel
rotates the crankshaft for the remaining 430° of
travel.



BDC

Figure 3-7—Timing diagram of a two-stroke-cycle diesel engine.
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As cylinders are added to an engine, each one
must complete the four steps of the cycle during
two revolutions of the crankshaft. The number
of power impulses for each revolution also
increases, producing smoother operation. If there
are more than four cylinders, the power strokes
overlap, as shown in[figure 3-8] The length of
overlap increases with the number of cylinders.
The diagram for the six-cylinder engine shows a
new power stroke starting each 120° of crankshaft
rotation and lasting 145°. This provides an
overlap of 25°. In the eight-cylinder engine, a
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1-CYLINDER ENGINE

]
25 DEG rl_,\\

OVERLAPY POWER 145 DEG

$—~CYLINDER ENGINE
FIRING ORDER 153624

power stroke starts every 90° and continues for
145°, resulting in a 55° overlap of power. Because
the cylinders fire at regular intervals, the power
overlap will be the same regardless of firing order
and will apply to either in-line or V-type engines.

POWER LOSSES AND FAILURE
Power failures can result from minor troubles,

such as loose or bare wires and disconnected or
damaged fuel lines. When reported by the
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NOTE .—~THE CIRCLES SHOWN ABOVE REPRESENT 720 DEG NOT 360 DEG BECAUSE THE
CRANKSHAFT MUST ROTATE THROUGH 720 DEG TO COMPLETE

THE CYCLE ONCE FOR ALL CYLINDERS

Figure 3-8.-Power strokes in one-, four-, six-, and eight-cylinder engines.



Equipment Operator, these troubles are easy to
detect without too much checking and testing. The
supervisor must, however, make the mechanics
aware that there probably was, in addition, an
actual or contributing cause to the power failure.
The supervisor must train the mechanics to look
for this cause while making repairs. Unless
eliminated, this may be the cause of major trouble
later on.

Too often, troubles concerned with power loss
occur within the engine and are not easily found.
It is these hard-to-find troubles, with little or no
visual indication, that keep the CMs busy. An
operator may notice a decided power loss in the
equipment and, because there is excessive smoke
coming from the exhaust, report the trouble as
improper carburetion, or, in the case of a diesel
engine, as injector trouble.

An inexperienced mechanic may notice an
increased engine temperature in addition to the
exhaust smoke and diagnose the loss of power as
improper valve action or as trouble in the cooling
system. The diagnoses are comparatively simple
through visual indications. But, as a CM1, you
know that there are many causes of power loss
that have little or no visual indications. Examples
are incorrect ignition timing, faulty coil or
condenser, defective mechanical or vacuum spark
advance, worn distributor cam, or slipping clutch.
Any of them can cause a power loss.

After a deficiency has been located in an
engine, it is usually easy to make the necessary
corrections to eliminate the conditions causing the
deficiency. Careful analysis and straight thinking,
however, are often needed to find the cause of
engine deficiencies. If a supervisor has a thorough
knowledge of the basic engineering and operating
principles of an engine, his or her job of training
the mechanics will be easier and more interesting.
In diagnosing engine deficiencies, the supervisor
must never jump to conclusions and make a
decision on the nature of repairs to be made
before being sure that what will be done will
eliminate the trouble. The mechanics must
be able to interpret the engine instrument
indications as well as use the proper testing
devices. Furthermore, they must be able to road
test the equipment to determine whether repairs
have been made satisfactorily and whether a part
or several parts should be adjusted or replaced.
Besides, the mechanic must know when and how
to make emergency adjustments for every unit on
the engine.

It may seem that some of the qualifications
required of a good mechanic point to the
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know-how of an automotive engineer. However,
no one person can know all about engines and
also be an expert in repairing all kinds of powered
equipment used by the SEABEEs. For instance,
if the checks or instrument tests indicate some
internal trouble in a magneto, carburetor, or fuel
injection unit, the repairs should be made by
mechanics who have experience or have been
specially trained to use the equipment to do the
particular job at hand. It is the supervisor who
will be expected to have the answers to all
the questions asked by less experienced me-
chanics.

The three basic factors that affect an internal
combustion engine’s power are as follows:
COMPRESSION, IGNITION, and CARBURE-
TION. In the diesel engine, fuel is injected into
each cylinder, and ignition depends on the heat
of compression; in the gasoline engine, ignition
and carburetion are independent. In both engines,
of course, proper action and timing of all three
factors are necessary for the engine to produce
its rated power.

It is obvious then that an engine runs and
develops rated power only if all of its parts
function or operate as they should. If any of these
parts wear or break, requiring replacement or
adjustment, the performance charts and engine
specifications are “tools” that will help the
mechanic to bring those parts back to their
original relationship to each other.

There are more factors NOT directly
associated with engine working parts that must
be considered in correcting engine power
losses.

OPERATING CONDITIONS can affect en-
gine power. For example, the usable horsepower
of an engine is reduced by the number of
accessories it must operate. If the engine is
required to provide power for lifting operations
at the same time it is delivering power to wheels
or tracks, the engine may be overloaded and
may not be able to develop its rated rpm; con-
sequently, the rated horsepower would NOT be
reached.

The effect of ALTITUDE on engine power
must also be considered. As a rule, 2 1/2 percent
of the output of an engine is lost for every
1,000-foot increase in elevation above sea level.
Overheated air entering the cylinders has the same
effect on engine power as an increase in altitude.
In computing horsepower output, engineers will
deduct as much as 1 percent for each 10°F rise
in the intake air temperature above a “normal”
temperature of 70°F.



ENGINE TROUBLESHOOTING

“Diagnosing” may be defined as a systematic
means of identifying a problem by using all
available information and facts. Usually, the
Equipment Operator will be able to tell the
symptoms, such as the engine lacks power, uses
excessive oil, has low oil pressure, or makes
certain noises.

Some internal engine problems may be found
by listening for unusual noises and knocks or by
examining the exhaust gases for indications of
incomplete combustion. Then too, placing an
artificial load on an engine can emphasize certain
noises; for example, applying the brakes and
partially engaging the clutch with the vehicle
transmission in high gear. In this manner, the
engine operating under a load can be heard
without the interference of body noises.

There are also other tricks of the trade that
a mechanic may use, such as feeling the oil or
shorting out the spark plugs to get an idea of the
source of trouble.

EXCESSIVE OIL CONSUMPTION

Excessive oil consumption would probably
first be noted by the Equipment Operator who
has to add oil to maintain the proper oil level.
There are two main causes of excessive oil
consumption: external leakage and burning in the
combustion chamber.

External oil leaks can often be detected by
inspecting the seals around the oil pan, valve
covers, timing gear housing, and at the oil line
and oil filter connections.

The burning of oil in the combustion chamber
usually produces a bluish tinge in the exhaust gas.
Oil may enter the combustion chamber in two
ways: (a) through clearances caused by wear
between the intake valve guides and stems and (b)
around the piston rings.

Excessive oil consumption caused by worn
valve guides or stems may be indicated by too
much carbon on the undersides of the intake
valve. In this case, it is usually necessary to install
valve seals, new valve guides, or new valves. If
excessive oil consumption is caused by worn rings
or worn cylinder walls, the supervisor may have
the mechanics do a complete engine overhaul.

LOW OIL PRESSURE

Low oil pressure often indicates worn engine
bearings. Worn bearings can pass so much oil that
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the oil pump cannot maintain oil pressure. Other
causes of low oil pressure include a weak relief-
valve spring, a worn oil pump, a broken or
cracked oil line, or a clogged oil line. Oil dilution,
foaming, sludge, insufficient oil, incorrect oil, or
oil made too thin by the engine overheating will
also cause low oil pressure.

ENGINE NOISES

A variety of engine noises may occur,
Although some noises have little significance,
others can indicate serious engine trouble that will
require prompt attention to prevent major damage
to the engine.

A listening rod can be of help in locating the
source of a noise. The rod acts somewhat like the
stethoscope a doctor uses to listen to a patient’s
heartbeat or breathing. When one end is placed
at the ear and the other end at some particular
part of the engine, noises from that part of the
engine will be carried along the rod to your ear.
By determining the approximate source of the
noise, you can, for example, locate a broken or
noisy ring in a particular cylinder or a main
bearing knock.

Valve and Tappet Noise

Valve and tappet noise is a regular clicking
sound that increases in intensity as the engine
speed increases. The cause is usually excessive
valve clearance. A feeler gauge inserted between
the valve stem and lifter or rocker arm will reduce
the clearance, and the noise should decrease. If
the noise does not decrease when the feeler gauge
is inserted, it is probably caused by weak lifter
springs, worn lifter faces, lifters loose in the block,
a rough adjustment-screw face, a rough cam lobe,
or possibly the noise is not from the valves at all.

A noisy hydraulic valve lifter maybe sticking
because of dirt in the ball or disk valve. When
this happens, you must disassemble the lifter and
clean all the parts in a clean solvent. Then
reassemble the lifter and fill it with clean, light
engine oil.

Connecting Rod Noise

Connecting rod noise usually tends to give off
a light knocking or pounding sound. The sound
is more noticeable when the engine is “floating”
(not accelerating or decelerating) or as the throttle
is eased off with the vehicle running at medium
speed. To locate a noise in the connecting rod,



short out the spark plugs one at a time. The noise
will be greatly reduced when the piston in the
cylinder that is responsible is not delivering
power.

Piston-Pin Knock

Piston-pin knock is identified more as a
metallic double-knock rather than a regular
clicking sound like that heard in valve and tappet
noise. In addition, it is most noticeable during idle
with the spark advanced. A check can be made
by idling the engine with the spark advanced and
then shorting out the spark plugs. Piston-pin noise
coming from a cylinder will be reduced somewhat
when the spark plug for that cylinder is shorted
out. Causes of this noise are a worn or loose
piston-pin, a worn bushing, and a lack of oil.

Piston-Ring Noise

Piston-ring noise is also similar to valve and
tappet noise since it is identified by a clicking,
snapping, or rattling sound. This noise is most
noticeable on acceleration. Low-ring tension,
broken or worn rings, or worn cylinder walls will
produce this sound. To avoid confusing this sound
with other engine noise, make the following test:
remove the spark plugs and add an ounce or two
of heavy engine oil to each cylinder. Crank the
engine for several revolutions to work the oil
down past the rings. Replace the spark plugs and
start the engine, If the noise has decreased, it is
probable that the rings are at fault.

Piston Slap

Piston slap may be detected by a hollow, bell-
like knock and is due to the rocking back and
forth of the piston in the cylinder. If the slap
occurs only when the engine is cold, it is probably
not serious. However, if it occurs under all
operating conditions, a further examination is
called for. The slap can be caused by worn
cylinder walls, worn pistons, collapsed piston
skirts, or misaligned connecting rods.

Crankshaft Knock

Crankshaft knock is a heavy, dull, metallic
knock that is noticeable when the engine is under
load or accelerating. When the noise is regular,
it can be contributed to worn main bearings.
When irregular and sharp, the noise is probably
due to worn thrust bearings.
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ENGINE TESTING

In most shops, the Navy provides accurate and
dependable testing equipment. But having the
testing equipment in the shop is NOT enough. The
supervisor and the crew must know how to use
this equipment since proper use provides the
guickest and surest means of finding out what is
wrong and where the fault lies.

Four of the most widely used testing instru-
ments are the cylinder compression tester, vacuum
gauge, cylinder leakage tester, and tachometer.

Compression Test

As you have learned, engine power results
from igniting a combustible mixture that has been
compressed in the combustion chamber of an
engine cylinder. The tighter a given volume of fuel
mixture is squeezed in the cylinder before it is
ignited, the greater the power developed. Unless
approximately the same power is developed in
each cylinder, the engine will run unevenly. The
cylinder compression tester [(fig. 3-9) is used to
measure cylinder pressure in psi, as the piston
moves to TDC on the compression stroke.

By measuring compression pressures of all
cylinders with a compression gauge, then
comparing them with each other and with the
manufacturer’s specifications for a new engine,
you get an accurate indication of engine condition.

The compression pressures in the different
cylinders of an engine may vary as much as 20
pounds. The variation is caused largely by the lack
of uniformity in the volume of the combustion
chamber. It is nearly impossible to make all the
combustion chambers in a cylinder head exactly
the same size. For example, in a given engine with

Figure 3-9.—Cylinder compression tester.



a 7 to 1 compression ratio with all combustion
chambers the same volume, the compression
pressure would be about 120 pounds in all
cylinders. However, if one combustion chamber
is 1/3 cubic inch too small, the pressure will be
about 126 pounds, and if it is 1/3 cubic inch too
large, the compression pressure would be about
114 pounds. This is a variation of 12 pounds. Also
note that a carbon deposit will raise the
compression pressure at any given ratio by
reducing the combustion chamber volume—the
greater the deposit, the higher the pressure.

To make a compression test, first, warm up
the engine. Warming up will allow all the engine
parts to expand to normal operating condition and
will ensure a film of oil on the cylinder walls.
Remember that the oil film on the walls of the
cylinder helps the expanded piston rings to seal
the compression within the cylinder. After the
engine is warmed to operating temperature, shut
it down and remove all the spark plugs. Removing
all the plugs will make the engine easier to crank
while you obtain compression readings at each
cylinder. The throttle and choke should be in a
wide-open position when compression readings
are taken. Some compression gauges can be
screwed into the spark plug hole. Most
compression gauges, however, have a tapered
rubber end plug and must be held securely in the
spark plug opening until the highest reading of
the gauge is reached.

Crank the engine with the starting motor until
it makes at least four complete revolutions.
Normal compression readings for gasoline engine
cylinders are usually 100 psi or slightly higher.
Compression testing is faster and safer when there
are two mechanics assigned to the job. Remember
that the compression test must be completed
before the engine cools off.

Unless the compression readings are inter-
preted correctly, it is useless to make the tests.
Any low readings indicate a leakage past the
valves, piston rings, or cylinder head gaskets.
Before taking any corrective action, make another
check to try to pinpoint the trouble. Pour
approximately a tablespo