ARMY TM 9-2815-260-24
AIR FORCE TO 38G1-126-2
MARINE CORPS 09244A/09245A-24

TECHNICAL MANUAL

UNIT, DIRECT SUPPORT AND GENERAL SUPPORT

MAINTENANCE MANUAL
DIESEL ENGINE
MODEL 6068TF151
6 CYLINDER 6.8 LITER
(NSN: 2815-01-462-3596) (EIC: N/A)

DISTRIBUTION STATEMENT A: Approved for public release; distribution isunlimited

DEPARTMENTS OF THE ARMY AND THE AIR FORCE
AND HEADQUARTERS, MARINE CORPS
1 NOVEMBER 2000
PCN: 182 092444 00






ARMY TM 9-2815-260-24
AIR FORCE TO 38G1-126-2
MARINE CORPSTM 09244A/09245A-24

WARNING

Where applicable, prior to performing engine maintenance, ensure batteriesare
disconnected to prevent seriousinjury or death.

WARNING

Batteries give off a flammable gas. Do not smoke or use open flame when
performing maintenance. Failureto comply can causeinjury to personnel and
equipment dueto flame and possible explosion.

WARNING

Engine coolant isvery hot and under pressure after engine has been operating.
Allow engineto cool before you slowly loosen filler cap and relieve pressure from
cooling system. Failureto comply could result in severe personal injury.

WARNING

Escaping diesel or JP fuel under pressure can have sufficient force to penetrate the
skin, causing seriousinjury. Alwaysdirect fuel injection nozzletip away from
personnel and place a clear, protective shield around spray zone. Before
disconnecting fuel lines, be sureto relieve pressure. Before applying pressuretothe
system, be sure all connections aretight and lines, pipes, and hoses are not
damaged. Keep handsand body away from pinholes and nozzles which gject fuel
under pressure. Usea piece of cardboard or wood, rather than hands, to search for
suspected leaks.

WARNING
If diesel or JP fuel isinjected into the skin, seek medical attention immediately.
Failureto comply can result in seriousinjury.

WARNING
Diesel and JP fuels are flammable and toxic to eyes, skin, and respiratory tract.

Skin and eye protection required. Avoid repeated/prolonged contact. Provide
adequate ventilation. Failureto comply could result in seriousinjury or death.
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WARNING
Fuelsused in the generator set are flammable. Do not smoke or use open flames
when performing maintenance. Failureto comply can result in flame and possible
explosion and can cause injury or death to personnel and damage the generator set.

WARNING
Exhaust system isvery hot after operating engine. After operating engine, allow
exhaust system to cool beforeremoval. Failureto comply could result in personal
injury.

WARNING
Cleaning solvent is flammable and toxic to eyes, skin, and respiratory tract. Skin
and eye protection arerequired. Avoid repeated/prolonged contact. Provide
adequate ventilation. Failureto comply could result in seriousinjury or death.

WARNING
Compressed air used for cleaning can create airbor ne particlesthat may enter the
eyes. Never exceed 30 psi (207 kPa) of pressure. Eyeprotection required. Failure
to comply could result in serious eye damage or blindness.

WARNING
Care should be exercised when using steam for cleaning. Steam isextremely hot.
Skin and eye protection arerequired. Avoid steam contact with skin.

WARNING
Operating the generator set with any access door open exposes per sonnel to high
noise levels. Hearing protection must be worn when operating or working near the
generator set with any access door open. Failureto comply can cause hearing
damage or loss.

WARNING

Block cylinder head with a solid block of wood at each end of cylinder head while
using spring compressor. Failureto comply could result in serious personal injury.
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WARNING
Do not stand in front of valve spring while compr essing valve springs. Failureto
comply could result in serious personal injury.

WARNING

When using bench grinder, eye protection must be worn to prevent particlesfrom
entering eyes. Failureto comply could result in serious eye damage or blindness.

WARNING
Flywheel isheavy. Provide adequate lifting device to support weight. Failureto
comply could result in serious personal injury.

WARNING

Wear protective glovesto help prevent burnsfrom handling hot ring gear.

WARNING

Crankshaft isvery heavy, do not attempt to remove crankshaft by hand. Use
proper lifting equipment.

WARNING

Oil fumes or ail can ignite above 380°F (193°C). Use atemperature device and do
not exceed 360°F (182°C). Do not allow a flame or heating element to bein direct
contact with oil. Heat oil in awell ventilated area. Plan a safe handling procedure
to avoid burns. Wear protective clothing, gloves, apron, etc.

WARNING

The vehicle engine stand should be used only by qualified service technicians
familiar with this equipment. Failureto comply could result in personal injury
and/or equipment damage.
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WARNING

Use alloy steel SAE Grade 8 or higher socket head cap screws when installing engine
adapterson vehicle engine stand. Use Thread Lock and Sealer (L octite 242) or
equivalent on cap screwswhen installing lift strapson the engine. Tighten cap
screwsto 125 |b-ft (170 Nm). Failureto comply could result in personal and/or
equipment damage.

WARNING

Be surethat tapped hole on the vehiclerepair stand's adapter and mounting hub
are clean and not damaged. Ensurethat thread engagement iswithin 1-1.2 times
the screw diameter minimum to properly securethe engine. Failureto comply
could result in personal injury and/or equipment damage.

WARNING
Toavoid structural or personal injury, do not exceed the maximum capacity rating
or 2000 Ibs. (908 kg.). Maximum capacity is determined with the center of the
engine located no mor e than 13 inches (330 mm) from the mounting hub surface of
the engine stand.

WARNING
Be surethat the center of the engine must be located within 2 inches (51 mm) of the
engine stand rotating shaft to prevent unsafe off-balance load condition. Failureto
comply could result in personal injury and/or equipment damage.

WARNING
Recheck to make sure engineis solidly mounted beforereleasing support from
enginelifting device. Failureto comply could result in personal injury and/or
equipment damage.

WARNING

Never permit any part of the body to be positioned under a load being lifted or
suspended. Failureto comply could result in personal injury.
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WARNING

Thelifting jack isto be used when it is necessary to lift the engine
for rotation. When working on the engine, the jack should be at its
lowest position to keep the center of gravity low and the possibility
of tipping low.

WARNING

Unscrew the release valve slowly when lowering the engine on
vehicle engine stand to prevent sudden engine movement. Do not
unscrew release valve knob mor e than two turnsfromits closed
position. Failureto comply could result in personal injury and/or
equipment damage.

WARNING

When adding coolant to the system, use the appropriate coolant solution. Failureto
comply could result in damage to the engineand injury to personnel.

WARNING

Servicetoolsare designed to aid disassembly and assembly
procedures. Servicetools must be used to prevent possible damage
to components. Some oper ations can cause personal injury if
carried out without use of relevant tools.
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REPORTING ERRORS AND RECOMMENDING IMPROVEMENTS

You can help improve this manual. If you find any mistakes, or if you know of a
way to improve the procedures, please let us know. Mail your letter, DA Form
2028 (Recommended Changes to Publications and Blank Forms) or DA Form
2028-2 located in back of this manual directly to: Commander, US Army
Communications-Electronics Command and Fort Monmouth, ATTN: AMSEL-
LC-LEO-D-CS-CFO, Fort Monmouth, New Jersey 07703-5006. The fax
number is 732-532-1413, DSN 992-1413. You may also e-mail your
recommendations to AMSEL-LC-LEO-PUBS-CHG@maill.monmouth.army.mil.

For Air Force, submit AFTO Form 22 (Technical Order System Publication
Improvement Report and Reply) in accordance with paragraph 6-5, Section VI,
TO 00-5-1. Forward direct to prime ALC/MST.

Marine Corps units, submit NAVMC 10772 (Recommended Changes to
Technical Publications) to: Commanding General, Marine Corps Logistics Base
(Code 850), Albany, Georgia 31704-5000.

In any case, we will send you a reply.
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HOW TO USE THISMANUAL
In this manual (TM 9-2815-260-24) paragraphs are underlined and sections and chapters appear in capital letters. The
location of additional material that must be referenced is clearly marked. Illustrationsin this text are located as close as

possible to their references.

| Chapter 1]- INTRODUCTION. This section contains general information, equipment description and data, and principles of
operation for the engine.

| Chapter 2}- OPERATING INSTRUCTIONS. This section contains functional descriptions of the engine systems and how
they are connected to the end item. For operation, refer to end item operator's manual .

Chapter 3+ UNIT MAINTENANCE INSTRUCTIONS. This section contains troubleshooting procedures used to recognize
and correct engine malfunctions at the unit level, and all maintenance procedures authorized to be performed on the engine
the unit level.

Chapter 4} DIRECT SUPPORT MAINTENANCE INSTRUCTIONS. This section contains direct support level
troubleshooting procedures used to recognize and correct engine malfunctions at the direct support level, and al maintenance
procedures authorized to be performed on the engine at the direct support level.

Chapter 5} GENERAL SUPPORT MAINTENANCE INSTRUCTIONS. This section contains general support maintenance
instructions which are limited to the disassembly, cleaning, inspection and assembly of components after troubleshooting has
already been accomplished.

APPENDICES.

lists all forms, field manuals, technical manuals and miscellaneous publications referenced in this manual and
should be used in conjunction with this manual .

Appendix B is the Maintenance Allocation Chart (MAC) which designates all maintenance and repair functions authorized to
be performed at the different maintenance levels.

lists the Components of End Item (COEI) and Basic |ssue Items (BlI) lists.

[Appendix D. Refer to End Item Maintenance Manudl Appendix D for lists of items authorized for use with the generator set,

but not issued with it or supported by generator set engineering drawings.

lists expendable supplies and materials required to operate and maintain the generator set. These items are
authorized by CTA 50-970, Expendable Items (except medical, Class V, repair parts, and heradic items).

includes complete instructions for fabricating or assembling parts as required for the engine.
[ Appendix G provides torque limits for fasteners used in maintenance of the engine.

lists parts that must be replaced if removed during maintenance.
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CHAPTER 1
INTRODUCTION

Section |. GENERAL INFORMATION

1.1. SCOPE.

a. Typeof Manua. Thismanual contains unit, direct support, and general support maintenance
instructions for the Model TO6068TF151 Diesel Engine, hereafter referred to as engine. Also
included are descriptions of major systems/components and their functionsin relation to other
systems/components.

b. Purpose of Equipment. The engine provides adriving force for generators or other equipment
requiring this size (HP rating) and compatibility.

1.2. MAINTENANCE FORMS, RECORDS, AND REPORTS.

a. Reports of Maintenance and Unsatisfactory Equipment. Department of the Army forms and
procedures used for equipment maintenance will be those prescribed by DA Pam 738-750, Army
Maintenance Management System (TAMMS). Air Force personnel will use AFR 66-1, Air Force
M aintenance Management Policy, for maintenance reporting and TO-O0-35D54 for unsatisfactory
equipment reporting.

b. Reporting of Item and Packaging Discrepancies. Fill out and forward SF 364 (Report of
Discrepancy (ROD)) as prescribed in AR 735-11-2/DLAR 414-55/SECNAVINST 4355.18/AFR
400-54/MCO 4430.3J.

c. Transportation Discrepancy Report (TDR) (SF 361). Fill out and forward Transportation

Discrepancy Report (TDR) (SF361) as prescribed in AR 55-38/NAV SUPINST 4610.33C/AFR 75-
18/MCO P4610.19D/DLAR 4500.15.

1.3. REPORTING EQUIPMENT IMPROVEMENT RECOMMENDATIONS (EIR).

Army - If your equipment needs improvement, let us know. Send usan EIR. Y ou, the user, are the only
one who can tell us what you don't like about your equipment. Let us know why you don’t like the design
or performance. Put it on a SF 368 (Product Quality Deficiency Report). Mail it to us at the address below.
We'll send you areply. The fax number is 908-532-1413, DSN 992-1413. Y ou may also e-mail your
recommendations to AM SEL-L C-LEO-PUBS-CHG@cecom3.monmouth.army.mil.

Commander

U.S. Army Communications and Electronics Command (CECOM)
ATTN: AMSEL-LC-LEO-D-CS-CFO

Fort Monmouth, New Jersey 07703-5008

(AF)  USAF Deficiency Reporting and Investigating System, TO 00-35D-54L Appendix Al procedures
will be used for electronic submission. Submit mailed formsto:

SMALC/LHCABD

5029 Dudley Boulevard
McClellan AFB, CA 95652-1095
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(MC) Quality Deficiency Reports (QDR) shall be submitted on SF 368 in accordance with MCO
4855.10. Submissions may also be made using NAVMC Form 10772. Submit directly to:

Commander

Marine Corps Logistics Bases
(Code 856)

Albany, GA 31704-5000

A reply will be furnished to you.

1.4. DESTRUCTION OF ARMY MATERIAL TO PREVENT ENEMY USE.

Refer to TM 750-244-3 for procedures to destroy equipment to prevent enemy use.

1.5. CORRISION PREVENTION AND CONTROL.

Refer to Corrosion and Corrosion Prevention: Metals, MIL-HDBK-729.

1.6. PREPARATION FOR STORAGE OR SHIPMENT.

Refer to TB 740-97-2 for procedures to place the equipment into storage.
1.7. WARRANTY.

The engine is warranted for a specific period of time. Refer to Warranty Technical Bulletin for the end item. The
warranty begins from the date stamped on the data plate. Report all defectsin material or workmanship to your
supervisor, who will take appropriate action.

Section I1. EQUIPMENT DESCRIPTION AND DATA
1.8. GENERAL.
The diesel engine issix cylinder, four cycle, fuel injected, turbocharged, and liquid cooled. The firing
order is 1-5-3-6-2-4. The number one cylinder istoward the fan end of the engine. The serial number isfound on

top of valve cover. Rotation of engine is counterclockwise as viewed from rear of engine facing forward.

NOTE
All locations referenced herein are given from rear of engine facing forward.

1.9. DETAILED DESCRIPTION.

a. Turbocharger. A turbocharger, operated by exhaust gases, compresses intake air and routesiit to the
combustion chamber.

b. Camshaft. The camshaft isdriven by an intermediate gear in the timing gear train which meshes with the
crankshaft gear. Camshaft rotates in honed machined boresin cylinder block; no bushings are used. The
camshaft lobes determine the time and rate of opening of each valve and actuates the fuel supply pump.
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c. Intake and Exhaust Valves. Intake and exhaust valves are operated by cam followers, push rods, and
rocker arm assembly. Valve seat insertsin cylinder head are used for intake and exhaust valves.

d. Crankshaft. The crankshaft isa one-piece, heat treated, steel forging which operates in replaceabl e two-
piece main bearings. The rear thrust bearing has a flange on each side to support crankshaft thrust and to limit

end play.

e. Cylinder Liners and Pistons. Cylinder linersare "wet" (surrounded by coolant) and are individually
replaceable. O-rings are used to seal the connection between cylinder block and liners. Pistons are made of
cast high-grade aluminum alloy with internal ribbing. The skirt is cam ground to allow for expansion when
heated during operation. The piston crown has a cut-out swivel cup with atruncated cone in the center. Two
compression rings and one oil control ring are used. The top compression ring is akeystone typering. All
piston rings are located above the piston pin. The hardened piston pins are fully-floating and held in position
by means of retainer rings. Spray jets (piston cooling orifices) in cylinder block direct pressurized oil to
lubricate piston pins and cool pistons. Connecting rods are forged steel and have replaceable bushing and
bearing inserts.

f. Cooling System. The cooling system consists of aradiator, water pump, cooling fan, thermostat, and
connecting hoses. The fan and water pump are both belt driven from the crankshaft pulley. The thermostats
control engine temperature and are installed in top of engine. The function of the cooling system isto
maintain a specific operating temperature of 180 to 220°F (82 to 104°C) for the engine.

g. Lubrication System. The lubrication system consists of oil pan (sump), agear type pump, full flow
spin-on oil filter with built-in bypass valve, ail cooler with built-in bypass valve, pressure regulating
valve, bypass valve, and the internal passages.

h. Fuel System. The function of the fuel system isto inject a metered quantity of clean atomized fuel
into the engine cylinders at a precise time near the end of the compression stroke of each piston. The
fuel system consists of the fuel tank, fuel filter/water separator, fuel supply pump, fuel injection pump,
and the fuel injectors. The fuel tank is not mounted on the engine. The fuel supply pump is mounted to
the block and is driven by the camshaft. The fuel injection pump is mounted on the front plate and is
driven by an intermediate gear in the timing gear train meshing with crankshaft gear.

i. Electrical System. The electrical system is 28V DC operation and consists of a battery charging
alternator, starter, externally mounted batteries, and other items as required. The battery charging
alternator is mounted on front of engine and is belt driven. When engine is operating, the battery
charging alternator supplies 28VDC to recharge the batteries and maintain them at afull state of charge.
The starter is mounted on the flywheel housing, and when energized, engages the ring gear of the
flywhed! to rotate the engine.

1-3



ARMY TM 9-2815-260-24
AIR FORCE TO 38G1-126-2
MARINE CORPSTM 09244A/09245A-24

19
ENGINE COMPONENTS
Lifting Lug
Turbocharger
Intake Manifold

1-4

© 00N UA N~

Rocker Arm Cover
Coolant Outlet

"

12

2
, 1
5
of 17
~— f — |
°° o ¢ o 0 o 8
il -4
) | yl _[
9 |
s -] o [ (-] o [-) ?_
@ J

Battery Charging Alternator

Fan Pulley

Oil Fill Tube
Crankshaft Pulley
Oil Filter and Cooler
Harmonic Balancer
Oil Pan

Dipstick

Fuel Supply Pump
Starter

Fuel Filter

Exhaust Manifold
Flywheel Housing
Fuel Injection Pump

. Coolant Intake

0
6
0 D _ 10
D) Z1
e S |
h | 10 O
16 = o o
/ ;/ 0 CEC 5 20
14 dl % k
15
18

A

FIGURE 1-1. ENGINE COMPONENTS



ARMY TM 9-2815-260-24
AIR FORCE TO 38G1-126-2
MARINE CORPSTM 09244A/09245A-14

1.10. EQUIPMENT DATA.

Leading Particulars. For alist of Leading Particulars, refer to TABLE 1-1.

TABLE 1-1. TABLE OF SPECIFICATIONS

MOTEL ... e John Deere 6068TF151
TYPE e EPA compliant six cylinder, four cycle,
turbocharged diesel
BOIE e 4.19in. (106 mm)
SHTOKE .ttt 5.00 (127.0 mm)
DisplaCament.........ccoveerireeeeees e 414 cuin. (6.8 liters)
CompPressioN RALIO .........coeireeeieneeee e 17.0:1
FIriNG OFdEr ......c.oceieiieeeeie e 1-5-3-6-2-4
WIEN. s 23.5in. (598 mm)
HEIGNE ..o 38.7in. (984 mm)
LeNgth ..o 44.0in. (1117 mm)
WEIGNL ...t s 1172 Ibs (533 kg)
Injection PUMP/GOVEINOL ........cccoveerieere s Stanadyne Model DB4
Injection Starting Pressure
NEBW ..t 3,660 psi (25,200 kPa) min
USE ...ttt 3,330 psi (22,950 kPa) min
Cylinder Compression Pressure...........ccveveeeereennne 350 psi (2400 kPa) min
Lubrication System CapaCity.........ccccverererererereeereneeereens 20.0 gts (19 liters)
Coolant System capacity (engine only) .........cceeeerererenen 20.5 gts. (19.4 liters)
ATLEINBLION .. Bosch 28 volt DC - 45 amp
SEAITEN .. Nippon-Denso 24 volt DC - 4.5 kw

111 DATA PLATES.
Refer td Table 1-2 for the engine option codes. The engine option codes dataplateis affixed to the top of the rocker arm
cover (4,[Figure 1-1). These codes indicate which of the engine options were installed on your engine at the factory.
These codes areimportant when partsand service arerequired. The engine option codeincludes an enginebase code (1,
[Figure 1-2) which identifies the basic engineinstalled. The engine option code consists of afour-digit number. Thefirst
two digits of each code identify a specific group, such as aternators. The last two digits of each code identify one
specific option provided on your engine, such as 12-volt, 55-amp alternator. If an engineisordered without a particular
component, the last two digits of that functional group option code will be 99, 00, or XX.

( JOHN DEERE )

ORDER BASIC ENGINE
OPTION CODES

\_ SERIAL NO. ]

FIGURE 1-2. OPTION CODE LABEL
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Table1-2. ENGINE OPTION CODES-6 CYLINDER, 6.8LITER (CONTINUED)

ENGINE BASE CODE: 2136F

OPTION

CODES DESCRIPTION REMARKS
1104 Rocker Arm Cover

1215 Qil Filler Neck

1306 Crankshaft Pulley

1426 Flywheel Housing

1544 Flywheel

1681 Fuel Injection Pump

1729 Air Inlet

1907 Qil Pan

2001 Water Pump

2112 Thermostat Cover

2201 Thermostat

2301 Fan Drive

2486 Fan Belt

2599 Fan Not installed on engine at factory.
2699 Engine Coolant Heater Not installed on engine at factory.
2808 Exhaust Manifold

2999 Ventilator System Not installed on engine at factory.
3044 Starting Motor

3110 Alternator

3518 Fuel Filter

3601 Front Plate

3702 Fuel Transfer Pump

3999 Thermostat Housing Not installed on engine at factory.
4019 Oil Dipstick

4199 Belt Driven Front Auxiliary Drive Not installed on engine at factory.
4399 Starting Aid Not installed on engine at factory.
4401 Timing Gear Cover with Gears

4603 Cylinder Block With Liners and Camshaft

4702 Crankshaft and Bearings

4807 Connecting Rods and Pistons
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Table1-2. ENGINE OPTION CODES-6 CYLINDER, 6.8 LITER (CONTINUED)

ENGINE BASE CODE: 2136F

OPTION

CODES DESCRIPTION REMARKS
4902 Valve Actuating Mechanisms

5001 Qil Pump

5107 Cylinder Head With Valves

5707 Water Pump Inlet

5901 Oil Cooler

6099 Add-on Aucxiliary Drive Pulley Not installed on engine at factory.
6212 Alternator Mounting

6499 Exhaust Elbow Not installed on engine at factory.
6504 Turbocharger

6699 Temperature Switch Not installed on engine at factory.
6799 Electronic Tachometer Sensor Not installed on engine at factory.
6801 Damper

7499 Air Conditioner Compressor Mounting Not installed on engine at factory.
7699 Qil Pressure Switch Not installed on engine at factory.
8604 Fan Pulley

8799 Automatic Belt Tensioner Not installed on engine at factory.
8801 Oil Filter
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Section I11. PREPARATION FOR USE

1.12. INSPECTING AND SERVICING ENGINE.

This section provides information and guidance for inspecting, servicing, and installing the engine. For additional
information, refer to end item maintenance manual.

a. Inspection.

Check that all packing materials have been removed.

Check engine identification plate for positive identification.

Inspect engine exterior for shipping damage.

Check fan drive belt for proper tension. Refer to end item maintenance manual.
Inspect engine for loose or missing mounting hardware, or damaged or missing parts.

b. Service

Except for servicing the lubrication system, all other servicing must be accomplished after engine is mounted in the
end item. Refer to the end item maintenance manual.

1-8
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CHAPTER 2
OPERATING INSTRUCTIONS

Section |. PRINCIPLES OF OPERATION

2.1. INTRODUCTION.

This section contains functional descriptions of the engine systems and how they are connected to the end item.

2.2. COOLING SYSTEM.

The cooling system consists of aradiator, hoses, athermostat, a belt driven fan, awater pump, and cooling jackets
within the engine. The water pump forces coolant through passages (coolant jackets) in the engine block and oil
cooler where coolant absorbs heat from the engine. When the coolant temperature is below operating temperature,
the thermostat is closed and coolant is bypassed to the water pump inlet. As coolant temperature increasesto 180E F
(82E C), the thermostat fully opens, shutting off all bypass flow and providing full flow through the radiator. Air
forced through the fins of the radiator by the fan cools the coolant pumped through the radiator. Items are added to
the engine to monitor coolant temperature and to warn if temperature exceeds a predetermined value.

2.3. LUBRICATION SYSTEM.

The pressure lubrication system consists of a positive displacement gear-driven pump, filter strainer in the suction
pipe, full flow oil filter, ail cooler, oil pressure regulating valve, and oil bypassvalve. Additionally, the ail cooler
and oil filter have their own bypass valve. The pump draws lubrication oil from the crankcase through a strainer and
asuction line. Theoil isthen pumped through an ail line to the oil cooler, ail filter, and through the main oil gallery
of the cylinder block. From the qil gallery, oil isforwarded under pressure to the main bearings and spray jets to
cool the pistons. Drilled cross passages in the crankshaft distribute oil from the main bearings to connecting rod
bearings and camshaft bearings. A drilled passage from the rear camshaft bearing through the cylinder block and
cylinder head supplies lubricating oil to the rocker arm shaft. A turbocharger oil supply line provides lubricating oil
to the shaft of the turbocharger. Items are added to monitor oil pressure and to warn the operator or stop the engine
if pressure drops to a dangerously low value.

2.4. FUEL SYSTEM.

The fuel system consists of an external fuel tank, fuel supply pump, fuel filter, fuel injection pump, fuel injectors,
and piping. The fuel supply pump draws fuel from the tank and pressurizesit. This pressure permits the fuel to flow
through the fuel filter and charge the transfer pump of the fuel injection pump. With the fuel injection pump charged
with fuel by the fuel supply pump, the fuel injection pump plungers pressurize the fuel to approximately 3,660 psi
(25,200 kPa). Delivery (pressure) lines are used to route this high pressure fuel to the fuel injection nozzles. Fuel
enters the injection nozzle at a pressure which easily overcomes the pressure required to open the nozzle valve.
When the nozzle valve opens, fuel isforced out through the orificesin the nozzle tip and atomizes as it enters the
combustion chamber. The fuel that is not used by the injectors and injection pump is returned to the fuel tank viaan
excess fuel return line.
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2.5. ELECTRICAL SYSTEM.

The electrical system consists of external mounted batteries, starter, battery charging alternator, and related relays
and switches for control of the system. Battery power supplied to the starter during the start cycle energizes the
starter which engages the ring gear of the flywheel causing the engine to turn over. When engine start is compl ete,
the starter is deenergized and disengages from the flywheel. The battery charging alternator is belt driven. Itisa45
ampere, 28 VDC alternator that when operating supplies voltage to recharge the batteries and maintain them at a full
state of charge.

Section I1. OPERATING INSTRUCTIONS
(Refer to end item operator's manual .)
Section 111. SPECIAL INSTRUCTIONS.
2.6. NUCLEAR, BIOLOGICAL, CHEMICAL (NBC) DECONTAMINATION PROCEDURES. Theengineis
capable of being operated by personnel wearing nuclear, biological, or chemical (NBC) protective clothing without

special tools or support equipment. Refer to FM 3-5, NBC Decontamination for information on decontamination
procedures. Specific procedures for the engine are the following:

a Rubber tubing and belts, coverings for electrical conduits, gaskets, and bushings will absorb and
retain chemical agents. Replacement of these items is the recommended method of
decontamination.

b. Lubricants, fuel, and coolant may be present on the external surfaces of the generator set or
components due to leaks or normal operation. These fluids will absorb NBC agents. The
preferred method of decontamination is removal of these fluids using conventional
decontamination methods in accordance with FM 3-5.

C. The primary area that will entrap contaminants on the engine, making efficient decontamination
extremely difficult, include the area around the external fuel drain. Replacement of thisitem, if
available, is the recommended method of decontamination. Conventional decontamination
methods should be used on this area, while stressing the importance of thoroughness and the
probability of some degree of continuing contact and vapor hazard.

d. In an NBC contaminated environment, all access doors on the end item unit should be closed to
reduce the effects of contamination.

e The use of overhead shelters or chemical protective coversis recommended as an additional means
of protection against contamination in accordance with FM 3-5. When using covers, care should
be taken to provide adequate space for air flow and exhaust.

f. For additional NBC information refer to FM 3-3, FM 3-4 and FM 3-5. Other services use
applicable publications for NBC.
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CHAPTER 3
UNIT MAINTENANCE INSTRUCTIONS

Section |. LUBRICATION INSTRUCTIONS

3.1. LUBRICATION INSTRUCTIONS.

Refer to TM 9-6115-672-14 for special lubrication instructions. Refer to unit level Preventive Maintenance Checks
and Services (PMCS) Table 3-1 for lubrication intervals.

Section I1. REPAIR PARTS; TOOLS; SPECIAL TOOLS; TEST, MEASUREMENT AND
DIAGNOSTIC (TMDE); AND SUPPORT EQUIPMENT

3.2. MAINTENANCE REPAIR PARTS.

Repair parts and equipment are listed and illustrated in the Repair Parts and Special Tools List (RPSTL) manual TM
9-2815-260-24P.

3.3. TOOLSAND EQUIPMENT.

There are no special tools or support equipment required to perform unit level of maintenance on the engine. A list
of recommended tools and support equipment required to maintain the engine is contained in Appendix B,
SECTION I1I.

3.4. FABRICATION OF TOOLS AND EQUIPMENT.

There are no fabricated tool s/equipment required to perform unit level of maintenance on the engine. For
fabrication of tools and equipment for maintenance of the engine, refer to[Appendix F -Illustrated List of
Manufactured ltems.

Section |11. PREVENTIVE MAINTENANCE CHECKSAND SERVICES (PMCYS)

3.5. PMCS PROCEDURES.

a. General. Toensurethat engineisready for operation at all times, it must be inspected so defects can be
discovered and corrected before they result in serious damage or failure. Perform Generator Set PMCS
prior to or in conjunction with performance of engine PMCS. For engine PMCS, refer to[Table 3-1

b. Purpose of PMCS Table. Your Preventive Maintenance Checks and Services table lists the inspections and
care of your equipment required to keep it in good operating condition.

c. Purposeof Service Intervals. Theinterval column of your PMCS table tells you when to do a certain check
or service.

d. Procedures Column. The procedures column of your PMCS table tells you how to do the required checks
and services. Carefully follow these instructions.

e. The"Equipment Is Not Ready / Available If" column. This column tells you when and why the engine
cannot be used.
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NOTE

Thetermsready / available and mission capablerefer to the same status:
Engineison hand and isableto perform its combat missions (see DA Pam

738-750).

f.  Reporting and Correcting Deficiencies. If your engine does not perform as required, refer to

Troubleshooting section for possible problems. Report any malfunctions or failures on DA form 2404, or

refer to DA Pam 738-750.

TABLE 3-1. Preventive Maintenance Checksand Services (PMCS)

M —Monthly Q- Quarterly S—Semi-annually A —Annualy B —Bi-annualy H-—Hours

Item Interval

No- I vilolslals| w

Item to
Inspected

be

Procedures Check for and have repaired
or adjusted as necessary

Equipment is Not
Ready/ Available If:

CAUTION
Engine oil and filter must be changed at a hard time interval of 100 hours on initial
break-in. Failure to change the oil and filter may void the warranty.

1 M 300 | Oil Filter Refer td paragraph 3.11.2]
NOTE
Qil filter changeinterval isa hard time
replacement to be used when AOAP
lab isnot available.
2 M| 1500 [ Engine Check engine compression. Refer to Engine compression
Compression paragraph 3.7.1] islow.
3 M| 1500 [ Engine Qil Check engine oil pressure. Referto TM | Engine oil pressure
Pressure 9-6115-672-14. not as specified
NOTE
Thefollowing PM CSitems are Direct
Support maintenance tasks.
4 M| 1500 [ EngineValves | Adjust engine valves at Direct Support
maintenance level. Se¢ paragraph 4.7.2]
5 M| 1500 | Engine Fuel Remove, clean, and test fuel injection
Injection nozzles at Direct Support maintenance
Nozzles level. Sef paragraph 4.6.2

3-2




ARMY TM 9-2815-260-24
AIR FORCE TO 38G1-126-2
MARINE CORPS TM 09244A/09245A-24

Section V. TROUBLESHOOTING

3.6. UNIT TROUBLESHOOTING PROCEDURES.

3.6.1 Purpose of Troubleshooting Flowchart.

This section contains troubleshooting information for locating and correcting operating troubles which may develop
in the engine. Each malfunction for an individual component, unit, or system isfollowed by alist of tests or
inspections which will help you to determine probable causes and corrective action to take. Y ou should perform
tests/inspections and corrective actions in order listed.

Table 3-2 Unit Troubleshooting, cannot list all malfunctions that can occur, nor all tests or inspections and
corrective actions. If amalfunction is not listed or cannot be corrected by listed corrective actions, notify your

Supervisor.
NOTE

Before you use[Table 3-2,|be sure you have performed your PMCS. Prior

to performing troubleshooting procedures within this manual, perform

troubleshooting proceduresin TM 9-6115-672-14 or other applicable TM.

SYMPTOM INDEX
Malfunction

ENQGINE FAIISTO CranK .....c.oiuieiieieieiteste ettt ettt e bbbt se et sae e e e e e b e
Starter Operates But ENging DOES NOt TUIMN OVES ......cc.ovieiiiiriiirieeeiesieesie st seenens
Engine Cranks BUt FaillSTO SEAI ......covcviiieiieree e
Engine Misfires Or Runs Erratically Or Stalls Frequently ............ccooveiineinenneneeeee e
Engine Does NOt Develop FUIl POWES ..ottt s
ENGING OVEINEALING .....c ettt ettt e bbbt et e e seesb e b e eaeenee e e b e
EXCESSIVE Ol CONSUMPLION. ....ceeeiiiiiitestesie sttt ee sttt st sae e seabeseesbesaesseese e e eneeseesbesbesaesneeneaneeses
LOW Ol PIESSUIE.....cueeeiteite ettt eetet ettt st sttt ae e e e tesae s bt s bt saeeae e e ameeneeseeabesaeebeeaeaneeeeneesbeeaeeneaneenbeee
EXCESSIVE FUEL CONSUMPLION. ... ettt sttt et bbb e se e et sae b e e e e b e
Black or Gray EXNAUSE SMOKE........cceivrieriresicecteeeeeste et e e ss e te st sseeneesee e saesseeneensenns
Blue or White EXNEUSE SMOKE .......coveiiiiieirereise st
o g TcN S 0
Engine Makes ABNOIMal NOISE......c.oiuiiiiiiiiieeeee et e ettt esa et snesrenne et e
Engine Makes aHissing of Vapor Leaking NOISE.........c.ccuriririnieriei ettt
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TABLE 3-2. UNIT TROUBLESHOOTING

(Sheet 1 of 11)

ENGINE FAILSTO CRANK

Engine failsto crank.

v

Perform end item troubleshooting

procedures (refer to TM

9-6115-672-14 or other applicable TM).

v

OK

3

Not oK | Testfor defective starter
solenoid
(refer tolparagraph 39.2).
Notify next higher

level of maintenance.

OK

Test for defective starting

motor

(refer tolparagraph 3.9.2).

Not OK

-

Notify next higher level
of maintenance.

Replace starting motor

(refer to[paragrapf]

[39.2).
STARTER OPERATESBUT ENGINE
DOESNOT TURN OVER.
Starter operates but engine
does not turn over.
Verify that engine is not Not OK ) Notify next higher

OK

seized.

lOK

level of maintenance.

Remove starter (refer toI

13.9.2) and check for worn or
broken starter pinion gear.

Not OK

Notify next higher
level of maintenance.

34

Repair or replace starter

(refer tolparagraph 39.2).




TABL
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MARINE CORPS TM 09244A/09245A-24

E 3-2. UNIT TROUBLESHOOTING
(Sheet 2 of 11)

ENGINE CRANKSBUT FAILSTO START

Engine cranks but failsto start.

v

Perform end item troubleshooting
procedures (refer to TM
9-6115-672-14 or other applicable TM).

v

OK Check for clogged or defective fuel]  Not OK

l filter (refer to[paragraph 3.12.2).
Bleed fuel lines (refer.t OK Replace fuel filter (refer
3.12.7). Check for evidence of air to[paragraph 3.12.2).

bubbles or fuel line blockage.
lN ot OK
\ 4
Unblock or rep| ace fuel Check for defective fuel Not OK

line(s) (refer to
[paragraph 3.12.4).
Bleed fuel lines (refer
toparagraph 3.12.1).

transfer supply pump
(refer to|paragraph 3.12.3).

OK
Notify next higher Replace fuel supply pump
level of
- (refer to|paragraph 3.12.3).
maintenance.
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TABLE 3-2. UNIT TROUBLESHOOTING

(Sheet 3 of 11)

ENGINE MISFIRESOR RUNSERRATICALLY OR
STALLSFREQUENTLY

Engine misfires or runs erratically
of stalls frequently.

v

Perform end item troubleshooting

other applicable TM).

procedures (refer to TM 9-6115-672-14 or

v

OK Test fuel transfer supply pump

Not OK

| (refer tolparagraph 3.12.3).

Not OK

Check for low coolant

temperature (refer to TM OK

9-6115-672-14 or other
applicable TM).

v

Replace fuel transfer supply
pump
(refer tofparagraph 3.12.3).

Replace defective
thermostat (refer to

Bleed fuel lines (refer to

Not OK paragraph 3.12.1). Check for
evidence of air bubbles or fuel

line obstruction.

OK

Unblock or replace fuel ling(s)
(refer to[paragraph 3.12.4). Bleed
fuel lines (refer to[paragraph

[3.12.1).

3-6
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TABLE 3-2. UNIT TROUBLESHOOTING

ENGINE DOESNOT DEVELOP FULL POWER

(Sheet 4 of 11)

Engine does not
develop full power.

v

Perform end item troubleshooting
procedures (refer to TM 9-6115-672-14 or

other applicable TM).

Not OK

y

Replace air filter elements
(refer to TM 9-6115-672-14

or other applicable TM).

Check for restricted air

filter (refer to TM OK

9-6115-672-14 or other
applicable TM).

Check for restricted
fuel filter (refer to

Ear@r@h 3.12.2).

OK

Bleed fuel lines (refer to

Not OK | [paragraph 3.12.1). Check for | OK

evidence of air bubbles or fuel

line obstruction.

Unblock or replace fuel

line(s) (refer to[paragraph
[3.12.4). Bleed fuel lines

(refer tofparagraph 3.12.1).

Not OK

Replace fuel filter

(refer tolparacrapt]
3.12.2).

Notify next higher
level of maintenance.
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TABLE 3-2. UNIT TROUBLESHOOTING

(Sheet 5 of 11)

ENGINE OVERHEATING

Engine overheating.

v

Perform end item troubleshooting
procedures (refer to TM 9-6115-672-14 or
other applicable TM).

:

Not OK Check coolant level (refer OK
to TM 9-6115-672-14 or
¢ other applicable TM).
L ocate source of coolant leak and .
repair or replace (refer to TM OK Check for defective Not OK
9-6115-672-14). Add coolant (refer thermostat (refer to
to TM 9-6115-672-14 or other paragraph 3.8.2).
applicable TM).
OK | Check for defective|  Not OK Replace thermostat
water pump (refer (refer to[paragraph]
to[paragraph 3.8.3). [382).
Notify next higher Replace defective
level of water pump (refer
maintenance. to[paragraph 3.8.3).

3-8




Not OK

ARMY TM 9-2815-260-24
AIR FORCE TO 38G1-126-2
MARINE CORPS TM 09244A/09245A-24

TABLE 3-2. UNIT TROUBLESHOOTING
(Sheet 6 of 11)

EXCESSIVE OIL CONSUMPTION

Excessive oil consumption.

v

Perform end item troubleshooting
procedures (refer to TM 9-6115-672-14 or
other applicabe TM).

y

OK | Visualy inspect for Not OK
externa oil leaks.

v A 4

Measure engine blowby | OK Notify next higher level

(refer to[Paragraph 3.7.2). l of maintenance.

Notify next higher level Not OK
of maintenance.

Test for low engine OK
compression

(refer tolparagraph 3.7.1).

Notify next higher level Notify next higher level
of maintenance. of maintenance.
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3-10

TABLE 3-2.

UNIT TROUBLESHOOTING
(Sheet 7 of 11)

LOW OIL PRESSURE

Low oil pressure.

v

t

(refer to TM 9-6115-672-14 or

Perform end item
roubleshooting procedures

other applicable TM).

v

Not OK

Check for proper lube ail
type (refer to TM
9-6115-672-14 or other
applicable TM).

OK

Drain oil and replace ail filter

(vefer to paragraph 3.11.2).

Refill with proper lube oil type

(refer to TM 9-6115-672-14 0
other applicable TM).

Not OK

r

Check for engine
overheating (refer to TM] OK
9-6115-672-14 or other

applicable TM).

Refer to troubleshooting
section labeled "ENGINE
OVERHEATING".

Notify next higher
level of
maintenance.
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TABLE 3-2. UNIT TROUBLESHOOTING

(Sheet 8 of 11)

EXCESSIVE FUEL CONSUMPTION

Excessive fuel consumption.

v

Perform end item troubleshooting
procedures (refer to TM 9-6115-672-14 or

other applicable TM).

y

Not OK

OK Check for leaksin fuel
system (refer to[paragraphl
[3.12.4).
Notify next higher
level of
maintenance.

Repair fuel system as
required.
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TABLE 3-2. UNIT TROUBLESHOOTING

(Sheet 9 of 11)

BLACK OR GRAY EXHAUST SMOKE

Black or gray
exhaust smoke.

v

Perform end item troubleshooting
procedures (refer to TM 9-6115-672-14
or other applicable TM).

Not OK

Replace air filter elements
(refer to TM 9-6115-672-14 or
other applicable TM).

v

Check for restricted air filter
(refer to TM 9-6115-672-14
or other applicable TM).

OK

OK Check for defective fuel Not OK
injection pump (refer to
[paragraph 3.12.5].
Notify next higher Notify next higher

level of maintenance.

level of maintenance.

BLUE ORWHITE EXHAUST SMOKE

I Blue or white exhaust smoke. I

v

Perform end item troubleshooting
procedures (refer to TM 9-6115-672-14 or

othe applicable TM).

v

Not OK

Check for restricted air filter (refer to
TM 9-6115-672-14 or other

applicable TM).

OK

Replace air filter elements
(refer to TM 9-6115-672-14
or other applicable TM).

3-12
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TABLE 3-2. UNIT TROUBLESHOOTING
(Sheet 10 of 11)

ENGINE KNOCKS

I Engine knocks.

v

Perform end item troubleshooting
procedures (refer to TM 9-6115-672-14 or
other applicable TM).

v

OK

Check for dirty, defective, or
leaking fuel injection nozzles

(refertolperacraph 3126},

Not OK

Notify next higher level

of maintenance.

Notify next higher level
of maintenance.

ABNORMAL ENGINE NOISE

I Abnormal engine noise. I

Perform end item troubl eshooting
procedures (refer to TM 9-6115-672-14 or
other applicable TM).

Not OK

=

v

Check for worn or damaged
water pump bearing

(refer tolparagraph 3.8.3).

OK

Replace water pump
(refer to[paragraph]

.

OK

Check for damaged battery
charging alternator
(refer tolparagraph 3.9.T).

Not OK

Notify next higher level
of maintenance.

Repair or replace
battery charging

aternator (refer to

[paracraph 39.0)
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TABLE 3-2. UNIT TROUBLESHOOTING

(Sheet 11 of 11)

ENGINE MAKESA HISSING OR
VAPOR LEAKING NOISE

Engine makes a hissing or vapor leaking noise.

Not OK

Check for loose or damaged
exhaust manifold

(refer tolparagraph 3.10.2).

OK

Notify next higher
level of maintenance.

OK

Not OK

Check for evidence of gas
leakage around cylinder

head gaske.

Notify next higher level
of maintenance.

3-14
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Section V. MAINTENANCE PROCEDURES
3.7. GENERAL.
This section provides general maintenance not found in other sections of| Chapter 3|

WARNING

Wher e applicable, prior to performing engine maintenance, ensure

batteries are disconnected to prevent seriousinjury or death.
WARNING

Servicetoolsare designed to aid disassembly and assembly procedures.

Servicetools must be used to prevent possible damage to components. Some

operations can cause personal injury if carried out without use of relevant

tools.

NOTE

Refer to TM 9-6115-672-14 for removal of any components necessary to
gain accessto engine.

a.  All boltsor nuts securing cylinder heads, covers, and doors must be tightened in proper sequence.

b. When assembling an engine, always replace nuts, bolts, and lockwashers that have been removed from high
stress locations such as from connecting rods and cylinder heads.

¢.  When assembling an engine always apply a small quantity of new engine lubricating oil (MIL-L-2104) to
all moving parts.

d. After any maintenance work on engine has been completed lubricating oil and fuel levels must be checked
and all safety guards installed before operating.

e.  When anew fan drive belt has been installed, check belt tension after first 20 hours of operation.

f.  Wear protective overalls, and keep items of loose clothing clear of all hot and moving parts. Use protective
barrier cream when necessary.

0. Clean components and surrounding area before removing or disassembling. All dirt and debris must be
excluded from fuel injection equipment while it is being serviced.

h. Some parts are cemented with gasket compound. Before assembly, remove all traces of old gasket and
compound. All gaskets and gasket compound must be excluded from tapped holes unless otherwise
specified.

i. All oil sealsremoved from their original position must be replaced. Seals must be installed square in
housing and all lip seals must be installed with lip facing lubricant to be retained. Use service tool to install
oil seals. Care must be taken to prevent damaging new seal when it passes over shafts.

j.  Replaceall nuts, bolts, capscrews, and studs with damaged threads. Do not use tap or die to repair
damaged threads which may impair the strength and/or closeness of the threads.
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3.7.1.

3.7.2.

3-16

Do not allow grease or oil to enter a blind threaded hole. Hydraulic action present when bolt or stud is
tightened could split or stress housing.

Bolts or nuts must be loosened one quarter turn and then tightened to specified value to check or re-torque.

Steel 1SO metric bolt and nuts can be identified by the letter M either on head or on one hexagon flat. The
strength grade will also be marked on top or on one flat.

Nuts with identification marks on face will reduce frictional area of surface. Nuts with identification marks
on one face must be installed with unmarked face towards component.

Cover or cap all openingsto prevent entry of foreign material when removing or disconnecting fuel lines,
[ubrication lines, or coolant hoses. Remove covers and caps upon installation.

TEST ENGINE COMPRESSION PRESSURE.

NOTE

Before beginning test, ensurethat batteries are fully charged and injection
nozzle areaisthoroughly cleaned.

Run engine to bring up to normal operating temperature. (From a cold start, operate engine 10 to 15
minutes then shut off engine).

Shut off fuel supply and remove fuel injection nozzles, refer td paragraph 4.6.2]

Install adapter (JT01679) with O-ring in injection nozzle bore. Use holding clamp (JT02017) to hold
adapter in position. Install hold down screw in clamp and tighten screw to 27 Ib-ft (37 Nm). Attach test
gage (JT01682) to adapter. Refer to Appendix B, Section I11.

Refer to TM 9-6115-672-14, and using DEAD CRANK switch, (or other applicable device), turn
crankshaft for 10 to 15 seconds with starter (150 rpm minimum cranking speed). Record pressure reading.

Compare readings from all cylinders.

Compression pressure must be 350 psi (2400 kPa) minimum. The difference between the highest and
lowest cylinder must be less than 50 psi (340 kPa).

If pressure is much lower than shown, remove gage and apply oil to ring area of piston through injection
nozzle bore. Do not use too much oil. Do not get oil on the valves.

Test compression again. If pressureisstill low, it is possible that valves are worn or sticking, or o-rings are
worn or stuck.

MEASURE ENGINE BLOW-BY.

Place a hose with a standard gas gage in end of crankcase vent tube.

Run engine at rated speed and load (engine at operating temperature and run-in, with at least 100 operating
hours).
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Measure blow-by over a period of 5 minutes. Multiply figure obtained by 12 (hourly rate). Maximum
allowable blow-by is 600 cu ft/h (17 m3/h).

If blow-by islower, there probably is no undue wear between piston rings and liners. If blow-by is higher,
there could be excessive wear between piston rings and liners, resulting in loss of engine power.

INTAKE MANIFOLD PRESSURE CHECK.

Remove plug (6, Figure 317) from intake manifold and connect suitable gage to intake manifold.

Run engine to bring up to normal operating temperature. (From a cold start, operate engine 10 to 15
minutes).

NOTES

Engine speed and load should be stabilized befor e taking readings on gage.
Be surethat gage works properly.

Pressure checks are only a guideto determineif thereisan engine problem
(valve leakage, defective nozzles, etc.). Low readingsarenot a valid reason
for increasing injection pump fuel delivery. Pump adjustment should be
within specification.

Observe pressure reading on gage. Reading should be at least 9 psi (60 kPa)/0.6 bar) when engineis
developing rated power at full load rated speed. Shut down engine.

If boost pressure is too high, remove and test fuel injection pump for high fuel delivery.
If boost pressureistoo low, check for the following:
(1) Redtricted air filter elements. Refer to TM 9-6115-672-14.
(2) Restricted fuel filter elements. Refer to TM 9-6115-672-14.
(3) Incorrect injection pump timing. Refer t¢ paragraph 5.3.11

(4) Exhaust manifold leaks. Refer td paragraph 3.10.2]

(5) Intake manifold leaks. Refer td paragraph 3.10.1]

(6) Faulty fuel transfer pump. Refer tq paragraph 3.12.3|
(7) Low compression pressure. Refer td paragraph 3.7.1]

(8) Faulty fuel injection nozzles. Notify next higher level of maintenance, refer td paragraph 4.6.2|

(9) Carbon build-up in turbocharger. Notify next higher level of maintenance, refer td paragraph

(10) Turbocharger compressor or turbine wheel rubbing housing. Notify next higher level of

maintenance, refer to[paragraph 4.4.11
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(11) Low fuel injection pump fuel delivery. Notify general support maintenance, refer to paragraph
5.4.12.

(12) Restricted exhaust. Refer to TM 9-6115-672-14.

f.  Remove test gage and install plug (6, Figure 3-7) in intake manifold.

3.8. COOLING SYSTEM MAINTENANCE.

38.1. GENERAL.

This section provides maintenance for cooling system components. Components of cooling system not
mentioned in this section can be found in the TM 9-6115-672-14.

WARNING
Engine coolant isvery hot and under pressure after engine has been
operating. Allow engineto cool beforeyou slowly loosen filler cap and
relieve pressure from cooling system. Failureto comply could result in
severe personal injury.

38.2. THERMOSTAT AND WATER MANIFOLD/THERMOSTAT COVER.

a. Removal.
WARNING

Engine coolant isvery hot and under pressure after engine has been
operating. Allow engineto cool beforeyou slowly loosen filler cap and
relieve pressure from cooling system. Failureto comply could result in
severe personal injury.

(1) Drain coolant system if not already drained, refer to TM 9-6115-672-14.

NOTE
Remove fan guardsif needed.

(2) Disconnect coolant outlet hose from water manifold/thermostat housing (8, Figure 3-1), refer to
T™M 9-6115-672-14.

3 Remove capscrew (1, [Figure 3-1)| and move clamp (3) clear of cylinder head and alternator
bracket.

(@] Disconnect water pump tube (4) and remove seal (5). Seal can be accessed by removing water
temperature sender (refer to TM 9-6115-672-14). Discard seal.

(5) Remove capscrews (6 and 7), from water manifol d/thermostat housing (8), thermostat (9), and
gasket (10). Discard gasket.

(6) Disconnect plug (11).

(7) Cover al openingsto prevent entry of foreign material.
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(1) Remove thermostat[(9. Figure 3-1), refer to step a.

(2 Inspect thermostat (9) for excessive wear or damage.

©)] Remove plug (11) and O-ring seal (12).

4 Inspect water manifold / thermostat cover (8) for cracks, corrosion, or other damage.

5) Inspect water temperature sender (15) if installed.

.<—— TO WATER PUMP

11

LEGEND

OO ANU AW -

CAPSCREW

CAPSCREW

CLAMP (2)

WATER PUMP TUBE

SEAL

CAPSCREW

CAPSCREW

WATER MANIFOLD/THERMOSTAT HOUSING
THERMOSTAT

GASKET

PLUG

O-RING SEAL

BUSHING

PIPE PLUG (3)

TEMPERATURE SENDING UNIT

FIGURE 3-1. THERMOSTAT AND WATER MANIFOLD/THERMOSTAT COVER.
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C.

d.

3-20

Replacement.
NOTE
Replace thermostat if suspected of being defective.
(1) Remove thermostat and water manifold/thermostat cover, refer to step a

)

3

(4)

Inspect thermostat and water manifold/thermostat cover, refer to step b. Replace parts found
defective.

Position new O-ring seal (12| Figure 3-1)) on water manifold / thermostat cover and install plug
(11).

Install thermostat (9), refer to step d.

Installation.

1)
2
3
(4)

(5)
(6)

(")

(8)
()
(10)

(11)

Remove all covering installed during step a (6).
Ensure all old gasket material is removed from gasket surfaces.

Lubricate seal (5) with multi-purpose grease. Install seal.

Install guide studs (1,[Figure 3-2)]if needed, in place of capscrews (6 and 7, Figure 3-1) and
position gasket (10 Figure 3-1)) on cylinder head.

Connect water temperature sending unit (15).
Position thermostat (9, Figure 3-1)) and water manifold / thermostat cover (8) on cylinder head
using a screwdriver (2[Figure 3-2) to hold thermostat in place, refer to

NOTE

Remove one guide stud, if used, and install one capscrew before removing
second guide stud.

Remove guide studs, if used, and install capscrews (6 and 7] Figure 3-1). Torque capscrews
evenly to 52 Ib-ft (70 Nm).

Install water pump tube (4).
Position clamps (3) on cylinder head and alternator bracket and install capscrews (1 and 2).
Connect coolant outlet hose, refer to TM 9-6115-672-14.
NOTE
Air must be expelled from system when refilled with coolant. L oosen plug
in thermostat housing to allow air to escape when filling system. Retighten

plug when all air has been expelled.

Service coolant system, refer to TM 9-6115-672-14.
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LEGEND

1 STUD (2)
2 SCREWDRIVER

FIGURE 3-2. THERMOSTAT INSTALLATION.

3.8.3. WATER PUMP.

a Removal.

1)
@)
3)
(4)
()

(6)
(7)
(8)
9)

(10)

(11)

WARNING
Engine coolant isvery hot and under pressure after engine has been
operating. Allow engine to cool before you slowly loosen filler cap and
relieve pressure from cooling system. Failureto comply could result in
severe personal injury.
Drain coolant system if not already drained. Refer to TM 9-6115-672-14.
Remove fan shroud, fan, and fan belt, refer to TM 9-6115-672-14.
Disconnect lower inlet coolant hose from inlet elbow (3, Figure 38), refer to TM 9-6115-672-14.
Remove capscrews (1 and 2), inlet elbow (3), and O-ring seal (4). Discard O-ring seal.

Remove capscrews (1 arld 2, Figure[3-1) and move clamps (3) clear of cylinder head and
alternator bracket.

Disconnect water pump tubel(4, Figure 3-1) from water pump (8_Figure 3-3).
Remove and discard seal (5, Figure 3-3).
Remove capscrews (10) and pulley (11).

Remove short capscrews (6), long capscrews (7), water pump (8), and gasket (9). Discard gasket.

Remove plug (12) and O-ring seal (13). Discard O-ring seal.

Cover al openingsto prevent entry of foreign material.
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LEGEND
1 CAPSCREW (2) 8 WATER PUMP
2 CAPSCREW 9 GASKET
3 INLET ELBOW 10 CAPSCREW (2)
4 O-RING SEAL 1 PULLEY
5 SEAL 12 PLUG
6 CAPSCREW (5) 13 O-RING SEAL
7 CAPSCREW (3)

FIGURE 3-3. WATER PUMP ASSEMBLY.

b. Inspection.
(1) Remove water pumpl(8. Figure 3-3), refer to step a.
(2 Inspect water pump (8) rotation for abnormal noise, binding, or other abnormal conditions.
©)] Inspect water pump (8) housing for cracks, corrosion, or any other damage.
c. Replacement.
(1) Remove water pumpl(8. Figure 3-3), refer to step a.

2 Inspect water pump (8), refer to step b. Replace water pump if inspection reveals cracks,
corrosion, or any other damage. For installation of water pump (8), refer to step d.

d. Indtallation.
Q) Remove al covering installed during step a (11).
(2 Ensure all old gasket material is removed from gasket surfaces.
(3) Position new O-ring seal ([L3, Figure 3-3) on water pump (8). Install plug.

(4) L ubricate new seal (5) with multi-purpose grease. Install seal and water pump tube [4, Figure 3-
1).
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(6)
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(8)
(9)
(10)

(11)
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Position new gasket (9) and water pump (8) on timing gear cover. Install short capscrews (6), and
long capscrews (7), and torque evenly to 12 Ib-ft (16 Nm).

Position pulley (11) on water pump (8). Install capscrews (10) and torque evenly to 12 Ib-ft (16
Nm).

Position new O-ring seal[ (4, Figure 3-3) and inlet elbow (3) on water pump (8). Install capscrews
(1 and 2) and torque evenly to 26 Ib-ft (35 Nm).

Install capscrews (1 anfl 2, figure 3-1) clamps (3), water pump tube (4) and new seal (5).
Connect coolant inlet hose, refer to TM 9-6115-672-14.
Install fan shroud, fan, and fan belt, refer to TM 9-6115-672-14.
NOTE
Air must be expelled from system when refilled with coolant. Loosen plug
in thermostat housing to allow air to escape when filling system. Retighten

plug when all air has been expelled.

Service coolant system, refer to TM 9-6115-672-14.

3.9. ELECTRICAL SYSTEM MAINTENANCE.

3.9.1. BATTERY CHARGING ALTERNATOR.

a Test, Battery charging aternator (installed).

oy

@)

b. Removal.

1)
2
3
(4)

Check for battery voltage at alternator, between terminals B+ (¥,_Figure 3-4) and ground (8). Note
voltage. Voltage should be between 0 and 24 VVDC. Minimum required voltage for start up is 18
VDC.

Start and operate generator. Refer to TM 9-6115-672-14. Recheck voltage on alternator terminal
B+ and ground (8) for 28 +/- 2 VDC.

Tag and disconnect electrical leads from battery charging alternator.
Remove fan belt, refer to TM 9-6115-672-14.
Remove capscrew (1, Figure 3-4) and washer (2).

Support weight of battery charging alternator and remove capscrew (3), washer (4), nut (5) and
alternator (6). Remove aternator (6).
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LEGEND 8
1 CAPSCREW
2 WASHER
3 CAPSCREW
4 WASHER
5 NUT
6 ALTERNATOR
7 B+
8 GROUND
FIGURE 3-4. BATTERY CHARGING ALTERNATOR MOUNTING.
c. Inspection.
(@D} Inspect rear housing for cracked or broken casting, stripped threads and severe wear of the bearing
bore.
(2 Inspect fan for cracked or broken fins and for worn mounting hole.
3 Inspect front housing for cracked or broken casting, stripped threads and bore of mounting foot for
elongation.
4 Inspect other components for damage such as broken terminals or insulation, discoloration,
stripped threads and other obvious damage.
d. Replacement.
Q) Test battery charging alternator 4), refer td paragraph 3.9.1la.
) Remove battery charging alternator (6) from engine, refer t¢ paragraph 3.9.1}b.
©) Inspect battery charging alternator (6), refer t¢ paragraph 3.9.1c. Replace if inspection reveals
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(4)

defective. For installation of battery charging alternator, refer to paragraph 3.9.1%.

Send removed alternator to next higher maintenance level for repair.
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e. Installation.

(1) Position battery charging alternator 4) on mounting bracket and install capscrew (3),
washer (4) and nut (5).

2 Install washer (2) and capscrew (1).

(©)] Connect electrical leads to battery charging alternator (6) astagged during removal. Refer to
[baragraph 3.9.1]a

(@] Install fan belts on battery charging alternator (6), refer to TM 9-6115-672-14.
3.9.2. STARTER.

a Test (Installed on Generator).

Q) Make sure batteries are fully charged and that all battery and starter cables are serviceable and
properly installed.

2 Set multimeter for DC volts and connect as shown [n Figure 3-5, Test A. If voltage isindicated
solenoid is defective.

(3) Momentarily connect a jumper as shownl[in Figure 315, Test B. Multimeter should indicate battery
voltage and starter should crank the engine. If multimeter does not read battery voltage, the
solenoid is defective and must be replaced. If multimeter indicates battery voltage, but starter
does not operate, starter is defective and must be replaced.

JEST A JEST B
+ +
@ S B @ S B
- - 18 GA
JUMPER
MULTIMETER MULTIMETER
WITH M WITH M
STANDARD STANDARD
e : . © LEADS _/\_ . ©
LEADS o o
— O - o)
BATTERIES BATTERIES
LEGEND
S. SOLENOID
B. BATTERY
M. MOTOR

FIGURE 3-5. STARTER SOLENOID TEST CIRCUIT.
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C.

b. Removal.
(D
@
©)

(4)

oy
2

Ensure generator set negative battery terminal connection is disconnected from battery.
Tag and disconnect electrical leads from starter.

Support weight of starter and remove two screws (1 , lockwashers (2) and washers (3)
securing starter to flywheel housing. Remove starter.

Cover opening in flywheel housing.

I nspection.

Inspect housing for cracked or broken casting and stripped threads or missing insulation.

Inspect pinion (19, Figure 3-6) for chipped or worn teeth.

d. Replacement.

e.
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oy
(2)
3)

(4)

1)
)

3
(4)

Test starter installed on generator, refer tb paragraph 3.9.2]a.

Remove starter, refer {o paragraph 3.9.2|b.

Inspect starter, refef to paragraph 3.912.c. Replace starter if solenoid or starter is found defective
during test in step a. Starter must also be replaced if inspection reveals faulty components. For
installation of starter, refer to e.

Send removed starter to next higher maintenance level for repair.

Installation.

Remove cover in opening of flywheel housing.

Place gasket (4] Figure 3-6), and starter on flywheel housing and secure with two screws (1), new
lockwashers (2) and washers (3). Tighten screwsto 30 - 35 |b-ft (41 - 47 Nm).

Connect electrical leads to starter as tagged during removal.

Reconnect negative battery terminal.



LEGEND
1 SCREW 14, ARMATURE
2 LOCKWASHER 15 SCREW
3  WASHER 16 HOUSING
4  GASKET 17 OVERRUNNING CLUTCH
5 NUT 18 STEEL BALL
6 YOKE ASSY LEAD WIRE 19 STARTER PINION
7 THROUGH BOLTS 20 RETAINER '
8 LOCKWASHER 21 ROLLER (5
9 WASHER 22 WASHER
10 PACKING 23 SPRING
11 SCREW 24 MAGNETIC SWITCH ASSY
12 END FRAME - 25 SCREW

BRUSH HOLDER ASSY 26 NUT

FIGURE 3-6. STARTER ASSEMBLY
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27
28
29
30

32
33
34
35
36
37
38
39

NUT

WASHER
WASHER
WASHER
WASHER
LOCK WASHER
LOCK WASHER
BEARING
BEARING
WASHER
RUBBER PLUG
RUBBER PLUG
YOKE ASSY
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3.10. INTAKE AND EXHAUST SYSTEM MAINTENANCE.

WARNING

Exhaust system isvery hot after operating engine. After operating engine,
allow exhaust system to cool beforeremoval. Failureto comply could result
in personal injury.

3.10.1. INTAKE MANIFOLD.

3-28

a. Inspection.

Inspect intake manifold (4, for serviceability. Notify next higher maintenance level if cracked
or otherwise damaged.

LEGEND

1 HOSE CLAMP (2)

2 HOSE

3 CAP SCREW (2)

4 INTAKE MANIFOLD
5 GASKET

6 ETHER INJECTION NOZZLE
7 ETHER LINE TUBE

5

==

FIGURE 3-7. INTAKE MANIFOLD.
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3.10.2. EXHAUST MANIFOLD.

a. Inspection.

Inspect exhaust manifold (2,|Figure 3-8) for serviceability. Notify next higher maintenance level if cracked
or otherwise damaged.

LEGEND
1. CAPSCREW (12)
2. EXHAUST MANIFOLD
3. GASKET (6)

FIGURE 3-8. EXHAUST MANIFOLD.

3.11. LUBRICATION SYSTEM MAINTENANCE.

3.11.1. GENERAL.

This section provides maintenance for lubrication system components.

3.11.2. OIL FILTER ASSEMBLY.

a Removal.

D
(2)
3
(4)

()
(6)
(7)
(8)

Drain engine lubrication system, refer to TM 9-6115-672-14.
Remove oil filter (L, Figure 3-9).
Disconnect turbocharger oil inlet line from fitting (2). Remove fitting.

Remove capscrews (3, 4, 5, and 6). Gently remove oail filter head (7) and ail filter adapter (8)
together at the same time. Remove and discard gasket (9).

Disconnect oil filter head (7) from tubes (10 and 11).
Remove tubes (10 and 11) and O-ring seals (12). Discard O-ring seals.
Remove plugs (13).

Cover al openingsto prevent entry of foreign material.

b. Inspection.

oy
2

Remove oil filter assembly, refer to step a.

Inspect oil filter head (7. Figure B-9), oil filter adapter (8), and tubes (10 and 11) for cracks or
other damage.
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c. Replacement.

(D) Remove oil filter assembly, refer to step a.

2) Inspect oil filter assembly, refer to step b. Replace il filter head (7, Figure 3-P), oil filter adapter
(8), or tubes (10 and 11) if inspection reveals cracks, corrosion, or any other damage. For
installation of oil filter assembly, refer to step d.

3 For servicing of engine lubrication system, refer to TM 9-6115-672-14.

d. Instalation.

QD Remove all covering installed during step a (8).

2 Ensure all old gasket material is removed from gasket surfaces.

(3 Install plugs (18, Figure 3-9).

LEGEND

1 OILFITTING 8 OILFILTER ADAPTER
2 FITTING 9 GASKET

3 CAPSCREW (2) 10 TUBE

4 CAPSCREW (3) 11 TUBE

5 CAPSCREW (2) 12 O-RING SEAL (4)

6 CAPSCREW 13 PLUG

7 OILFILTER HEAD

FIGURE 3-9. OIL FILTER ASSEMBLY.

3-30



4
®)
(6)

(7)
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Position O-ring seals (12) and tubes (10 and 11) on ail filter adapter (8).

Position o-ring seals (12) and oil filter head (7) on tubes (10 and 11).

Position gasket (9), oil filter head (7) and oil filter adapter (8) together into proper position on
cylinder block and oil cooler housing. Install capscrews (3, 4, 5, and 6) and torque to 26 Ib-ft
(35.9 Nm).

Install fitting (2). Connect turbocharger oil inlet line.

Install ail filter (1).

Service engine lubrication system, refer to TM 9-6115-672-14.

3.11.3. OIL COOLER.

a Removal.

D
)
©)
(4)

()
(6)
(7)
(8)

WARNING

Engine coolant isvery hot and under pressure after engine has been
operating. Allow engine to cool before you slowly loosen filler cap and
relieve pressure from cooling system. Failureto comply could result in
severe personal injury.

Allow engine to cool and drain coolant system, refer to TM 9-6115-672-14.

Remove oil filter assembly, refer fto paragraph 3.11.2, step a.
Remove drain plug[(1, Figure 3-10) and plug (2).

Remove capscrews (3 and 4), adapter (5), gasket (6) and O-ring seal (7). Discard gasket and O-
ring seal.

Remove oil cooler housing (8) and gasket (9). Discard gasket.
Remove capscrews (10) and oil cooler (11).
Remove O-ring seals (12) and discard.

Cover al openingsto prevent entry of foreign material.

b. Inspection.

D
@)

3

Remove oil cooler (11, Figure 3-10), refer to step a.

Inspect oil cooler (11) for physical damage, plugging, or leakage which may allow mixing of oil
and coolant.

Back flush oil cooler (11) to clean all debris from core.
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4 Pressure test oil cooler (11) in liquid with compressed air if mixing of oil and coolant is suspected.
Qil cooler should show no leakage when 20-25 psi (140-170 kPa) of air pressure is applied for a
minimum of 30 seconds. If leakage exists, oil cooler must be replaced.

(5) Inspect oil cooler housing (8) and adapter (5) for physical damage, plugging, or leakage. Replace
parts as needed.

LEGEND
1. DRAINPLUG 7. O-RING SEAL
2. PLUG 8. OIL COOLER HOUSING F—,
3. CAPSCREW (2) 9. GASKET
4. CAPSCREW (3) 10, CAPSCREW (6)
S. ADAPTER 11. OIL COOLER
6. GASKET 12. O-RING SEAL (2)
FIGURE 3-10. OIL COOLER ASSEMBLY.

c. Replacement.

Q) Remove oil cooler (11, Figure 3-10), refer to step a.

2 Inspect oil cooler assembly, refer to step b. Replace components if physically damaged or leaks

are detected during inspection.
3 Install oil cooler (11), refer to step d.
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d. Installation.
D Remove all covering installed during step a (8).
(2 Ensure all old gasket material is removed from gasket surfaces.
©)] Install plug (2) and drain plug (1) and torque evenly to 26 Ib-ft (35 Nm).
(4) Position O-ring seals [12, Figure 3}10) on oil cooler (11) and lubricate with clean engine oil.
5) Apply Thread Lock and Sealer (LOCTITE 242) to capscrews (10).
(6) Position oil cooler (11) in oil cooler housing (8). Install capscrews (10) and torque evenly to 9 Ib-
ft (12 Nm).
(7 Position O-ring seal (7) in adapter (5).
(8 Position gasket (9), oil cooler housing (8), gasket (6) and adapter (5) on engine block. Install
capscrews (3 and 4) and torque evenly to 26 |b-ft (35 Nm).
9 Install oil filter assembly, refer {o paragraph 3.11.2, step c.
3.114. OIL FILL TUBE.
a Removal.
(1) Remove oil fill cap (1, Fiqure 3-11), capscrews (2), oil fill tube (3) and gasket (4). Discard gasket.
2 Cover al openingsto prevent entry of foreign material.

LEGEND

OIL FILL CAP
CAPSCREW (2)
OIL FILL TUBE
GASKET
WASHER

VS WN -

FIGURE 3-11. OIL FILL TUBE ASSEMBLY.
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b.

3.11.5.

3-34

[ nspection.
Inspect ail fill tube (3,[Figure 3-11l) and oil fill cap (1) for cracks or other damage.
Replacement.

(@D} Remove oil fill tube, refer to step a.

2 Inspect oil fill tube (3, Figure 3111) and cap (1), refer to step b. Replace ail fill tube or oil fill cap
if found defective. For installation, refer to step d.

I nstallation.

QD Remove all covering installed during step a (2).

2 Ensure all old gasket material is removed from gasket surfaces.

(©)] Apply Thread Lock and Sealer (LOCTITE 242) to threads of capscrews (2).

4 Position gasket (4) and ail fill tube (3) on engine block. Install capscrews (2) and torque evenly to
26 1b-ft (35 Nm).

(5) Install oil fill cap (1)

OIL DIPSTICK TUBE.

I nspection.

Visually inspect oil dipstick (1, Figure 3-12) and oil dipstick tube (2) for cracks, dents, or other damage.
Remove and replace if found defective.

—

|

LEGEND

1 DIPSTICK
2 DIPSTICK TUBE

\

2

a

FIGURE 3-12. OIL DIPSTICK TUBE ASSEMBLY.



b. Removal.

1)

2
3)
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Remove oil dipstick (iL._Figure 3-12).

NOTE
Note position of dipstick tube to ensure proper position during installation.
Remove dipstick tube (2).

Cover al openingsto prevent entry of foreign material.

c. Replacement.

oy
)

Inspect oil dipstick (1 Eigure 3-12) and oil dipstick tube (2), refer to step a.

Remove ail dipstick (1) and oil dipstick tube (2), refer to step b. Replace if damaged. For
installation, refer to step d.

d. Instalation.

N
@)
3
(4)

Remove al covering installed during step b (3).
Coat end of dipstick tube (2, Figure 3-12) with Retaining Compound (LOCTITE 680).

Install dipstick tube until dipstick tube shoulder bottoms against engine block.

Install dipstick.

<4~ DIPSTICK TUBE

FIGURE 3-13. OIL DIPSTICK TUBE INSTALLATION.
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3.11.6. OIL PAN.

a. Inspection.

(@D} Inspect oil pan (2| Figure 3-14) for cracks, dents, or other damage. Notify next higher
maintenance level if oil pan is cracked, dented, or damaged.

2 Inspect gasket (1) for signs of leakage. Notify next higher maintenance level if oil pan gasket
shows signs of |eakage.

3 Inspect plugs (5) and hole for damaged threads or signs of leakage. Notify next higher
maintenance level if oil plugs (5) or hole shows signs of |eakage.

LEGEND

GASKET
OIL PAN

SCREW (6)
SCREW (2)

PLUG (2)
O-RING GASKET
SCREW (28)

1SN N AN -

FIGURE 3-14. OIL PAN.

3.12. FUEL SYSTEM MAINTENANCE.

WARNING

Escaping diesel or JP fuel under pressure can have sufficient forceto
penetrate the skin, causing seriousinjury or death. Befor e disconnecting
fuel lines, be sureto relieve pressure. Before applying pressureto the
system, be sure all connections aretight and lines, pipes, and hoses are not
damaged. Keep handsand body away from pinholes and nozzles which
gject fuel under pressure. Use a piece of cardboard or wood, rather than
hands, to search for suspected leaks.
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WARNING

If diesel or JP fuel isinjected into skin, seek medical attention immediately.
Failureto comply can result in seriousinjury.

3.12.1. BLEEDING FUEL SYSTEM.

a General.

Any time fuel system has been opened up for service (lines disconnected or filter removed), it will be
necessary to bleed air from system. The fuel system can be bled at one of several locations.

NOTE

Thetop panel may haveto be removed to accessthe fuel lines.

b. Bleed at Fuel Filter.

(D
)

3

(4)

WARNING

Diesel and JP fuels are flammable and toxic to eyes, skin, and respiratory
tract. Skin and eye protection required. Avoid repeated/prolonged contact.
Provide adequate ventilation. Failureto comply could result in serious
injury or death.

NOTE
Catch fuel in suitable container.

Open air bleed vent screw (14{ Figure 3-15) two full turns.

Pump primer lever (6,@ on fuel supply pump until a noticeable amount of fuel and air
comes out of air bleed vent screw (14, [Figure 3-15) opening. Continue pumping primer lever and
close air bleed vent screw when fuel starts to flow out air bleed vent screw opening and is free of

air bubbles.

Pump primer lever (Em@] several times until resistance is felt. Continue pumping primer
lever and open air bleed vent screw (14, [Figure 3-15) again momentarily.

Close air bleed vent screw (14, Figure 3-15] and pump primer lever (6] Figure 3-16) several times

until resistance isfelt again. Push primer lever downward and release.
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c. Bleed at Fuel Injection Pump.

WARNING

Diesel and JP fuels are flammable and toxic to eyes, skin, and respiratory
tract. Skin and eye protection required. Avoid repeated/prolonged contact.
Provide adequate ventilation. Failureto comply could result in serious
injury or death.

CAUTION
Fudl linesare fragile and can become twisted and damaged during
maintenance. Always use onewrench to hold onefitting stationary while
the other fitting isloosened or tightened. Failureto comply can cause
damage to equipment.
NOTE

Catch fuel in suitable container.

(1) Loosen fuel return line (3, Figure 3-17) at fuel injection pump.
2 Pump primer lever (6] Figure 3-16) on fuel supply pump until fuel flow is free from air bubbles.
CAUTION
Fuedl linesare fragile and can become twisted and damaged during
maintenance. Always use one wrench to hold onefitting stationary while
the other fitting isloosened or tightened. Failureto comply can cause
damage to equipment.

(©)] Tighten fuel return lineto 12 Ib-ft (16 Nm).

d. Bleed at Fuel Injection Nozzles.

WARNING

Exhaust system isvery hot after operating engine. After operating engine,
allow exhaust system to cool beforeremoval. Failureto comply could result
in personal injury.

WARNING
Diesel and JP fuels are flammable and toxic to eyes, skin, and respiratory
tract. Skin and eye protection required. Avoid repeated/prolonged contact.

Provide adequate ventilation. Failureto comply could result in serious
injury or death.
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CAUTION

Fud linesarefragile and can become twisted and damaged during
maintenance. Always use one wrench to hold onefitting stationary while
the other fitting isloosened or tightened. Failureto comply can cause
damage to equipment.

LEGEND

1 RETAINING RING 8 CAPSCREW (2) 15 O-RING SEAL

2 FUELFILTER ELEMENT 9 FUELFILTER BASE 16 RETAINING CAP

3 DRAIN PLUG 10 PLUG 17 CAP

4 O-RING SEAL 11 PLUG 18 O-RING SEAL

5 SEALPLUG 12 O-RING SEAL (4) 19 PLUNGER

6 FUEL LINE 13 CONNECTOR (2) 20 PLUNGER

7 FUELLINE 14 AIR BLEED VENT HOUSING
SCREW 21 SEALING

WASHER (4)

FIGURE 3-15. FUEL FILTER ASSEMBLY.
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Q) Loosen connections at all of the fuel injection nozzles.
WARNING

Escaping diesel or JP fuel under pressure can have sufficient forceto
penetrate skin. Place a clear, protective shield around spray zone. Failure
to comply could result in seriousinjury or death.

CAUTION
Damageto fuel injection pump, battery, or starter motor can occur if
starter motor is used excessively to eliminate air from the fuel system.

Allow at least two minutesfor cooling and battery recovery before
oper ating again.

2 Using an assistant, operate starter motor (but do not start engine), refer to TM 9-6115-672-14, and
observe connections until fuel, free from air, comes from high-pressure connections.

CAUTION
Fudl linesare fragile and can become twisted and damaged during
maintenance. Always use onewrench to hold onefitting stationary while
the other fitting isloosened or tightened. Failureto comply can cause
damage to equipment.

3 Tighten connections to 20 Ib-ft (27 Nm).

WARNING
Diesel and JP fuels are flammable and toxic to eyes, skin, and respiratory
tract. Skin and eye protection required. Avoid repeated/prolonged contact.
Provide adequate ventilation. Failureto comply could result in serious
injury or death.

4 Thoroughly clean engine and surrounding area to remove spilled diesel fuel.

FIGURE 3-16. FUEL SUPPLY PUMP.
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LEGEND
1 PLUG 14 BRACKET 27 GEAR
2 COUPLING NUT 15 CLAMP 28  WASHER
3 TUBE 16 FLANGE NUT 29  RETAINING NUT
4 TUBE 17 CAPSCREW 30 FITTING
5 CLAMP 18 CLAMP 31  FUEL SUPPLY LINE
6 CAPSCREW 19 CLAMP 32 FLANGE SEAL RING
7 FUEL LINE 20 CLAMP 33 COUPLING NUT
8 FUEL LINE 21 O-RING 34 COUPLING NUT
9 FUEL LINE 22  FITTING 35 COUPLING NUT
10 FUEL LINE 23 FLANGE NUT 36 TEE FITTING
11  FUEL LINE 24 STUD 37  WASHER
12 FUELLINE 25 SHAFT KEY 38 LOCKWASHER
13 SCREW 26 INJECTIONPUMP 50 (HROTILEARM

FIGURE 3-17. FUEL INJECTION ASSEMBLY
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3.12.2. FUEL FILTER.

a Remove Fuel Filter Element.

D)

2

©)

b. Service

D

@)
3

CAUTION
Dirt in the fuel system can damage componentsor cause poor engine
performance. Alwaysthoroughly clean the area around connection before
disconnecting. Always cover all openings after disconnecting. Failureto
comply can cause damage to componentsor poor engine performance.
Thoroughly clean outside surface of the fuel filter and surrounding area.

WARNING
Diesdl and JP fuelsare flammable and toxic to eyes, skin, and respiratory
tract. Skin and eye protection required. Avoid repeated/prolonged contact.
Provide adequate ventilation. Failureto comply could result in serious
injury or death.

NOTE

Catch fuel in suitable container. Dispose of fuel in accordance with local
ordinances.

Loosen drain plug (3, Figure 3-15) and allow water and fuel to drain into suitable container.
NOTE
Lift up on retaining ring whilerotating to ease removal.

Firmly grasp retaining ring (1) and rotate retaining ring counterclockwise 1/4 turn. Remove
retaining ring and fuel filter element (2).

Remove drain plug (3[ Figure 3-15] and O-ring seal (4). Discard fuel filter element and O-ring
seal in a safe place in accordance with local regulations.

Inspect fuel filter base (9) for cleanliness. Clean as required.

Thoroughly inspect seal ring (5) for cracks and other damage. Replace as needed.

c. Installation

oy
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Position O-ring seal (4, Figure 3-15) on drain plug (3) and install drain plug (3) on new fuel filter
element (2).

NOTE

Fudl filter element must beindexed properly and key on fuel filter element
must be oriented in slot of fuel filter base for correct installation.



@)

3)

(4)
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Position new fuel filter element (2) on fuel filter base (9) using aslight rocking motion. Insure
that fuel filter element is properly indexed on fuel filter base.

Position retaining ring (1) on fuel filter base (9) and tighten about 1/3 turn until retaining ring
"snaps' into detent. Do not overtighten retaining ring.

Bleed fuel system, refer {o paragraph 3.12.1]

3.12.3. FUEL TRANSFER SUPPLY PUMP.

a. Test, on Engine.

D)

2

3)

CAUTION

Dirt in the fuel system can damage componentsor cause poor engine
performance. Alwaysthoroughly clean the area around connection before
disconnecting. Always cover all openings after disconnecting. Failureto
comply can cause damage to componentsor poor engine performance.

Thoroughly clean outside surface of fuel filter and surrounding area.
WARNING

Diesdl and JP fuels are flammable and toxic to eyes, skin, and respiratory
tract. Skin and eye protection required. Avoid repeated/prolonged contact.
Provide adequate ventilation. Failureto comply could result in serious
injury or death.

WARNING

Escaping diesel or JP fuel under pressure can have sufficient force to
penetrate skin. Before removing plug, besuretorelieve pressure. Failure
to comply could result in seriousinjury or death.

NOTE

Catch fuel in suitable container. Dispose of fuel in accordance with local
ordinances.

Slowly loosen plug (1 and allow fuel pressure to dissipate. Remove plug (11) from
fuel filter and install fuel pressure gage.

WARNING
Operating the generator set with any access door open exposes personnel to
high noise levels. Hearing protection must be worn when operating or
working near the generator set with any accessdoor open. Failureto
comply can cause hearing damage or loss.

Start engine, refer to TM 9-6115-672-14. Fuel supply pump should maintain positive minimum
pressure of 2-4 psi (15-30 kPa).
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@ If pressureislow, replace filter element, refer to paragraph 3.12.2, and test pressure
again.
(b) If pressure is still low, bench test fuel supply pump, refer to step d.

4 Remove fuel pressure gage and install plug (11).

(5) Bleed fuel system, refer {o paragraph 3.12.1}

b. Removal.
CAUTION

Dirt in the fuel system can damage componentsor cause poor engine
performance. Alwaysthoroughly clean the area around connection before
disconnecting. Always cover all openings after disconnecting. Failureto
comply can cause damage to components or poor engine performance.

Q) Thoroughly clean outside surface of fuel supply pump and surrounding area.
WARNING

Diesel and JP fuels are flammable and toxic to eyes, skin, and respiratory
tract. Skin and eye protection required. Avoid repeated/prolonged contact.
Provide adequate ventilation. Failureto comply could result in serious
injury or death.

WARNING

Escaping diesel or JP fuel under pressure can have sufficient forceto
penetrate skin. Before disconnecting lines, be suretorelieve pressure.
Failureto comply could result in seriousinjury or death.

CAUTION
Fudl linesare fragile and can become twisted and damaged during
maintenance. Always use one wrench to hold onefitting stationary while
the other fitting isloosened or tightened. Failureto comply can cause
damage to equipment.
NOTE

Catch fuel in suitable container. Dispose of fuel in accordance with local
ordinances.

(2) Disconnect fuel supply line, connected to fuel inlet (7]_Figure 3-16). Slowly loosen fuel line (6,
and allow fuel pressure to dissipate. Remove fuel line.

(©)] Remove capscrews (1{ Figure 3-16), flat washers (2), fuel supply pump (3) and o-ring (4).
Discard o-ring.

4 Inspect all removed sealing washers and fittings. If damaged, replace.
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Cover al openingsto prevent entry of foreign material.

C. Inspection.
QD Remove fuel supply pump, refer to step b.
2) Inspect fuel supply pump|(3, Figure 3-116) lever face (9) for wear. Replace fuel supply pump if
lever face isworn flat or concave.
d. Test, bench.
QD Remove fuel supply pump, refer to step b.
(2 Perform vacuum/pressure test as follows:
@ Install vacuum/pressure gage to fuel inlet (7, Figure 3-16).
(b) Move primer lever (6) all the way downward. Release lever and at the same time observe
gage.

1 Gauge needle should read the same value each time primer lever is moved all
the way downward and released. Gauge needle should then slowly return to "0"
each time. Repeat several times.

2 If gauge needle reads different values on different attempts, does not move at
all, or rapidly returnsto "0", fuel supply pump is defective and must be replaced.

(© Remove vacuum/pressure gage from fuel inlet (7) and install vacuum/pressure gage on

fuel outlet (8).

(d) Move primer lever (6) all the way upward. Release lever and at the same time observe
gage.

1 Gauge needle should initialy read 4-6 psi (28-41 kPa), then quickly return to
"0". Thisindicates that the outlet valve and diaphragm are in good condition,
supply pump is operating properly and should be reinstalled on engine.

2 If gauge needle does initialy read same value as indicated above and then
returns immediately back to "0", fuel supply pump is defective and must be
replaced.

(e) Remove vacuum/pressure gauge from fuel outlet (8).
3 Perform leakage test as follows:

€) Install aplug on fuel outlet (§, Figure 3-16).

(b) Install regulated pressure air line on fuel inlet (7] Figure 3-1%) and apply 20 psi (140 kPa)
pressure.
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WARNING
Diesel and JP fuels are flammable and toxic to eyes, skin, and respiratory
tract. Skin and eye protection required. Avoid repeated/prolonged contact.
Provide adequate ventilation. Failureto comply could result in serious
injury or death.

(© Submerge pump in clean diesel fuel and look for air bubbles. Replace fuel supply pump
if air bubbles are present.

(d) Remove plug and regulated pressure air line.
e. Replacement.
Q) Remove fuel supply pump, refer to step b.

2 Inspect fuel supply pump, refer to step ¢. Replace fuel supply pump if lever face isworn flat or
concave.

3 Perform bench test, refer to step d. Replaceif fuel supply pump fails bench test.
4 For installation of fuel supply pump, refer to step f.
f. Instalation.
Q Remove all covering installed during step b (4).
(2 Ensure all old gasket material is removed from gasket surfaces.
(3) Apply Thread Lock and Sealer (LOCTITE 242) to threads of capscrews (1]_Figure 3-16).
NOTE

Pump lever must be positioned above fuel supply pump push rod before
fuel supply pump can beinstalled.

4 Position o-ring (4) and fuel supply pump (3) on engine block. Install flat washers (2) and
capscrews (1). Torque capscrews evenly to 22 Ib-ft (30 Nm).

CAUTION
Thread sealant can cause damage to fuel system. Do not allow sealant to
get into fuel system. Failureto comply could result in damage to fuel

system.

(5) Apply Thread Lock and Sealer (LOCTITE 242) to threads of fuel inlet (7) and fuel outlet (8).
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CAUTION

Fud linesarefragile and can become twisted and damaged during
maintenance. Always use one wrench to hold onefitting stationary while
the other fitting isloosened or tightened. Failureto comply can cause
damage to equipment.

Install fuel line (6). Reconnect fuel supply lineto fuel inlet (7, Figure 3-16). Torque fuel linesto
22 Ib-ft (30 Nm).

Bleed fuel system, refer {o paragraph 3.12.1}

3.12.4. FUEL LINES.

a Removal.

(1)
)
3

CAUTION

Fuel injection pump getsvery hot during operation. Never steam clean or
pour water on fuel injection pump while fuel injection pump isrunning or
warm. Failureto comply could cause seizure of internal rotating parts.

CAUTION

Dirt in the fuel system can damage componentsor cause poor engine
performance. Alwaysthoroughly clean the area around connection before
disconnecting. Always cover all openings after disconnecting. Failureto
comply can cause damage to componentsor poor engine performance.

Thoroughly clean outside surfaces of fuel lines and surrounding area.
Remove capscrewd (6, Figure 3-17) and loop clamps (5).

Remove capscrews (17) and loop clamps (18, 19 and 20).

WARNING

Diesel and JP fuels are flammable and toxic to eyes, skin, and respiratory
tract. Skin and eye protection required. Avoid repeated/prolonged contact.
Provide adequate ventilation. Failureto comply could result in serious
injury or death.

CAUTION
Fudl linesarefragile and can become twisted and damaged during
maintenance. Always use one wrench to hold onefitting stationary while

the other fitting isloosened or tightened. Failureto comply can cause
damage to equipment.
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b.

C.

d.
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(4) Disconnect coupling nut [33,Figure 3117), remove clamp (15) and remove supply line from fuel
filter, refer to[paragraph 3.12.2]
(5) Disconnect coupling nut (34) on return tube (3).
(6) Disconnect coupling nuts (2) securing tubes (4) to injectors. Loosen coupling nut (35) connected
to T-fitting (36). Remove tubes, coupling nuts and return fuel line.
@) _ng a_nd disconnect fuel injection lines (7, 8, 9, 10, 11 and 12) from fuel injectors and fuel
injection pump.
(8) Cover al openingsto prevent entry of foreign material.
[ nspection.
Q) Remove fud lines, refer to step a.
2 Inspect all fuel lines and seals for wear, kinks, or fitting damage. Replace as necessary.
3 Ensure all connections are open. Replace as necessary.
4 Inspect all removed o-rings, sealing washers, and fittings. If damaged, replace.
Replacement.
Q) Remove fud lines, refer to step a.
(2 Inspect fuel lines and seals, refer to step b. Replace if worn, kinked, or fitting damage is present.
3 Install fuel lines, refer to step d.
Installation.
Q) Remove all covering installed during step a (8).
CAUTION
Fudl linesare fragile and can become twisted and damaged during
maintenance. Always use one wrench to hold onefitting stationary while
the other fitting isloosened or tightened. Failureto comply can cause
damage to equipment.
2) Connect fuel injection lines (7, 8, 9, 10, 11 and 12, Figure 3-17) to fuel injectors and fuel

NOTES

Catch fuel in suitable container. Dispose of fuel in accordance with local
ordinances.

Disconnect all fuel delivery (pressure) linesfrom injection pump using a
suitable 17 mm deep-well crowsfoot socket.

injection pump as tagged during removal. Torque fuel injection linesto 20 Ib-ft (27 Nm).
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Position coupling nuts (2) on tubes.

Position tubes (4) on T-fitting (36) and secure with coupling nuts (2). Retighten coupling nut (35).
Torque coupling nuts to 20 Ib-ft (27 Nm).

Position coupling nut (34) on return tube and connect to fuel injection pump (26).
Position coupling nut (33) on fuel supply line.
Connect supply line to fuel filter and install clamp (15).

Position loop clamps (5, 18, 19 and 20,) on fuel injection lines (7, 8, 9, 10, 11 and 12) and secure
the capscrews (6 and 7).

Bleed fuel system, refer fo paragraph 3.12.1]

3.125 FUEL INJECTION PUMP.

a

3.12.6.

I nspection.

Inspect fuel injection pump for cracks, leaks, or obvious signs of damage. Notify next higher maintenance
level if cracked, leaking, or otherwise damaged.

FUEL INJECTION NOZZLE ASSEMBLY.

I nspection.

Inspect fuel injection nozzle assembly for cracks, leaks, or obvious signs of damage. Notify next higher
maintenance level if cracked, leaking, or otherwise damaged.
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CHAPTER 4
DIRECT SUPPORT MAINTENANCE INSTRUCTIONS
Section |. TROUBLESHOOTING

4.1. DIRECT SUPPORT TROUBL ESHOOTING PROCEDURES.

Purpose of Troubleshooting Flowchart.

This section contains troubleshooting information for locating and correcting operating troubles which may develop
in the engine. Each malfunction for an individual component, unit, or system isfollowed by alist of tests or

inspections which will help you to determine probable causes and corrective action to take. Y ou should perform
tests/inspections and corrective actions in order listed.

Table 4-1 cannot list all malfunctions that can occur, nor all tests or inspections and corrective actions. If a
malfunction is not listed or cannot be corrected by listed corrective actions, notify your supervisor.

NOTE

Before you use|Table 4-1{ be sure you have performed your PMCS. Prior
to performing troubleshooting procedureswithin thismanual, perform
troubleshooting proceduresper TM 9-6115-672-14.

SYMPTOM INDEX

Malfunction Page

ENQINe FallSt0 Crank ... s @
Starter Operates But ENgine DOES NOt TUIN OVEF ...........veerveeieeeiereeseseessseeesssseesssseesssessesesssseeane k-3
Engine Cranks But FailStO Start ... @
Engine Misfires Or Runs Erratically Or Stalls FreqUently ..o @
Engine Does Not Develop FUIl POWET ...........ccviiieiieeie ettt see et @
ENQINE OVEINEEIING .....cve ettt sttt sttt b e bbbt b e bbb e @
Excessive Oil CONSUMPLION.........oiiiiiiiiii s @
LOW Ol PrESSUIE.......covetiiiicictcte sttt @
Excessive FUEl CONSUMPLION...........oiiiiiiiiiic s @
Black OF Gray EXNGUSE SIOKE............c...eueeeeececeeeeteseessesssessseseessesssesssssess s sssssssssss s sassssssesssss s senssnsias 4-10
Blue or White EXhaust SMOKE ...........ccciiiiiiiiii s
ENGINE KNOCKS ......ooveoeoei et s s ss st es s e ss s snsss s s ssess s s sannsasssnssnean 4-12
Engine Makes ADNOrmMal NOISE...........ccccuiiiiiii s
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TABLE 4-1. DIRECT SUPPORT TROUBLESHOOTING
(Sheet 1 of 12)

ENGINE FAILSTO CRANK

Engine failsto crank.

I

Perform end item troubleshooting
procedures (refer to TM
9-6115-672-14 or other applicable TM).

A 4

Remove starter (refer to
paragrap 2), and test.
(refer to|paragraph 4.3.2).

I

Test starter motor armature

OK Not OK
and field windings (refer to 2
Notify next higher level Repair or replace faulty
of maintenance. components (refer to
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TABLE 4-1. DIRECT SUPPORT TROUBLESHOQOTING

(Sheet 2 of 12)

STARTER OPERATESBUT ENGINE
DOESNOT TURN OVER.

Starter operates but engine
does not turn over.

Remove starter (refer to|paragraphl

OK | [3.9.2) and check for worn or broken | Not OK

starter pinion gear

(refer tolparagraph 4.32).

Manually turn flywheel

using manual turning tool. |___Not OK v

Replace flywheel ring gear
(refer to|paragraph 4.8.1).

Notify next higher
level of maintenance.
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TABLE 4-1. DIRECT SUPPORT TROUBLESHOOTING
(Sheet 3 of 12)

ENGINE CRANKSBUT FAILSTO START

Engine cranks but fails to start.

v

Perform end item troubleshooting
procedures (refer to TM
9-6115-672-14 or other applicable TM).

v

Test fuel injection nozzle for correct

OK . Not OK
opening pressure and correct spray
pattern. (refer to[paragraph 4.6.2).
v A 4
Test fuel injection pump OK Clean, repair, or replace fuel
timing injection nozzle as necessary
(refer to[paragraph 5.3.1). (refer to[paragraph 4.6.2].
Not OK
\ 4
- Test for defective fuel Not OK
~ Timefuel injection pump (refer to
Injection pump [paragraph 5.3.1).
(refer to
[paragrapn 5.3.1). oK
Notify next higher Replace fuel injection
level of pump
mai ntenance. (refer to[paragraph 5.3.1).
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TABLE 4-1. DIRECT SUPPORT TROUBLESHOOTING
(Sheet 4 of 12)

ENGINE MISFIRES OR RUNSERRATICALLY OR
STALLSFREQUENTLY

Engine misfires or runs erratically
of stalls frequently.

Perform end item troubleshooting
procedures (refer to TM 9-6115-672-14 or
other applicable TM).

v

Inspect for dirty, defective, or Not OK

OK

leaking fuel injection nozzles
|
Test, repair, or replace fuel

Test fuel injection
OK L
injection nozzles (refer to

pump timing (refer to
[paraoraph 5.3.). [paaorah 26.2)

Not OK

Timefuel injection
pump (refer to
aragraph 5.3.1).

Not OK | Tegt for defective fuel injection OK

l pump (refer toparagraph 5.3.1). l

Repair or replace fuel Not OK Test for low engine | oK
compression (refer to

injection pump (refer to
[paragraph 53.1)

Adjust valves (refer toM Check valve adjustment Notify next higher
[paragraph 4.7.2). (refer to[paragraph 4.7.2). level of maintenance.
¢ oK
Replacevalvesprings | Not OK| Check for weak valve | OK Check for stuck or burnt
] srings(eferto valves
refer to[paragraph 4.7.4]. paragraph 4.7.3). (refer to]paragraph 4.7.4).
Not OK_| lOK
Replace vaves (refer Notify next higher
. level of maintenance.
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MARINE CORPS TM 09244A/09245A-24

TABLE 4-1. DIRECT SUPPORT TROUBLESHOOTING

(Sheet 5 of 12)

ENGINE DOESNOT DEVELOP FULL POWER

Engine does not
develop full power.

v

Perform end item troubleshooting
procedures (refer to TM 9-6115-672-14 or
other applicable TM).

Not OK

v

Inspect for dirty, defective,
or leaking fuel injection

v

nozzles

(refer to[paragraph 3.12.6).

-

Test, repair, or replace fuel
injection nozzles (refer to

OK

Test fuel injection

Not OK

pump timing (refer to
|
Check for defective Test for low engine
turbocharger (refer to <O—K compression (refer to Not OK Time fuel injection
4.7). E E 7.1).
paragraph 4.4.1 aragraph 3.7.1 pump (refer to
Not O LOK paragraph 5.3.1).

Replace turbocharger

(refer tolparagraphi
247).

adjustment (refer to

Check valve

Did oil pressure
increase?

3

Adjust valves
(refer to

(refer to[paragraph 4.7.4).

Remove cylinder head and inspect
for defective cylinder head gasket

Replace enging

Not OK

OK
Not OK Check for wesk valve
\ 2 springs (refer to[paragraph
47.3).
Replace valve ¢OK
springs (refer to
[paraoraph 4.7.4).
ok | Check for stuck or | Not OK
burnt valves (refer
| td paragraph 4.7.4)

Replace cylinder head
gasket (refer to[paragraph
474).
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Notify next higher
level of maintenance.

Replace valves (refer to
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MARINE CORPSTM 09244A/09245A-24

TABLE 4-1. DIRECT SUPPORT TROUBLESHOOTING
(Sheet 6 of 12)

ENGINE OVERHEATING

I Engine overheati ng.I

Perform end item troubleshooting
procedures (refer to TM 9-6115-
672-14 or other applicable TM).

v

Not OK | Test fuel injection pump OK

Timing (refer to[paragraphl
5.3.1).

Time fuel injection Notify next higher
pump (refer to Level of
[ paragraph 5.3.1). maintenance.

EXCESSIVE OIL CONSUMPTION

[Excessive oil consumption.

v

Perform end item troubleshooting procedures
(refer to TM 9-6115-672-14 or other applicable

T™).
Check for defective intake or exhaust valve
OK | sealsor valve guides (refer to paragrap ) Not OK
Notify next higher level of Repair or replace defective components (refer
mai ntenance. to paragraph 4.7.4).
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TABLE 4-1. DIRECT SUPPORT TROUBLESHOOTING
(Sheet 7 of 12)

LOW OIL PRESSURE

Low oil pressure.

Not OK Check_ for defective OK
regulating valve (refer
toparagEph 45.2).
Replace regulating Check for clogged ail
valve (refer to OK pickup tube assembly | Not OK
[paragraph 45.2). (refer to[paragraphi
454).
Check for defective oil Remove and clean
Not OK OK
pump (refer toparagraph pickup tube assembly
[54.9). (refer tolparagraph 4.5.4)
. . Check for worn
Rechnt: d?:chsrvtiO” OK rocker arm bushings |_Not OK
(refer tolparegrapfi
- : 4.7.3).
Notify next higher Replace rocker arm
level of bushings (refer to
mai ntenance. | paragraph 4.7.3).
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AIR FORCE TO 38G1-126-2
MARINE CORPSTM 09244A/09245A-24

TABLE 4-1. DIRECT SUPPORT TROUBLESHOQOTING

Not OK

pump timing (refer
| td paragraph 5.3.1).

EXCESSIVE FUEL CONSUMPTION

(Sheet 8 of 12)

Excessive fuel consumption.

v

Perform end item troubleshooting
procedures (refer to TM 9-6115-672-14
or other applicable TM).

v

OK

Check for dirty, defective, or
leaking fuel injection nozzles

(refer tolparagraph 3.12.6.

Not OK

Test fuel injection

-

Clean, repair, or
replace fuel injection
nozzles (refer to

[paragraph 4.6.2).

! P Check for defective
Time fuel injection
pump (reffar to OK fuel injection pump Not OK
[paaurah 5.3.1). (refer tolparagrapfi
5.3.1).
Replace fuel injection
: pump (refer to
Not OK Check for defective oK [paagrah 5.3.1).
turbocharger (refer to
Replace turbocharger Check for improperly )
OK Not OK
(refer to[paragraph adjusted valves (refer 2= Adjust valves (refer
[4.4.1]. { td paragraph 4.7.2).
OK Check for low engine Not OK
compression (refer to
; [paragraph 3.7.1).
Notify next higher Did oil pressure L> Replace
. increase? engine.
evel of maintenance.
‘Not OK
. . Check for worn or Repair/Replace valve
Notify next higher L OK 1 o\ valves (refer to HNOLOK ] cctsivalves (refer to
level of maintenance.
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TABLE 4-1. DIRECT SUPPORT TROUBLESHOOTING

(Sheet 9 of 12)

BLACK OR GRAY EXHAUST SMOKE

Black or gray
exhaust smoke.

v

Perform end item troubleshooting
procedures (refer to TM 9-6115-672-14 or
other applicable TM).

v

Not OK

-

Check for dirty, defective, or
leaking fuel injection nozzles

(refer to[paragraph 3.12.6).

N

Not OK

Timefuel injection
pump (refer to

Clean, repair, or replace OK Test fuel injection
fuel injection nozzles (refer pump timing (refer to
o pevagraph 462

Not OK Check for defective fuel OK
injection pump (refer to
paragraph 5.3.1).

Replace fuel injection Not OK Check for defective
pump (refer to[paragraph turbocharger (refer to

5.3.7). paragraph 4.4.1).

OK

Replace turbocharger

(refer tolparacraoh]

4.4.7).

4-10
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TABLE 4-1. DIRECT SUPPORT TROUBLESHOQOTING

(Sheet 10 of 12)

BLUE OR WHITE EXHAUST SMOKE

Blue or white
exhaust smoke.

v

Perform end item troubleshooting
procedures (refer to TM 9-6115-672-14 or

other applicable TM).

y

Not OK

exhaust valve seats or valve guides

Check fuel injection pump Not OK
timing (refer to[paragraph]
OK Adjust fuel injection
pump timing (refer to
[paracraph 53.1).
Check for defective intake or OK

(refer to[paragraph 4.7.2).

Repair or replace defective
components (refer to

Notify next higher
level of maintenance.
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TABLE 4-1. DIRECT SUPPORT TROUBLESHOOTING

(Sheet 11 of 12)

ENGINE KNOCKS

I Engine knocks.

v

other applicable TM).

Perform end item troubleshooting
procedures (refer to TM 9-6115-672-14 or

v

OK

Check fuel injection pump

timing
| (refer to[paragraph 5.3.1).

Check for dirty, defective, or oK

Not OK

leaking fuel injection nozzles

Adjust fuel injection
pump timing (refer to

(refer tolparagraph 3.12.6). [paragraph 5:3.1).
lNot OK
Not OK Test for _Iow engine OK
Clean or replace fuel injection compression (refer to
nozzles (refer to[paragraph [paragraph 3.7.1).
4.6.2).
Yes Did Oil Pressure _ _
Increase? Notify next higher
level of maintenance.

Replace No
Engine.

Not OK Check for worn or
stuck valves (refer to

OK

Notify next higher
level of maintenance.

[pararah 4.74).
Repair/Replace valve
seats/valves (refer to
paragraph 4.7.4).
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TABLE 4-1. DIRECT SUPPORT TROUBLESHOOTING

(Sheet 12 of 12)

ABNORMAL ENGINE NOISE

Abnormal engine noise.

v

Perform end item troubleshooting
procedures (refer to TM 9-6115-672-14 or
other applicable TM).

v

Check for improperly adjusted
Not ¥ vaves (refer tolparagraph] |~
4.7.2).
\ 4
Adjust valve \ 4
clearance (refer to
( ok | Check for demaged rocker | \ . -
paragraph 4.7.2]. arms (refer to[paragraph
4.7.3).
Not OK Check for loose flywheel OK Replace damaged
(refer to[paragraph 4.8.1). rocker arms (refer to
| paragraph 4.7.3).

Tighten bolts to specified torque
(refer to[paragraph 4.8.1).

Notify next higher level
of maintenance.
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ARMY TM 9-2815-260-24
AIR FORCE TO 38G1-126-2
MARINE CORPS TM 09244A/09245A-24
Section I1. MAINTENANCE PROCEDURES
4.2. GENERAL .

This section contains direct support maintenance procedures. Deficiencies noted during inspection which are beyond
the scope of direct support level maintenance shall be reported to the next higher level of maintenance.

43. ELECTRICAL SYSTEM MAINTENANCE.
431 BATTERY CHARGING AL TERNATOR.
a Tes.
1) Remove battery charging alternator, refer tb paragraph 3.9.1]
2 Mount battery charging alternator on test fixture capable of providing 5000 alternator rpm.
CAUTION

M ake sur e connections ar e tight to avoid possible damage to instruments,
battery charging alternator, or wiring dueto short circuits.

3 Set up circuit as shown in
NOTE

Carbon pile and ammeter must be capable of handling the alternator rated
output.

4 Starting with the carbon pile off, slowly increase load while observing ammeter and maintaining
5000 rpm. Increase load until an output voltage of 27.0 to 29.0 VDC isachieved. Record the
output current at this point. Acceptable current is 38 amperes at 70 to 80°F (21.1 to 26.7°C).

POS OUTPUT

VOLTS

t_BATTERY | BATTERY |

FIGURE 4-1. BATTERY CHARGING ALTERNATOR TEST CIRCUIT

4-14



b. Repair.

1)

2
3

(4)

()

(6)
(")
(8)
(9)
(10)
(11)
(12)
(13)

(14)

ARMY TM 9-2815-260-24
AIR FORCE TO 38G1-126-2
MARINE CORPSTM 09244A/09245A-24

NOTE

Thefollowing procedureis provided for repairing the battery charging
alternator. Remove battery charging alternator (refer to[paragraph 3.9.1])
and place on a suitable workbench.

Remove terminal parts set (12| Figure 4-2) from dlip ring end housing and through bolts (10) from
drive end housing (1).

Remove two attaching bolts (16) from regulator assembly (8).
Remove attaching bolt from suppression capacitor (11).
NOTE
When removing regulator assembly (8), exer cise caution not to damage
service brush set (13)
Remove regulator assembly (8) and suppression capacitor (11) from dlipring end housing (5).

CAUTION

Do not insert screwdriver blades deeper than 1/16 inch (1.587 mm) to avoid
damaging stator winding.

Match mark front and rear housing. Pry unit apart by inserting two flat tip screwdriversin
opposite openings between stator (9) and dlip ring end housing (5), refer to Figure 4-3]

Remove dlip ring end housing (5) and stator (9) from drive end housing (1).

Tag and remove stator (9) leads from rectifier (6).

Remove bolts (16) and rectifier (6) from slip ring end housing (5).

If not previously done, remove pulley and fan from rotor assembly (3, Fiqure 4-2) shaft.

Remove splash shield (7) from service dip ring end of rotor assembly (3).

Using arbor press, remove rotor assembly (3) from drive end housing (1).

Remove bearing retaining screws and press bearing (2) from drive end housing (1).

Remove bearing (4) from rotor assembly (3).

Check or replace brush assembly as follows:

@ Refer td check measurement “A”. If dimension “A” islessthan 0.2 in.
(5mm), replace the brush assembly. When the new brush assembly isinstalled the new

dimension “A” should not exceed 0.4 in. (10mm).

(b) Always replace the bearing (4) when replacing the brush assembly.
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4-16

LEGEND :

1 DRIVE END HOUSING 10
2 BALL BEARING 11
3 ROTOR ASSY 12
4 BALL BEARING 13
5 SLIP RING END HOUSING 14
6 RECTIFIER 15
7 SPLASH SHIELD 16
8 REGULATOR ASSEMBLY 17
9 STATOR

THROUGH BOLTS
SUPPRESSION CAPACITOR
TERMINAL PARTS SET
SERVICE BRUSH SET
SERVICE BRUSH SPRING SET
SERVICE SLIP RING

SUNDRY PARTS SET
SERVICE BRUSH HOLDER

FIGURE 4-2. BATTERY CHARGING ALTERNATOR ASSEMBLY
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BLADE SCREWDRIVERS

AT OPPOSITE OPENINGS.
‘ »

7 @J‘“ﬁ

FIGURE 4-3. STATOR AND REAR HOUSING SEPARATION.

-..n'Ili'lm'i'il'-m‘,, >

FIGURE 4-4. TESTING BRUSH ASSEMBLY

Check or replace exciting diodes as follows:
Set multimeter for ohms and check exciting diodes (refer {o Figure 4-5) by noting

@
multimeter indications between each of the diode leads (A) and the D+ stud (B). Reverse
multimeter leads, repeat checks and note indications.

(14)

(b) If readings are the same in both directions for any diode, replace exciting diodes
assembly. A good diode will show a high indication in one direction and alow indication

in the other.
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FIGURE 4-5. TESTING EXCITING DIODES

FIGURE 4-6. TESTING POSITIVE/NEGATIVE DIODES
(15) Check or replace positive diodes as follows:
@ Set multimeter for ohms and connect positive test probe of chmmeter to positive heat sink

(A) and negative test probe to leads (B) of diodes (refer to|Figure 4-6). Meter must show
continuity. Reverse leads, repeat check and note indications.
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(16)

(17)

ARMY TM 9-2815-260-24
AIR FORCE TO 38G1-126-2
MARINE CORPSTM 09244A/09245A-24

(b) Replace entirerectifier bridge assembly if readings are the samein both directions for any
diode. A good diode will have a high indication in one direction and alow indication in the
other.

Check or replace negative diodes as follows:

(8 Set multimeter for ohms and connect positive test probe of ohmmeter to positive heat sink (C)
and negative test probe to leads (B) of diodes (refer to[Figure 4-6). Meter must show
continuity. Reverse leads, repeat check and note indications.

(b) Replace entire rectifier bridge assembly if readings are the same in both directions for any
diode. A good diode will have ahigh indication in one direction and alow indication in the
other.

FIGURE 4-7. TESTING STATOR WINDINGS
Check or replace stator as follows:

(a) Set multimeter for ohms and check stator (refer fo Figure 4-F7) for open circuits between
point D (lamination) and each terminal A, B, and C.

(b) If continuity is noted between lamination and any terminal, stator is defective and must be
replaced.

(©) Set multimeter for ohms and check stator windings (refer fo Figure 4-F) for continuity
between terminals A-B, A-C, and B-C.

(d) If open, replace stator.
4-19
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(18)

oy
(2
3)

(4)
()
(6)
(7)

4-20

Check/replace rotor assembly.

@ Set multimeter for ohms, clean sliprings with solvent, and check rotor assembly (refer to
for 9.0 to 14.0 ohms indication between sip rings.

(b) Check that open circuits are indicated between pole fingers and each slip ring.

(© Replace entire rotor assembly if indications are other than stated in (a) and (b) above.

POLE
FINGERS

BEARING
AREA

KEY SLOT

TEST CURRENT THREADS

DRAW OR RESISTANCE
BETWEEN RINGS

FIGURE 4-8. TESTING ROTOR
Assembly.

Install bearing (41@] on rotor assembly (3).

Install bearing plate, bearing (2) and drive end housing (1) on rotor assembly (3).

Install bearing plate bolts (16), through front of drive end housing (1); alternately tighten bolts
which pull bearing (2) into drive end housing (1).

Install splash shield (7) on to service dip ring end of rotor assembly (3).
Connect tagged stator (9) leadsto rectifier (6).
Install bolts (16) and rectifier (6) on slip ring end housing (5).

Align drive end housing (1) with slip ring end housing (5) and tap into position using soft face
mallet.



(8)

(9)

(10)

ARMY TM 9-2815-260-24
AIR FORCE TO 38G1-126-2
MARINE CORPSTM 09244A/09245A-24

NOTE

When installing regulator assembly (8) exer cise caution not to damage
service brush set (13).

Install regulator assembly (8) and suppression capacitor (11) on dip ring end housing (5). Connect
lead to positive terminal.

Install terminal part set (12) to dlipring end housing (5) and through bolts (10) to drive end housing
(1).

Install pulley and fan to rotor assembly (3) shaft.

4.3.2. STARTER.

a Test.

1)
2
3)

(4)

(5)

(6)
()

Remove starter, refer fo paragraph 3.9.2

Turn overrunning clutch drive (17,|Figure 4-10) clockwise by hand. Pinion should turn freely.

Turn pinion counterclockwise. A definite resistance should be felt. If clutch assembly is
defective, disassemble the starter clutch.

If armature turns freely and the clutch is not defective, test the starter under no-load conditions.
CAUTION

Never operate starter longer than 30 seconds. Allow at least two minutes

for cooling and battery recovery before operating again. Overheating,

caused by excessive operation, will seriously damage starter.

Connect a24 VDC source (A) to starter battery terminal (B) and starter frame (C) as shown. Use
heavy duty cables, refer to[Figure 4-9)

Connect aremote start switch (D) between switch terminal (E) and battery terminal (B).

When switch is activated, starter should engage and run.
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(8) If solenoid only chatters, hold-in winding is open-circuited. 1f nothing happens, either pull-in
winding is open-circuited or mechanical parts are sticking. To check for sticking, remove starter

motor, then solenoid end cover and push plunger by hand.

LEGEND

A 24 VOLT BATTERY
B BATTERY TERMINAL
C STARTER FRAME B
D REMOTE START SWITCH
E SWITCH TERMINAL
D
_ o
o 7
5 A
o +
FIGURE 4-9. STARTER BENCH TEST SETUP
NOTE
The solenoid cannot be repaired.
(9 If solenoid engages properly, but starter does not run, check main contact points, bearings,

brushes, reduction gears, armature and field windings. Refer to Step (13).
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LEGEND
1  SCREW 14 ARMATURE
2  LOCKWASHER 15 SCREW
3  WASHER 16 HOUSING
4  GASKET 17 OVERRUNNING CLUTCH
5 NUT 18 STEEL BALL
6 YOKE ASSY LEAD WIRE 19 STARTER PINION
7  THROUGH BOLTS 20 RETAINER
8 NOT USED 21 ROLLER (5)
9 NOT USED 22 NOT USED
10 NOT USED 23 SPRING
11 SCREW 24 MAGNETIC SWITCH ASSY
12 END FRAME 25 SCREW

BRUSH HOLDER ASSY 26 NUT
FIGURE 4-10. STARTER ASSEMBLY

ARMY TM 9-2815-260-24

AIR FORCE TO 38G1-126-2
MARINE CORPSTM 09244A/09245A-24

27
28
29
30

32
33
34
35
36
37
38
39

NUT

WASHER
WASHER
WASHER
WASHER

LOCK WASHER
LOCK WASHER
BEARING
BEARING
WASHER
RUBBER PLUG
RUBBER PLUG
YOKE ASSY
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b. Repair.

NOTE

Thefollowing procedureis provided for repairing the starter. Remove
starter (refer to[paragraph 3.9.2]) and place on a suitable wor kbench.

(1) Remove nut (5{ Figure 4-10)|and washer (28).

(2 Disconnect yoke assembly lead wire (6) at magnetic switch assembly (24). Refer t¢ Figure 4-11
for detailed view.

FIGURE 4-11. DISCONNECTING LEAD WIRE (TYPICAL)

(©)] Remove two through bolts (7,(Figure 4-10), Refer t¢ Figure 4-12for detailed view.

FIGURE 4-12. REMOVING THROUGH BOLTS(TYPICAL)
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4 Remove two screws (11, Figure 4-10) and starter end frame (12). Remove yoke assembly (39).
Refer tg Figure 4-13|for detailed view.

FIGURE 4-13. REMOVING STARTER END FRAME AND YOKE ASSEMBLY (TYPICAL)

(5) Lift brush springs and remove brushes from brush holder (13). Remove brush holder assembly
(13), refer to Figure 4-10. Refer to Figure 4-14ifor detailed view.

FIGURE 4-14. REMOVING BRUSHES
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(6) Remove armature (14} Figure 4-10) from magnetic switch assembly (24). Refer tp Figure 4-19 for
detailed view.

FIGURE 4-15. REMOVING ARMATURE

(7 Remove three screws (15| Figure 4-10) from housing (16). Remove housing (16) from magnetic
switch assembly (24). Refer tq Figure 4-16 for detailed view.

FIGURE 4-16. REMOVING HOUSING (TYPICAL)
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(8) Remove overrunning clutch (17, Figure 4]10) from magnetic switch assembly (24). Refer t§ Figure 4-17
for detailed view.

FIGURE 4-17. REMOVING OVERRUNNING CLUTCH (TYPICAL)

(9) Remove steel ball -10) from overrunning clutch (17). Refer {o Figure 4-18 for detailed view.

FIGURE 4-18. REMOVING STEEL BALL
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(20 Remove starter pinion (19, Figure 4:10), retainer (20), and five rollers (21) from housing (16).
Refer tg Figure 4-19for detailed view.

FIGURE 4-19. REMOVING PINION, RETAINER, AND ROLLERS(TYPICAL)

(11)  Remove spring (23[ Figure 4-10) from magnetic switch assembly (24). Refer tp Figure 4-20 for
detailed view.

STEEL
WASHER

RETURN C
SPRING

FIGURE 4-20. REMOVING WASHER AND SPRING

(12 If necessary, remove screw (25} Figure 4-10), nuts (26 and 27), washers (28 through 30), and
lockwashers (31 and 32) from terminal studs on magnetic switch assembly (24).
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(13) Check and replace starter components.

€] Check armature commutator run-out as follows (Refer t@ Figure 4-21):

C

FIGURE 4-21. CHECKING COMMUTATOR RUN-OUT
D Place armature bearings on V-blocks.
()] Zero dia indicator on commutator.

(€] Rotate armature and record run-out. Standard is 0.0008 inch (0.02 mm), with a
limit of 0.00197 inch (0.5 mm).

(b) Using a micrometer, measure OD of commutator. |f measurement is less than 1.38 inches
(35 mm), replace armature. Refer to

FIGURE 4-22. MEASURING COMMUTATOR OD
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(c) M easure commutator segment mica depth as shown in If depth is less than
0.0079 inch (0.2 mm), undercut the mica.

COMMUTATOR UNDERCUT

FIGURE 4-23. MEASURING SEGMENT MICA DEPTH

(d) Check commutator surface for burn spots. This usually indicates an open circuit. Remove

these spots using #400 abrasive paper (Refer to [Appendix E).

(e Inspect bearings (34 and B5, Figure 4-10) for wear and damage. 1f damaged or worn,
replace bearings using a press. Refer to Figure 4-24 for detailed view.

PRESS

J// SHAFT TOOL

BEARING
—— —_— J [
J/ ARMATURE
[

FIGURE 4-24. INSPECTING AND REPLACING BEARINGS
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) Check field windings of yoke for wear or damage. Check all connections for clean and
tight solder joints.

(9 Measure brush length, refer to If less than 0.51 inch (13 mm), replace brush
holder and/or yoke assembly.

BRUSH
LENGTH

FIGURE 4-25. MEASURING BRUSH LENGTH

(h) Check brush springs for damage or corrosion. |If damaged or corroded, replace brush
holder.

0] Check that all overrunning clutch rotates freely in direction of starter rotation and that it
will be locked when trying to rotate in opposite direction. Refer t¢ Figure 4-2 for
detailed view.

FIGURE 4-26. CHECKING OVERRUNNING CLUTCH
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()

(k)

4-32

Using agrowler tester, place armature on it and hold a hacksaw blade against armature

core while slowly rotating armature, refer to A short circuited armature
causes blade to vibrate and be attracted to core. An armature which is short circuited

must be replaced.

HACKSAW BLADE

GROWLER
TESTER

FIGURE 4-27. GROWLER TEST

Set multimeter for ohms and touch one probe to a commutator segment and other one to
armature core, refer to There should be no continuity, armature is grounded.
Replace armature if grounded.

[

FIGURE 4-28. TESTING FOR GROUNDED WINDINGS
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() Set multimeter for ohms and touch probes to two segments, refer to Figure 4-29] There
should be continuity at any point. If thereisno continuity, winding is open circuited.
Replace the armature if open circuited.

FIGURE 4-29. CHECKING FOR OPEN CIRCUIT WINDINGS

(m) Set multimeter for ohms and touch one probe to positive brush holder and other one to the
holder plate, refer to There should be no continuity. If thereis continuity,
replace brush holder.

FIGURE 4-30. CHECKING BRUSH HOLDER ASSEMBLY
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(n) Using a multimeter, touch one probe to field winding end of brush and other one to bare
surface of yoke body, refer to There should be no continuity. If thereis

continuity, field windings are grounded. Replace the yoke assembly.

FIGURE 4-31. CHECKING FIELD COILS

(0) Using a multimeter, touch one probe to lead wire and other one to brush, refer to
E—32. There should be continuity. If thereisno continuity, field windings are open
circuited. Replace the yoke assembly.

FIGURE 4-32. CHECKING FOR OPEN FIELD COIL
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Assembly.

1)

2

3)
(4)
©)
(6)

(")
(8)

If removed, install nuts (26 and 27, Figure 4-10), washers (28 through 30), lockwashers (31 and
32), and screw (25).

Apply general purpose grease (630AA) to retainer (20), rollers (21), overrunning clutch (17), steel
ball (18), spring (23), and bearings (34 and 35).

Install spring (23| Figure 4-10) in magnetic switch assembly (24).
Install fiverollers (21), retainer (20), and starter pinion (19) in housing (16).
Place stedl ball (18) in overrunning clutch (17) and install both in housing (16).

Position assembled housing (16) on magnetic switch assembly (24) and secure with three screws
(15). Tighten screws5.1to0 8.7 Ib-ft (6.9 t0 11.8 Nm).

Install armature (14) in yoke (39).
Position brush holder (13) over armature (14) commutator. Lift springsand install brushes, refer
to Ensure negative brushes (connected to brush holder) are installed in negative holes

(not insulated) and positive brushes (connected to yoke) are installed in positive holes (separated
from plate with insulator). Ensure positive brush leads are not grounded.

POSITIVIE BRUSH

BRUSH SPRING L/ .
Y 2=) NEGATIVE BRUSH

-

POSITIVE BRUSH HOLDER HOLE

NEGATIVE BRUSH HOLDER HOLE

FIGURE 4-33. INSTALLING BRUSHES
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Position end frame cover (12, on yoke (39) engaging tab on cover with lead wire
grommet, refer to Secure with two screws (11). Tighten screws 1.95 to 3.40 |b-ft
(2.6t0 4.6 Nm).

(9)

-
/Y
TRy
&)

F' LEAD WIRE GROMMET

TAB

FIGURE 4-34. INSTALLING COVER ON YOKE
netic switch assembly (24) engaging tab on yoke

(10) Position yoke assembly (9, Figure 4-[10) on mag
assembly with notch in magnetic switch, refer to Figure 4-35) Secure with two through bolts (7,

[Figure 4-10). Tighten through bolts 5.1 to 8.7 Ib-ft (6.9 to 11.8 Nm).

- N .
s - , 1
7 — —al .
e —————
R —————————————
‘- —

FIGURE 4-35. INSTALLING YOKE
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Connect yoke assembly lead wire (6) to terminal on magnetic switch assembly with washer(s) and
nut (4). Tighten nut to 18.1 to 26.0 Ib-ft (24.5 to 35.3 Nm). Ensure rubber boot (36) isinstalled
securely.

4.4. INTAKE AND EXHAUST SYSTEM MAINTENANCE.

44.1. TURBOCHARGER.

NOTE

Thefollowing procedur esrequire complete accessto the engine. |f
necessary, remove engine from generator set, refer to TM 9-6115-672-14.
Mount engine on repair stand (NSN 4910-01-016-1835 or equal) as outlined
in[par agraph 4.10]

a Removal.

1)

2

©)

(4)

WARNING
Exhaust system isvery hot after operating engine. After operating engine,

allow exhaust system to cool beforeremoval. Failureto comply could result
in personal injury.

CAUTION

When cleaning turbocharger, do not spray directly into compressor cover
or turbine housing. Failureto comply could result in damageto the
turbocharger.

NOTE

If turbocharger inspection isrequired, do not clean exterior prior to
removal. Cleaning exterior may wash away evidence of a potential failure
mode.

Thoroughly clean exterior of turbocharger and surrounding area to prevent entry of dirt into air
intake system during removal.

Remove air intake line and exhaust line from turbocharger (12, Figure 4-36), refer to TM 9-6115-
672-14.

Loosen clamps securing air intake manifold hose to turbocharger, refer tb paragraph 4.4.2|
CAUTION

Oil inlet lineisfragile and can become twisted and damaged during
maintenance. Always useonewrench to hold onefitting stationary while
the other fitting isloosened or tightened. Failureto comply can cause
damage to equipment.

Disconnect oil inlet ling (3, Figure 4¢36) from fitting (6) on top of turbocharger (12).
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(5) Remove capscrews (4) and disconnect oil return pipe (5). Remove line (5) and gasket (9); discard
gasket (9).
(6) Remove four mounting capscrews (10), nuts (11) securing turbocharger (12) to exhaust manifold.
Remove turbocharger (12) and stainless steel gasket (13); discard gasket (13).
(7 Cover all openings to prevent entry of foreign material.
b. lnspection.

The following inspection procedure is recommended for systematic failure analysis of a suspected
turbocharger failure. This procedure will help to identify when aturbocharger has failed, and why it has
failed so the primary cause of failure can be corrected. Proper diagnosis of a“non-failed” turbocharger is
important for two reasons. First, identification of a“non-failed” turbocharger will lead to further
investigation and repair of the cause of a performance complaint. Second, proper diagnosis eliminates
unnecessary expense incurred when a “non-failed” turbocharger is replaced.

1)
)

3
(4)

4-38

Remove turbocharger, refer to step a.
Inspect compressor housing inlet and compressor wheel.

@ Check compressor inlet and compressor wheel for foreign object damage. If foreign
object damage is found, locate and correct source of foreign object damage.

NOTE

Scor e marks can be difficult to see. Provide adequate lighting to insurethat
damage isnot overlooked.

(b) Check compressor inlet for wheel rub on the housing. Check for score marks on housing
and check tips of compressor wheel blades for damage.

Inspect housing outlet. The outlet should be clean and free of dirt and oil.
Inspect turbine housing inlet.

@ Check turbine housing inlet ports for oil in housing and excessive carbon deposit. Oil or
excessive carbon depositsin the inlet port indicates an engine problem is likely.

(b) Check turbine housing inlet ports for erosion of center walls. Center wall erosion
(cracking or missing pieces) indicates excessive exhaust temperature.
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LEGEND

HOSE CLAMP (2)
HOSE

OIL INLET LINE
CAPSCREW

OIL DRAIN LINE
FITTING
O—RING
WASHER
GASKET

10. CAPSCREW

11. NUT

12. TURBOCHARGER
13. GASKET

COo~NOORUN =

FIGURE 4-36. TURBOCHARGER
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(5)

(6)
(7)

4-40

Inspect turbine housing outlet and turbine wheel.
NOTE

Foreign object damage can be difficult to see. Provide adequate lighting to
insurethat damage is not overlooked.

(a) Check blades inside turbine housing outlet Figure 4-37 for foreign object damage.
Foreign object damage indicates an engine problemislikely.

TURBINE HOUSING

TURBINE OUTLET

HOUSING OUTLET

:i'e)

F
TURBINE \ \-/ ’_ﬂ'

HOUSING

INLET - E

= |

H -
/

CENTER TURBINE
HOUSING HOUSING INLET

FIGURE 4-37. TURBOCHARGER INSPECTION POINTS

(b) Inspect wheel blades and housing for evidence of wheel rub. Wheel rub can bend the tips
of wheel blades and cause wear or damage to the housing.

NOTE
Note location and sour ce of any oil leaks found.
Inspect outside of center housing, connections to the compressor, and turbine housing for ail.
Inspect internal center housing.
NOTE

Foreign object damage can be difficult to see. Provide adequatelighting to
insurethat damage is not overlooked.

€) L ook through oil return hole Figure 4-88 to check condition of shaft and bearings. There
should not be excess carbon deposits on shaft or in housing.
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(b) Check for excessive “blueing” or “coking” of oil along the complete length of shaft.
Excessive “blueing” or “coking” along the complete length of shaft indicates either a
possible lack of lubrication caused by engine failure or improper operation, such as hot
shutdowns.

Perform turbocharger bench inspection.

€)] Mount turbocharger in vise.

(b) Check shaft rotation and clearance by rotating shaft with both hands. Shaft should turn
freely, however, there may be a slight amount of drag.

NOTE

Therewill be some“play” because the bearingsinside center housing are
freefloating.

(© Pull up on compressor end of shaft and press down on turbine end while rotating shaft.
The compressor wheel and turbine should not contact the housing at any point.

(d) Check shaft end play by moving shaft back and forth while rotating. There will be some
end play, but the wheels should not contact the housings.

Replacement.

D
2

3)

1)
2
3)

Remove turbocharger, refer to step a.

Perform inspection procedures, refer to step b. If turbocharger fails any inspection portion, the
unit is defective and must be replaced. If turbocharger passes inspection, continue with step ¢ (3)
listed below.

Test turbocharger per step d. Replace turbocharger if unit fails any portion of the tests. If
turbocharger passes tests, install per step e.

Inspect turbocharger, refer to step b.
Prelube turbocharger center housing bearings, refer to step e.(3).
Perform radial bearing clearance test as follows:

@ Fasten a plunger-type dia indicator to turbocharger mounting base. Assemble an
extension adapter and 2.0 in. (51 mm) indicator extension rod onto dial indicator.

(b) Grasp rotating shaft at both ends and move shaft toward indicator then away from

indicator. Use care to move shaft in same direction as dial indicator tip travels and apply
equal pressure at both ends of shaft. Refer td Figure 4-38
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(4)

()

oy

2

3

(4)

()

(© Observe and record total indicator reading. Bearing clearance should be 0.003 - 0.007 in.
(0.08 - 0.18 mm). Replace turbocharger, refer to step d, if bearing clearance is out of
specifications.

Perform axial bearing end play test as follows:

@ Mount base dial indicator so that indicator tip rests on end of shaft. Preload indicator tip
and zero dial on indicator. Refer td Figure 4-38

(b) Move shaft back and forth by hand. Refer tb Figure 4-38|

(© Observe and record total indicator reading. Bearing end play should be 0.001 - 0.004 in.
(0.025 - 0.102 mm). Replace turbocharger, refer to step d, if bearing end play is out of
specifications.

Install turbocharger, refer to step e.

CAUTION

If turbocharger failed because of foreign material entering theair intake
system, be sureto examine the system and clean asrequired to prevent a
repeat failure.

CAUTION
Do not spin therotor assembly with compressed air. Damageto the
bearings can occur when using compressed air.

Remove all covering installed during step a (7).

Ensure all old gasket material is removed from gasket surfaces.

Prelube turbocharger: Fill center housing of turbocharger (12, Figure 4-36) with new engine
lubricating oil through oil drain hole. Turn rotating assembly of turbocharger by hand to lubricate

bearings.

Position gasket (13) and turbocharger (12) on exhaust manifold. Install capscrews (10) and nuts
(11) and tighten to 52 Ib-ft (70 Nm).

Position gasket (9) and oil return pipe (5) on turbocharger (12). Install capscrews (4 and torque to
26 Ib-ft (35 Nm).
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OIL RETURN HOLE

FIGURE 4-38. INSPECTING TURBOCHARGER BEARINGS

CAUTION
Oil inlet lineisfragile and can become twisted and damaged during
maintenance. Always use onewrench to hold onefitting stationary while
the other fitting isloosened or tightened. Failureto comply can cause
damage to equipment.
Connect oil inlet line (3) to turbocharger (12) and torque to 20 Ib-ft (27 Nm).

Position hose (2) and hose clamps (1) on turbocharger (12) and intake manifold. Tighten hose
clamps.

Connect air intake line and exhaust line to turbocharger, refer to TM 9-6115-672-14.
Place throttle system so engine cannot start, refer to TM 9-6115-672-14.
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CAUTION
Excessive cranking on the engine using the starter can damage the starter.
Do not crank engine longer than 30 seconds at a time, with a two minute

break in between cranking attempts. Failureto comply could damage the
starter.

(20 Crank engine (without starting) using starter until oil pressure iswithin normal range.
442 INTAKE MANIFOLD.
NOTE
Thefollowing procedur esrequire complete accessto the engine. If

necessary, remove engine from generator set, refer to TM 9-6115-672-14.
Mount engine on repair stand (NSN 4910-01-016-1835 or equal) as outlined

in{paragraph 4.10
a Removal.
Q) Thoroughly clean outside surface of intake manifold and surrounding area.

2 Remove crankcase breather assembly. Refer to TM 9-6115-672-14.

(3) Loosen hose clamps (1] Figure 3-7) and slide hose (2) down intake manifold (4), clear of
turbocharger.

4 Remove capscrews (3), intake manifold (4), and gasket (5). Discard gasket.

(5) Remove hose (2) and hose clamps (1)
(6) Cover al openingsto prevent entry of foreign material.
b. Inspection.

D Remove intake manifold, refer to step a.
2 Inspect intake manifold (4, for cracks or damage. Inspect machined mounting surface

for burrs or other defects which might prevent gasket (5) from sealing properly. Replace as
needed.

c. Replacement.
Q) Remove intake manifold, refer to step a.

2 Inspect intake manifold, refer to step b. Replace intake manifold if damaged.

(©)] For installation of intake manifold, refer to step d.
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d. Installation.

1)
@)
3)
(4)

(5)

(6)

Remove all covering installed during step a (5).
Ensure all old gasket material is removed from gasket surfaces.
Position hose clamps (1| Figure 3-7) and hose (2) on intake manifold (4).

Position new gasket (5) and intake manifold (4) on cylinder head. Install capscrews (3) and torque
to 52 Ib-ft (70 Nm).

Position hose (2) and hose clamps (1) on turbocharger and intake manifold (4). Tighten hose
clamps.

Install crankcase breather assembly. Refer to TM 9-6115-672-14.

4.4.3. EXHAUST MANIFQOI D.

NOTE

Thefollowing procedur esrequire complete accessto the engine. If
necessary, remove engine from generator set, refer to TM 9-6115-672-14.

Mount engine on repair stand (NSN 4910-01-016-1835 or equal) as outlined
in{paragraph 4.10

a. Removal.

1)

2

Remove turbocharger, refer to paragraph 4.4.1!

NOTE
Use guide studsto easeremoval.

Remove capscrews (1], Figure 3-8), exhaust manifold (2), and gaskets (3). Discard gaskets.

©)] Remove all residue and gasket material from gasket surfaces.
4 Thoroughly clean passagesin exhaust manifold (2).
5) Cover al openingsto prevent entry of foreign material.

b. lnspection.

1)
2

Remove exhaust manifold, refer to step a.

Inspect exhaust manifold for cracks or damage. Inspect machined mounting surfaces for burrs or
other defects which might prevent gaskets from sealing properly. Replace as needed.
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C.

Replacement.
(@D} Remove exhaust manifold, refer to step a.
2 Inspect exhaust manifold, refer to step b. Replace exhaust manifold if damaged.

3 For installation of exhaust manifold, refer to step d.
Installation.
QD Remove all covering installed during step a (5).
2 Ensure all old gasket material is removed from gasket surfaces.
(3) Position gaskets (3_Figure 3-8} on exhaust manifold (2).
4 Using guide studs, position exhaust manifold (2) on cylinder head.
(5) Apply antiseize compound (Refer [to Appendix E) to capscrews (1).
NOTE
Tighten capscrewson No. 3 and No. 4 cylindersfirst.
(6) Install capscrews (1) and torque evenly to 52 Ib-ft (70 Nm).

7) Install turbocharger, refer

45. LUBRICATION SYSTEM MAINTENANCE

451 GENERAL.

This section provides maintenance for lubrication system components.

4.5.2. Oll PRESSURF RFGUI ATING VAI VE ASSEMBL Y.

NOTE

Thefollowing procedur esrequire complete accessto the engine. If
necessary, remove engine from generator set, refer to TM 9-6115-672-14.
Mount engine on repair stand (NSN 4910-01-016-1835 or equal) as outlined
in[par agraph 4.10]

a. Removal.
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Q) Remove fan belt, refer to TM 9-6115-672-14.

2) Remove plug (1, Figure 4-39) and washer (2) from timing gear cover.

©)] Remove spring (3) and oil pressure regulating valve (4).
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4 Cover al openingsto prevent entry of foreign material.
b. Inspection.
QD Remove oil pressure regulating valve assembly, refer to step a.

2 Inspect cone of oil pressure regulating valve (4, Figure 4-39) for excessive wear or damaged
sealing face. If il pressure regulating valve shows excessive wear or damaged sealing face,
replace both valve (4) and valve seat (5). Refer to next higher level of maintenance.

4
3
&
2
LEGEND ;
1 PLUG "
WASHER .

2
3 SPRING
4 OIL PRESSURE REGULATING VALVE
FIGURE 4-39. OIL PRESSURE REGULATING VALVE ASSEMBLY
3 Inspect spring (3) using the following steps. Replace per step c., if defective.
€] Measure free length of spring (3). Freelength of spring should be 4.55 in. (115.5 mm).
(b) Using a spring tester (DO1168AA or equivalent), apply force to spring (3) until springis

compressed to alength of 1.68 in. (42.5 mm). Spring tension should be 9.1-11.1 lbs. (45
N).
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c. Replacement.

QD Remove oil pressure regulating valve assembly, refer to step a.

2 Replace spring (3) if found defective.

©)] For installation of oil pressure regulating valve assembly, refer to step d.
d. Instalation.

QD Remove all covering installed during step a (4).

2 Position oil pressure regulating valve () and spring (3) inside valve seat (5). Position
washer (2) on plug (1). Install plug and torque to 70 Ib-ft (95 Nm).

453. OIlL PAN.
NOTE
Thefollowing procedur esrequire complete accessto the engine. |f
necessary, remove engine from generator set, refer to TM 9-6115-672-14.
Mount engine on repair stand (NSN 4910-01-016-1835 or equal) as outlined
in{paragraph 4.10
a Removal.
(@D} Drain engine lubrication system, refer to TM 9-6115-672-14.

2 If necessary, remove engine from generator set, refer to TM 9-6115-672-14. Mount engine on

repair stand. Refer td paragraph 4.10]

(3) If necessary, remove oil dipstick assembly, refer tp paragraph 3.11.5|

(4) Remove plugs/fittings[(5. Figure 3-114) and O-ring gasket (6).
(5) Support il pan (2) and remove capscrews (3 and 4), oil pan, and gasket (1). Discard gasket.
(6) Cover al openingsto prevent entry of foreign material.
b. lnspection.
(1) Remove oil pan(2. Figure 3-14), refer to step a
2 Inspect oil pan (2) for cracks, dents, or other signs of damage. Replace per step c., as necessary.

©)] Inspect plugs/fittings (5) and hole for damaged threads or signs of leakage. Repair or replace as
necessary.

(4) Inspect oil pump pickup tube assembly (refer|to paragraph 4.5.4) for clogging or damage.

(5) Install oil pan (2), refer to step d.
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c. Replacement.
(@D} Remove oil pan (2| Figure 3-14), refer to step a.

2 Inspect oil pan (2), refer to step b. Replace oil pan if cracks, dents, or other signs of damage are
found during inspection. Refer to step d. for installation.

d. Indallation.
Q) Remove all covering installed during step a (6).
2 Ensure all old gasket material is removed from gasket surfaces.

€] Apply Flexible Form-In-Place Gasket on oil pan rail where flywheel housing, front plate, and
timing gear cover attach to cylinder block.

4 Position gasket (1, [Figure 3-14) and oil pan (2) on cylinder block. Install screws (3 and 4) and
torque to 26 |b-ft (35 Nm).

(5) If engine was removed from vehicle or machinery, install engine, refer to TM 9-6115-672-14.

(6) Install aluminum or copper washers on drain plugs (5) with raised center against plug. Install
plugsin oil pan and torque to 35 Ib-ft (47 Nm). Install fittings as required.

(7 Service engine lubrication system, refer to TM 9-6115-672-14.
454  PICK-UPTUBE ASSEMBLY
a. lnspection.

Inspect pick-up tube assembly for clogging or damage. Refer to Figure 4-40.

/ PICK-UP TUBE ASSEMBLY

FIGURE 4-40 PICK-UP TUBE ASSEMBLY
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4.6. EUElI SYSTEM MAINTENANCE

WARNING
Escaping diesel or JP fuel under pressure can have sufficient force to
penetrate the skin, causing seriousinjury or death. Before disconnecting
fuel lines, be sureto relieve pressure. Before applying pressureto the
system, be sure all connections aretight and lines, pipes, and hoses are not
damaged. Keep handsand body away from pinholes and nozzles which

gject fuel under pressure. Use a piece of cardboard or wood, rather than
hands, to search for suspected leaks.

WARNING
If diesel or JP fuel isinjected into skin, seek medical attention immediately.
Failureto comply can result in seriousinjury.

4.6.1. EUEl INJFCTION PUMP.
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NOTE

Thefollowing procedur esrequire complete accessto the engine. |f
necessary, remove engine from generator set, refer to TM 9-6115-672-14.
M ount engine on repair stand (NSN 4910-01-016-1835 or equal) as outlined
in[par agraph 4.10]

NOTE

If working on fuel injection pump on TQG, refer to TM 9-6115-672-14 for
removal and installation procedurefor electrical actuator.

a Removal.

Disconnect negative cable from batteries.

WARNING
Cleaning solvent is flammable and toxic to eyes, skin, and respiratory tract.
Skin and eye protection arerequired. Avoid repeated/prolonged contact.
Provide adequate ventilation. Failureto comply could result in serious
injury or death.

WARNING
Care should be exercised when using steam for cleaning. Steam is

extremely hot. Skin and eye protection arerequired. Avoid contact with
steam.
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CAUTION
Fuel injection pump getsvery hot during operation. Never steam clean or

pour water on fuel injection pump while fuel injection pump isrunning or
warm. Failureto comply could cause seizure of internal rotating parts.

CAUTION
Dirt in the fuel system can damage componentsor cause poor engine
performance. Alwaysthoroughly clean the area around connection before
disconnecting. Always cover all openings after disconnecting. Failureto

comply can cause damage to componentsor poor engine performance.

Thoroughly clean outside surface of fuel injection pump, fuel lines, and surrounding area with
cleaning solvent or steam cleaner.

Disconnect electrical connector mounted on top of pump which leads to governor.

WARNING
Diesel or JP fuel isflammable and toxic to eyes, skin, and respiratory tract.
Skin and eye protection arerequired. Avoid repeated/prolonged contact.
Provide adequate ventilation. Failureto comply could result in serious
injury or death.

CAUTION
Fudl linesarefragile and can become twisted and damaged during
maintenance. Always useonewrench to hold onefitting stationary while
the other fitting isloosened or tightened. Failureto comply can cause
damage to equipment.

NOTE
Catch fuel in suitable container.

NOTE

Disconnect all fuel delivery (pressure) linesfrom injection pump using a
suitable 17 mm deep-well crowsfoot socket.

Disconnect throttle cable from throttle arm (39).

Disconnect fuel return ling (3, Figure 3117), fuel supply line (31), and fuel injection lines (7, 8, 9,
10, 11 and 12).

Remove capscrews§ (9, Figure 4161), gear cover (8), and O-ring (7). Discard O-ring.
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CAUTION
Washer issmall and easy to drop. Do not allow washer to fall inside timing
gear cover. Failureto comply can cause damage to equipment when engine
isstarted.
(7 Remove retaining nut (29, Figure 3;17) and washer (28) from end of pump shaft.
(8) Remove nut (23), washer (37), and lockwasher (38) from injection pump.

9 Attach Drive Gear Puller{(1, Figure 4441) to injection pump drive gear (2). Evenly tighten screws
(3) and snugly tighten center forcing screw (4) against end of pump shaft.

(10) Tighten center forcing screw|(4, Figure 4441) until pump drive gear (2) is free from tapered shaft.
Remove Drive Gear Puller (1) from drive gear.

LEGEND
1 DRIVE GEAR PULLER
2 INJECTION PUMP DRIVE GEAR
3  SCREW (2)
4  CENTER FORCING SCREW

FIGURE 4-41. SEPARATING GEAR AND SHAFT
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(@D Check timing marks on back side of front plate (1, Figure 4-42) and injection pump flange (2). If
timing marks are not aligned, or not clearly visible, scribe avisible reference mark in line with
mark on pump flange.

LEGEND

1 FRONT PLATE TIMING MARK

2 INJECTION PUMP FLANGE TIMING MARK

3 INJECTION PUMP MOUNTING FLANGE NUT

Figure4-42. CHECK TIMING MARKS
(12) Remove fuel injection pump (26,[Figure 3-17), and sealing ring (32). Discard sealing ring.
(13) Cover all openings to prevent entry of foreign material.
Inspection.
D Inspect all fuel lines for wear, kinks or fitting damage. Repair as necessary.
NOTE

Use a good light source to thor oughly inspect gear 1D and shaft OD.

(2 Inspect injection pump drive gear 1D full 360° for metal transfer as aresult of slippage on shaft

3 Inspect injection pump drive shaft OD full 360° for presence of metal transfer from gear slippage.
Also, check index pinin shaft for damage, indicating gear dippage.

Replacement.

Q) Remove fudl injection pump, refer to step a.

2 Perform inspection, refer to step b. Replace fuel injection pump if damaged.

(©)] For fuel injection pump installation, refer to step e.
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d. Installation.
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1)
2

3

(4)

(5)

(6)

(7)

(8)

(9)

(10)

Remove al covering installed during step a (11).

Lubricate sealing ring (32 Figure 3-17) with clean engine oil. Install sealing ring into groove on
front face of fuel injection pump mounting flange.

CAUTION

Index key is easily damaged if fuel injection pump isinstalled improperly.
Insurethat fuel injection pump shaft is properly aligned with pump drive
gear. Pump drive gear should not move when initially installing shaft key
into pump drive gear key slot. Failureto comply could result in damage to
equipment.

Align shaft key (25, [Figure 3-17)|pin on fuel injection pump shaft with pump drive gear key dlot.
Loosely position fuel injection pump on mounting studs while inserting pump shaft into drive gear.

Check pump shaft and index pin for proper alignment with pump drive gear key slot.

CAUTION

Index key is easily damaged if fuel injection pump isinstalled improperly.
DO NOT tighten nuts morethan three full turns on mounting studs.
Failureto comply could result in damage to equipment.

Position flat washers (37) and lock washers (38) on mounting studs (24). Position nuts (23) on
mounting studs and tighten only three turns.
CAUTION

Index key is easily damaged if fuel injection pump isinstalled improperly.
DO not use tightening for ce of nuts (29) to pull pump shaft into drive gear.

Position fuel injection pump mounting flange flush to engine front plate. Tighten mounting stud
nuts (23) finger tight.

Push pump drive gear firmly onto fuel injection pump shaft taper. Install washer and retaining nut.
Torque nut to 150 Ib-ft (203 Nm).

Position O-ring (7, Figure 4-61) and access cover plate (8) on front plate. Apply Thread Lock and
Sedler (LOCTITE 242) to cap screw (9) threads. Install cap screws and torque to 17 Ib-in (2 Nm).

Align timing mark on fuel injection pump flange with timing mark on front plate. Torque nuts (3,

to 20 Ib-ft (27 Nim).

Connect fuel injection pump pressure lines. Begin at outlet port for cylinder 1 (1, Figure 4-43) and
continue around in counterclockwise direction, attaching linesin same order as engine firing (1-5-

3-6-2-4). Refer to Figure 4-43 for detailed view.



(11)

(12)

LEGEND
1
2

(13)
(14)

(15)

(16)

(17)
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CAUTION
Fudl linesarefragile and can become twisted and damaged during
maintenance. Always use onewrench to hold onefitting stationary while
the other fitting isloosened or tightened. Failureto comply can cause
damage to equipment.

Torque fuel injection pump pressure lines to 20 Ib-ft (27 Nm).

Connect fuel supply line and torque to 22 Ib-ft (30 Nm).

CYLINDER NO. 1 OUTLET PORT
ENGINE BLOCK SIDE

FIGURE 4-43. FUEL INJECTION PUMP PRESSURE OUTLET PORTS
Connect fuel return line and torque to 12 Ib-ft (16 Nm).
Connect electrical connector mounted on top of pump which leads to governor.
Connect negative cable to batteries, refer to TM 9-6115-672-14.
-
Operating the generator set with any access door open exposes personnel to
high noise levels. Hearing protection must be worn when operating or

working near the generator set with any accessdoor open. Failureto
comply can cause hearing damage or loss.

Bleed fuel system, refer to paragraph 3.12.1]

Start engine, refer to TM 9-6115-672-14, run for several minutes and check entire fuel system for
leaks. Shut down engine.
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4.6.2. EUEl INJFCTION NOZ7I E ASSEMBI Y.
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NOTE

Thefollowing procedur esrequire complete accessto the engine. If
necessary, remove engine from generator set, refer to TM 9-6115-672-14.
Mount engine on repair stand (NSN 4910-01-016-1835 or equal) as outlined
in[paragraph 4.10

a. Removal.

1)

2

3)

(4)
()

WARNING
Compressed air used for cleaning can create airborne particlesthat may
enter the eyes. Pressure will not exceed 30psi (207 kPa). Eye protection
required.

CAUTION

Beforeremoval, carefully remove all dirt from cylinder head around fuel
injection nozzles. Clean with compressed air to prevent dirt from entering
cylindersor valve seats. Plug borein cylinder head after each fuel injection
nozzle has been removed. Cap fuel line openings as soon asthey are
disconnected.

CAUTION

Immediately fit protective caps over nozzletipsand line connectionsto
avoid handling damage.

If removing only one fuel injection nozzle, loosen coupling nuts (2, Figure 3-1T) and remove leak
off line on each side of fuel injection nozzle.

CAUTION
Fud linesarefragile and can become twisted and damaged during
maintenance. Always use onewrench to hold onefitting stationary while
the other fitting isloosened or tightened. Failureto comply can cause

damage to equipment.

If removing all fuel injection nozzles, remove fuel leak-off line assembly, refer td paragrapH
3.12.4

Loosen coupling nut (2] Eigure 3-17) and remove leak-off T-fitting (B, Figure 4-44) from each fuel
injection nozzle (6) to be removed. Remove and discard washer (3).

Disconnect fuel injection line from nozzle. Cap openings.

Remove capscrew (5).



(6)

(7)
(8)
(9)

1)

@)
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CAUTION
Improper removal can damage fuel injection nozzle beyond repair. Do not
use screwdrivers, pry bars, or similar toolsto remove fuel injection nozzle.

Failureto comply can cause damage to equipment.

Pull fuel injection nozzle out of cylinder head using Injection Nozzle Puller Set or Adapter and
slide handle from Puller Set.

Remove washer (8, Figure 4-44) using razor blade or sharp knife. Discard washer.
Remove upper packing and discard.

Cover al openingsto prevent entry of foreign material.

Remove fuel injection nozzle, refer to step a.

WARNING
Compressed air used for cleaning can create airborne particlesthat may
enter the eyes. Pressurewill not exceed 30 psi (207 kPa). Eye protection
required.

Prior to testing, clean the nozzles using the following procedures;

@ Clean fuel injection nozzle bore with nozzle bore cleaning tool. Blow debris from bore
with compressed air and plug bore to prevent entry of foreign material.

WARNING
Cleaning solvent isflammable and toxic to eyes, skin, and respiratory tract.
Skin and eye protection arerequired. Avoid repeated/prolonged contact.

Provide adequate ventilation. Failureto comply could result in serious
injury or death.

(b) Place fudl injection nozzle in solvent or clean diesel fuel and soak for several minutes.
CAUTION

Do not scrape or disturb teflon coating on fuel injection nozzle body above

washer groove. Do not use a steel wire brush, scraper, or motor-driven

brush to clean nozzle body. Failureto comply could result in damageto

fuel injection nozzle.

NOTE

Teflon coating will become discolored during normal operation, but thisis
not har mful.
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3

(4)

()

(6)

(© After soaking, clean fuel injection nozzle tip with brass wire brush (ROS16488) or
equivalent.

NOTE

Insurethat nozzletester isin good condition and that gauge works
properly. Servicenozzletester asrecommended in operating instructions
provided with tester.

Connect fuel injection nozzle (6, Figure 4-44) to nozzle tester.

WARNING
Fuel from spray orifices can penetrate clothing and skin and cause serious
personal injury. Alwaysdirect fuel injection nozzle tip away from
personnel. Always enclose fuel injection nozzlein a transparent cover.
Failureto comply could result in serious personal injury.

WARNING
If diesel or JP fuel isinjected into skin, seek medical attention immediately.

Failureto comply can result in seriousinjury.

Position tip of nozzle below top of beaker and back out 30 degrees from vertical. Leave
connections slightly loose.

Pump handle several strokesto flush air from lines and fittings and to determine pumping rate
required for proper atomization. Tighten all connections securely after all air has been expelled
from nozzle and line.

Perform opening pressure test as indicated below:

WARNING
Fluid escaping from a very small hole can be almost invisible. Before
applying pressureto nozzletester, be surethat all connections aretight, and
that fittings are not damaged. Use a piece of cardboard or wood to sear ch

for suspected leaks. Do not use handsto search for suspected leaks. Failure
to comply could result in serious personal injury.

@ Actuate nozzle tester rapidly several timesto allow valve to seat rapidly.

(b) Open gauge valve and raise pressure to a point where gage needle fallsrapidly. Thisis
the nozzle opening pressure. Record nozzle opening pressure.

(© Opening pressure should be at least 3,330 psi (22,950 kPa) for a used fuel injection
nozzle and 3,660 psi (25,200 kPa) for anew fuel injection nozzle. Replace fuel injection
nozzle if nozzle opening pressure is not within specified range.
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(d) Opening pressure of al fuel injector nozzles on engine should be within 100 psi (700
kPa) of each other. Replace any fuel injection nozzle that is not within specified limit.
@) Perform chatter test asindicated below:
NOTE
Until chattering rangeisreached, fuel will emergein non-atomized streams.

@ Operate nozzle tester at a pumping rate that will cause fuel injection nozzle to chatter.

~ LEGEND

1
2
3
4
5
6
7
8
9

INDEX CLAMP

TEE FITTING
WASHER

TUBE NUT

SCREW

NOZZLE

PACKING

WASHER
HOLDDOWN CLAMPS

FIGURE 4-44. FUEL INJECTION NOZZLE ASSEMBLY
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(8)

9)

(10)

(b) Fuel injection nozzle should chatter softly, and spray pattern should be broad and finely
atomized. Replace fuel injection nozzleif it fails to chatter.

(© Using pumping rate for proper atomization, operate tester for ten strokes. Fuel injection
nozzle must atomize on at least eight of the ten strokes without consecutive misses. If
nozzle fails to meet requirement, repeat procedure. Replace fuel injection nozzleiif it fails
on second test.

Perform spray pattern test as indicated below:

@ Operate nozzle tester at a pumping rate that will cause fuel injection nozzle to chatter.

(b) Observe spray pattern of three orifices and check for plugged orifices. Replace fuel
injection nozzle if spray pattern angle isincorrect or if spray pattern is streaky instead of
finely atomized.

Perform |eakage test as indicated below:

@ Position fuel injection nozzle on nozzle tester with nozzle tip down.

(b) Operate pump handle rapidly to firmly seat valve. Wipe nozzletip dry with aclean, lint
free cloth.

(© Slowly raise pressure on test gauge to 400-500 psi (2800-3500 kPa) below opening
pressure measured in step 5.

(d) Watch for accumulation of fuel around all three fuel injection nozzle tip orifices. Replace
fuel injection nozzleif fuel dripsfrom fuel injection nozzle within 5 seconds.

Perform valve stem and guide wear test as indicated below:

WARNING
Fuel from spray orifices can penetrate clothing and skin and cause serious
personal injury. Alwaysdirect fuel injection nozzle tip away from
personnel. Always enclose fuel injection nozzlein a transparent cover.
Failureto comply could result in serious personal injury.
@ Position fuel injection nozzle with tip slightly above horizontal plane.
(b) Slowly raise pressure on test gauge to 1500 psi (10300 kPa).

NOTE

L eakage rate based on use of No. 2 diesel fuel or an equivalent viscosity of
test ail at 65to 75° F (18 to 24° C).

(© Check for leakage from return end of fuel injection nozzle. After one drop, leakage
should be 3-10 drops in 30 seconds. Replace fuel injection nozzle if not within specified
range.
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Replacement.

Q) Remove fud injection nozzle assembly, refer to step a.

2 Test fuel injection nozzle assembly, refer to step b. Replace any nozzle that does not perform
within specifications.

(3) For installation of fuel injection nozzle, refer to step d.

Installation.

(@D} Remove plug installed during step a. from nozzle bore in cylinder head and blow out bore with
compressed air.

NOTE

Dirt or damage on the sealing surface of cylinder head (where fudl injection
nozzle seal washer will beresting) can result in poor engine performance.
M ake surethat sealing surface of cylinder head is smooth and free from
damage and dirt. Damage or dirt could prevent proper sealing or cause
distortion to nozzle when attaching bolt istightened.

2 Thoroughly clean sealing surface of cylinder head, where washer (8, Figure 4-44) will be resting,
and insure that sealing surface is free of damage. Repair or replace as required.

3 Position new upper sealing washer (8) and packing (7) on fuel injection nozzle (6).

4 Install fuel injection nozzle (6) in cylinder head using a slight twisting motion as fuel injection
nozzle is seated in bore. Insure that fuel injection nozzle isinstalled in the proper orientation.

(5) Align hold-down clamps (9, Figure 4-44) and install capscrew (5) finger tight.

(6) Remove caps and connect fuel pressure line to fuel injection nozzle (6). Torque connection to 20
Ib-ft (27 Nm).

@) Tighten capscrew (5) to 30 Ib-ft (40 Nm).

(8 Position washer (3), leak-off T-fitting (2) and tube nut (4) on fuel injection nozzle (6).

9 Install leak-off line assembly, refer o paragraph 3.12.4

(10) Torque coupling nut (2, Figure 3-17) to 20 Ib-ft (27 Nm).

(11)  Bleed air from fuel injection system, refer to paragraph 3.12.1]
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4.6.3. EUEl FIl TER BASF,

a. Removal.

(1) Remove fudl filter element, refer {o paragraph 3.12.2|

CAUTION
Fudl linesare fragile and can become twisted and damaged during
maintenance. Always use onewrench to hold onefitting stationary while
the other fitting isloosened or tightened. Failureto comply can cause
damage to equipment.
2 Remove fud line (6, Figure 3-15) and disconnect fuel line (7).
©)] Remove capscrews (8) and fuel filter base (9).

4 Cover al openingsto prevent entry of foreign material.

NOTE
Repair of thisitem islimited to thereplacement of the O-ringsonly.
(1) Remove plugs (10 and [L1. Figure 3-115) and O-ring seals (12). Discard O-ring seals.
2 Remove connectors (13) and O-ring seals (12). Discard O-ring seals.
(©)] Remove air bleed vent screw (14) and O-ring seal (15).

4 Remove retaining ring (16), cap (17), O-ring seal (18), plunger (19) and plunger housing (20).
Discard O-ring seal.

(5) Inspect fuel filter base (9 Figure 3-15)| for cracks or other damage. Replace if necessary.

(6) Position plunger housing (24, Figure 3-15), plunger (19), O-ring seal (18) and cap (17) in fuel
filter base (9). Install retaining ring (16) hand tight.

@) Position O-ring seal (15) on air bleed vent screw (14) and install air bleed vent screw hand tight.
(8 Position O-ring seals (12) on connectors (13) and install connectors.
9 Position O-ring seals (12) on plugs (10 and 11) and install plugs.
C. Indtallation.
Q) Remove all covering installed during step a (4).

2 Position fuel filter base (9,LEigure 3-15) on cylinder head. Install capscrews (8) and torque evenly
to 26 Ib-ft (35 Nm).
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CAUTION

Thread sealant can cause damage to fuel system. Do not allow sealant to
get into fuel system. Failureto comply could result in damageto fuel
system.

©)] Apply Thread Lock and Sealer (LOCTITE 242) to threads of fuel lines (6 and 7).

CAUTION

Fudl linesarefragile and can become twisted and damaged during
maintenance. Always use onewrench to hold onefitting stationary while
the other fitting isloosened or tightened. Failureto comply can cause
damage to equipment.

4 Connect fuel line (7) and install fuel line (6).

(5 Install fuel filter element, refer tb paragraph 3.12.2|

(6) Bleed fuel system, refer {o paragraph 3.12.1]

4.7. CYLINDER HEAD ASSEMBLY MAINTENANCE
4.7.1. ROCKER ARM COVER.
NOTE
Thefollowing procedur esrequire complete accessto the engine. If
necessary, remove engine from generator set, refer to TM 9-6115-672-14.

Mount engine on repair stand (NSN 4910-01-016-1835 or equal) as outlined

in|par agr aph 4.10
a Removal.

Q) Remove plugs (2 and g, Figure 4-45), nuts (3), O-ring seals (4), rocker arm cover (7) and gasket
(5). Discard O-ring seals and gasket.

2 Cover al openingsto prevent entry of foreign material.

b. Replacement.

Remove rocker arm cover, refer to step a. Replace cover if bent or damaged. For installation, refer to step
C.
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c. Installation.

1)

2

©)

(4)

()

Remove all covering installed during step a (2).

CAUTION

Do not use any cutting tool to remove gasket material from rocker arm
cover. Failureto comply could result in damageto rocker arm cover.

Insure all gasket material isremoved from sealing surfaces.
NOTE
Do not use sealant on gasket
Position new gasket[(5. Figure 4-45) on rocker arm cover (7).
CAUTION

Do not overtighten nuts. Failureto comply could result in damage to gasket
and loss of lubrication oil.

Position rocker arm cover (7) on cylinder head. Install O-ring seals (4) and nuts (3). Torque nuts
to 26 Ib-ft (35 Nm), starting at center of rocker arm cover and alternating sides until reaching ends.

Install plugs (2) and (6).

4.7.2. INTAKE AND EXHAUST VAI VE CHECKSAND ADJUSTMENTS.

a.  Adjust.

NOTE

Thefollowing procedur esrequire complete accessto the engine. |f
necessary, remove engine from generator set, refer to TM 9-6115-672-14.
Mount engine on repair stand (NSN 4910-01-016-1835 or equal) as outlined
in[par agraph 4.10

NOTE

Setting engine with No. 1 Piston at TDC Compression strokeisrequired in
many different maintenance steps and isnot a stand alone maintenance
procedure.

(1) Set Enginewith No. 1 Piston at TDC (Top Dead Center) Compression Stroke.
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< .

SN
\
MEDALLION |
PLUG (6)

NUT (6)

O-RING SEAL (6)
GASKET

PLUG

ROCKER ARM COVER

FIGURE 4-45. ROCKER ARM COVER.

Remove rocker arm cover, refer fo paragraph 4.7.1]

Remove cover plate from timing hole (1, Figure 4-46).
Position timing pin in timing hole (2).
Position flywheel rotation tool in hole (2) and insure that tool meshes with flywheel gear.

NOTE

Rotate engine flywheel clockwise when viewed from the front of the engine.

(€

Apply light pressure to tip of timing pin and rotate flywheel rotation tool
counterclockwise until timing pin slidesinto holein flywheel and prevents flywheel from
turning.
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LEGEND

1 TIMING PIN HOLE

2 FLYWHEEL ROTATION
TOOL HOLE

2

(f)

FIGURE 4-46. ENGINE TIMING HOLE LOCATION

Check rocker arms on Number 1 cylinder, refer to If both rocker arms are
loose, the engineis set with No. 1 Piston at TDC. If both rocker arms are not |0ose,
engineis one full revolution (360°) away from TDC, rotate engine slightly and repeat
stepsc and d.

(2) Set Enginewith No. 6 Piston at TDC Compression Stroke.

NOTE

Setting engine with No. 6 Piston at TDC Compression strokeisrequired in
many different maintenance steps and isnot a stand alone maintenance

procedure.

@ Remove rocker arm cover, refer fo paragraph 4.7.11

(b) Remove cover plate from timing hole (1._Figure 4-46).

(©) Position timing pin (JDE81-4) in timing hole (1, Figure 4-46).

(d) Position flywheel rotation tool (JDG820) in hole (2) and insure that tool meshes with

flywheel gear.
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NOTE
Rotate engine flywhed clockwise when viewed from the front of the engine.

(e) Apply light pressure to tip of timing pin and rotate flywheel rotation tool
counterclockwise until timing pin slides into hole in flywheel and prevents flywheel from

turning.
() Check rocker arms on Number 6 cylinder, refer to If both rocker arms are

loose, the engine is set with No. 6 Piston at TDC. If both rocker arms are not |oose,
engineis one full revolution (360°) away from TDC, rotate engine slightly and repeat

steps 4 and 5.

b. Test Valve Clearance.
(1) Check and Adjust Valve Clearance.

NOTE

Valve clearance MUST BE checked and adjusted with engine COLD.

(@) Remove rocker arm cover, refer fo paragraph 4.7.1]

(b) Visually inspect contact surfaces of valve tips and rocker arm wear pads. Check all parts
for excessive wear. Replace all parts that show visible damage.

&) l'\

Il lm\ul

A FRONT OF ENGINE

B NO. 1 PISTON TDC COMPRESSION
C NO. 6 PISTON TDC COMPRESSION
E EXHAUST VALVE

I INTAKE VALVE

FIGURE 4-47. ROCKER ARM LOCATION
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)
3)

(4)

NOTE
Firing order is 1-5-3-6-2-4.
Set engine with No. 1 cylinder at TDC compression stroke.
Check valve clearance on No. 1, 3, and 5 exhaust valves and No. 1, 2, and 4 intake val ves per
specificationsirn Table 4-2. If valve clearance exceeds specifications, thoroughly inspect rocker
arms for damaged parts. If required, adjust per step 4.
Loosen jam nut (8,[Eigure 4-48)l and adjust valve clearance on No. 1, 3, and 5 exhaust valves and

No. 1, 2, and 4 intake valves to specifications given in Table 4-2. Torque jam nut to 20 Ib-ft (27
Nm). Verify valve clearance and adjust again if necessary.

Table4-2. Valve Clearance Specification (Rocker Arm-To-Valve Tip)

Item Specification

Intake Valves 0.014 in. (0.35 mm)

Exhaust Valves 0.018 in. (0.045 mm)

()
(6)

()

(8)

Set engine with No. 6 cylinder at TDC compression stroke.

Check valve clearance on No. 2, 4, and 6 exhaust valves and No. 3, 5, and 6 intake valves per
specificationsir] Table 4-2. If valve clearance exceeds specifications, thoroughly inspect rocker
arms for damaged parts. If required, adjust per step 7.

Loosen jam nut (8, Figure 4-48) and adjust valve clearance on No. 2, 4, and 6 exhaust valves and
No. 3, 5, and 6 intake valves to specifications given in|Table 4-2. Torque jam nut to 20 |b-ft (27
Nm). Verify valve clearance and adjust again if necessary.

Install rocker arm cover, refer tp paragraph 4.7.1]

Test Valvel ift.

1)
2

3)
(4)

()
(6)

Remove rocker arm cover, refer {o paragraph 4.7.11

Visually inspect contact surfaces of valve tips and rocker arm wear pads. Check all partsfor
excessive wear. Replace all parts that show visible damage.

Set engine with No. 1 piston at TDC compression stroke, refer to step a.

Loosen jam nuk (8. Figure 4-48) and adjust valve clearance on No. 1, 3, and 5 exhaust valves and
No. 1, 2, and 4 intake valvesto 0.00 in. (mm). Torque jam nut to 20 Ib-ft (27 Nm).

Position dial indicator tip on top of No. 1 exhaust valve spring cap.

Preload dial indicator tip and set dia at 0.00 in. (mm).
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@) Remove timing pin from flywheel and manually rotate engine one full revolution (360°) in running
direction (clockwise when viewed from front of engine) using (JDG820) flywheel turning tool.

(8) Observe dia indicator reading as valve is moved to full open. Record maximum reading and
compare with specifications given in Table 4-3

9 Repeat steps 5 through 8 for remaining valves.

(10 Set engine with No. 6 piston at TDC compression stroke, refer to step a.

(11) Loosen jam nut (8) and adjust valve clearance on No. 2, 4, and 6 exhaust valves and No. 3, 5, and
6 intake valvesto 0.00 in. (mm). Torque jam nut to 20 Ib-ft (27 Nm).

(12 Position dia indicator tip on top of No. 2 exhaust valve spring cap.

(13) Preload dial indicator tip and set dia at 0.00 in. (mm).

(14 Remove timing pin from flywheel and manually rotate engine one full revolution (360°) in running
direction (clockwise when viewed from front of engine) using (JDG820) flywheel turning tool.

(15 Observe dial indicator reading as valve is moved to full open. Record maximum reading and
compare with specifications given in Table 4-3

(16) Repeat steps 12 through 15 for remaining valves.

an If valvelift on all valvesiswithin specifications given in Table 4-3, check and adjust valve
clearance, refer to paragraph b.

(18) If valve lift on one or more valvesis not within specifications given in Table 4-8, notify next
higher maintenance level to remove and inspect entire valve train and camshaft.

Table 4-3. ValveLift Specification at 0.00 in. (mm) Valve Clearance
Item Specification
Intake Valves 0.455 - 0.487in. (11.56 - 12.37 mm)
Exhaust Valves 0.444 - 0.477in. (11.28 - 12.12 mm)
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4.7.3

. ROCKFR ARM ASSEFMBL Y.
NOTE

Thefollowing procedur esrequire complete accessto the engine. If
necessary, remove engine from generator set, refer to TM 9-6115-672-14.
Mount engine on repair stand (NSN 4910-01-016-1835 or equal) as outlined

in|par agr aph 4.10

a. Removal.

LEGEND
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(1) Remove rocker arm cover, refer {o paragraph 4.7.11

PLUG
ROCKER ARM SHAFT
WASHER
SPRING

STUD
WASHER
SUPPORT
NUT

ROCKER ARM
FOLLOWER
PUSH ROD

QR A AU AW

-\
-

FIGURE 4-48. ROCKER ARM ASSEMBLY.



2
(©)
4)
Adjust.

ARMY TM 9-2815-260-24
AIR FORCE TO 38G1-126-2
MARINE CORPSTM 09244A/09245A-24
CAUTION

Support studs must be loosened sequentially, alittle at atime, to prevent
war ping of shaft.

Remove support studs (5, Figure 4-48), washers (6) and remainder of rocker arm assembly.
Remove push rods (11) and tag push rods as to their location.

Cover al openingsto prevent entry of foreign material.

For valve adjustment, refer to

Repair.
)

@

3)

(4)
()

Remove rocker arm assembly (refer to step a.) and place on a suitable workbench.
NOTE

Note locations and tag partsasthey areremoved.

Remove end plugs (1, Figure 4-48), washers (3), rocker arms (9), supports (7) and springs (4) from
rocker arm shaft (2). Discard end plugs.

_

Cleaning solvent isflammable and toxic to eyes, skin, and respiratory tract.
Skin/eye protection required. Avoid repeated/prolonged contact. Provide
adequate ventilation. Failureto comply could result in seriousinjury or
death.

WARNING
Compressed air used for cleaning can create airborne particlesthat may
enter the eyes. Never exceed 30 psi (207 kPa) of pressure. Eye protection

required. Failureto comply could result in serious eye damage or
blindness.

Thoroughly clean all rocker arm assembly components and push rods (11, Figure 4-48) with dry
cleaning solvent. Dry with compressed air.

Inspect parts for cracks or obvious signs of damage. Replace as necessary.
Measure springs (4) with spring tester (DO1168AA) by applying force to spring until spring is

compressed to alength of 1.81 in. (46 mm). Spring tension should be 4 - 6 Ibs. (18 - 27 N).
Replace any spring not within specifications.
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(6)

(7)

Inspect rocker arm shaft (2) for severe scratching, scoring, or excessive wear at points of rocker
arm contact. Roll rocker arm shaft on aflat surface to check for bends or distortion. Replace as
necessary.

Measure OD of rocker arm shaft (2) with OD micrometer. Rocker arm shaft OD should be 0.787 -
0.788 in. (19.99 - 20.02 mm). Replace rocker arm shaft if not within specifications.

(8) Measure ID of supports (7) with ID micrometer. Support ID should be 0.794 in. (20.17 mm)
maximum. Replace any support not within specifications.

9 Inspect adjusting screw on rocker arm (9) and jam nut (8) for damage. Visually inspect rocker arm
for hairline cracks. Replace as necessary.

(10) Inspect for cups or concave wear on ends of rocker arms (9) where rocker arms contact valve tips.
If wear exists, replace rocker arm.

(11) Measure ID of rocker arm (9) bore with ID micrometer. Rocker arm bore 1D should be 0.790 -
0.792 in. (20.07 - 20.12 mm). Replace any rocker arm not within specifications.

(12) Inspect push rods (11) for wear, damage, or physical distortion. Roll push rods on aflat surface to
check for bends or distortion. Replace as hecessary.

(13) For assembly, lubricate OD of rocker arm shaft (2, [Figure 4-48)| bores of rocker arms (9) and
supports (7) with clean engine lubricating oil (MIL-L-2104).

CAUTION
Oil supply hole on rocker arm shaft must be toward flywheel end of engine.
Failureto comply could result in damage to engine.
NOTE

Assemble partsin same locations from which they wer e removed.

14 Position rocker arms (9), supports (7), springs (4) and washers (3) on rocker arm shaft (2). Install
new end plugs (1). End plugs must be firmly seated against end of shaft.

Replacement.

(N} Remove rocker arm assembly, refer to step a.

2 Perform repair procedures, refer to step ¢. Replace any components that are not within

3)

specifications.

For installation, refer to step e.
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e. Installation.

(1)
2
3)
(4)

©)

(6)

Remove all covering installed during step a (4).
Install push rods (1] Figure 4-48] in same | ocations from which they were removed.
Position rocker arm assembly on engine.

Lubricate all rocker arms (9) with MIL-L-2104 engine lubricating oil. Insure that rocker arms
move freely.

Position supports (7) and washers (6) on cylinder head. Install support studs and torque evenly, a
little at atime, to 59 Ib-ft (80 Nm).

Adjust valve clearance. Refer [to paragraph 4.7.2

4.74. CYIINDERHFAD.

NOTE

Thefollowing procedur esrequire complete accessto the engine. |f
necessary, remove engine from generator set, refer to TM 9-6115-672-14.
Mount engine on repair stand (NSN 4910-01-016-1835 or equal) as outlined

in|par agraph 4.10

a Removal.

oy
2
3)
(4)
Q)
(6)
(")
(8)
()
(10)
(11)

(12)

Disconnect negative cable from battery, refer to TM 9-6115-672-14.
Drain engine coolant system, refer to TM 9-6115-672-14.

Remove air intake and exhaust system, refer to TM 9-6115-672-14.

Remove turbocharger, refer {o paragraph 4.4.1|

Remove intake manifold, refer to paragraph 4.4.2|

Remove exhaust manifold, refer {o paragraph 4.4.3)

Remove thermostat housing and thermostat housing to water pump tube, refer t§ paragraph 3.8.2]

Remove fuel filter, refer o paragraph 3.12.2|

Remove fud transfer lines, refer to paragraph 3.12.3|

Remove fuel injection lines, refer 1o paragraph 3.12.4]

Remove fuel injection nozzles, refer fo paragraph 4.6.2)

Remove rocker arm cover, refer tb paragraph 4.7.11
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(13)  Remove rocker arm assembly and push rods, refer tb paragraph 4.7.3

(14) If ablown head gasket (12, Figure 4-49) is suspected, check and record torque on each capscrew
(2) on cylinder head (14) before removing as follows:

(a) Make a reference mark (in-line) on head of capscrew (1) (or socket) and cylinder head
surface.

(b) Loosen capscrew at least ¥z turn, then retighten capscrew (using a torque wrench) until
reference marks align and record torque.

(c) If capscrews are not tightened to 110 Ib-ft (150Nm), retorque to 110 Ib-ft (150Nm) per
step g. and retest engine.

(15) Remove al cylinder head capscrews (1).

CAUTION

Do not use screwdriversor pry barsbetween cylinder block and cylinder
head to loosen cylinder head gasket seal. Screwdriversor pry barscan
damage cylinder head and cylinder block gasket surfaces.

CAUTION

Do not rotate crankshaft with cylinder head removed unless cylinder liners
are secured with cap screwsand large flat washers, refer to

(16) Using adequate lifting device, lift cylinder head (14) from cylinder block. If cylinder head sticks,
use a soft hammer to tap cylinder head.

a7) Remove cylinder head gasket (12). Inspect cylinder head gasket for possible oil, coolant, or
combustion chamber leaks. Discard cylinder head gasket.

4-74



ARMY TM 9-2815-260-24
AIR FORCE TO 38G1-126-2
MARINE CORPSTM 09244A/09245A-24

CAPSCREW
RETAINER
ROTATOR
SPRING .
PIPE PLUG

FITTING

SOFT PLUG

VALVE SEAT INSERT
SOFT PLUG
EXHAUST VALVE
INTAKE VALVE
GASKET

SEAL

CYLINDER HEAD

12

FIGURE 4-49. CYLINDER HEAD ASSEMBLY.
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(18) Remove fuel supply pump push rod. Label end for reassembly in same orientation. Refer to

LEGEND
1 FUEL SUPPLY PUMP PUSHROD

FIGURE 4-50. FUEL TRANSFER PUMP PUSH ROD LOCATION
(19 Cover al openingsto prevent entry of foreign material.
b. Inspection.
(@h] Measure and record valve recesm for all valves using a depth micrometer or magnetic

base dial indicator. Measurements must be made a maximum of 0.12 in. (3.0 mm) from edge of
valve head.

LEGEND
1 VALVE RECESS

FIGURE 4-51. VALVE RECESSMEASUREMENT
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2 Compare valve recess measurements for all valves to specifications givenin Table 4-4. Install new
valves, inserts, or grind existing valves and inserts, as necessary, to obtain proper valve recess.

Table 4-4. Valve Recess Specifications
Item Specification
Intake Valves (new or rebuilt) 0.024 - 0.044in. (0.61 - 1.11 mm)
Intake Valves (worn) 0.024 - 0.064 in. (0.61 - 1.63 mm)
Exhaust Valves (new or rebuilt) 0.048 - 0.068in. (1.22 - 1.72 mm)
Exhaust Valves (worn) 0.048 - 0.089in. (1.22 - 2.26 mm)
©)] If valve recessis not within specifications, install new valves or valve seat inserts, or grind existing
valves and valve seat inserts, to obtain proper valve recess.
Testing Pri lation
(@D} Clean and inspect cylinder head cap screws as follows:
WARNING

Cleaning solvent isflammable and toxic to eyes, skin, and respiratory tract.
Skin and eye protection arerequired. Avoid repeated/prolonged contact.
Provide adequate ventilation. Failureto comply could result in serious
injury or death.

WARNING
Compressed air used for cleaning can create airborne particlesthat may
enter the eyes. Never exceed 30 psi (207 kPa) of pressure. Eye protection

required. Failureto comply could result in serious eye damage or
blindness.

@ Clean entire length of cap screws. Use wire brush and solvent to remove rust and scale.
Dry cap screws with compressed air.

(b) Inspect cap screws for corrosion damage and overall condition of threads. Cap screws
with corrosion or other imperfections must be replaced.

(2 Clean and inspect top deck of cylinder block as follows:

@ Remove gasket material, rust, carbon, and other foreign material from top deck of
cylinder block. Gasket surface must be clean.

(b) Clean threaded holesin cylinder block using ¥2-13 UNC-2A tap about 3.0 in. (76 mm)

long. Use compressed air to remove debris and fluids from cap screw holes. Replace
block if there is evidence of damage.

4-77



ARMY TM 9-2815-260-24
AIR FORCE TO 38G1-126-2
MARINE CORPS TM 09244A/09245A-24

4-78

3)

(© Use compressed air to remove all loose foreign material from cylinders and top deck of
cylinder block.
(d) Remove camshaft followers from cylinder block and wash in solvent. Lubricate with

clean engine oil and install in same bore.

(e Measure cylinder block top deck flatness using precision straightedge (DO5012ST) and
feeler gauge. Compare measurements with specifications given in Table 4-5. If flatness
is not within specifications notify next higher maintenance level.

Inspect fuel supply pump push rod and bore as follows:

@ Measure OD of fuel transfer pump push rod with OD micrometer. Fuel supply pump
push rod OD should be 0.3894 - 0.3904 in. (9.891 - 9.917 mm). Replace fuel supply
pump push rod if not within specifications.

(b) Check crown on fuel supply pump push rod ends. If crown isflat or concave, replace fuel
supply pump push rod and notify next higher maintenance level to check camshaft lobe
for wear.

(© Measure | D of fuel supply pump push rod bore with ID micrometer. Fuel supply pump
push rod bore should be 0.3937 - 0.3957 in. (9.891 - 9.917 mm). Repair or replace block
as necessary.

Table 4-5. Cylinder Block Top Deck Specifications

Item Specification

Maximum Acceptable Out-of-Flat:

Entire Length or Width 0.003in. (0.025 mm)
Any 5.90in. (150 mm) Length 0.001 in. (0.025 mm)
d Instalation.

1)
@)
3)

(4)

Remove al covering installed during step a (19).
Ensure all old gasket material is removed from gasket surfaces.

Lubricate fuel supply pump push rod with clean engine oil and install in same orientation as
removed fromin step a.

Install two guide studs in cylinder block at locating holes 16 and 17 shown in
CAUTION
Thoroughly inspect new cylinder head gasket for possible manufacturing

imperfections. Do not install any gasket that does not passinspection.
Failureto comply could result in cylinder head gasket failure.



(5)

(6)

(7)

(8)

(9)

LEGEND

27
28
29
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Position new cylinder head gasket on cylinder block. Do not use sealant; install dry.

CAUTION
O-Ring sealsin head gasket can be damaged if head is repositioned while
resting on engine block. Always use guide studsto position cylinder head
on block. Failureto comply could result in cylinder head gasket failure.

Using adequate lifting device, position cylinder head over guide studs and carefully lower cylinder
head onto cylinder block.

NOTE

Prior toinstalling capscrewsin cylinder block, dip entire capscrew in clean
engine oil. Remove excessoil from capscrew.

Install several capscrews (1, Figure 4-49) ffinger tight. Remove guide studs. Install remaining
capscrews finger tight.

Tighten all capscrews (1) in sequence shown i Figure 4-52 | beginning with No. 1, to 75 Ib-ft (100
Nm).

Using the same sequence repeat step 8, this time tightening all capscrews (1) to 110 Ib-ft (150
Nm).

27
, EEOPS PP e e
Q585 5O G0 @Pe R

28

28

6 CYLINDER ENGINE
LOCATING HOLES (GUIDE STUD LOCATIONS)
ARROW TOWARD FRONT OF ENGINE

FIGURE 4-52. CYLINDER HEAD CAPSCREW TORQUE SEQUENCE
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(10)

(11)

(12)
(13)
(14)
(15)
(16)
(17)
(18)
(19)
(20)
(21)
(22)
(23)
(24)
(25)

(26)

(27)
(28)

(29)

Wait 5 minutes, then verify 110 Ib-ft (150 Nm) torque on al capscrews (1, Figure 4-49). Tighten
capscrews as required.

Repeat step 9, thistime tightening all capscrews (1) an additional 1/6 turn, as described bel ow:

(@ Make a mark on socket and make a second mark 1/6 turn (one wrench flat)
counterclockwise of first mark, when viewed from top of socket.

(b Place socket on capscrew and make a mark on cylinder head adjacent with first mark on
socket.

(© Tighten capscrew until second mark aligns with mark on cylinder head.
Install push rods and rocker arm assembly, refer t§ paragraph 4.7.3)

Adjust valve clearance, refer tb paragraph 4.7.2]

Install valve cover, refer tb paragraph 4.7.11

Install fuel injection nozzles, refer tb paragraph 4.6.2,

Install fuel injection lines, refer th paragraph 3.12.4

Install fuel filter, refer to paragraph 3.12.2|

Install thermostat housing and thermostat housing to water pump tube, refer td paragraph 3.8.2|
Install exhaust manifold, refer tb paragraph 4.4.3]

Install intake manifold, refer tb paragraph 4.4.2|

Install turbocharger, refer tb paragraph 4.4.11

Install air intake and exhaust system, refer to TM 9-6115-672-14.

Connect negative cable to battery, refer to TM 9-6115-672-14.

Service lubrication and coolant systems, refer to TM 9-6115-672-14.

Start engine, refer to TM 9-6115-672-14.

Run engine at no load for one minute. Shut down engine and check for fuel, coolant and oil leaks.
Correct as required.

Start engine, refer to TM 9-6115-672-14.
Run engine at load for 10 minutes. Shut down engine and allow to cool.

Recheck valve clearances and adjust, as necessary, refer tb paragraph 4.7.2]
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48.1. ELYWHFF| .

NOTE

Thefollowing procedur esrequire complete accessto the engine. |f
necessary, remove engine from generator set, refer to TM 9-6115-672-14.
Mount engine on repair stand (NSN 4910-01-016-1835 or equal) as outlined
in[par agraph 4.10

a.  Inspection.

1)
(2

3)

(4)

WARNING
Cleaning solvent isflammable and toxic to eyes, skin, and respiratory tract.
Skin and eye protection arerequired. Avoid repeated/prolonged contact.

Provide adequate ventilation. Failureto comply could result in serious
injury or death.

WARNING
Compressed air used for cleaning can create airborne particlesthat may
enter the eyes. Never exceed 30 psi (207 kPa) of pressure. Eye protection
required. Failureto comply could result in serious eye damage or
blindness.

Thoroughly clean flywheel with solvent and dry with compressed air.

Inspect flywheel for rust, corrosion, cracks, or other forms of damage. Clean or replace as
required.

Inspect ring gear (2, Figure 4155) for worn or broken teeth. Replace ring gear if damaged, refer to
48.1.c.

Check flywheel face flatness as follows:
CAUTION

Do not allow dial indicator to contact driving ring mounting holes. Failure
to comply could result in damage to dial indicator.

) Attach magnetic base of dial indicator to flywheel housind (Figure 4-53). Position dial
indicator against driving ring mounting surface on flywheel.

(b) Rotate flywheel by turning crankshaft. Read total indicator movement and compare with
specifications given in|Table 4-6.| Replace as required.
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FIGURE 4-53 FLYWHEEL FLATNESS

Table 4-6. Flywheel Face Flatness Specifications

Item Specification

Maximum variation 0.009in. (0.23 mm)

Maximum variation per 1.0 in. (25 mm) of 0.0005 in. (0.013 mm)
travel

b. Removal.
WARNING
Flywheel isheavy. Provide adequate lifting device to support weight.
Failureto comply could result in serious personal injury.

(1) Remove bolfs (Fiqure 4-54).

BOLTS (6)

FIGURE 4-54. FLYWHEEL REMOVAL
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Remove flywhesl.

c. Replacement.

Before removal, perform inspection (paragraph 4.8.1.8) of flywheel and ring gear while mounted

1)

2 For installation of flywheel, refer to 4.8.1.d.
LEGEND
1 FLYWHEEL
2 RING GEAR
FIGURE 4-55 FLYWHEEL RING GEAR
d. Indallation.

1)
2

to engine. Replace flywhed if damaged.

—_

Flywheel isheavy. Provide adequate lifting device to support weight.

Failureto comply could result in serious personal injury.

Place flywheel on guidestud and slide into position against crankshaft.

Apply Thread Liock (Appendix E) to threads of all bolts and finger tighten. Torque all bolts to 102

Ib-ft (138 Nm).
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4.8.2. REAR CRANKSHAFT OIl SFAI /WFAR S| FEVE ASSEMBLY.

4-84

NOTE

Thefollowing procedur esrequire complete accessto the engine. |f
necessary, remove engine from generator set, refer to TM 9-6115-672-14.
M ount engine on repair stand (NSN 4910-01-016-1835 or equal) as outlined
in[par agraph 4.10]

a Removal.
D) Remove flywheel, refer to paragraph 4.8.1]
2 Adjust forcing screw (1, Figure 4{56) on Seal and Wear Sleeve Remover and position screw so
screw centers tool on crankshaft flange.
LEGEND
1 FORCING SCREW
2 SHEET METAL SCREWS (3)
OIL SEAL
FIGURE 4-56. REMOVAL OF REAR CRANKSHAFT OIL SEAL
CAUTION
Do not remove seal and wear seeve assembly from plastic bag until
immediately beforeinstalling. Failureto comply could result in dirt
contamination and prematur e seal failure.
©)] Use dotsin Seal and Wear Sleeve Remover as atemplate and mark three locations on seal casing

where screws should be installed for removal purposes. Remove tool from crankshaft flange.
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(4)
()
(6)

(7)
(8)
(9)
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NOTE

Holes must bedrilled at outer edge of seal case so screws will pull seal
against wear ring and allow both piecesto be removed.

Drill a5/32 in. hole through wear deeve lip and seal casing at all three marked locations.

Position Seal and Wear Sleeve Remover on end of crankshaft.

Install three 2 %2 in. sheet metal screws (2,@ with washers into slots of removal tool and
thread screws into holesin seal casing. Evenly tighten screws until plate is flush with rear face of
crankshaft.

Tighten forcing screw until seal and wear sleeve assembly is removed from engine.

Discard seal and wear sleeve assembly.

Cover al openingsto prevent entry of foreign material.

Lnspection.

1)

2

3)

WARNING
Cleaning solvent isflammable and toxic to eyes, skin, and respiratory tract.
Skin and eye protection arerequired. Avoid repeated/prolonged contact.

Provide adequate ventilation. Failureto comply could result in serious
injury or death.

Thoroughly clean outer diameter of crankshaft flange and inner diameter of flywheel housing with
cleaning solvent.

Inspect wear ring surface and bore in flywheel housing for nicks or burrs. Remove nicks or burrs
with polishing cloth, as required.

Check flywheel housing seal bore run out as follows:
@ Attach magnetic base of dia indicator to flywheel end of crankshaft.

(b Position dial indicator against inner diameter of seal bore in flywheel housing and zero
dia indicator.

(© Turn crankshaft 360 degrees from front of engine while observing dial indicator.
Maximum permissible run out of flywheel housing seal bore is 0.006 in. (0.0152 mm).
Replace flywheel housing if run out exceeds specification.

Replacement.

The rear crankshaft oil seal must be replaced if any liquid is present during visual inspection. Refer to
4.8.2.afor removal and 4.8.2.d for installation.
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d. Indallation.

Q) Remove al covering installed during 4.8.2.a(9).

2 Clean outer diameter of crankshaft flange and inner diameter of wear sleeve with cleaning solvent
[Appendix E). Apply light coating of retaining compound {Appendix E) completely around
leading edge of crankshaft flange. Wipe away sealant that may have gotten on flywheel housing
seal bore.

(3) Install Pilot on end of crankshaft using two socket head capscrewd (Figure 4-58). Tighten both
capscrews until capscrews touch base of pilot. Loosen capscrews ¥ turn.

DRIVER

WASHER

BOLT

FIGURE 4-57 REAR CRANKSHAFT OIL SEAL INSTALLATION
(@] Install driver over pilot until driver cross plate bottoms on pilot (Eigure 4-58). If necessary, lift up
on pilot to install driver to full depth over pilot and crankshaft flange.
(5) Tighten pilot socket head capscrews securely. Remove driver from pilot.
CAUTION

Oil seal and wear deeve are assembled. Do not separate. Failureto comply
could result in damage to seal and loss of engine oil.

(6) Carefully inspect new oil seal and wear sleeve assembly. Discard and replace if seal is scratched
or gouged, or if any liquid is present.

(7 Carefully dlide oil seal and wear sleeve over pilot and crankshaft flange with open side of seal
toward engine.
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Attach Driver and thrust washer to guide plate with capscrew. Tighten capscrew until driver
bottoms on pilot.

Remove seal driver and pilot plate. Check that seal and wear leeve assembly is properly
positioned on crankshaft flange and installed evenly in flywheel housing bore.

Install flywhesl, refer tp paragraph 4.8.1{d.

4.8.3. ELYWHFF|I HOUSING.

NOTE

Thefollowing procedur esrequire complete accessto the engine. |f
necessary, remove engine from generator set, refer to TM 9-6115-672-14.
Mount engine on repair stand (NSN 4910-01-016-1835 or equal) as outlined
in[par agraph 4.10]

a Removal.
(D Remove starter, refer fo paragraph 4.3.21
2 Remove flywheel, refer fo paragraph 4.8.1]
©) Remove crankshaft rear oil seal and wear sleeve, refer tb paragraph 4.8.2]

(4)
()

WARNING
Flywheel housing isheavy. Provide adequate lifting device to support
weight. Failureto comply could result in serious personal injury.

Remove bolt (4, Figure 4-58], bolt (6) and flywheel housing (1).

Cover al openingsto prevent entry of foreign material.
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HOUSING
PLUG
SEAL

NOT USED

1
2
3
4 BOLT (10)
5
6 BOLT (2)

FIGURE 4-58. FLYWHEEL AND HOUSING ASSEMBLY
b. lnspection.
Q) Remove flywheel housing, refer to step 4.8.3.a
2 Thoroughly clean flywheel housing gasket surface using brass scraper.

(©)] Inspect flywheel housing for cracks, corrosion, or other forms of damage. Repair or replace as
required.

4 Install flywheel housing, refer to step 4.8.3.d.
c. Replacement.
(@D} Remove flywheel housing, refer to step 4.8.3.a

2 Inspect flywheel housing, refer to step 4.8.3.b. Replace if damaged.
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Install flywheel housing, refer to step 4.8.3.d.

Installation.

N
2
3)

(4)

()

(6)

(")

Remove all covering installed during step 4.8.3.a.(5).
Insure all gasket material isremoved from sealing surfaces.
Apply Flexible Form-In-Place GasKet (Appendix|E) in a continuous 0.06 - 0.08 in. (1.5 - 2 mm)
thick bead (A) to cylinder block as shown in Figure 4-58. Ensure that sealant bead is located in
center of mating surfaces and completely encircle bolt holes.
Install two guide studs in bolt holes (Figure 4-60).
WARNING
Flywheel housing isheavy. Provide adequate lifting device to support

weight. Failureto comply could result in serious personal injury.

Using guide studs, position flywheel housing on cylinder block and install bolts finger tight.

FIGURE 4-59. GASKET APPLICATION TO CYLINDER BLOCK

Remove guide studs and install remaining bolts finger tight. Torque all attaching bolts, using a
cross pattern, to 92 Ib-ft (125 Nm).

Check flywheel housing seal bore run out as follows:
€) Attach magnetic base of dial indicator to flywheel end of crankshaft.

(b) Position dial indicator against inner diameter of seal bore in flywheel housing and zero
dial indicator.

(© Turn crankshaft 360 degrees from front of engine while observing dial indicator.
Maximum permissible run out of flywheel housing seal boreis 0.006 in. (0.0152 mm).
Replace flywheel housing if run out exceeds specification.
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(8) Install rear crankshaft oil seal/wear sleeve assembly, refer to paragraph 4.8.2

9 Install flywheel, refer o paragraph 4.8.1]

4.9.

49.1. TORSIONAI DAMPER.
NOTE

Thefollowing procedur esrequire complete accessto the engine. |f
necessary, remove engine from generator set, refer to TM 9-6115-672-14.
Mount engine on repair stand (NSN 4910-01-016-1835 or equal) as outlined
in{paragraph 4.10

a. lnspection.

Q) Visually inspect torsional damper for damaged, separated, or partially missing rubber. If rubber is
damaged, separated, or partially missing replace torsional damper, refer to 4.9.1.b.

(2 Grasp outer ring of torsional damper and attempt to turn torsional damper in both directions. If
rotation is felt replace torsional damper, refer to step 4.9.1.h.

©)] Check torsional damper radial runout as follows:

@ Run engine until engineis at operating temperature, refer to TM 9-6115-672-14.

(b) Attach magnetic base of dial indicator to magnetic surface near torsional damper.

(© Position dial indicator against outer diameter of torsional damper and zero dia indicator.

(d) Rotate engine 360 ° (1 complete revolution) using flywheel rotation tool while observing
dia indicator. If runout exceeds 0.060 in. (1.50 mm) replace torsional damper, refer to
step b.

(@] Check torsional damper waobble as follows:

@ Attach magnetic base of dial indicator to magnetic surface near torsional damper.

(b) Position dial indicator against side of outer ring of torsional damper and zero dial
indicator.

(© Rotate engine 360 ° (1 complete revolution) using flywheel rotation tool while observing
dia indicator. If wobble exceeds 0.060 in. (1.50 mm) replace torsional damper, refer to
step b.

(d) Position dial indicator against side of inner ring of torsional damper and zero dial
indicator.
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(e Rotate engine 360 ° (1 complete revolution) using flywheel rotation tool while observing
dia indicator. If wobble exceeds 0.020 in. (0.5 mm) replace torsional damper, refer to
step b.
b. Remaval.

(@D} Remove fan drive belt and fan, refer to TM 9-6115-672-14.

CAUTION

Torsional damper is sensitive to impact damage. Do not drop or hammer
on damper.

2 Remove bolts (3, Figure 4-60).

LEGEND

1 PULLEY

2 TORSIONAL
DAMPER

3 BOLT (4)

4 RUBBER

FIGURE 4-60. CRANKSHAFT PULLEY
(3) Grasp torsional damper (4. Figure 4-60) and remove from crankshaft.
c. Replacement.
QD Inspect torsional damper, refer to 4.8.1.a. Replace if damaged.
2 Remove torsional damper, refer to 4.8.1.b.

3 For installation, refer to 4.8.1.d.
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d. Installation.

QD Apply loctite to bolts (B, Figure 4-60).
CAUTION

Install SAE Grade 8 or higher boltsin torsional damper. Failureto comply
could result in engine damage.

2 Position torsional damper (2) on crankshaft and install bolts (3). Torque boltsto 44 Ib-ft (60 Nm).
(©)] Re-torque bolts (3) to 59 Ib-ft (80 Nm).

4 Install fan and fan drive belt, refer to TM 9-6115-672-14.

4.9.2. CRANKSHAFT PUILFY.

4-92

NOTE

Thefollowing procedur esrequire complete accessto the engine. |f
necessary, remove engine from generator set, refer to TM 9-6115-672-14.
Mount engine on repair stand (NSN 4910-01-016-1835 or equal) as outlined
in[par agraph 4.10]

a Removal.

(D Remove torsional damper, refer {o paragraph 4.9.1]

2 Remove crankshaft pulley (1L, Figure 4-60).
Lnspection.

(@D} Remove crankshaft pulley (1), refer to 4.9.2.a.

2 Inspect crankshaft pulley (1) for cracks and wear. Replace as necessary.
(3) Install crankshaft pulley (1), refer to 4.9.2.d.
Replacement.

Q) Remove crankshaft pulley, refer to 4.9.2.a.

2 Inspect crankshaft pulley|(1, Figure 4-60) and pulley key, refer to 4.9.2.b. Replaceif defective.

(©)] Install crankshaft pulley (1), refer to 4.9.2.d.
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d. Installation.
D) Position crankshaft pulley [1, Figure 4-60) on crankshaft.
2 Install torsional damper, refer tb paragraph 4.9.1]

4.9.3. TIMING GEAR COVER.
NOTE

Thefollowing procedur esrequire complete accessto the engine. |f

necessary, remove engine from generator set, refer to TM 9-6115-672-14.
Mount engine on repair stand (NSN 4910-01-016-1835 or equal) as outlined

in{paragraph 4.10
a Removal.
(@D} Drain lubrication system, refer to TM 9-6115-672-14.

2 Remove fan drive belt and fan, refer to TM 9-6115-672-14.

(3) Remove aternator and alternator mounting bracket, refer t¢ paragraph 3.9.1]

(4) Remove water pump if needed, refer {o paragraph 3.8.3]

(5) Remove fan pulley and fan drive assembly as follows;
(a Remove bolts ([L, Figure 4-61)) and fan pulley (2).

L

s

o)

000 0 O
©
00 9
é/

o
(o]
(o]
o0

LEGEND
1 BOLT
2 FAN PULLEY
3 HUB AND FAN DRIVE ASSEMBLY

FIGURE 4-61. FAN DRIVE ASSEMBLY
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(b Mark bolt positions (B) on timing gear cover before removal to assure that fan pulley is
installed in same position as removed and assure proper belt tension.

(6) Remove hub and fan drive assembly (3).

(7 Remove torsional damper, refer {o paragraph 4.9.1]

(8) Remove crankshaft pulley, refer {o paragraph 4.9.2|
(9) Remove water pump tube from water pump cover, refer

(10) Remove oil pan, refer {o paragraph 4.5.3)

(11)  Removeoil pressure regulating valve plug, refer tb paragraph 4.5.2|

(12)  Remove bolts (5, 6, 10, and 17, Figure 4-62), stud nuts (16), timing gear cover, and gasket.
Discard gasket.

(13) Cover al openingsto prevent entry of foreign material.

b. Inspection.
Q) Remove timing gear cover, refer t0 4.9.3.a
2 Remove oil seal (111, Figure 4-62).

WARNING
Cleaning solvent isflammable and toxic to eyes, skin, and respiratory tract.
Skin and eye protection arerequired. Avoid repeated/prolonged contact.

Provide adequate ventilation. Failureto comply could result in serious
injury or death.

WARNING
Compressed air used for cleaning can create airborne particlesthat may

enter the eyes. Never exceed 30 psi (207 kPa) of pressure. Eye protection
required. Failureto comply could result in serious eye damage or

blindness.
(3) Thoroughly clean timing gear cover in solvent. Dry with compressed air.
4 Inspect timing gear cover for cracks or other damage. Replace as required.
(5) Inspect front crankshaft oil seal bore for nicks. Repair or replace as required.
(6) Install timing gear cover, refer to 4.9.3.d.
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8
WEAR SLEEVE

LEGEND
1 GASKET 10 BOLT
2 COVER 11 SEAL KIT
3 PLUG 12 VALVE
4 O-RING 13 SPRING
5 BOLT (6) 14 WASHER
6 BOLT 15 FITTING PLUG
7 O-RING 16 NUT
8 COVER 17 BOLT (2)
9 SCREW 18 STUD

FIGURE 4-62 TIMING GEAR COVER
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c. Replacement.
Q) Remove timing gear cover, refer t0 4.9.3.a
2 Inspect timing gear cover, refer to 4.9.3.b. Replace if damaged.

(©)] For installation, refer to 4.9.3.d.
d. Installation.
(@D} Remove al covering installed during 4.9.3.a (13).
(2 Insure all gasket material isremoved from sealing surfaces.

3 Position gasket (1} Figure 4-62) and timing gear cover (2) on front plate and install bolts (5, 6, 10,
and 17) and stud nuts (16). Torque bolts and stud nutsto 26 Ib-ft (35 Nm).

4 Install il pressure regulating valve assembly, refer tb paragraph 4.5.2,
(5) Install adjustable fan drive assembly and fan pulley, as follows;

(@ Install fan pulley (2] Figure 4-61)). Install bolts (1). Ensure bolts are installed in positions
as marked in paragraph 4.9.3|(a) step 5. to assure proper belt tension.

(b) Ingtall belt, refer to TM 9-6115-672-14.
(6) Install water pump, if removed, refer
7 Install water pump tube to water manifold cover, refer t paragraph 3.8.2|
(8 Install oil pan, refer {o paragraph 4.5.3]

9 Install crankshaft front wear sleeve as follows:
@ Coat inner diameter of new wear sleeve with Retaining Compound.
(b) Position wear sleeve on nose of crankshaft with flange of crankshaft front wear sleeve
toward crankshaft.
(© Position installation tool over crankshaft front wear sleeve. Install crankshaft front wear

dleeve until tool bottoms against nose of crankshaft, using a dead blow hammer.

(d) Clean any sealant from outer diameter of crankshaft flange and wear sleeve.
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Install crankshaft front oil seal as follows:

@ Inspect and clean seal bore in timing gear cover. Check for nicks or burrs. Use medium
grit emery cloth to smooth rough areas.

(b) Clean outer diameter of crankshaft and wear sleeve with solven{ (Appendix E) or ignition
cleaner and allow to dry.

(©) Slide Adapter on nose of crankshaft and install bolts.

CAUTION
Do not allow oil to contact coating on outer diameter of crankshaft front oil
seal. Failuretocomply could result in damage to crankshaft front oil seal
and oil leakage.

NOTE

Position spring loaded side of crankshaft front oil seal into timing gear
cover first.

(d) Apply light coat of clean engine oil to flange of crankshaft front oil seal and position
crankshaft front oil seal on crankshaft flange.

(e Place installer over adapter. Tighten screw until driver bottoms against nose on
crankshaft.

Install crankshaft pulley, refer tb paragraph 4.9.2]
Install torsional damper, refer t¢ paragraph 4.9.1]
Install alternator mounting bracket and alternator, refer tq paragraph 3.9.1

Install fan and fan drive belt, refer to TM 9-6115-672-14.

Service lubrication system, refer to TM 9-6115-672-14.
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4.10. VEHICI E ENGINE STAND

4-98

NOTE

The 2000 Ib (908 kg) Vehicle Engine Stand (NSN 4910-01-016-1835) is
referenced in thismanual. When any other repair stand is used, consult the
manufacturer'sinstructionsfor mounting the engine.

WARNING
The vehicle engine stand should be used only by qualified service

technicians familiar with thisequipment. Failureto comply could result in
personal injury and/or equipment damage.

WARNING
Use alloy steel SAE Grade 8 or higher socket head cap screwswhen
installing engine adapter s on vehicle engine stand. Use Thread L ock and
Sealer (Loctite 242) or equivalent on cap screwswhen installing lift straps

on the engine. Tighten cap screwsto 125 Ib-ft (170 Nm). Failureto comply
could result in personal and/or equipment damage.

WARNING
Be surethat tapped hole on the vehiclerepair stand's adapter and
mounting hub are clean and not damaged. Ensurethat thread engagement
iswithin 1-1.2 times the screw diameter minimum to properly securethe

engine. Failureto comply could result in personal injury and/or equipment
damage.

WARNING
Toavoid structural or personal injury, do not exceed the maximum
capacity rating or 2000 Ibs. (908 kg.). Maximum capacity is deter mined

with the center of the enginelocated no more than 13 inches (330 mm) from
the mounting hub surface of the engine stand.

WARNING
Be surethat the center of the engine must be located within 2 inches (51
mm) of the engine stand rotating shaft to prevent unsafe off-balance load

condition. Failureto comply could result in personal injury and/or
equipment damage.
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WARNING
Recheck to make sure engineis solidly mounted beforereleasing support

from engine lifting device. Failureto comply could result in personal injury
and/or equipment damage.

WARNING
Never permit any part of the body to be positioned under a load being lifted
or suspended. Failureto comply could result in personal injury.

WARNING
Thelifting jack isto be used when it is necessary to lift theengine for

rotation. When working on the engine, thejack should be at itslowest
position to keep the center of gravity low and the possibility of tipping low.

WARNING
Unscrew the release valve slowly when lowering the engine on vehicle
engine stand to prevent sudden engine movement. Do not unscrew release

valve knob mor e than two turnsfrom its closed position. Failureto comply
could result in personal injury and/or equipment damage.

CAUTION

Use extreme caution when lifting and NEVER permit any part of the body
to be positioned under an engine being lifted or suspended.

CAUTION

Lift enginewith longitudinal loading on lift dling and lifting brackets only.
Angular loading greatly reduces lifting capacity of ding and brackets.
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a Lift engine using the following steps;
(1) Attach Engine Lifting Sling to engine lifting straps and overhead hoist on floor crane.

NOTE

Use of an engine lifting sling as shown in|Figur e 4-63 isthe only
APPROVED method of lifting an engine.

LEGEND ’
1 JDG23 ENGINE SLING
2 ENGINE LIFTING STRAPS

FIGURE 4-63. ENGINE LIFTING

(2 Carefully lift engine to desired location.
CAUTION

When servicing turbocharged engineson arollover stand, disconnect
turbocharger oil inlet line from the ail filter housing or turbocharger before
rolling engineover. Failureto do so may cause a hydraulic lock upon
starting engine. Hydraulic lock may cause possible engine failure.

NOTE

Hydraulic lock isthe event that occurswhen trapped ail in theoil filter
housing drainsthrough the turbocharger, to the exhaust and intake
manifolds, and into the cylinder head. After starting the engine, the
trapped oil in the manifold and head isreleased into the cylinder (s) filling
them with oil causing hydraulic lock and possible enginefailure.
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Disconnect turbocharger oil inlet line as follows;

(€] Drain all engine oil and coolant, if not previously done.

) Disconnect turbocharger oil inlet line, refer tb paragraph 4.4.1]
CAUTION

NEVER remove the overhead lifting equipment until the engineis secure

mounted onto the repair stand and all mounting hardwareistightened to

specific torque. Alwaysrelease the overhead lifting equipment slowly.

Mount engine on vehicle engine stand using the following steps;

(1) If not done previously, remove turbocharger. Refer . Ensure oil and
coolant are drained as stated in 4.10.h. above.

2 Mount engine on vehicle engine stand.

4-101/4-102 BLANK






ARMY TM 9-2815-260-24
AIR FORCE TO 38G1-126-2
MARINE CORPSTM 09244A/09245A-24

CHAPTERS

GENERAL SUPPORT MAINTENANCE INSTRUCTIONS

Section |. TROUBLESHOOTING

5.1. GENERAL SUPPORT TROUBLESHOOTING PROCEDURES.

This section does not contain any troubleshooting information for locating and correcting operating engine troubles
at the general support level. General support is limited to the disassembly, cleaning, inspection and assembly of

components after troubleshooting has already been accomplished. Refer tq Table 5-1 for maintenance procedures
covered in this chapter. For troubleshooting, refer tq Table 3-1 for troubleshooting at the unit level and[Table 4-

for troubleshooting at the direct support level.
NOTE
Before using troubleshooting Tables 3-1 and 4-1, be sure you have
performed your PMCS. Prior to performing troubleshooting procedures

within this manual, perform previous maintenance level troubleshooting
proceduresand TM 9-6115-672-14 troubleshooting procedures.

Table5-1. Procedural Index for General Support M aintenance

Subj ect Paragraph
FUEL TNJECHTON PUMIP. ...t ettt b et bbbt b 5.3.1
CamShaft ASSEMDIY ... bbbttt b bbb bbb 5.4.1
Idler Gears and [dler GEar SNAMTS ........cccoevireeiriieer e 5.4.2
L (0] 0 = (= PP ST SRR 5.4.3
Crankshaft and Main BEAINGS ......cceriiierieriere ettt sttt sbe sttt ss et sae b e aeese e e e e e besaesse e e aneeseeas 5.4.4
Pistons and CONNECHING ROS .......coeiieiirieiie ettt bbb bbbt s ae b ae e e b e 5.4.5
L@ [T gl L= T o= OSSR 5.4.6
L@, 1T gl L= g = ot OSSR 5.4.7
Ol PUMP ASSEMDIY ...ttt b e sttt st s b et b ettt bbb bt ne st e e 5.4.9
Ol Bypass ValVe ASSEMDIY ..ottt sttt st sttt st 5.4.9
CYIINAEE HEA........eceeeeee bbbt e b e s e bt e b b e e b et se e b et e b et e se b e be et 5.4.10
Oil Pressure Regulating Valve Assembly ValVe SEaL.........ccooiiiiiiiienereeeee e 5.4.11
[0 o TT= ot (o T U100 o ST 5.4.12

Section II. MAINTENANCE PROCEDURES

5.2. GENERAL.

This section contains general support maintenance procedures. Topics covered at thislevel include disassembly,

cleaning, inspection and assembly of components.
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5.3. FUEL SYSTEM MAINTENANCE

5.3.1. FUEL INJECTION PUMP.

5-2

(D)
)
©)

(4)
(5)
(6)
(7)
(8)
9)
(10)

NOTE

Thefollowing procedur esrequire complete accessto the engine. If
necessary, remove engine from generator set, refer to TM 9-6115-672-14.

M ount engine on repair stand (NSN 4910-01-016-1835 or equal) as outlined
in[paragraph 4.10

NOTE

If working on fuel injection pump on TQG, refer to TM 9-6115-672-14 for
removal and installation procedurefor electrical actuator.

NOTE

Test bench coupling should be of self aligning, zero backlash type.

Remove injection pump, refer o paragraph 4.6.1la.

Install injection pump on a motorized test bench meeting SO Standard 4008.
Ensure rotation of drive shaft on test stand is clockwise.
CAUTION

If incorrect connector isused on the transfer pump inlet, damageto
internal threadswill occur.

Install transfer pump inlet connector from the transfer pressure adjusting tool kit.
Install transfer pressure gage connector.

Install a shutoff valve to isolate gage when not in use.

Remove timing line cover and install advanced indicator.

Energize electric shutoff device with 24 VDC at lowest speed.

Move pump throttle lever to full load position.

Pressurize transfer pump inlet to 5.0 £ 0.5 psi (34 + 3 kPa).
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(12)

(13)

(14)

(15)

(16)

ARMY TM 9-2815-260-24
AIR FORCE TO 38G1-126-2
MARINE CORPSTM 09244A/09245A-24

NOTE

When transfer pump is primed, allow fuel to bleed for several seconds from
loosened injection line nuts at nozzles.

With pump operating at 300 rpm, bleed injector lines.

After bleeding, tighten nuts securely.

WARNING
Compressed air used for cleaning can create airborne particlesthat may
enter the eyes. Pressurewill not exceed 30 psig (207 kPa). Eye protection
required.

CAUTION

Under no circumstances should 130 psi (896.4 kPa) transfer pump pressure
be exceeded, to prevent damage to the pump.

NOTE
Table5-2listsfuel delivery in cubic millimeter s/stroke. Some test benches
measur e fuel flowsin cubic centimeters (milliliters). To convert from
mm3/stroketo CC's, use the following for mula:
CC's=(mm3/stroke x No. of strokes)/1000

NOTE

All rpm readings are at pump speed.

Operate pump at 1000 pump rpm wide open throttle (WQOT) for ten minutes or until temperature
reaches 110°F to 115°F (43.3°C t0 46.1°C). Completely dry pump off using compressed air.
Observe for leaks and correct as necessary.

CAUTION

Never back out low idle screw or disengagement of throttlelever from guide
bushing could result.

Back out high idle screw.

Close valvein fuel supply line. With pump running 400 pump rpm, the transfer pump must be
capable of creating a vacuum of at least 18 inches (45.7 cm) of mercury. If it does not, check for
air leaks between pump inlet and shutoff valve or deficiency in transfer pump.

Fill graduates to bleed air from test stand and to lubricate graduates.
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5-4

(17)

(18)
(19)
(20)
(21)

(22)

(23)

(24)

While operating pump at 1750 rpm wide open throttle (WOT), perform the following:

(@

NOTE
Pressure should be 74 to 76 psi (510 to 524 kPa)
Observe transfer pump pressure. To adjust pressure, remove lines to transfer pump inlet
connector and use a 5/32 inch hex key wrench to adjust pressure regulating spring plug.

Clockwise adjustment increases pressure. Do not over-adjust.

NOTE

Transfer pump pressur e gage must be isolated by shutoff valve at injection
pump when checking fuel delivery and advance movement.

(b)
(©
(d)

NOTE
Oil return flow reading should be 400 to 700 cc/min.
Check return oil flow.
Recheck transfer pump pressure. Adjust as necessary.

Check housing pressure for 8.5 to 13.5 psi (59-93 kPa).

While operating at 1750 rpm WOT, set advance trimmer screw for O degrees.

While operating at 1750 rpm WOT, set roller-to-roller fuel delivery to 104.5 to 105.5 mm3/stroke.

Turn speed droop adjusting cap clockwise six full turns.

While operating at 1750 rpm WOT, set light load advance adjusting screw for 5.0 degrees.

While operating at 300 rpm, with supply pump on unscrew advance cap four full turns and allow
fuel to bleed for 30 seconds. Retorque cap to 455-505 Ib-in (51 — 57 Nm).

Adjust speed droop to minimum droop position counterclockwise. Turn speed droop cap in two
full turns clockwise.

While operating at 2290 rpm WOT, adjust high idle screw to obtain maximum 5 mm3/stroke.

(25) Perform the checks at pump rpm specified in[Table 5-2
(26) Install injection pump, refer to jparagraph 4.6.11d.
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Table5-2. Fuel Injection Pump Checks

NOTE

Throttle position is at full load, wide open position (WOT).

*»"
*"

(69 kPa)
(614-628 kPa)

PUMP RPM THROTTLE mm?*STROKE ADVANCE PRESS
POSITION
150 WOT 42 Min. | - 4410 Min.
400 WOT « 4Max. | - | -
1750 WOT 104.5-105.5 0° +0474-76
1750 ADJ 26-34 45°-55° | -
1750 WOT « 4Max. | - | -
2290 WOT 5 Max. 8.0°-9.0° | -
Legend: . Electric Shut Off (ESO) Deenergized

NOTE
A generic (DB Series) fuel injection pump isillustrated Figures5-1thru 5-
16.
b. Disassembly.

D Remove fuel injection pump, refer {o paragraph 4.6.11

2 Remove governor actuator from top of fuel injection pump (L,_Figure 5-11), refer to TM 9-6115-
672-14.

©) Remove flange seal ) and discard.

4 Clamp pump holding fixture in vise and mount fuel injection pump on pump holding fixture.

Refer to]Appendix H, Figure F1.
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FIGURE 5-1. FUEL INJECTION PUMP (PAGE 1 OF 3)
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FIGURE 5-1. FUEL INJECTION PUMP (PAGE 2 OF 3)
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12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

HOUSING ASSY

SEAL, FLANGE

CLIP, HOOK

SHAFT ASSY, THROTTLE
LEVER, THROTTLE FORK
SEAL, O-RING

WASHER, SPACER
SPACER

BARREL ASSY, DAMPER
PISTON ASSY, DAMPER
SPRING, DAMPER

CAP, CONTROL LOCKING
CAP ASSY, ADJUSTING
SEAL, O-RING

PIN, CONTROL SPRING
GUIDE, CONTROL ROD
WASHER, SEALING
SPRING, GOVERNOR CONTROL
ROD ASSY, CONTROL
SCREW, LOCKING PLATE
PLATE, LOCKING

SEAL, O-RING

SCREW, HEAD LOCKING
SCREW, HEAD LOCATING
SEAL, O-RING

PLUG, ADVANCE SCREW HOLE
SEAL, O-RING

PLUG, PISTON HOLE
SEAL, O-RING

SPRING, ADVANCE
GUIDE, ADVANCE ADJ SPRING
NUT, LOCK

SCREW, TRIMMER

SEAL, O-RING

PIN, CAM ADVANCE

FIGURE 5-1.

36
37
38
39
40
41
42
43

45
46
47
48
49
50
51
52
53

55
56
57
58
59
60
61
62
63

65
66
67
68
69
70

LEGEND

PLUG, PISTON HOLE

SEAL, O-RING

PISTON, ADVANCE

SCREW, REED VALVE
VALVE, REED

RING, ADVANCE PISTON
SEAL, PISTON RING

ARM ASSY, METERING VALVE
SPRING, METERING VALVE
SHIM, METERING VALVE SPRING
VALVE, METERING

SCREW ASSY, VENT

HEAD ASSY, HYDRAULIC
SLEEVE, THRUST

WASHER, THRUST

WEIGHT, GOVERNOR

NUT, PIVOT SHAFT

SEAL, O-RING

SHAFT, PIVOT

ARM, GOVERNOR

HOOK, GOVERNOR LINKAGE
SPRING, GOVERNOR LINKAGE
RING, RETAINING

WASHER, SPRING

WASHER, THRUST

BEARING, THRUST

DRIVE SHAFT

NUT, DRIVE SHAFT
LOCKWASHER, DRIVE SHAFT
KEY, WOODRUFF

SCREW, LOCK

SEAL, O-RING

BEARING, NEEDLE
LIPSEAL,D.S, LUBE OIL SIDE
SPACER, LIP SEAL

71
72
73
74
75
76
7
78
79
80
81
82
83

85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104

LIP SEAL,D.S,, FUEL SIDE
CAP, TRANSFER PUMP END
FILTER, INLET

REGULATOR ASSY, TRANSFER PUMP

SCREW, ADJUSTING
SPRING, REGULATING
PISTON, REGULATOR

SEAL, REGULATOR SLEEVE
ROLLPIN, REGULATOR ASSY
LINER, TRANSFER PUMP
BLADE, TRANSFER PUMP
SPRING, TRANSFER PUMP BLADE
RING, LINER LOCATING
RETAINER, ROTOR

SEAL, O-RING

ROTOR ASSY

SEAL, O-RING

CAM RING

SCREW, LEAF SPRING
SPRING, LEAF

ROLLER, CAM

SHOE, CAM ROLLER
PLUNGER, LONG

PLUNGER, SHORT

SCREW, RETAINING

STOP, DELIVERY VALVE
SPRING, DELIVERY VALVE
VALVE, DELIVERY

CLIP, RETAINING
RETAINER, CUSHION
RETAINER, WEIGHT
CUSHION, WEIGHT RETAINER
SCREW, NAMEPLATE
NAMEPLATE

FUEL INJECTION PUMP (PAGE 3 OF 3)
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MARINE CORPSTM 09244A/09245A-24

(5) Disconnect hook clip (Figure 5-2).

=
\

b\ N ‘ CLIP
l- !.4:\ 5
m|is VA
0\ \ 0 v d
L

FIGURE 5-2. CLIP REMOVAL.

(6) Remove throttle shaft assembly (4), throttle lever fork (5), O-ring seal (6) spacer washer (7), and
spacer (8). Discard O-ring seal and spacer washer.

@) Remove damper barrel (9), damper piston (10), and damper spring (11).
(8) Remove droop control locking cap (12) using one wrench to hold control rod guide (16) while

another wrench is used to loosen droop control locking cap, refer to

LEGEND
1. DROOP CONTROL LOCKING CAP
2. CONTROL ROD GUIDE.

FIGURE 5-3. DROOP CONTROL LOCKING CAP REMOVAL.
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9 Remove adjusting cap assembly (113, Figure 5-1) by twisting and pulling. Remove O-ring seal
(14) and spring pin (15). Discard O-ring seal.

(20 Remove control rod guide (16) and seal washer (17). Discard seal washer.

(11 Disengage governor spring (18) from governor arm (55), refer to Depress metering
valve arm (43) and remove control rod assembly (19) and governor spring.

LEGEND

1 GOVERNOR SPRING
2 CONTROL ROD ASSEMBLY
3 METERING VALVE ARM

FIGURE 5-4. CONTROL ROD ASSEMBLY AND GOVERNOR SPRING REMOVAL.
(12 Remove screw (20), locking plate (21), and O-ring seal (22). Discard O-ring seal.
(13) Loosen but do not remove transfer pump end cap (72) using wrench.
14 Remove head locking screws (23).

(15) Invert fuel injection pump housing (1) in vise and remove head locating screw (24) and O-ring
seal (25). Discard O-ring seal.

(16) Remove cam advance pin hole plug (26) and O-ring seal (27).
an Loosen locknut (32). Remove spring side piston hole plug (28) using wrench.

(18) Remove O-ring seal (29), spring (30), spring seat (31), locknut (32), trimmer screw (33), and O-
ring seal (34). Discard O-ring seals.

(19) Remove cam advance pin (35) using needle nose pliers, refer t¢ Figure 5-5

(20) Remove power side piston hole plug (36), O-ring seal (37), and advance piston (38).
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(21 Remove screws (39) and reed valve (40) from power side piston hole plug (36), refer to
igure 5-6

FIGURE 5-5. CAM ADVANCE PIN REMOVAL.

3. LEGEND
1 SCREW (2)
2 REED VALVE
3 POWER SIDE PISTON HOLE PLUG

FIGURE 5-6. REED VALVE REMOVAL.
CAUTION

Piston ring isfragile and easily damaged. Do not over expand piston ring
during removal. Failureto comply could result in damageto piston ring.

(22) Remove piston ring (41, Figure 5-1) using snap ring pliers (13337). Remove and discard seal
(42).
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(23) Invert fuel injection pump in vise. Rotate hydraulic head assembly (48) counterclockwisein fuel
injection pump housing (1) and lift linkage hook (56) off metering valve arm (43). Disconnect
linkage hook from governor arm (55) and hang linkage hook over side of fuel injection pump
housing, refer to

_~ LEGEND ‘
' 1 HYDRAULIC HEAD ASSEMBLY

2 LINKAGE HOOK

3 METERING VALVE ARM

4 GOVERNOR ARM

5 FUEL INJECTION PUMP HOUSING

FIGURE 5-7. LINKAGE HOOK DISCONNECTION.
(29) Remove metering valve arm (43), spring (44), shim (45), and metering valve (46).
(25) Remove vent screw assembly (47).

(26) Remove hydraulic head assembly (48) by tilting fuel injection pump housing (1) downward and
twisting and pulling on hydraulic head assembly, refer to

LEGEND
1 HYDRAULIC HEAD ASSEMBLY
2 FUEL INJECTION PUMP HOUSING

FIGURE 5-8. HYDRAULIC HEAD ASSEMBLY REMOVAL.
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(27)
(28)

(29)

(30)

(31)

(32)

(33)

(34)

(35)

(36)

(37)

ARMY TM 9-2815-260-24
AIR FORCE TO 38G1-126-2
MARINE CORPSTM 09244A/09245A-24
Remove thrust sleeve (49, Figure 5-1), thrust washer (50), and governor weights (51).
Remove pivot shaft nut (52) and O-ring seal (53) from one side of pivot shaft (54).

Remove pivot shaft (54), governor arm (55), and linkage hook (56), refer to

LEGEND

1 PIVOT SHAFT
2 GOVERNOR ARM
3 LINKAGE HOOK

FIGURE 5-9. GOVERNOR ARM AND LINKAGE HOOK REMOVAL

Remove retaining ring (58, Figure 5-1) using snap ring pliers (20044). Remove thrust spring (59)
and thrust washer (60). Remove thrust bearing (61) using snap ring pliers (20043).

CAUTION

Drive shaft iseasily damaged. Handledrive shaft with care. Failureto
comply could result in damage to fuel injection pump.

Remove drive shaft (62), drive shaft nut (63), lock washer (64), and Woodruff key (65).

Remove screw (66) and gasket (67). Discard gasket.

Position fuel injection pump housing (1) with flange facing upwards. Remove drive shaft bearing
(68), oil side seal (69), spacer (70) and fuel side seal (71) using Bearing and Seal Puller (28311),
refer to Discard drive shaft bearing, oil side seal, and fuel side seal.

Remove transfer pump end cap (2. Figure §-1), inlet filter screen (73), and transfer pump
regulator assembly (74).

Remove adjusting screw (75), regulating spring (76), regulator piston (77), sleeve seal (78), and
regulator assembly roll pin (79). Discard sleeve seal.

Remove transfer pump liner (80), transfer pump blades (81), and transfer pump blade springs (82).

Remove liner locating ring (83) and rotor retainers (84).
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LEGEND

DRIVE SHAFT BEARING
OIL SIDE SEAL

SPACER

FUEL SIDE SEAL

R S

FIGURE 5-10. DRIVE SHAFT BEARING AND SEAL REMOVAL (SHOWN REMOVED).

(38)  Remove transfer pump end cap seal (85), refer to Figure 5-11

TRANSFER PUMP END CAP SEAL

FIGURE 5-11. TRANSFER PUMP END CAP SEAL REMOVAL
(39) Remove rotor assembly (86, Figure 5-1).

(40) Remove and discard O-ring seal (87).
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NOTE

Note direction (clockwise or counter clockwise) of directional arrow to
insure proper installation.

(41)  Removecamring (88), refer to

LEGEND

1 CAMRING
2 ROTOR ASSEMBLY
3 DIRECTIONAL ARROW

FIGURE 5-12. CAM RING REMOVAL.

(42)  Remove adjusting screws (89, Figure 5-1) | leaf springs (90), cam rollers (91), and cam roller shoes
(92).

NOTE

Note location of short and long pumping plungersto insure proper
installation.

(43) Remove long pumping plungers (93) and short pumping plungers (94) using Brass Hook (13301),
refer to

LEGEND

1 SHORT PUMPING PLUNGER (2)
2 LONG PUMPING PLUNGER (2)
3 ROTOR

FIGURE 5-13. PUMPING PLUNGER REMOVAL.
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(44)  Position rotor (§6, Figure 5-1) in (16313) fixture and clamp in vise. Remove retaining screw (95),
delivery valve stop (96), and spring (97). Discard delivery valve stop.

(45)  Remove delivery valve (98) using delivery valve extractor (26081), refer to

DELIVERY VALVE

FIGURE 5-14. DELIVERY VALVE REMOVAL.

(46)  Removeretaining clips (99, Figure b-1) by prying with small screwdriver, refer to

Discard retaining clips.

FIGURE 5-15. RETAINING CLIP REMOVAL.
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(47)

(48)

(49)

(50)

N
@)

3)

ARMY TM 9-2815-260-24
AIR FORCE TO 38G1-126-2
MARINE CORPSTM 09244A/09245A-24

Remove retainer cushions (100, Figure 5-1)| weight retainer (101), and weight retainer cushions
(102).

If necessary, remove screws (103) and nameplate (104).
Remove and discard all seals.

WARNING
Cleaning solvent is flammable and toxic to eyes, skin, and respiratory tract.
Skin and eye protection arerequired. Avoid repeated/prolonged contact.
Good general ventilation isnormally adequate.

WARNING
Compressed air used for cleaning can create airborne particlesthat can
enter the eyes. Pressure must not exceed 30 psig (207 kPa). Eye protection

required.

Thoroughly clean all partsin solvent. Dry all parts with compressed air. Dip al partsin clean
calibrating fluid.

Disassemble fuel injection pump, refer {o paragraph 5.3.1la.

Inspect each component for excessive wear, scoring, corrosion, distortion, cracks, or breakage.
Replace al damaged or excessively worn parts.

Inspect fuel injection housinf (Figure 5-16) as follows:

FUEL INJECTION HOUSING

FIGURE 5-16. FUEL INJECTION HOUSING.
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5-18

(4)

(@
(b)
(©

(d)

Inspect fuel injection housing for cracks or signs of damage.
Inspect threaded holes for damage.

Inspect inside of fuel injection housing where hydraulic head seal contacts fuel injection
pump. Inspect thrust bearing counterbore and area where cam ring rides.

Replace fuel injection housing as required.

CAUTION

Drive shaft isfragile and easily damaged. Handle drive shaft with care.

Inspect drive shaft (1, Figure 5-17) asfollows:

2 3 1

|1 |

4 1  DRIVE SHAFT
2 THREADS
3 TAPER
4  DRIVE SHAFT
SEAL WEAR BANDS

5 DRIVE SHAFT TANG

FIGURE 5-17. DRIVE SHAFT.

NOTE

Drive shaft seal wear bands are normal and should not bereason for drive
shaft replacement.

(@
(b)
(©

(d)

Inspect threads (2, Figure 5-17) and taper (3) for damage.

Inspect drive shaft (1) where drive shaft seals ride for nicks or scratches.

Measure drive shaft tang (5) width using outside diameter micrometer. Drive shaft tang
width should be 0.430 in. (10.92 mm) minimum. If drive shaft tang width isless than
specifications, replace drive shaft.

Replace drive shaft as required.



©)

(6)

ARMY TM 9-2815-260-24
AIR FORCE TO 38G1-126-2
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Inspect cam ring (1| Figure 5-18). Carefully inspect cam lobes and edges of all flat surfaces. If
there is evidence of spalling or flaking out, replace with a new cam.

NOTE

Only working portions of lobes on inside diameter are ground, so any tool
mar ks between lobes should not be consider ed as damage. The mottled
appear ance of cam isfrom heat treatment rather than from operation.

CAM RING
CAM LOBE (6)
DIRECTIONAL ARROW

FIGURE 5-18. CAM RING.

Examine the Hydraulic Head Assembly. Refer tp Figure 5-19

(@
(b)

(©

(d)
(€)

Examine the metering valve bore and the threaded holes for damage.

Examine the rotor bore for wear band in line with the charging ports and/or the discharge
ports which could indicate that dirty fuel was used.

Inspect the discharge fittings for damage to the area where the injection lines seat or to
the threads.

Check the threaded hydraulic head plugs to ensure they are tight.

Replace the Hydraulic Head Assembly if found defective.
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FIGURE 5-19. HYDRAULIC HEAD ASSEMBLY (TYPICAL)

@) Examine the Distributor Rotor Assembly. Refer to Figure 5-20

(@

(b)
(©

(d)

5-20

Examine the working areas of the distributor rotor including the transfer pump blade
slots, the discharge and charging ports, the plunger bores, the leaf spring contact area and
the drive dot. Check for wear, erosion or damage.

Examine the flat delivery valve seat in the rotor bore for chipping, erosion or damage.

Ensure the governor weight retainer is secure on the rotor. If hub isloose, head and rotor
assembly must be replaced.

Replace the Distribution Rotor Assembly if found defective.

FIGURE 5-20. DISTRIBUTOR ROTOR ASSEMBLY (TYPICAL)
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(8) Examine the Shoes and Rollers. Refer to Figure 5-21

@ Inspect the edge of the shoe that has been in contact with the leaf spring for excessive
wear or damage. Shoes with sides of equal height may be reversed in the shoe slot to
expose the unused surface to the leaf spring.

(b) Inspect the inside of the shoe where the roller rides and the outside diameter of the roller
for scoring.
(© Ensure the rollers are a close fit in the shoes.

(d) Replace the Shoes and Rollersif found defective.

CAM ROLLERS
AND SHOES

FIGURE 5-21. SAMPLE SHOESAND ROLLERS.
9 Examine the Leaf Springs. Refer {o Figure 5-22
@ Examine the surface of the leaf spring which contacts the cam roller shoes.

(b) Inspect the area on the underside of the leaf spring which contacts the rotor. Replace the
leaf spring if there is evidence of pitting or excessive fretting.

(© Replace the Leaf Springs if found defective.

SHOE CONTACT
AREA

ROTOR CONTACT

LEAF
SPRING

FIGURE 5-22. LEAF SPRINGS.
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(20 Examine the Transfer Pump Blades. Refer tp Figure 5-23

(@ Inspect for excessive wear and scoring of the edge of the blade which rides on the inside
of the transfer pump liner. A minimum allowable thicknessis provided in Figure 5-23

(b) Examine the sides of the blades for wear from contact with the blade dots.

(© Replace the Transfer Pump Blades if found defective.

0.538" Min.
(13.67 mm)

FIGURE 5-23. TRANSFER PUMP BLADES.

(11) Examine the Transfer Pump Liner. Refer tp Figure 5-24

@ Examine the inside diameter of the liner for scoring or excessive wear.
(b) Replace Transfer Pump Liner if scored or wear is excessive.
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FIGURE 5-24. TRANSFER PUMP LINER.

(12 Examine the Transfer Pump Regulating Piston and Adjusting Screw. refer to Figure 5-25

@

(b)

(©
(d)

Inspect the adjusting screw to ensure the orifice is not plugged and the orifice plate is
secure to the screw.

Replace the screw if the retention patch does not offer enough resistance to turning when
the screw isthreaded in and out of the regulator.

Inspect the regulating piston. Replace if excessive scoring or wear is present.

Replace the Transfer Pump Regulating Piston and Adjusting Screw if found defective.

RETENTION
PATCH

ORIFICE
PLATE

REGULATING ADJUSTING
PISTON SCREW

FIGURE 5-25. TRANSFER PUMP REGULATING PISTON AND ADJUSTING SCREW.
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(13 Examine the Transfer Pump Regulator Assembly. Refer tp Figure 5-26

(@

(b)

(©)

Examine the face of the regulator where the transfer pump bladesride. The face may be
lapped with fine grit lapping compound if light wear is present.

Examine the regulating piston bore and transfer pressure regulating slot for wear or
damage. Replace the regulator locating pin if bent or broken.

Replace the Transfer Pump Regulator Assembly if found defective.

Regulating
Slot

)

e

FIGURE 5-26. TRANSFER PUMP REGULATOR ASSEMBLY .

(14) Examine the Metering Valve and Arm Assembly. Refer tp Figure 5-27]

@

Inspect the metering valve arm to be sure the pin on which the linkage hook ridesis
tightly mounted to the arm.

NOTE

The appearance of the valveisnot the best criteriafor determining if a
valve should require replacement. The pump's ability to passthe test
specifications, along with shut-off requirements should be the best guide as
to whether the valveisreplaced or not.

(b)

(©

5-24

Check the valveto ensureiit is securely attached to the arm. Examine the valve for
excessive scoring.

Replace the Metering Valve and Arm Assembly if found defective.
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METERING VALVE
AND ARM
i ASSEMBLY

=

FIGURE 5-27. METERING VALVE AND ARM ASSEMBLY.
(15) Examine the Delivery Valve. Refer to Figure 5-28

€] Inspect the cuff of the delivery valve for excessive scratching or scoring.
(b) Examine for awear band around the center of the valve, which if excessive, is criteriafor

replacement of the valve.
(© Check the valve for correct retraction value 0.59 in. (15mm).

(d) Replace the Delivery Valve if found defective.

RETRACTION
CUFF

DELIVERY
VALVE

FIGURE 5-28. DELIVERY VALVE.
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d. Assembly.

D
)

3)

(4)
()

5-26

Install nameplate (104, Figure 5-1) and screws (103).

Position fuel injection pump housing (1), flange facing up, on arbor press. Ensure fuel injection
pump housing is resting flatly.

CAUTION

Lubricants can cause damageto fuel side seal. Do not use any lubricantson
fuel side seal when installing. Failureto comply could result in damageto
fuel side seal.

Position fuel side seal [Eigure 5-29) into fuel injection pump housing ({, Figure 5-1) bore with
seal lip facing downwards. Position seal installation tool into fuel injection pump housing bore.
Pressfuel side seal in using arbor press until seal installation tool bottoms.

FIGURE 5-29. FUEL SIDE SEAL INSTALLATION
Install spacer (70, Figure 5-1).
Apply light coating of Lubriplate grease to seal bore inside fuel injection pump housing (1).

Install oil side seal (Figure 5-30) in fuel injection pump housing with seal lip facing outward using
installation tool and arbor press.
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.~ OIL SIDE SEAL

FIGURE 5-30. OIL SIDE SEAL INSTALLATION

(6) Install drive shaft bearing[(Figure 5-31)) with part number facing outward using installation tool
and arbor press. Check drive shaft bearing rollers for freedom of movement.

FIGURE 5-31. DRIVE SHAFT BEARING INSTALLATION
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@) Position seal protection tube (included in seal and bearing kit) over drive shaft|(Figure 5-32).
Lubricate seal protection tube and drive shaft with clean calibrating fluid.

- SEAL PROTECTION TUBE

DRIVE SHAFT

FIGURE 5-32. SEAL PROTECTION TUBE
(8) Insert seal protection tool and drive shaft (1, Figure 32) into fuel injection pump housing from
flange end of fuel injection pump housing. Position shoulder of drive shaft flush with drive shaft

bearing (1| Figure 5-31)). Hold shoulder of drive shaft flush with face of drive shaft bearing and
remove seal protection tube from inside of fuel injection pump housing.

9) Install thrust bearing (1] Figure 5-33) using snap ring pliers. Install thrust washer (2).

LEGEND

1 THRUST BEARING
2 THRUST WASHER

FIGURE 5-33. THRUST BEARING AND THRUST WASHER
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(10) Install thrust spring|(1, Figure 534) on top of thrust washer (2, Figure 5-33). Install retaining ring
(2,[Figure 5-34) using snap ring pliers (20044).

LEGEND
1 THRUST SPRING
2 RETAINING RING
2
20044 SNAP
RING PLIERS

FIGURE 5-34. SPRING WASHER AND RETAINING RING

(11) Place new timing mark on hub as follows:

€] Place the rotor assembly onto the timing locator (20395) with drill point in rotor drive
tang aligned with tool pointer. Refer to

20395 Timing
Mark Locator

FIGURE 5-35. TIMING MARK LOCATOR
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(b) Rotate the pointer and rotor in the direction of rotation indicated on the pointer
(counterclockwise) until pointer is aligned with specified number of degrees on upper or
outer scale. Mark on hub should line up with zero on locator (where "place timing line
here" arrow point is located). If lineis not correct, use abrasive stone to remove incorrect
mark from hub. Place amark at the correct angle first using a pencil and then with
electric marking pencil .

(© Timing mark is now in correct position.
(12)  Position rotor cushions (1, Figure 5-36) and cushion retainers (2) on weight retainer (3).

(13) Install retaining clips (4).

LEGEND
1 ROTOR CUSHION (6)
2 CUSHION RETAINER (3)
3 WEIGHT RETAINER
4 RETAINING CLIP (3)

FIGURE 5-36. WEIGHT RETAINING ASSEMBLY.

(14)  Install delivery valve (98, using delivery valve extractor (26081).

(15) Install spring (97), delivery valve stop (96), and screw (95) in rotor (86). Position rotor in fixture
(16313) and secure fixture in vise. Torque screw (95) to 120 to 125 |b-ft (13.6 to 14.1 Nm). Refer

toFi
ROTOR
DELIVERY VALVE
STOP

SPRING

PLUG

FIGURE 5-37. TIGHTENING DELIVERY VALVE STOP SCREW
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NOTE

Orientation of pumping plungersisimportant. Ensurethat long and short
pumping plungersareinstalled in correct orientation.

(16) Remove rotor (86, Figure §-1) from fixture (16313). Install pumping plungers (Figure 5-38), refer
to|Figure 5-38|for correct orientation.

FIGURE 5-38. PUMPING PLUNGER INSTALLATION.

an Install cam roller shoes () and cam rollers (2) onrotor (3).

(18) Install leaf springs (4) and adjusting screws (5). Bottom screws, then back out one full revolution.
) i
e E&i “
QID ; LEGEND

L/

1 CAM ROLLER SHOE
2 CAM ROLLER
2] 3 ROTOR
4 LEAF SPRING
5 ADJUSTING SCREW

FIGURE 5-39. INSTALLING ROLLERSAND SHOES(TYPICAL)
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(19)  Measuretheroller to roller dimensioh (Figure 5-4D) by performing the following:

€) Secure roller-to-roller setting fixture (19969) in vise and insert rotor assembly. Connect
dry, clean, filtered, compressed air source regulated to 40-100 psi. (4.5-11.3 kPa) to force
plungers outward until shoes contact leaf spring.

(b) Using a 1-2 inch micrometer, measure the distance between the outer surfaces of each
pair of opposed rollers. Compare the dimensionsto the roller-to-roller dimension called
for on the individual specification, 1.966 in £ .0015 in (49.94 mm + 0.04mm). Turn leaf
spring adjusting screws clockwise to increase or counterclockwise to decrease the
dimension. The two dimensions must be within 0.0003 inches (0.076 mm) of each other
and the average of both roller-to-roller dimensions must be within 0.0015 of the specified
dimension.

Example: Specified roller-to-roller dimension = 1.966 inches (49.94 mm). One pair of rollers
measures 1.967 inches (49.96 mm) while the other measures 1.964 inches (49.88 mm).
The 2 dimensions are within .003 inches of each other and the average of the 2
dimensions (1.9655 inches) iswithin 0.0005 inches of the specified roller-to-roller. Since
each leaf spring controls one shoe and roller of each set it may be necessary to
interchange shoes between dots, or install new shoesin each slot, in order to achieve the
proper roller-to-roller dimension and concentricity.

(© After the roller-to-roller dimensions are achieved, the roller concentricity must be
checked. Proper concentricity is needed to ensure that all rollers strike the cam lobes at
the same time during pump operation.

(d) Rotate the rotor until one roller isaligned with in dial indicator plunger on fixture 19969.
Slide the indicator inward until plunger depresses at least 0.010 inches (0.254 mm).
"Zero" indicator by loosening thumbscrew and rotating dial. Recheck "zero" by rotating
rotor to be sure indicator plunger is on high point of camroller.

(e Rotate rotor and observe dial indicator reading for each of the other rollers. Roller
concentricity must be within 0.004 inches (0.1 mm). If not within specification,
concentricity can be achieved through interchanging of shoes or leaf spring positions.

FIGURE 5-40. MEASURING ROLLER TO ROLLER DIMENSION
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(20 Install seal (87,/Figure 5-1) into groove on hydraulic head (48).

(21 Position cam ring (88) on rotor assembly (86) with directional arrow facing counterclockwise
when viewed from above.

(22 Carefully dlide hydraulic head assembly (87) over rotor.

(23) Install transfer pump end cap seal (85). Ensure that transfer pump end cap seal is pushed
completely down into groove.

(29) Install rotor retainers (84). Align cutoutsin rotor retainers with holein hydraulic head.

(25) Install liner locating ring (83) with opening in liner locating ring 90° (1/4 revolution) from rotor
retainer (84) ends.

(26)  Install transfer pump liner (1] Figure 5-41) with notch aligned with hole in hydraulic head
assembly (2).

(27)  Install transfer pump blades(Figure 5-42) and springs one pair at atime.

LEGEND
1. TRANSFERPUMP LINER
2. HYDRAULIC HEAD ASSEMBLY

TRANSFER PUMP BLADES (4)

FIGURE 5-42. TRANSFER PUMP BLADE INSTALLATION (TYPICAL).
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(28)

(29)

(30)

(31)

(32)

(33)

(34)

(35)

Install deeve seal (78] Figure 5-1) into groove in transfer pump regulator assembly (74). Ensure
that deeve seal is seated completely.

Position piston (77) in transfer pump regulating assembly (74) with open end of piston facing
outward.

NOTE
Adjusting screw isfragile. Do not exert excessive downward for ce on hex
wrench whileinstalling adjusting screw. Failureto comply could result in
damage to adjusting screw.
Install spring and adjusting screw (76, 75) into transfer pump regulating assembly (74). Tighten
adjusting screw until adjusting screw is 1-2 threads below flush with end of sleeve of transfer
pump regulator housing.

Install inlet filter screen (73) on transfer pump regulator assembly (74).

Install regulator assembly (1. Figure 5-43) on hydraulic head (3) by aligning locating pin (2) with
hole (4).

LEGEND
1. REGULATOR ASSEMBLY
2. LOCATING PIN
3. HYDRAULIC HEAD
4. HOLE

FIGURE 5-43. REGULATOR ASSEMBLY INSTALLATION (TYPICAL).

Apply thin coating of grease to beveled surface on inside of transfer pump end cap (72, Figure 5-
1) and to threads of transfer pump end cap.

Position transfer pump end cap (72) on hydraulic head assembly. Rotate transfer pump end cap
counterclockwise until "click" is heard, then rotate transfer pump end cap clockwise until hand
tight.

Position governor arm (55) in fuel injection pump housing with linkage hook (56) hanging over
side of fuel injection pump housing.
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(36) Orient pivot shaft (54) with knife edge facing transfer pump end of fuel injection pump housing.
Carefully install pivot shaft (54) into fuel injection pump housing and through openingsin
governor arm (55).

(37 Position O-ring seals (53) on pivot shaft (54) and install pivot shaft nuts (52) finger tight.

NOTE
Finish torque sequence with shaft nut on linkage hook side of pump.

(38) Torque each pivot shaft nut (52) alternately to 20 to 25 Ib-in. (2.3 to 2.8 Nm).

(39)  Invert head and rotor assembly and install governor weights (L. Figure 5-44) into weight retainer
(2) with rounded "heels" of governor weights in corners of weight retainer sockets.

LEGEND
1. GOVERNOR WEIGHT (6)
2. WEIGHT RETAINER

A
FIGURE 5-44. GOVERNOR WEIGHT INSTALLATION (TYPICAL).

(40) Install thrust washer [[Figure 5-45) so that thrust washer isresting on top of governor weight
(1[Figure 5-44) "toes".

THRUST WASHER

FIGURE 5-45. THRUST WASHER INSTALLATION (TYPICAL).
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(41 Install thrust sleeve (Figure 5-46).

THRUST SLEEVE:

FIGURE 5-46. THRUST SLEEVE INSTALLATION (TYPICAL).

(42)  Instal fuel injection pump housing on mounting plate (Refer tb Appendix F, Figure F1) and
secure in vice with hydraulic head bore tilted downward approximately 30-45 degrees.

(43)  Rotate drive shaft until drill point (L, Figure 5-4i7) on end isin 6 o' clock position. Apply light
coating of lubricant (22204) to hydraulic head seal (87 [Figure 5-1)) and to entrance to fuel

injection pump housing.

LEGEND

1 DRILL POINT
2 DRILL POINT
3 METERING VALVE BORE

FIGURE 5-47. HEAD AND ROTOR ASSEMBLY INSTALLATION (TYPICAL).
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Align drill point (2, Figure 5-47) jin rotor with head locating screw bore at bottom of head. Align
cam pin holein cam ring (88, with head locating screw bore in hydraulic head.

Orient governor thrust sleeve (1[ Figure 5-46) so that governor arm groove isin horizontal
position.

Carefully dlide head and rotor assembly into fuel injection pump housing with metering valve bore
(3) at the 12 o' clock position (straight up). When hydraulic head seal contacts fuel injection pump
housing, push head and rotor assembly in with slight twisting motion until head locking screw
bore in head and rotor assembly aligns with head locating screw borein fuel injection pump
housing.

Install vent wire assembly (47[Figure 5-1) into hydraulic head until it bottoms. Ensure that vent
wire assembly does not protrude above surface of hydraulic head.

Install shim (45), spring (44), and metering valve arm (43).
NOTE

Rotate hydraulic head dlightly counterclockwiseto aid in installing linkage
hook onto pin on metering valve arm.

Engage linkage hook (56) to cutout in governor arm (43) and fit linkage hook onto pin on
metering valve arm (41).

Install head locking screws (23) finger tight.

Thread control spring bushing (1} Figure 5-48) onto control rod (2) until control spring bushing
contacts control spring guide (3). Thread control spring (4) five full turns onto control spring
guide.

LEGEND

CONTROL SPRING BUSHING
CONTROL ROD

CONTROL SPRING GUIDE
CONTROL SPRING

D e

FIGURE 5-48. CONTROL SPRING INSTALLATION.
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NOTE

Ensurethat crossloop on end of control spring isinstalled between tabs on
governor arm.

(52)  Depress metering valve arm (43, Figure 5-1) and install control rod (1] Figure 5-49). Install

control spring (2) over governor arm tabs (3).

LEGEND

1 CONTROLROD
2 CONTROL SPRING
3 GOVERNOR ARM TABS

FIGURE 5-49. CONTROL ROD INSTALLATION.

(53) Depress metering valve arm (43, Figure 5-1) and install seal washer (17) and control rod guide
(16). Torque control rod guide to 70 to 80 Ib-in. (8 to 9 Nm).

(54 Install spring pin (15), O-ring (14), and dlotted adjusting cap assembly (13).
(55)  Install droop control locking cag (Figure 5-50).

FIGURE 5-50. DROOP CONTROL LOCKING CAP INSTALLATION.
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(56)  Install damper piston (R, Figure 5-511) and damper barrel (1).

I
T\t

7, WY T = —rr—
\
:
\ 4,
\(
’ NG

LEGEND

1 DAMPER BARREL
2 DAMPER PISTON

FIGURE 5-51. DAMPER BARREL AND PISTON

(57) Install new spacer washer (7,[Figure 5-. Install O-ring (6) to throttle using seal protection tube
(18338).

(58) Install throttle shaft on right side of pump. Slide throttle shaft assembly into housing, lever
pointing upwards through damper barrel bracket. Position throttle shaft lever in pump with fork

straddling control rod and resting on flats of control spring bushing. Insert shaft through lever.
Refer ta figure 5-52

DAMPER  [SPACER ~— >

BRACKET )y

2

.

T~

\hf )

FIGURE 5-52. THROTTLE INSTALLATION
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(59 Ensure the governor linkage gap is properly set up prior to calibration by performing the
following:

@ Partially loosen the adjusting screw with wrench until the parts can move in relationship
to one another but with some resistance.

(b) Expand the linkage to the maximum gap. Refer to Insert thickness gap
setting gage between the throttle shaft and the upright on the linkage hook.

(© While holding the throttle lever in the wide open throttle position, close the gap to the
thickness of the gage, press the linkage hook upright flush against the gage and tighten
the linkage hook locking screw.

(d) Rotate the drive shaft 1/2 turn and recheck the gap to ensure it is within the specified
tolerance.

GAP SETTING GAGE

LINKAGE HOOK
WRENCH

FIGURE 5-53. SETTING GOVERNOR LINKAGE GAP

(60) Invert pump invise. Install new seal to head locating screw and install head locating screw to
pump finger tight.
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(61) Assemble reed valve to power side piston hole plug with concave side (spot of yellow stain).

Refer to

SP()T OF
YELLOW
STAEN

\.

FIGURE 5-54. REED VALVE ASSEMBLY
(62) Install reed valve retaining screws.

NOTE

A dental pick or similar tool can be slipped under seal and rotated around

circumference of piston to untwist this seal.

(63) Install new advance piston ri ni seal ii uare cross section) to piston making sure that seal is not
_ gure 5-55

twisted in groove. Refer to i

FIGURE 5-55. PISTON AND PISTON RING SEAL
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(64) Slide piston ring into its groove on piston exercising caution not to over expand ring. Refer to

FIGURE 5-56. PISTON RING
(65) Slide piston ring compressor tool, over end of piston, chamfered side facing piston ring. Refer to

PISTON RING
COMPRESSOR

FIGURE 5-57. PISTON RING COMPRESSOR
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(66) Install piston into power side piston hole plug and remove tool. Refer to

PISTON RING
COMPRESSOR

FIGURE 5-58. PISTON IN POWER SIDE PISTON HOLE
NOTE
For clockwiserotation pumps, power side plug is marked on side of housing
with " C". For counterclockwiserotation pumps, power side plugis

marked on side of housing with " CC".

(67) Install two new O-ring seals to power side piston hole plug and install assembly to advance bore.
Refer tg figure 5-59

POWER
SIDE PLUG

\

FIGURE 5-59. POWER SIDE PISTON HOLE PLUG INSTALLATION

5-43



ARMY TM 9-2815-260-24
AIR FORCE TO 38G1-126-2
MARINE CORPSTM 09244A/09245A-24

5-44

(68)

(69)

(70)

(71)

(72)

(73)

(74)

(75)

(76)

(77)

(78)

Align pin hole in piston with holein cam ring and install cam pin. Refer to

FIGURE 5-60. ALIGNING PIN HOLE IN PISTON
Install two new O-ring seal's (20, Figure 511) to the spring side piston hole plug. Assemble the
trimmer screw (33), a new O-ring seal (34) and the locknut (32)(chamfered side facing seal) to
spring side plug (28).
Assembl e the advance spring guide (31) and the advance spring(s) (30) to the trimmer screw (33).

Install spring side plug assembly (28) to housing (1) and tighten to 455 to 505 Ib-in (51.5t0 57.2
Nm).

Use wrench to tighten the power side plug to 455 to 505 Ib-in (51.5 to 57.2 Nm).

Install new seal (25) to cam pin hole plug (24) and install plug (24). Tighten to 75 to 100 Ib-in
(8.5t0 11.3 Nm).

Tighten head locating screw (24) to 180 to 220 Ib-in (20.0 to 25.0 Nm).

Invert pump and holding fixture in vise and tighten the two head locking screws (23) to 180 to 220
Ib-in (20.0 to 25.0 Nm).

Using end cap wrench, tighten the transfer pump end cap (72) to 360 to 440 Ib-in (41.0 to 50.0
Nm).

Assembl e the transfer pump end cap locking plate (21) and the new seal (22) to screw (20) and
install locking plate assembly to hydraulic head (48). Tighten screw to 70 to 80 Ib-in (7.9t0 9.0
Nm).

If pump is not equipped with atorque screw, install torque screw hole plug and new seal and
tighten to 75 to 100 Ib-in (8.5 to 11.3 Nm).
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5.4. SHORT BLOCK ASSEMBLY

54.1. CAMSHAFT ASSEMBLY.

NOTE

Thefollowing procedur esrequire complete accessto the engine. If
necessary, remove engine from generator set, refer to TM 9-6115-672-14.
Mount engine on repair stand (NSN 4910-01-016-1835 or equal) as outlined
in[par agraph 4.10]

a Inspection Prior to Camshaft Removal.

1)
(2

Remove timing gear cover, refer {o paragraph 4.9.3,

Inspect camshaft gear for chipped, broken, or missing teeth. If camshaft gear has chipped, broken,
or missing teeth, camshaft must be removed and the camshaft gear replaced. Refer td paragraph
54.11c.

b. End Play Test.

1)
(2
3
(4)

()

c. Removal.

1)

@)
3
(4)

©)
(6)

If not already performed, remove timing gear cover. Refer tb paragraph 4.9.3]

Attach magnetic base of dial indicator to front plate.

Position dial indicator against end of camshaft and zero dia indicator.

Measure camshaft end play. Camshaft end play should be 0.003 - 0.009 in. (0.08 - 0.23 mm). If

camshaft end play exceeds specifications camshaft must be removed from engine and inspected,
refer to step c.

Remove camshaft, refer to step ¢, or install timing gear cover, refer td paragraph 4.9.3|

If not done previously, remove engine. Refer to TM 9-6115-672-14. Install engine on vehicle
engine stand (NSN 4910-01-016-1835 or equal), refer to[paragraph 4.10}

If not done previously, drain engine oil and coolant, refer to TM 9-6115-672-14.

Remove rocker arm cover, refer

Measure valve lift for excessive wear, refer(to paragraph 4.7.. If valve lift shows excessive wear,
cylinder head must be removed for inspection of cylinder block, cylinder head, and camshaft
followers, refer td paragraph 4.7.4

Lock engine at No. 1 TDC compression, refer {o paragraph 4.7.2}

Remove rocker arm assembly and push rods, refer
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(")

(8)

(9)
(10)

(11)

(12)

(13)

(14)

(15)

(16)

5-46

Inspect push rods. If push rods are bent or show excessive scuffing, cylinder head must be
removed for inspection of cylinder block, cylinder head, and camshaft followers, refer to

Ear@r@h 4.7.4
Remove timing gear cover, refer {o paragraph 4.9.2,

Remove fuel supply pump, refer {o paragraph 3.12.3)

Rotate engine gear train using Flywheel Turning Tool (JDG820) until bolts (6] Figure 5-61)
behind camshaft gear (4) can be removed. Remove bolts.

Mark camshaft gear teeth and idler gear teeth with timing marks using white paint to insure proper
positioning of camshaft during installation.

NOTE

If camshaft isgoing to be replaced with new camshaft, cylinder head must
be removed and camshaft followers must bereplaced.

Remove cylinder head, if necessary, refer tb paragraph 4.7.41

If cylinder head has been removed, tag and remove camshaft followers and fuel supply pump
activator pin.

NOTE

Engine must remain in a position wher e camshaft followersrest against
cylinder head and do not fall into engine crankcase. |f camshaft followers
fall into crankcase, cylinder head removal isrequired.

If cylinder head has not been removed, revolve engine on vehicle engine stand (NSN 4910-01-
016-1835 or equal) until camshaft followers (2, Figure 5-61) and fuel supply pump activator pin
falls away from camshaft |obes.

CAUTION

Do not allow camshaft lobesto drag in bushing or honed bores. Failureto
comply could result in damage to camshaft, camshaft bushing, or camshaft
honed bores.
NOTE
Rotate camshaft carefully to aid in removal.

Pull camshaft (1) straight up, out of cylinder block.
Remove thrust plate (3, Figure 5-6/1) from camshaft.
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FIGURE 5-61. CAMSHAFT
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CAUTION

Camshaft must bereplaced if dropped or damaged. Do not allow camshaft
to strike floor when removing camshaft gear.

NOTE

Camshaft gear must be removed if camshaft or camshaft gear isto be
replaced.

an If necessary, remove camshaft gear using press. Transfer painted timing mark from old camshaft
gear to new camshaft gear.

(18) Cover dl openingsto prevent entry of foreign material.
d. Test.
Q) Remove camshaft, refer to step b.
WARNING
Cleaning solvent is flammable and toxic to eyes, skin, and respiratory tract.
Skin and eye protection arerequired. Avoid repeated/prolonged contact.
Good general ventilation is normally adequate.
WARNING
Compressed air used for cleaning can create airborne particlesthat can
enter the eyes. Pressure must not exceed 30 psig (207 kPa). Eye protection
required.
(2 Clean camshaft in solvent. Dry camshaft with compressed air.

(©)] Inspect all camshaft lobes and journals for wear, damage, or pitting. Replace camshaft and
camshaft followers if wear or damage is found.
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4 Measure camshaft bushing inner diameter and camshaft journal outer diameter as follows:

€)] Measure and record camshaft journal outer diameter for each camshaft journal. Camshaft
journal outer diameter should be 2.1997 - 2.2007 in. (55.872 - 55.898 mm). Replace
camshaft and camshaft followers if any camshaft journal outer diameter is out of
specifications.

(b) Measure and record front camshaft bushing inner diameter. Front camshaft bushing inner
diameter should be 2.2031 - 2.2042 in. (55.961 - 55.987 mm). Replace front camshaft
bushing as follows if measurement is not within specification.

1 Remove countersunk TORX®7 cap screw and install M8 X 1.25 tapered bottom
leg from Camshaft Bushing Service Kit into hole that has chamfered screw and
star washer.

2 Install M8 X 1.25 flat bottom legs and Removing/Installing Plate to cylinder

block so plateis parallel with front plate and centered over camshaft bore.
Tighten legs and hex nuts securely.

[eM)

Insert Bushing Remover into camshaft bore so puller pilotsin bushing inner
diameter and Bushing Installer Screw extends through plate.

CAUTION

Cylinder block boreiseasly damaged. Cylinder block must bereplaced if
cylinder block boreisdamaged. Ensurethat puller isproperly piloted
before pulling bushing. Failureto comply could result in damage to
cylinder block.

4 Install thrust washer and hex nut. Tighten hex nut until bushing is free of block
bore. Remove puller and discard bushing.

(63}

Clean and inspect bore in cylinder block. Cylinder block must be replaced if
cylinder block bore is damaged, refer td paragraph 5.4.7]

Measure camshaft bore inner diameter with bushing removed. Camshaft bore
inner diameter with bushing removed should be 2.3607 - 2.3617 in. (59.961 -
59.987 mm). Replace cylinder block if camshaft bore inner diameter is out of
specification, refer t¢ Paragraph 5.4.7)

o

I~

Mark orientation of oil supply hole on front face of engine block and on bushing
using permanent marker.

Apply High Temperature Grease (Appendix E) to inner diameter and outer
diameter of new bushing and to inner diameter of bushing bore. Slide bushing
onto Bushing Installer so notched end of bushing will be toward front end of
engine when installed.

|00

I©

Thread Bushing Installer Screw into Removing/Installing Plate. Ensure that
bushing is started, square in bore, and oil holeis aligned.
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10 Tighten forcing screw until flange of bushing driver bottoms against face of
block.

11 Remove bushing tool from cylinder block.

12 Check oil supply hole for correct alignment. If oil supply holes are not aligned,

remove and discard bushing and install new bushing.

(© Measure and record camshaft bore inner diameter for each remaining camshaft bore.
Camshaft bore inner diameter should be 2.3607 - 2.3617 in. (59.961 - 59.987 mm).
Replace cylinder block if any camshaft bore inner diameter measurement is out of
specification.

(d) Calculate and record front camshaft journal-to-front camshaft bushing oil clearance by
subtracting front camshaft journal outer diameter from front camshaft bushing inner
diameter. Front camshaft journal-to-front camshaft bushing oil clearance should be
0.0025 - 0.0045in. (0.063 - 0.115 mm). Replace front camshaft bushing, refer to step c.,
or camshaft, refer to[paragraph 5.4.1] as required if front camshaft journal-to-front

camshaft bushing oil clearanceis out of specification.

(e Calculate and record camshaft journal-to-camshaft bore oil clearance for each camshaft
journal by subtracting camshaft journal outer diameter from camshaft bore inner
diameter. Camshaft journal-to-camshaft bore oil clearance should be 0.0035 - 0.0055 in.
(0.088 - 0.140 mm). Replace camshaft or cylinder block as required if camshaft journal-
to-front camshaft bushing oil clearance is out of specification.

(5) M easure camshaft |obe height as follows:

€) Measure and record height at widest point on camshaft lobe and height at narrowest point
on camshaft lobe using micrometer. Refer to Figure 5-62.

N

N

FIGURE 5-62. MEASURING CAMSHAFT LOBE HEIGHT

(b) Calculate and record camshaft |obe height by subtracting height at narrowest point on
camshaft lobe from height at widest point on camshaft lobe.
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(© Record camshaft lobe height and compare with specifications given in Table 5-3

Table 5-3. Camshaft Lobe Height Specifications.

Camshaft Lobe Height = Widest lobe point measurement - Narrowest |obe point
measurement

Intake Valve Camshaft Lobe 0.273-0.292in. (6.93 - 7.42 mm)
Height

Exhaust Valve Camshaft Lobe 0.266 - 0.286 in. (6.76 - 7.26 mm)
Height

(d) Repeat stepsaand b for all camshaft lobes. Replace camshaft and camshaft followers if
any camshaft lobes are not within specifications.

(e Measure fuel supply pump camshaft lobe diameter using micrometer. Fuel supply pump
camshaft lobe diameter should be 1.680 - 1.690 in. (42.67 - 42.93 mm). Replace
camshaft and camshaft followersif fuel supply pump camshaft lobe diameter is not
within specification.

(6) Position camshaft thrust plate on camshaft and check clearance using afeeler gage. Camshaft
thrust plate clearance should be 0.003 - 0.009 in. (0.08 - 0.23 mm). Replace camshaft thrust plate,
camshaft, or both if clearance is not within specification.

(7 Install camshaft, refer to step f.

e. Replacement.

Q) Remove camshaft, refer to step c.

(2 Perform test procedures, refer to step d. Replace camshaft if it fails any portion of test.

©)] Install camshaft, refer to step f.

f. Installation.
Q) Remove al covering installed during step c (18).

(2 Ensure that engine islocked with No. 1 piston at TDC compression stroke using Timing Pin

(JDE81-4).
©)] If camshaft is being replaced, remove cylinder head and replace camshaft followers, refer to
(@] If necessary, install camshaft gear on camshaft as follows:

(@ Support camshafft (1, Figure 5-61) under first bearing journal in hydraulic press.

(b) Apply High Temperature Grepse (Appendix E) to camshaft nose and camshaft gear inner
diameter.
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()

(6)

(")

(8)
9

(10)
(11)

(12)

(13)
(14)
(15)
(16)
(17)

(18)

(© Install woodruff key (5) in camshaft nose.

(d) Position camshaft gear on camshaft nose with timing mark away from camshaft.
Carefully press camshaft gear onto camshaft using a Tubular Driver until camshaft gear
bottoms against camshaft shoulder.

L ubricate camshaft bearing journals and camshaft lobes with High Temperature Grease
E).

Position thrust plate (3) on camshaft (1).

CAUTION
Do not allow camshaft lobesto drag in bushing or honed bores. Failureto
comply could result in damage to camshaft, camshaft bushing, or camshaft

honed bores.

Carefully position camshaft and thrust plate in cylinder block. Rotate camshaft during installation
to avoid obstruction in any bore. Install thrust plate capscrews and tighten to 26 Ib-ft (35 Nm).

Remove upper idler gear if not removed. Refer
Time the camshaft as follows:

) With timing tool (JD254A) resting on nose of crankshaft and center of camshaft, turn
camshaft until timing mark on camshaft gear aligns with timing tool.

(b) Check injection pump gear timing with timing tool (JD254A) resting on nose of
crankshaft and center of injection pump shaft. Timing mark (S6 for 6 cylinder) on
injection pump drive gear must align with timing tool.

If removed, reinstall upper idler gear. Refer tb paragraph 5.4.2]

Install fuel supply pump, refer tb paragraph 3.12.3]

If cylinder head has been removed, install camshaft followers, fuel supply pump activator pin, and
cylinder head, refer to paragraph 4.7.4|

Install push rods and rocker arm assembly, refer t§ paragraph 4.7.3|

Adjust valve clearance, refer th paragraph 4.7.2]

Install rocker arm cover, refer to paragraph 4.7.11

Install timing gear cover, refer tb paragraph 4.9.3

Service lubrication system and coolant system, refer to TM 9-6115-672-14.

Install engine, refer to TM 9-6115-672-14.
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54.2. |DLER GEARSAND IDLER GEAR SHAFTS.

NOTE

Thefollowing procedur esrequire complete accessto the engine. If
necessary, remove engine from generator set, refer to TM 9-6115-672-14.
Mount engine on repair stand (NSN 4910-01-016-1835 or equal) as outlined
in[paragraph 4.10]

a |dler Gear End Play and Backlash Test.

1)
@)
3

(4)

Remove timing gear cover, refer {o paragraph 4.9.3

Remove oil pan, refer to paragraph 4.5.3)

Measure idler gear end play as follows:

(a Using dial caliper, check end play of upper and lower idler gears. Refer tp Table 5-4 for
specifications.

(b) Observe specifications for new end play and maximum acceptable end play.
Measure idler timing gear backlash as follows:

(a) Using adial indicator, measure backlash between timing gears. Refer tb Table 5-4 for
specifications.

(1) Measure upper idler gear-to-camshaft gear. Refer td Table 5-4]

2) Measure upper idler gear-to-injection pump gear. Refer td Table 5-4
(3) Measure upper idler-to-crankshaft gear. Refer t§ Table 5-4]

(4 Measure lower idler gear-to-crankshaft. Refer t Table 5-4]

(5) Measure lower idler gear-to-oil pump gear. Refer t Table 5-4]

(b) If backlash is not within specification, install new timing gears.

Table 5-4. Camshaft and Timing Gear Train Specifications

Item Specification

Upper Idler Shaft OD 2.7463 - 2.7471 in. (69.757 - 69.777 mm)

Upper Idler Gear Bushing ID 2.7481 - 2.7493 in. (69.802 - 69.832 mm)

Lower Idler Shaft OD 1.7495 - 1.7505 in. (44.437 - 44.463 mm)

Lower Idler Gear Bushing ID 1.7515 - 1.7535 in. (44.489 - 44.539 mm)

Upper and Lower |dler Gear End Play 0.0037 - 0.0057 in. (0.095 - 0.145 mm)
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b. Removal.
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Table5-4. Camshaft and Timing Gear Train Specifications- CONT.

Item Specification
Oil Clearance:
Upper Idler Gear Bushing-to-Shaft 0.0030 - 0.0049 in. (0.075 - 0.125 mm)
Lower Idler Gear Bushing-to-Shaft 0.0010 - 0.0040 in. (0.026 - 0.102 mm)

Timing Gear Backlash:

Upper Idler Gear-to-Camshaft Gear 0.0030 - 0.0162 in. (0.077 - 0.412 mm)

Upper |dler Gear-to-Injection Pump 0.0030 - 0.0162 in. (0.077 - 0.412 mm)
Gear

Upper Idler Gear-to-Crankshaft Gear 0.0025 - 0.0127 in. (0.065 - 0.322 mm)

Lower Idler Gear-to-Crankshaft Gear 0.0026 - 0.0132in. (0.067 - 0.336 mm)

Lower Idler Gear-to-Oil Pump Gear 0.0032 - 0.0135in. (0.081 - 0.342 mm)

D
2
3)

(4)

(%)
(6)
(7)
(8)
9)

Remove timing gear cover, refer fo paragraph 4.9.3

Remove oil pan, refer to paragraph 4.5.3)

Remove bqlt (1, Figure b-63) and thrust washer (2) securing upper idler gear (3) to shaft (5);
remove idler gear (3).

Remove nut (8), washer (9), and thrust washer (10) securing lower idler gear (11); removeidler
gear (11).

If necessary, use an arbor press and remove bushings (4 and 12) from gears (3 and 11).

Remove bolt (13) and washer (14) from lower idler gear shaft (15).

Remove lower idler gear shaft (15) from front plate using a pry bar. Remove thrust washer (17).
Remove upper idler gear shaft (5) from front plate using a pry bar. Remove thrust washer (7).

Remove spring pins (6 and 16) from shafts.



1)

(2
3)

(4)

()
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FIGURE 5-63. IDLER GEARS

Measure upper and lower sleeve bushing (4 and 12, Figure 5-63) inner diameter. Refer to Table 5-
4 for specifications.

Measure upper and lower shaft (5 and 15) outer diameter. Refer t¢ Table 5-4 for specifications.

Qil clearance isrequired between upper and lower bushing to shaft. Refer tp Table 5-4 for
specifications. If oil clearance exceeds limit, replace worn parts.

If necessary, replace worn idler gears (3 and| 11 Figure 5-63), shaft (5 and 15) or bushing (4 and
12).

If deeve bushings (4 and 12) were removed, use an arbor press, driver and handle to install sleeve
bushing (4) inidler gear (3) and sleeve bushing (12) in idler gear (11).
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d. Instalation.

oy
@)

3)

(4)

()
(6)

(7)
(8)
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Install spring pins (6 and|16, Figure 5463) with end pin protruding as shown in Figure 5-64

Install upper thrust washe 63) and idler gear shaft (5) with spring pin (6) in notch.
Drive shaft into front plate until thrust washer (7) is fully seated with oil hole facing up. Tighten
capscrew (1) in engine block to 59 Ib-ft (80 Nm).

Install lower thrust washer (17) and idler gear shaft (15) with spring pin (16) in notch. Drive shaft
into front plate until thrust washer (17) isfully seated with oil hole facing up. Install capscrew
(13) and washer (14) through rear of front plate and tighten to 59 Ib-ft (80 Nm).

If dleeve bushings (4 and 12) were removed, use an arbor press, driver and handleto install sleeve
bushing (4) inidler gear (3) and sleeve bushing (12) inidler gear (11).

Install lower idler gear (11), thrust washer (10), washer (9) and nut (8).

Time camshaft and install upper idler gear (3), thrust washer (2) and capscrew (1). Refer to

Install oil pan, refer {o paragraph 4.5.3]

Install timing gear cover, refer

| |=0.11TO 0.19 IN
(2.79 - 4.83 MM)

o

UPPER AND LOWER SHAFTS

FIGURE 5-64. SPRING PIN PROTRUSION
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5.4.3. FRONT PLATE.
NOTE

Thefollowing procedur esrequire complete accessto the engine. If
necessary, remove engine from generator set, refer to TM 9-6115-672-14.
Mount engine on repair stand (NSN 4910-01-016-1835 or equal) as outlined

in{paragraph 4.10
a Removal.
Q) Remove timing gear cover, refer to paragraph 4.9.3

2) Remove camshaft, refer to paragraph 5.4.1]

©) Remove fuel injection pump and drive gear, refer tb paragraph 4.6.1]

4 Remove oil pump and drive gear, refer {o paragraph 5.4.8)

(5) Remove idler gears, refer fo paragraph 5.4.2|

(6) Remove six TORX® screwd (3, Figure 565) securing front plate (2); remove front plate (2).

@) Remove threaded studs (1).

(8) Remove oil bypass valve, refer {o paragraph 5.4.9,

LEGEND

1 THREADED STUD (3)
2 FRONT PLATE
3 TORX SCREW

FIGURE 5-65. FRONT PLATE
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b. Inspection.

oy
2

3)

WARNING
Compressed air used for cleaning can create airbor ne particlesthat can
enter the eyes. Pressure must not exceed 30 psi (207 kPa). Eye protection
required.

Remove al old sealant material from front plate and engine block.

Clean plate with soapy water and compressed air. Wipe front face of engine block with a cleaning
cloth. Ensure sealant surface on engine block is clean.

Inspect front plate for wear or damage. Replace if necessary.

c. Installation.

1)

)
©)

(4)
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NOTE

Apply thread lock (LOCTITE 242) to threads of studs (1) Figure 5-66)
beforeinstalling front plate.

CAUTION
Replacement front plates are supplied without injection pump timing mark.
It isextremely important that timing mark be accurately transferred from
original front plate to replacement platein the exact location for correct
injection pump timing.

Transfer injection pump timing pump mark from original front plate onto replacement plate, as
follows:

(a) Position locally manufactured template (Figure F) on front plate and secure
with three 3/8-16 capscrews.

(b) Transfer injection pump timing mark from previous front plate onto template using afine
tip marker and straightedge. Remove template from front plate being replaced.

(© Attach template (with timing mark) to new front plate and tighten capscrews securely.

(d) Transfer timing mark from the template to the new front plate using a scribe. Scribe deep
enough so mark becomes a permanent reference.

(e Remove template from front plate.

Install oil bypass valve|(1, Figure 5-89) and spring (2) in engine block bore.

Apply Flexible Form-In-Place Gasket in a continuous 1.5 to 2.0 mm bead (A) to cylinder block.

Refer tg Figure 5-66

Locate bead in the center of the mating surfaces and completely encircle bolts and bolt holes.
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CAUTION

For flexible gasket to seal properly, tighten screwsto specified torque using
a cross pattern within 10 minutes after partsare assembled.

(5) Install front plate (2, Figure 5-65).
(6) Secure front plate (2) with six TORX® screws (3). Tighten screwsto 18 Ib-ft (25 Nm).

(7 Install threaded studs (1). Tighten studsto 26 Ib-ft (35 Nm).

(8) Install idler gears, refer fo paragraph 5.4.2)

(9) Install oil pump and drive gear, refer tb paragraph 5.4.8

(10)  Install fuel injection pump and drive gear, refer tg paragraph 4.6.1]
(11)  Install camshaft, refer tp paragraph 5.4.1]

(12)  Install timing gear cover, refer tb paragraph 4.9.3

FIGURE 5-66. FRONT PLATE SEALANT APPLICATION

544 CRANKSHAFT AND MAIN BEARINGS.

NOTE
Before removing crankshaft, check crankshaft end play, refer to
[5.4.4]b.
a Removal.

(1) Remove oil pan, refer o paragraph 4.5.3]
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2) Remove oil pump, refer to paragraph 5.4.8|
3 Remove rocker arm assembly, pushrods, and cam followers, refer

4 Remove front plate, refer to paragraph 5.4.3|
(5) Remove flywheel housing, refer {o paragraph 4.8.3|

NOTE

Leave front and rear main bearing capsinstalled until all of connecting rod
caps have been removed. Push pistons and rods away from crankshaft.

(6) Remove connecting rod bearing caps, refer fo paragraph 5.4.5|

(7) Check main bearing caps (3 andl 4, Figure 5167) for arrows (cast in bearing cap) and numbers
stamped on cap and oil pan rail. Arrow points toward camshaft side of engine. If there are no
numbers, stamp corresponding numbers on cap and oil panrail. Thiswill assure correct
placement location of main bearing caps during reassembly.

LEGEND

CAPSCREW
WASHER
MAIN BEARING CAP
MAIN BEARING CAP
BEARING
BEARING
CRANKSHAFT
GEAR
KEY

0 DOWELPIN

D Q0 -1 U AW e

FIGURE 5-67. CRANKSHAFT AND MAIN BEARINGS
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Remove capscrews (1) and washers (2) securing main bearing caps (3 and 4); remove main
bearing caps.

NOTE

Visually inspect condition of bearing inserts (5 and 6) as main bearing caps
areremoved. Keep capsand insertstogether and in correct order.

Check bearing (5 and 6) clearances as follows:

@ Place a strip of bearing gage (PLASTIGAGE) in the center of the main bearing cap about

three fourths of width of bearing.

(b Use il on bearing gage to prevent smearing.
(© Install cap and tighten capscrews (1) to 100 Ib-ft (135 Nm).
(d) Remove cap and compare width of bearing gage with scale provided, to determine

clearance. Maximum permissible clearance is0.0043 inch (0.109 mm).
WARNING

Crankshaft isvery heavy, do not attempt to remove crankshaft by hand.
Use proper lifting equipment.

NOTE

Use of bearing gage will deter mine wear, but will not deter mine condition
of either bearing or journal.

Attach anylon ding (or other suitable lifting sling) to journals of crankshaft (7).
NOTE

An alternate method of attaching dingisto install a capscrew on both ends
of crankshaft and attach dling to screws.

Using proper lifting equipment, carefully raise crankshaft out of engine block.
Place crankshaft (7) on aclean flat surface and support journals with wooden blocks.

If bearings (5 and 6) are to be replaced, remove inserts from engine block. Otherwise, leave
bearing insertsin block until assembled inner diameter has been measured.

Using an arbor press and gear puller, pull gear (8) from crankshaft (7). Remove key (9) from
crankshaft.
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b. Crankshaft End Play Test.

WARNING
Cleaning solvent isflammable and toxic to eyes, skin, and respiratory tract.
Skin and eye protection arerequired. Avoid repeated/prolonged contact.
Good general ventilation isnormally adequate.

WARNING
Compressed air used for cleaning can create airborne particlesthat may
enter the eyes. Pressurewill not exceed 30 psi (207 kPa). Eye protection
required.

Q) Inspect gear (8] Figure 5-67) for wear or damage.
(2 Check crankshaft end play as follows:
NOTE

It isrecommended that crankshaft end play be measured prior to removing
crankshaft to determine condition of thrust bearings. Crankshaft end play
may also be checked at front end of crankshaft.
@ Position dial indicator on face of flywheel.
(b) Push crankshaft as far to rear of engine as possible.
(© Zero dial indicator.

CAUTION
Do not apply too much pressurewith bar, asthis could damage bearings.
(d) Using a bar, gently pry crankshaft as far forward as possible.

NOTE

New thrust bearingswill usually restore proper end play. If end play isnot
within specification on two piece flanged thrust bearings, install a two piece

thrust bearing (without flange) and oversized thrust washers.

(e End play for new two piece thrust bearing, refer fo Table 5-5 for values.

C. Inspection.
Q) Inspect crankshaft per the following procedures:
€) Clean crankshaft using solvent and compressed air.
(b) Inspect oil passages to make sure they are open. Use compressed air and a small piece of

wire.
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(© Inspect crankshaft for any signs of load stress, cracks, scoring, or scratches on journals.
(An inspection must be made if the crankshaft damper was found to be damaged or
defective)) Figure 5-68 shows critical areas of load stress in a crankshaft.

/

vl
R S © LA
A

1

) R

FIGURE 5-68. CRITICAL AREAS OF CRANKSHAFT LOAD STRESS

- N\

NOTE

When inspecting crankshaft for cracks, a method (such asthe Fluorescent
M agnetic Particle M ethod) must be used that is capable of detecting minute
cracksthat arenot visibleto the eye. This method magnetizesthe crank,
employing magnetic particleswhich are fluorescent and glow under black
light. Replace crankshaft if cracksarefound. The crankshaft must be
demagnetized after thetest.

(d) Check each journal for evidence of excessive overheating or discoloration. If either
condition exists, replace crankshaft since heat treatment has probably been destroyed.

Measure assembled inner diameter of bearings and outer diameter of crankshaft journals as
follows:

@ With crankshaft out of engine block, install main bearing inserts and caps (be sure inserts
areinstalled correctly).

(b) Tighten main bearing capscrews. Refer to Table 5-5 for values.

(© Measure inner diameter of all bearings with an inside micrometer. Refer tp Table 5-5 for
values.
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(d) Measure outer diameter of all respective main bearing journals at several points around

journal. Refer tq Table 5-5 for values.

Table 5-5. Crankshaft and Main Bearings Specifications.

Item Specification

5-64

Crankshaft End Play (Thrust Bearing Clearance)
Engine With Two-piece Thrust Bearing

0.002- 0.010in.
(0.05 - 0.25 mm)

Main Bearing Journal OD

3.1229 - 3.1240 in.
(79.324 - 79.350 mm)

Main Bearing Assembled ID

3.1256 - 3.1273 in.
(79.391 - 79.433 mm)

Main Bearing-to-Journal Clearance

0.0016 - 0.0043 in.
(0.041 - 0.109 mm)

Main Bearing-to-Journal Width

1.5335 - 1.5365 in.
(38.952 - 39.028 mm)

Thrust Bearing Overall Width

1.527 - 1.530in.
(38.79 - 38.87 mm)

Maximum Main or Rod Journal Taper

0.0004 in. (0.010 mm)

Maximum Main or Rod Journa Out-of-Roundness

0.0002 in. (0.005 mm)

Undersize Main or Rod Bearing Available

(0.25 mm) (0.010in.)

Main Bearing Bore Specifications:

ID Without Bearing Inserts

3.3250 - 3.3260 in.
(84.455 - 84.481 mm)

Bore Centerline-to-Top Deck of Block

13.3029 - 13.3059 in.
(337.896 - 337.972 mm)

Torque Values:

Main Bearing Cap Screw

100 Ib ft (135 Nm)

Piston Cooling Orifices

8 Ib-ft (11 Nm)
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NOTE
If engine has previously had a major overhaul and undersized bearing
insertswere used, abovelisted I D and OD dimensions may not be the same
asthoserecorded. However, ail clearance should be within specifications.
Oil clearance is 0.0016-0.0043 inch (0.041 to 0.109 mm).
(e Use crankshaft journal outer diameter measurements to determine if journal is out-of-
round or tapered. Refer tg Table 5-% for journal out-of roundness wear limit and journal

taper-per-inch of journal length wear limit.

()] If journals are tapered, out-of-round, scored, or damaged, crankshaft should be ground.
Refer to paragraph (€). Proper undersize bearings should beinstalled after grinding.

3 Measure main thrust journa width and thrust bearing width, refer to Figure 5-69| as follows:
@ Measure width of main thrust journal with an inside micrometer.
(b Refler to Tablg5-5 for new main thrust journal width.

(c) If width is not within specification, recondition crankshaft and install an oversize thrust
washer set. If width is correct, measure main thrust bearing width.

(d) Measure width of thrust bearing using an outside micrometer.

JOURNAL BEARING

FIGURE 5-69. MEASURING MAIN THRUST JOURNAL AND THRUST BEARING WIDTH
(e Refler to Tabld5-5 for new main thrust bearing width.
() Refér to Table b-5 for bearing-to-journal clearance.
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4 Measure assembled inner diameter of main bearing caps as follows:

@ Remove bearing inserts from caps and engine block. Keep insertsin correct order if they
areto be reused.

(b Clean capsin solvent and dry with compressed air.

() Inspect caps for serviceability. Small burrs or nicks on flat surfaces may be removed
with afile. Use amedium-grit polishing cloth to dress up curved bearing surfaces.

(d) Install bearing capsin engine block. Refer [o Table 5-p for values.

(e) Measure inner diameter of bore without bearings. Refer to Table 55 for main bearing
bore inner diameter without bearings.

)] If bearing caps are damaged or bore is not within specification, replace cap and bore to
specification.

CAUTION
Main bearing cap line boring should be done only by experienced personnel
on equipment capable of maintaining the bor e specifications. Refer to
Table 5-5for dimension from centerline of bore-to-top of deck of engine
block.
NOTE

Replacement bearing caps ar e supplied with bearing bor e unfinished.

5) Inspect piston cooling orifices as follows:
€) Inspect each cooling orifice to make sureit is not plugged or damaged.
(b) Use a soft wire and compressed air to clean orifice. Replace, if condition is questionable.
CAUTION

A piston cooling orifice failure could cause damage to pistons, piston pins,
rod pin bushings, and liners. If a piston cooling orificeisleft out of block
during assembly, low or no oil pressurewill result.

(© Install al the orifices and tighten to valuesin Table 5-5
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NOTE
If crankshaft isto be reground, use following recommended guidelines.
CAUTION

Crankshaft grinding should be done only by experienced personnel on
equipment capable of maintaining crankshaft size and finish specifications.

CAUTION

If undersize bearings ar e used, check bearing clearance after bearing caps
have been tightened to specified torque. If undersize bearings aretoo tight
and clearanceis not within specifications, jour nals and bearing will be
wiped clean of all oil. Thiswould result in prematurewear of parts.

CAUTION

When grinding crankshaft, also grind fillet radii to specifications. Thisis
necessary to prevent stressrisersin fillet areasduring grinding.

NOTES
Refer tq Table 5-5[for undersize main and connecting rod bearings.
To maintain the correct end play, the two piece main bearing with three
piece thrust washer set can be used to replace the two piece flanged main

bearingsif desired.

(1) Compare crankshaft journal measurements taken during inspection and determine size which
journals are to be reground.

2 If one or more main or connecting rod journal s requires grinding, then grind al of main journals
or all of connecting rod journals to same required size. Grind clockwise (opposite engine
rotation).

(3) All journal fillets radii must be free of any sharp grind marks or scratches. Fillet must blend
smoothly into journal and crank cheek. Radius may be checked with afillet gage.

4 Care must be taken to avoid localized heating which often produces grinding cracks. Use coolant
generoudly to cool crankshaft while grinding. Do not crowd grinding wheel into work.

5) Polish or lap (counterclockwise) ground surfaces to specified finish. Reground journals will be
subject to excessive wear unless polished smooth.
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(6)

(")

(8)

(9)

(10)

NOTE

When thrust surfaces are reground and an oversize washer isused,
crankshaft end play specification must be maintained.

If thrust surfaces of crankshaft are worn or grooved excessively, they must be reground and
polished. Care must be taken to maintain specified radius between each thrust surface and bearing
journal. An oversize thrust washer set isavailable.

Stone edge of all oil holesin journal surfaces smooth to provide aradius of approximately 0.060
inch (1.50 mm).

After grinding has been completed, inspect crankshaft by fluorescent magnetic particle method, or
other similar method to determine if cracks have originated due to grinding operation.

Demagnetize crankshaft.

WARNING
Cleaning solvent isflammable and toxic to eyes, skin, and respiratory tract.
Skin and eye protection arerequired. Avoid repeated/ prolonged contact.
Good general ventilation isnormally adequate.

WARNING
Compressed air used for cleaning can create airborne particlesthat may
enter the eyes. Pressurewill not exceed 30 psi (207 kPa). Eye protection
required.

Thoroughly clean crankshaft and oil passages with solvent. Dry with compressed air.

e Instalation.

1)

Install gear[(8, Figure 5-67) on crankshaft as follows:

WARNING
Oil fumes or ail can ignite above 380°F (193°C). Use athermometer and do
not exceed 360°F (182°C). Do not allow a flame or heating element to bein
direct contact with oil. Heat oil in a well ventilated area. Plan a safe
handling procedureto avoid burns. Wear protective clothing, gloves,
apron, etc.
@ Heat gear (8), in ail, to 300°F (148°C).

(b) Install Adapter on nose of crankshaft (7). Tighten capscrews securely.
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NOTE
When installing gear, do not gouge or nick crankshaft flange or wear sleeve.

(© Place gear on crankshaft flange. Be sure woodruff key (9) is properly aligned with
keyway in gear (8).

(d) Install Installer over adapter.

(e Tighten nut clockwise until gear firmly seats against crankshaft flange. Allow gear to
cool before removing installer.

Install main bearing (6) inserts. Make sure that tang on inserts is engaged with slot in engine
block and main bearing caps. Also make sure that oil holes line up with oil passagesin block.

CAUTION

If new thrust bearing insertsor thrust bearing washersareinstalled, they
must beinstalled asa set.

Install main thrust bearing (5) in rear web of engine block.
Apply aliberal coating of clean engine lubricating oil to bearing surfaces and crankshaft journals.
Using proper lifting equipment, lower crankshaft (7) onto main bearings.

Dip entire bearing capscrews (1) in clean engine lubricating oil (MIL-L-2104) and position them
in the main bearing caps. Apply aliberal amount of oil to bearing insertsin caps.

NOTE
M ake sure bearing caps areinstalled on the bearing bosses from which they
wereremoved. The numbers stamped on the caps should be on the same
sideasthe numberson theblock. If thereisan arrow on cap, arrow must
point toward camshaft side of block.

Install each bearing cap (3 and 4), bearings (5 and 6), and capscrews (1) with washers (2) with the
recesses and tags aligned in matching order. Make sure bearing tabs also match up before
tightening capscrews.

CAUTION

Do not use pneumatic wrench to install main bearing capscrews, as damage
may occur to thethreads.

Before tightening capscrews on main bearing caps, align upper and lower thrust washers or
flanges on main thrust bearings (5). Using a soft-face hammer, tap crankshaft to the rear and then
to the front to line up thrust bearing surfaces.

Tighten all capscrewsto valuesin Table 5-5
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(10)

(11)

(12)
(13)
(14)
(15)
(16)

(17)

Turn crankshaft (7) by hand. If it does not turn easily, disassemble parts and determine the cause.
CAUTION

Using pneumatic wrenchesto install capscrews may cause damageto the
threads. Never reuse connecting rod capscrews.

Install connecting rod caps and bearings. Use new capscrews and tighten to specification. Refer

tolparagraph 5.4

Check crankshaft for specified end play, refer tb paragraph 5.4.2

Install flywheel housing, refer tb paragraph 4.8.3,

Install front plate, refer tb paragraph 5.4.3

Install rocker arm assembly, pushrods, and cam followers, refer t paragraph 4.7.3
Install oil pump, refer

Install oil pan, refer th paragraph 4.5.3]

5.4.5. PISTONS AND CONNECTING RODS.

a Removal.

NOTE

Thefollowing procedur esrequire complete accessto the engine. |f
necessary, remove engine from generator set, refer to TM 9-6115-672-14.

Mount engine on repair stand (NSN 4910-01-016-1835 or equal) as outlined
in|paragraph 4.10

The following procedure is provided for removal of the pistons and connecting rods.

D)
@)
3

(4)
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Drain coolant and lubrication system, refer to TM 9-6115-672-14.

Remove cylinder head, refer ko paragraph 4.7.4!

Remove camshaft followers, refer to paragraph 5.4.1. Ensure that camshaft followers are kept in
order for reassembly into the same position.

WARNING
Compressed air used for cleaning can create airbor ne particlesthat can
enter the eyes. Pressure must not exceed 30 psi (207 kPa). Eye protection
required.

Thoroughly clean all gasket surfaces. Remove all old gasket material, corrosion, carbon, and
other foreign material from top deck. Use compressed air to remove [oose material.



()

(6)

ARMY TM 9-2815-260-24
AIR FORCE TO 38G1-126-2
MARINE CORPSTM 09244A/09245A-24

CAUTION

Cap screws and washersmust be tightened to correct specification to
achieve an accurate reading when checking liner standout (height above
block), asdetailed later in this paragraph.

Use short capscrews (1, Figure $-70) and 1/8 in. (3 mm) thick washers (2) to bolt down cylinder
liners (3). Fasten each liner in two locations. Tighten capscrewsto 50 b-ft (68 Nm).

LEGEND

1 SHORT CAPSCREWS
2 WASHERS
3 3 CYLINDER LINERS

FIGURE 5-70. FASTENING CYLINDER LINERS.
NOTE

Do not rotate crankshaft with cylinder head removed unlesslinersare
fastened down.

Remove carbon from liner bore using scraper or ridge reamer, refer to Rotate

crankshaft as required to allow clearance for scraper or ridge reamer. Use compressed air to
remove loose material.

o

- == C

FIGURE 5-71. REMOVING CARBON FROM CYLINDER LINER.
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(")
(8)
(9)

(10)

(11)

(12)

(13)

(14)

b. Repair.

Remove oil pan, refer o paragraph 4.5.3]

Remove oil pump and outlet tube, refer {o paragraph 5.4.8]

Mark rods (5,|Figure 5-72)| pistons (4), and rod caps (2) to insure correct assembly in same
location.

CAUTION

Ensurethat bearings are kept with samerod caps and rods from which
they areremoved. Failureto comply could result in excessive engine wear.

Remove capscrews (1), rod cap (2) and rod cap bearing (3).

NOTE
Use PLASTIGAGE asdirected by the manufacturer. PLASTIGAGE will
determine bearing-to-journal oil clearance, but will not indicate the

condition of either surface.

Measure rod bearing (6) to crankshaft oil clearance using PLASTIGAGE before removing piston
(4) and rod (5). Record measurements. Refer td paragraph 5.4.5|b.2(h).

CAUTION
Hold on to piston to prevent piston from dropping. Piston will drop once
piston rings have cleared cylinder liner. Failureto comply could result in
damageto piston or rod.

CAUTION

Do not allow rod to hit cylinder liner bore when removing piston and rod
assembly. Failureto comply could result in damage to cylinder liner.

Gently tap bottom of piston (4) until piston is clear of cylinder block. Remove piston (4) and rod
(5) assembly. Remove rod bearing (6).

Repeat steps 9-12 for all cylinders.

Cover al openingsto prevent entry of foreign material.

The following procedure is provided for repairing the pistons and connecting rods. Remove pistons and
connecting rods (refer to paragraph step a. above) and place on a suitable workbench. Disassemble per the
following steps:

(1) Disassemble the pistons per the following steps:

5-72

(@ Remove pisto 2), refer to step a.

(b) Remove piston rings (7) using Piston Ring Expander.
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(© Remove snap rings (8) using snap ring pliers. Discard snap rings.
(d) Remove piston pin (9) and rod (5).
(2) Test the pistons and connecting rods per the following steps:

@ Clean piston ring grooves using piston ring groove cleaning tool.

WARNING

Compressed air used for cleaning can create airborne particlesthat can
enter the eyes. Pressure must not exceed 30 psi (207 kPa). Eye protection
required.

CAUTION

When washing pistons, always use a stiff bristle brush, not a wire brush, to
loosen carbon residue. Failureto comply could result in damageto pistons.

(b) Clean pistons (4. Figure 5-72) with hot water and liquid detergent. Soak pistonsin a
solution of 50 percent liquid household detergent and 50 percent hot water for 30 to 60
minutes. Use stiff bristle brush to loosen carbon residue. Dry with compressed air.

(c) Carefully inspect pistons (4) under magnification. Check for the following: signs of fatigue,
fine cracksin piston head (1] Figure 5-73), bent or broken ring lands (2), cracks in skirt (3) at
inner and outer ends of piston pin bore, and excessive piston skirt wear. (Origina machining
marks must be visible)). If any imperfections are found, replace piston (4) and cylinder liner

(11[ Fiqure 5-72), refer td peragraph 5.4.6, as a set.
(d) Check piston ring groove wear as follows:

1 Check wear of keystone ring groove (top groove) using Ring Groove Wear
Gauge (JDE62). Check groove at several locations around circumference of
piston. Gauge shoulders should not contact ring land. Clearance (1, Figure 5-
74) between shoulders of Ring Groove Wear Gauge (2) and ring land indicate
ring groove is good. If ring groove isworn, replace piston (4 Figure 5-72) and
cylinder liner (11), refer td paragraph 5.4.6, as a set.
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NN B N

11—

X

LEGEND

CAPSCREW

CAP

BEARING INSERT
PISTON
CONNECTING ROD
BEARING INSERT
PISTON RINGS

<_

N
@
D

8 SNAP RING

9 PISTON RING

10 BUSHING

11 CYLINDER LINER
12 O-RING

13 PACKING

14 SHIM

FIGURE 5-72. PISTONS, CONNECTING RODS, AND CYLINDER LINERS.
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LEGEND 3

1 PISTON HEAD (CRACKS)
2 RING LANDS (BENT)
3 SKIRT (CRACKS)

FIGURE 5-73. PISTON INSPECTION (DEFECTS EXAGGERATED)

LEGEND

1 CLEARANCE
2 RING GROOVE WEAR

1
A

GAUGE

FIGURE 5-74. CHECKING PISTON KEYSTONE RING GROOVE WEAR.

IN

Check second and third piston grooves using new piston ring (7 Figure 5-72)
and feeler gauge, refer to Check clearance at severa points. Ring
groove clearance should not exceed 0.008 in. (0.20 mm). If clearance exceeds
specification, replace piston (4, Figure 5-72) and cylinder liner (11), refer to
[paragraph 5,46, as aset.
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FIGURE 5-75. MEASURING PISTON RING GROOVE CLEARANCE.

(e M easure piston pin bore inner diameter. Piston pin bore inner diameter should be 1.6254
- 1.6258 in. (41.285 - 41.295 mm). If piston pin bore inner diameter exceeds
specifications, replace piston and cylinder liner, refer tq paragraph 5.4.7, as a matched

Set.

) Measure and record piston skirt diameter|(1, Figure 5-76) 90 degrees off piston pin bore
and 1.1 in. (28 mm) from bottom of piston (2). Piston skirt diameter should be 4.188 -

4.189in. (106.38 - 106.40 mm). If piston skirt diameter exceeds specifications, replace
piston and cylinder liner, refer td paragraph 5.4.6, as a set.

LEGEND
1 PISTON SKIRT DIAMETER

2 BOTTOM OF PISTON TO
PISTON PIN BORE

=

[ e
PN
| .

—

O

2
l
T‘*——l-————»—

FIGURE 5-76. MEASURING PISTON SKIRT
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(9) Inspect piston pin as follows:

CAUTION

Piston pin hasa highly polished surface. Do not attempt to polish or
refinish piston pin. Failureto comply could result in excessive piston wear.

1 Visually inspect piston pin for wear or damage. Replace piston pin if worn or
damage is observed.

2 M easure piston pin outer diameter using outer diameter micrometer. Piston pin
outer diameter should be 1.6243 - 1.6252 in. (41.257 - 41.280 mm). Replace
piston pin if measurement is out of specifications.

3 Dip piston pinin clean engine oil.

4 Install piston pin through piston. Piston pin should pass through piston using
only light thumb pressure.

5 Insert piston pin from both sides. If piston pin enters freely, but bindsin the
center, replace piston and cylinder liner, refer td paragraph 5.4.6, as a set.

6 Insert piston pin to check for bore alignment. I piston pin clicks or needsto be
forced into bore on opposite side, replace piston and cylinder liner, refer to

[paragraph 5.4.6, as a set.
(h) Inspect connecting rod as follows:
1 Inspect rod bearings for damage. Replace rod bearings if damage is observed.
2 Measure and record crankshaft (7/Figure 5-67) journal outer diameter at several

points. Compare crankshaft journal outer diameter with specifications givenin
[Table 5-6] Replace crankshaft (7) if out of specifications.

Table 5-6. Connecting Rod Journal and Bearing Specifications.

Specification

Crankshaft Journal OD

3.0629 - 3.0640 in. (77.800 - 77.826 mm)

Assembled Rod Bearing 1D 3.0659 - 3.0679in. (77.876 - 77.927 mm)
Rod Bearing-to-Journal
Qil Clearance (new parts) 0.0020 - 0.0050 in. (0.050 - 0.127 mm)
Rod Bearing-to-Journal
Qil Clearance (used parts) 0.0020 - 0.0600 in. (0.050 - 0.152 mm)
3 Assemble connecting rod (4, Figure 5-72), cap (2), and bearings (3 and 6) using

old capscrews (1). Torque capscrewsto 50 Ib-ft (68 Nm). Tighten capscrews an
additional 90 degrees (1/4 turn).
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(i)

I

Measure and record assembled rod bearing inner diameter. Compare assembled
rod bearing inner diameter with specifications given in Table 5-6. |Replace
bearings (3 and 6) if out of specifications.

(&5

Subtract crankshaft journal outer diameter from rod bearing inner diameter to
determine oil clearance. Compare ail clearance cal culations with specifications
givenin|Table 5-6 Replace bearings (3 and 6), connecting rod (5) or crankshaft
(7,[Figure 5-67) as required if out of specifications.

(o)}

Remove capscrews (1, Figure 5-7P), cap (2), and bearings (3 and 6).

N

Inspect connecting rod (5) and cap (2) for wear or damage, such as chips or
cracksinthejoint area. Inspect in and around capscrew (1) holesin cap.
Replace connecting rod and cap if any imperfections are found.

NOTE

Assemblerod and cap without bearingsinstalled.

[ee]

Assembl e connecting rod (5) and cap (2) using old capscrews (1). Torque
capscrews to 43 |b-ft (58 Nm). Tighten capscrews an additional 90 degrees (1/4
turn).

I©

Measure and record assembled connecting rod bore inner diameter at center of
bore as follows:

a At right angle to connecting rod-to-cap joint.
b At 45 degrees left of measurement step a.
c At 45 degrees right of measurement step a.

Compare connecting rod bore inner diameter with specifications given in[Table 5-7
Replace connecting rod (5) and cap (2) if out of specifications.

Table 5-7. Connecting Rod Bore (Without Bearing I nserts) Specifications.

Item Specification

Rod Bore ID

3.2550 - 3.2560 in. (82.677 - 82.703 mm)

Maximum Permissible Bore Out-of- 0.0015 in. (0.038 mm)

Round

)

(k)

Subtract smallest rod bore inner diameter measurement from largest rod bore inner
diameter measurement. Thisis the maximum bore out-of-round measurement. Replace
connecting rod (5) and cap (2) if maximum bore out-of-round measurement exceeds

specifications given in Table 5-7]

Measure connecting rod (5) piston pin bushing (10) inner diameter and compare with
specifications given in Table 5-§. Replace connecting rod piston pin bushing if out of
specifications, refer to step m.
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Table 5-8. Connecting Rod Piston Pin Bushing Specifications.

Item

Specification

Connecting Rod Piston Pin Bushing | 1.6260 - 1.6290 in. (41.300 - 41.376 mm)

ID

Piston Pin-to-Bushing Qil Clearance | 0.0007 - 0.0040in. (0.020 - 0.102 mm)

V)

If necessary, replace connecting rod piston pin bushing in straight pin-end rod as follows:

CAUTION

Oil holesmust be aligned. If holesare not aligned, remove and discard
bushing. Install a new bushing. DO NOT attempt to reuse the bushing.
Install bushingin rod.

(m)

(n)

(0)

=

IN

lw

I

Usedriver for 1.6 in. (41 mm) pin to install bushing.

Press bushing into rod bore until edge of bushing is flush or just slightly below
machined surface on face of rod.

Remove rod from press.
inner diameter of bushing must be precision bored to proper size. Pin-to-

Bushing ail clearance should be 0.0007 - 0.0022 in. (0.020 - 0.056 mm) and
wear limit should be 0.0040 in. (0.102 mm).

Calculate piston pin-to-bushing oil clearance by subtracting piston pin (9) outer diameter
from connecting rod piston pin bushing (10) inner diameter. Compare piston pin-to-
bushing oil clearance with specifications given in Replace connecting rod
piston pin bushing, refer to step I, or piston pin if out of specifications.

Insert piston pin (9) from either side of connecting rod piston pin bushing (10). Replace
connecting rod piston pin bushing, refer to step |, if piston pin isfree on one end but tight
on the other, or if piston pin enters freely from both sides, but istight in the center.

Measure rod center-to-center bore as follows;

1

IN

Measure rod center-to-center bores (with bushings removed). Bearing bore-to-
pin bushing (center-to-center) length A should be 7.990 - 7.994 in. (202.95 -

203.05 mm). Refer tq Figure 5-77

Replace rod if not within specifications.
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71N
L/

FIGURE 5-77. MEASURING ROD CENTER-TO-CENTER BORES
(3) Assemble the pistons and connecting rods per the following steps:
NOTE

If new piston and liner assembly isto beinstalled, leave piston inside liner.
Push piston out of liner bottom only far enough to install piston pin.

@ Lubricate piston pin (9, Figure 5-72),connecting rod piston pin bushing (10), and piston
pin bore in piston (4) with clean engine oil.

CAUTION
Install pistons on same connecting rods as pistons wereremoved from. Use
new piston pin snap rings. Failureto comply could result in excessive

enginewear or enginefailure.

(b) Assemble piston (4) and matching connecting rod. Ensure that the word "FRONT" on
side of piston and side of connecting rod are facing same direction..

(© Insert piston pin into piston pin bore in piston and through connecting rod piston pin
bushing.
(d) Install new snap rings (8) with sharp edge of ring facing away from piston pin. Ensure

that snap rings are seated in grooves of piston pin bore.
CAUTION
Do not over expand piston rings. Piston rings can be damaged if expanded

too far. Expand piston ringsonly asfar asnecessary to install ringson
piston. Failureto comply could result in enginefailure.
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NOTE

Piston rings come pre-installed in new piston and liner assemblies. Leave
piston insideliner.

()

(f)

(9)

Install piston rings as follows:

1

N

[e8)

I

(&5

(o)}

I~

Install oil ring expander in bottom ring groove of piston (4) using piston ring
expander. Position end gap of oil ring expander toward either side of piston pin.

Install oil control ring (7c.) in bottom ring groove over ring oil ring expander.
Position end gap of oil control ring on opposite side of piston from ail ring
expander gap.

I dentify top side of compression rings (7a. and 7b.). Top side of rectangular and
keystone compression rings are identified by depression marks on top side of
two rings.

Install rectangular compression ring (7b.) in center ring groove of piston (4)
with depression marks facing top of piston.

Position gap in rectangular compression ring (7b.) on opposite side of piston
from gap in ail control ring (7c.).

Install keystone compression ring (7a.) in top ring groove of piston (4) with
depression marks facing top of piston.

Position gap in keystone compression ring (7a.) on opposite side of piston from
gap in rectangular compression ring.

Measure piston protrusion as follows:

1

IN

[eM)

I

Press down on top of piston (4) to remove oil clearances before measuring
piston protrusion.

Position gauge on cylinder block. Zero dial indicator against cylinder block.

Position gauge across piston. While pressing gauge downward, rotate
crankshaft until pistonisat Top Dead Center (TDC) position.

Measure piston height at several positions around piston. Piston Protrusion
(above cylinder block deck) should be 0.003 - 0.012 in. (0.08 - 0.30 mm).

If piston protrusion is out of specifications, check dimensions of piston, cylinder block,
crankshaft, and bearings to determine the cause.
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oy
@)
3

(4)

©)

(6)

(7)

(8)

(9)

(10)

(11)
(12)
(13)

(14)

(15)
(16)
(17)

(18)

Installation.

Assembl e piston assembly, refer to paragraph d.
Remove all covering installed during step a (14).

Coat piston (4] Figure 5-72), piston liner (11), and Piston Ring Compressor (JDE84) with clean
engine oil.

Carefully position piston and connecting rod assembly inside Piston Ring Compressor (JDE84).
Carefully place Piston Ring Compressor (JDE84) with piston and connecting rod over piston liner
so0 the word "FRONT" on side of rod and on side of piston faces toward front of engine. Push

piston into piston liner.

Position bearing insert (6) in connecting rod (5) from bottom of cylinder block. Ensure that tang
of bearing insert is firmly seated in groove of connecting rod.

Apply clean engine ail to bearing insert (6) and crankshaft journal. Carefully pull connecting rod
(5) and bearing insert against crankshaft journal.

Install bearing insert (3) in cap (2). Ensure that tang of bearing insert is firmly seated in groove of
cap.

Apply clean engine oil to bearing insert (3). Install cap (2) on connecting rod (5) with tangsto
sameside.

CAUTION
Always use new capscrews for final assembly of connecting rod and cap. If
capscr ews have been tightened before, do not reuse for final assembly.

Failureto comply could result in engine failure.

Dip new capscrews (1) in clean engine oil. Install capscrews and torque evenly to 43 Ib-ft (58
Nm). Tighten capscrews an additional 90 degrees (1/4 turn).

Rotate crankshaft several revolutions to insure that engine rotates without excessive tightness.
M easure piston protrusion, refer o paragraph 5.4.5.b(3)(f) and (g).
Check liners for deep scratches caused by improperly installed or broken piston ring.

Check side clearance of connecting rods. Connecting rods must have slight side-to-side
movement.

Install oil pump and outlet tube, refer to paragraph 5.4.8
Intall oil pan, refer tb paragraph 4.5.3]

Remove capscrews (1, Figure 5-70) and washers (2) that hold down cylinder liners (3).

Ensure that all gasket surfaces are clean and free of foreign material.
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(19)  Install camshaft followers, refer th paragraph 5.4.1]
(20)  Install cylinder head, refer tb paragraph 4.7.4]

(21 Service coolant and lubrication system, refer to TM 9-6115-672-14.

5.4.6. CYLINDER LINERS.

NOTE

Thefollowing procedur esrequire complete accessto the engine. |f
necessary, remove engine from generator set, refer to TM 9-6115-672-14.
Mount engine on repair stand (NSN 4910-01-016-1835 or equal) as outlined
in

a Testing Cylinder Liner Height Prior to Removal.

D Remove piston, refer [to paragraph 5.4.5|

2 Check height of each cylinder liner using Dial Indicator. Check height of each cylinder liner at 1,
5,7, and 11 o’ clock positions as viewed from rear of engine. Record all measurements.

©)] Compare measurements with specifications given in Table 5-9. Replace any cylinder liner that is
out of specifications, refer to step b.

Table5-9. Cylinder Liner Height Specifications.

Item Specification

Liner Height Above Block 0.001 - 0.004 in.
(0.030 —0.100 mm)

Maximum Permissible Difference Between .
Readings Within One Cylinder Or Between 0.002in.
Adjacent Cylinders (0.05 mm)

b. Removal.

(D Remove piston, refer [to paragraph 5.4.5]

(2) Remove capscrews (1, Figure 5-70) and washers (2) securing cylinder liners (3) to cylinder block.
CAUTION

Stamp cylinder liner on fire dam only. Do not stamp cylinder liner on
flange. Failureto comply could result in engine damage.

CAUTION
Stamp piston on side of piston, away from machined surface that contacts

cylinder liner. Do not stamp top of piston. Failureto comply could result
in engine damage.
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©)

(4)
(5)
(6)
(7)

Number cylinder liners and pistons. Stamp front of cylinder liner to assure correct assembly
position.

CAUTION
K eep matched pistonsand linerstogether. Linersmust bereinstalled in
same cylinder bore. Failureto comply could result in excessive engine
wear.
Remove cylinder liner (11, Figure 5-72) using Puller.
Remove O-rings (12) from cylinder block.

Remove packing (13) from cylinder liner (11).

Cover al openingsto prevent entry of foreign material.

I nspection.

1)

2
3

(4)

Perform testing of cylinder liner height prior to removal, refer to step a. If out of specifications,
continue inspection by performing step ¢ (2).

Remove cylinder liner, refer to step b (4).
Clean cylinder liner (11, Figure 5-7P) asfollows:

@ Clean cylinder liner using stiff bristle brush. Remove all debris, rust, and scale from
outer diameter of cylinder liners, under cylinder liner flange, and in O-ring packing areas.

(b) Visually inspect cylinder liner (11) to insure that there are no nicks or burrsin areas
where packings will seat. Replace cylinder liner if nicks or burrs are observed.

CAUTION
Solventswill not remove all abrasives from liner walls. Do not use gasoline,
kerosene, or commer cial solventsto clean liners. Failure to comply could

result in engine damage.

(© Thoroughly clean cylinder liner (11) inner diameter using a solution of 50 percent hot
water and 50 percent liquid detergent.

(d) Thoroughly rinse cylinder liner with water and wipe dry with clean rag.
(e Swab out cylinder liner (11) as often as necessary with clean SAE 10W oil. Clean
cylinder liner until a clean, white rag shows no discol oration when rubbed against inner

diameter of cylinder liner.

Clean cylinder liner O-ring bore inside cylinder block using O-ring bore cleaning brush IAW
instructions supplied with O-ring bore cleaning brush.
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(5) Visually inspect cylinder liner (11) asfollows:
€)] Inspect cylinder liner outer diameter (11) for pitting and erosion as follows:
CAUTION

If liner pitting has occurred, check condition of coolant.

Refer to Inspect exterior length of liner for pitting (A). Check
packing step for erosion (B). If pitting or erosion is observed, measure depth of

pits with afine wire or needle. Replace piston liner if depth of any pit is one-
half or more of liner thickness (C) or depth of erosion is one-half or more of the
packing step (D).

=

2 Refer to|Table 5-10 for cylinder liner specifications.

(b) Measure cylinder liner thickness at several points. Refer tp Table 5-10 for specifications.
Replace piston and cylinder liner if out of specifications.

(© Measure packing step dimension at several points. Refer {o Table 5-1 for specifications.

(d) Inspect cylinder liner inner diameter for crosshatch honing pattern. Replace piston and
cylinder liner if crosshatch honing pattern is not visible immediately below top ring turn-
around area.

(e Inspect cylinder liner inner diameter for pitting or deep vertical scratches that can be
detected by the fingernail. Replace piston and liner if pitting or deep vertical scratches
are detected.

® Carefully examine cylinder liner under magnification for signs of fatigue such asfine
cracksin the flange area and cracks in the ring travel area. Replace piston and cylinder
liner if signs of fatigue are observed.

J

A - LINER PITTING

B - LINER EROSION

C - LINER THICKNESS
D - PACKING STEP

ov}
K *
AN \\} N\
(@]

-TP
FIGURE 5-78. INSPECTING CYLINDER LINER PITTING
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(¢))

(h)

(i)

Inspect cylinder block for cracks or erosion in the o-ring packing areas. Replace cylinder

block, refer to paragraph 5.4.7) if cracks or erosion are observed.

Calculate piston-to-liner clearance as shown below. Replace piston and cylinder liner if
any clearances exceed specifications.

1

N

[e8)

I

ol

(o)}

I~

[o¢]

1©©

10

Position piston (4] Figure 5-72) without rings in matched cylinder liner with
piston front and cylinder liner front aligned. Move piston down until bottom
edge of piston skirt is 1.00 in. (25.4 mm) from bottom of cylinder liner.

Use feeler gauge to measure piston skirt-to-cylinder liner clearance 90 degrees

(1/4 turn) away from piston pin bore. Record measured clearance. Compare
piston skirt-to-cylinder liner clearance with specifications given in[Table 5-11

Turn piston 90 degrees (1/4 turn) in liner. Measure piston skirt-to-cylinder liner
clearance 90 degrees (1/4 turn) away from piston pin bore. Record measured
clearance.

Remove piston from cylinder liner, turn piston upside down, and position piston
upside down in cylinder liner with piston "front" and cylinder liner "front"
aligned.

Position piston so bottom edge of piston skirt is 1.00 in. (25.4 mm) below top of
liner.

M easure piston skirt-to-cylinder liner clearance 90 degrees (1/4 turn) away from
piston pin bore. Record measured clearance. Compare piston skirt-to-cylinder
liner clearance with specifications given in[Table 5-11

Turn piston 90 degrees (1/4 turn) in liner. Measure piston skirt-to-cylinder liner
clearance 90 degrees (1/4 turn) away from piston pin bore. Record measured
clearance. Compare piston skirt-to-cylinder liner clearance with specifications

givenin[Table 5-11

The difference between clearances in steps 3 and 4 is the amount cylinder liner
is out-of-round at bottom of cylinder liner. Compare cylinder liner out-of-round

with specifications given in[Table 5-11

The difference between clearances in steps 6 and 7 is the amount cylinder liner
is out-of-round at bottom of cylinder liner. Compare cylinder liner out-of-round

with specifications given in[Table 5-11

The difference between clearancesin steps 2 and 6 isthe amount cylinder liner
istapered. Compare cylinder liner taper with specifications given in[Table 5-11

Measure cylinder liner flange thickness. Cylinder liner flange thickness should be 0.2371
-0.2385in. (6.022 - 6.058 mm). Replace piston and cylinder liner if cylinder liner flange
thickness exceeds specifications.
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Table5-10. Cylinder Liner Thickness Specifications.

Item

Specification

Cylinder Liner Thickness

0.2313-0.2510iin.
(5.875 - 6.375 mm)

Packing Step Dimension

0.07947 - 0.09002 in.
(2.0185 - 2.2865 mm)

) Measure

1

IN

lw

I

(63}

cylinder liner height above cylinder block as follows:

Ensure that cylinder liner bore in cylinder block and top deck of cylinder block
are clean.

Install cylinder liner in cylinder liner bore without O-rings and packing.

Ensure that cylinder liner rotates smoothly by hand. If cylinder liner does not
rotate smoothly by hand, remove cylinder liner and polish cylinder liner bore
with emery cloth or Brush. Use shop towel or other suitable means to collect
debris when polishing cylinder liner bore.

Position cylinder liner with liner mark towards front of engine. Secure with
capscrews and washers, refer to[paragraph 5.4.5.] Torque capscrews to 50 [b-ft
(68 Nm).

Using Piston and Liner Height Gauge and Dial Indicator, measure cylinder liner
height above cylinder block at 1, 5, 7, and 11 o’ clock positions as viewed from
back of engine. Record measurement. Compare cylinder liner height above
cylinder block with specifications given in

Table5-11. Piston and Cylinder Liner Specifications.

Item Specification
Piston-to-Liner Clearance (Measured at 0.003 - 0.006 in. (0.08 - 0.15 mm)
Bottom of Piston Skirt) for Turbocharged
Engines
Maximum Permissible Cylinder Out-of- 0.002 in. (0.05 mm)
Round
Maximum Permissible Cylinder Taper 0.002 in. (0.05 mm)
Liner Height Above Block 0.001 - 0.004 in.(0.030 - 0.100 mm)
Maximum Permissible height differences 0.002 in. (0.05 mm)
a Nearest Point of Two Adjacent Liners
or Within A Single Liner
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Table5-11. Piston and Cylinder Liner Specifications. — CONT.

Item Specification
Main Bearing borein Cylinder Block 3.3250 - 3.3260 in. (84.455 - 84.481 mm)
Camshaft Follower Bore ID in Block 1.248 - 1.250in. (31.70 - 31.75 mm)
Camshaft Follower 1.245- 1.246 in. (31.61 - 31.64 mm)
Camshaft Follower-to-Bore Clearance 0.002 - 0.005in. (0.06 - 0.13 mm)
NOTE

Front cam borein block hasa
replaceable bushing;
remaining machined boresdo
not have bushings.

Camshaft Bore ID: 2.3607 - 2.3617 in.( 59.961 - 59.987 mm
Front (No. 1) in Block (without
bushing)
Front (No. 1) in Block (with 2.2031 - 2.2042 in. (55.961 - 55.987 mm)
bushing)
All except No. 1 2.2042 - 2.2052 in. (55.986 - 56.012 mm)
6 If cylinder liner height above cylinder block is above specification, check

cylinder block for burrs. Repair or replace as required.
CAUTION

Only oneliner shim may beinstalled under each cylinder liner flange.

7 If cylinder liner height is bel ow specifications given in[Table 5-11, install liner
shim or replace as required.
8 Two shim sizes are available, 0.002 in. (0.05mm) and 0.004 in. (0.10 mm).

Q) Deglaze cylinder liner using Flexible Cylinder Hone (D17004BR) and honing oil.

2 Use Flexible Cylinder Hone (D17004BR) in accordance with instructions supplied with hone to
obtain a 45-degree cross-hatch pattern.

3 Thoroughly clean cylinder liner after deglazing, refer to step c. above.
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e. Installation.

N

2

3)

(4)

(%)

(6)

CAUTION

Install cylinder linersinto same cylinder block bore asremoved. DO NOT
scuff theliner packing across the upper counterbore.

Remove al covering installed during step b (7).

CAUTION
If liner outer diameter ispitted or eroded, but still within acceptable service
limits, rotate liner 90 degrees from itsremoved position. Pitted sections of

theliner should be facing thefront or rear of the engine.

Install liner in block bore with mark toward front of engine, unless outer diameter is pitted or
eroded.

CAUTION
If you suspect a packing may have sheared or displaced during liner
installation, remove and examine the liner and packing assembly. If no
damageisfound, check packingsfor proper position. Resoap packings, and
reinstall liner assembly.
A resistance will be felt when the cylinder liner is aligned in pilot bore. Finish seating liners using
clean, hardwood block and mallet. Gently tap hardwood block over top of cylinder liner with
mallet.

NOTE

Cylinder liner will protrude over top of cylinder block more than normal
dueto uncompressed packingsand O-rings.

Hold linersin place with large flat washers and capscrews. Turn capscrews snug but do not
tighten.

Clean cylinder liner bores with waterless hand cleaner after installation. Wipe dry with clean
towels.

Apply clean engine oil to liner boresimmediately to prevent corrosion.
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54.7. CYLINDER BLOCK.

a

5-90

NOTE

Thefollowing procedur esrequire complete accessto the engine. |f
necessary, remove engine from generator set, refer to TM 9-6115-672-14.
Mount engine on repair stand (NSN 4910-01-016-1835 or equal) as outlined
in[par agraph 4.10]

Disassembly.

1)

)
©)
(4)
()
(6)
(7)

(8)

9)

(10)
(11)
(12)
(13)
(14)
(15)
(16)
(17)
(18)
(19)

(20)

If not already performed, mount engine on vehicle engine stand (NSN 4910-01-016-1835 or
equal). Refer td paragraph 4.10]

Drain coolant and oil. Refer to TM 9-6115-672-14.

Remove fan belts. Refer to TM 9-6115-672-14.

Remove alternator, refer {o paragraph 3.9.1

Remove turbocharger, refer fo paragraph 4.4.11

Remove exhaust manifold, refer {o paragraph 4.4.3|

Remove rocker arm cover, refef to paragraph 4.7.1. If option code label is located on rocker arm
cover, be careful not to damage label.

Remove water manifold and thermostat housing, refer tb paragraph 3.8.2]

Remove oil cooler piping, refer {o paragraph 3.11.3)
Remove water pump, refer {o paragraph 3.8.3

Remove dipstick, refer {o paragraph 3.11.5

Remove oil filter and oil cooler, refer tp paragraph 3.11.3

Remove oil pressure regulating valve assembly, refer tb paragraph 4.5.2)

Remove fuel filter, refer tp paragraph 3.12.2|

Remove fuel supply pump, refer to paragraph 3.12.3]

Remove fuel line, refer tio paragraph 3.12.4}

Remove injection lines, refer {0 paragraph 3.12.4|

Remove injection pump, refer o paragraph 4.6.1

Remove injection nozzles, refer {o paragraph 4.6.2|

Remove starter, refer o paragrap
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(21)  Remove rocker arm assembly and push rods, refer {o paragraph 4.7.3. Keep push rodsin order.

(22)  Remove cylinder head, refer
(23) Remove cam followers, refer {o paragraph 4.7.4|

(24) Remove flywheel, refer to paragraph 4.8.1
(25)  Remove flywheel housing, refer tb paragraph 4.8.3]

(26)  Remove oil pan, refer {o paragraph 4.5.3

(27)  Remove crankshaft pulley, refer tb paragraph 4.9.2|

(28)  Removetiming gear cover, refer tb paragraph 4.9.3

(29 Remove oil pump drive gear, outlet tube and pump body, refer {o paragraphs 4.5.4. and 5.4.8.
(30)  Removetiming gears and camshaft, refer t§ paragraph 5.4.1]

(31)  Remove engine front plate, refer tb paragraph 5.4.3

(32)  Remove oil bypassvalve, refer

(33)  Remove pistons and rods, refer [to paragraph 5.4.5. Stamp cylinder number on connecting rods.
(34)  Remove crankshaft and main bearings, refer td paragraph 5.4.4]

(35)  Remove cylinder liners, refer[to paragraph 5.46. Mark each one with cylinder number.

(36)  Remove camshaft bushing, refer tb paragraph 5.4.1

Repair.
(@D} Clean cylinder block using the following procedures:
@ Remove engine and perform steps listed in paragraph a. to expose cylinder block.
(b) Remove piston cooling orifices (1), Fiqure 5-79
(©) Remove oil gallery plugs [1). Figure 5-80 using Oil Gallery Plug Tool.
(d) Remove soft plugs (7,9). Fiqure 4-46]

(e Clean upper and lower liner bores with nylon brush.

WARNING
Cleaning solvent is flammable and toxic to eyes, skin and respiratory tract.

Skin and eye protection arerequired. Avoid repeated/prolonged contact.
Good general ventilation isnormally adequate.
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WARNING

Compressed air used for cleaning can create airbor ne particlesthat can
enter the eyes. Pressurewill not exceed 30 psi (207 kPa). Eye protection
required.

CAUTION
If engine block is cleaned in a hot tank, be sureto remove any aluminum
parts (such as nameplates). Aluminum parts can be damaged or destroyed
by hot tank solutions.
(e Thoroughly clean engine block using solvent or pressure steam. |If necessary, place

engine block in "hot tank" for total cleaning. Before dipping, ensure any aluminum parts
such as the engine serial number plate has been removed.

PISTON COOLING ORIFICES

LEGEND

1 OIL GALLERY PLUGS
2 ARROW TOWARD FRONT OF ENGINE

1
FIGURE 5-80. OIL GALLERY PLUGS
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After thorough cleaning, inspect and clean cylinder block as follows:

NOTE

All components (including piston cooling orifices, soft plugs and oil gallery
plugs) must be removed from the cylinder block for inspection and
cleaning.

(@

(b)

Inspect each piston orifice (1} Figure 5-79) to make sureit is not plugged or damaged.
Cooling orifices deliver approximately 0.4 gallon per min (1.50 litersymin) oil flow.

Use soft wire brush and compressed air to clean orifice. Replaceif condition is
questionable, refer t

CAUTION

A piston cooling orifice failure could cause damageto piston, piston pins,
rod pin bushings, and liners. If a piston cooling orificeisleft out of
assembly, low or no oil pressurewill result.

(©)
(d)

Inspect all passages and crevices to ensure they are cleared of sludge and grease.
Inspect all coolant passages to ensure they are cleared of any lime deposits and scale.

CAUTION

Do not fileline support flange excessively. Excessfiling can damage liner
support flange and may result in an improper fit. Thoroughly clean all
filings from cylinder block (2,[Figure5-81). Failureto comply may result in
engine damage.

(€)

(f)

(@)

(h)

Be sure liner support flange (1] Figure 5-81) isfree of any burrs. If burrs are present, use
asmall half-moon file and lightly file (inacircular motion) burr off at approximately 60
degree angle. Do not let file hit top of cylinder block while filing.

Carefully inspect cylinder block for cracks or damage. Replace block of thereis
evidence of physical damage.

When determined that cylinder block is serviceable, clean out threads for cylinder head
capscrews in top deck of cylinder block using 1/2-13 UNC-2A x 4.00 inches (101.6 mm)
long tap (3). Use compressed air to remove any debris or fluid which may be present in
the tapped holes after cleaning.

Inspect O-ring bore. If required, clean O-ring bore using O-ring bore cleaning brush as
follows:

1 Chuck bore cleaning brush in 1/2 inch drill motor. Rotate brush and movein an
up and down motion in O-ring bore.
2 Thoroughly clean all lime deposits from O-ring bore.
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LEGEND
1 LINER SUPPORT FLANGE
2 CYLINDER BLOCK
3 1/2-13 UNC 2A X 4.0 IN. TAP
2 p— 3
/ (@ @D
S > )
A
OO OO
/ ¢ ) |

FIGURE 5-81. INSPECTING CYLINDER BLOCK

©)] Test the cylinder block to confirm that it is within specifications. Perform testing using the
following steps:

NOTE

Thecylinder block measurements must be made with the main bearing
capsinstalled.

(@

(b)

(©)
(d)

5-94

Before assembly of main bearing caps, identify markings and ensure caps are reinstalled

in their original position. Refer td paragraph 5.4.4 Install main bearing caps (without
bearings) in cylinder block and tighten to 100 Ib-ft (135 Nm).

Measure main bearing bore diameter, refer to Refer t¢ Table 5-11 for

specifications.
Measure engine block main thrust bearing width. Refer o Table 5-5 for specifications.

If bearing caps are damaged, or bore is not within specifications, replace cylinder block.
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EYPUTTRY FVTSVYPTNEvFer iy VEveReratsss]

FIGURE 5-82. MEASURING MAIN BEARING BORE

NOTE

Replacement bearing caps are supplied with bearing bor e unfinished.

() Measure cam follower bore diameter, refer to Refer tb Table 5-111 for values

of the following; camshaft follower bore inner diameter in block, camshaft follower outer
diameter (new) and camshaft follower-to-bore clearance.

O
>

-

FIGURE 5-83. MEASURING CAM FOLLOWER BORE DIAMETER
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() Measure camshaft bore diameter, refer to Refer tp Table 5-11 for

specifications of the following; camshaft bore inner diameter front No. 1, in block
without bushing, front No. 1 in block with bushing and all except No. 1.

FIGURE 5-84. MEASURING CAMSHAFT BORE DIAMETER
CAUTION

When cylinder block is machined (top deck or crankshaft bearing bores),
the dimension from centerline of crankshaft bearing boreto top deck will
be changed. Ensurethat thisdimension isnot lessthan 13.302 inches
(337.89 mm). Otherwise, piston may contact cylinder head.

CAUTION

If cylinder block top deck isresurfaced, also measure depth of liner
counterbores. Bore depth must be within 0.234 to0 0.236 inch (5.95t05.99
mm).

(9 Measure cylinder block top deck flatness using precision straightedge, refer to
[85. New flatnessis 0.003 inch (0.08 mm). If flatnessis not as specified, resurface engine
block.

e
i

\\:}\/

FIGURE 5-85. MEASURING CYLINDER BLOCK TOP DECK FLATNESS
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4 Install plugs and piston cooling orificesin engine block.
(@ Install al plugs and serial number platein cylinder block (if removed).
(b Install piston cooling orifices; tighten to 8 Ib-ft (11 Nm).
c. Reassembly.

(1) Install cylinder liners without O-rings. Measure liner height, refer tb paragraph 5.4.6|
2 Install new liners with O-rings, refer tb paragraph 5.4.6]

©) Install main bearings and crankshaft, refer t¢ paragraph 5.4.4.] PLASTIGAGE bearings.
(4) Install flywheel housing, refer

(5) Install rear oil seal, refer o paragraph 4.8.2

(6) Install flywhee!, refer o paragraph 4.8.1]

7) Install pistons and rods, refer fo paragraph 5.4.%. Measure piston protrusion.

(8) Install oil by-pass valve, refer

(9) Install front plate, refer

(20 Install oil outlet tube, O-ring in block, and oil pump, refer to paragraphs 4.5.4. and 5.4.8.
(11)  Instal injection pump, refer tb paragraph 4.6.1]

(12)  Install camshaft bushing, camshaft, and timing gears, refer td paragraph 5.4.1]

(13)  Timeall gearswith No. 1 cylinder at TDC compression stroke, refer t§ paragraph 5.4.1]
(14)  Install timing gear cover and install new front seal, refer td paragraph 4.9.3

(15)  Install cil pan, refer tp paragraph 4.5.3|

(16)  Install oil pressure regulating valve, refer tb paragraph 4.5.2]

(17)  Install cam followers in same order as removed, refer th paragraph 4.7.4)

(18)  Install cylinder head gasket, refer tb paragraph 4.7.4]

(19)  Install cylinder hebd (paragraph 4.7.4), push rods, and rocker arm assembly, refer td paragraphl

(20)  Ingtall starting motor, refer tb paragraph 3.9.2]
(21)  Instal injection nozzles (with new seals), refer th paragraph 4.6.2|
(22) Install injection lines, refer to paragraphs 4.6.1. and 3.12.4.
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(23)
(24)
(25)
(26)
(27)
(28)
(29)
(30)
(31)
(32)
(33)
(34)
(35)
(36)
37)
(38)
(39)
(40)

(41)

Install fuel filter, refer to paragraph 3.12.2|

Install fuel supply pump, refer tp paragraph 3.12.3
Install fuel lines, refer tb paragraph 3.12.4,

Install oil cooler, refer to paragraph 3.11.3

Install new oil filter, and dipstick, refer t¢ paragraph 3.11.5|

Install water manifold or thermostat housing and thermostats, refer t¢ paragraph 3.8.2|
Install exhaust manifold, refer tb paragraph 4.4.3]

Install turbocharger, refer fto paragraph 4.411. Prelube the turbocharger, refer td paragraph 4.4.1]
Install water pump, refer tb paragraph 3.8.3

Install hoses, refer to TM 9-6115-672-14.

Install crankshaft pulley, refer td paragraph 4.9.2]

Install vibration damper, refer td paragraph 4.9.1]

Install alternator, refer t paragraph 3.9.11

Install fan and fan belts, refer to TM 9-6115-672-14.

Adjust valves, refer

Install rocker arm cover, refer to paragraph 4.7.11

Install vent tube, refer to TM 9-6115-672-14.

Fill engine with clean il and proper coolant, refer to TM 9-6115-672-14.

Perform engine break-in and standard performance checks, refer to TM 9-6115-672-14.

5.4.8 OIL PUMP ASSEMBLY.
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NOTE

Thefollowing procedur esrequire complete accessto the engine. |f
necessary, remove engine from generator set, refer to TM 9-6115-672-14.
Mount engineon repair stand (NSN 4910-01-016-1835 or equal) as outlined
in
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a Removal.
(@D} Drain engine lubrication system, refer to TM 9-6115-672-14.
CAUTION
Oil inlet lineisfragile and can become twisted and damaged during
maintenance. Always use onewrench to hold onefitting stationary while
the other fitting isloosened or tightened. Failureto comply can cause

damage to equipment.

2 Disconnect turbocharger oil inlet line (3, Figure 4-36) at turbocharger.

(3) Remove oil pan, refer to paragraph 4.5.3)

(4) Loosen nut (1, Figure §-86) several turns until nut covers end of shaft. Using two small pry bars,
apply force between front plate and gear (2) on two sides of gear. If gear does not loosen, loosen
capscrews (3, 6, and 10) and strike nut with a small lead hammer while applying force to gear
until gear loosens. Remove nut and gear. Discard nut.

5) Remove capscrews (3), pick-up tube assembly (4) and O-ring seal (5). Discard O-ring seal.

(6) Remove capscrews (6), cover (7), outlet tube (8), and O-ring seals (9). Discard O-ring seals.

LEGEND

NUT

GEAR

CAPSCREW (2)

PICK-UP TUBE ASSEMBLY
O-RING SEAL

CAPSCREW (2)

COVER

OUTLET TUBE

9 0-RING SEAL ()
10 CAPSCREW

11 HOUSING

12 IDLER GEAR
13 DRIVE GEAR

N b OB

L ~1 &

FIGURE 5-86. OIL PUMP ASSEMBLY
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b.

5-100

(")
(8)

Remove capscrew (10) and housing (11).

Cover al openingsto prevent entry of foreign material.

I nspection.

oy
2

3
(4)

()

(6)

(7)

(8)

()

(10)

(11)

Remove oil pump assembly, refer to step a.
Remove idler gear (12) Figure 5-86) and drive gear (13) from oil pump housing.
WARNING

Cleaning solvent isflammable and toxic to eyes, skin, and respiratory tract.
Skin and eye protection arerequired. Avoid repeated/prolonged contact.
Provide adequate ventilation. Failureto comply could result in serious
injury or death.

WARNING

Compressed air used for cleaning can create airborne particlesthat may
enter the eyes. Never exceed 30 psi (207 kPa) of pressure. Eye protection
required. Failureto comply could result in serious eye damage or
blindness.

Clean oil pump partsin cleaning solvent. Dry with compressed air.

Inspect oil pump components for excessive wear. Replace parts or oil pump assembly as
necessary.

Inspect outlet tube (8) and pick-up tube assembly (4) for cracks or defects. Replace parts as
necessary.

Install idler gear (12) and drive gear (13).

Using straight edge and feeler gage, check axia clearance between idler gear (12) and housing
(11] Figure 5-86), refer to Replace oil pump if clearance is not 0.0018 - 0.0065 in.
(0.045 - 0.165 mm).

Using straight edge and feeler gage, check axial clearance between drive gear (13) and housing
(11), refer to Replace oil pump if clearance is not 0.0018 - 0.0065 in. (0.045 - 0.165
mm).

Using feeler gage, check radial clearance between idler gear (12) and housing (11), refer to
5-86. Replace oil pump if clearance isnot 0.005 - 0.008 in. (0.131 - 0.211 mm).

Using feeler gage, check radial clearance between drive gear (13) and housing (11), refer to

[5-88. Replace oil pump if clearanceis not 0.005 - 0.008 in. (0.131 - 0.211 mm).

Remove idler gear (12, Figure 5-86).



(12)

(13)

(14)

(15)

(16)

(17)

(18)
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Using inner diameter micrometer, measure idler gear (12) inner diameter. Replace oil pump if
idler gear inner diameter is not 0.4864 - 0.4867 in. (12.355 - 12.363 mm).

Using outer diameter micrometer, measure idler gear (12) thickness. Replace oil pump if idler
gear thicknessisnot 1.4163 - 1.4183 in. (35.975 - 36.025 mm)

Using outer diameter micrometer, measure outer diameter of shaft inside housing (11). Replace
oil pump if shaft outer diameter is not 0.4849 - 0.4855 in. (12.316 - 12.332 mm).

Remove drive gear (13).

Using outer diameter micrometer, measure drive gear (13) shaft outer diameter. Replace oil pump
if drive gear shaft outer diameter isnot 0.6306 - 0.6314 in. (16.017 - 16.037 mm).

Using outer diameter micrometer, measure drive gear (13) thickness. Replace oil pump if drive
gear thicknessis not 1.4163 - 1.4183 in. (35.975 - 36.025 mm)

Using inner diameter micrometer, measure bushing inner diameter inside housing (11). Replace
oil pump if bushing inner diameter is not 0.6320 - 0.6339 in. (16.052 - 16.102 mm).

FIGURE 5-87. OIL PUMP AXIAL CLEARANCE

FIGURE 5-88. OIL PUMP RADIAL CLEARANCE MEASUREMENT.
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(19 Inspect cover (7) and housing (11) for evidence of gear rub. Light contact is acceptable. Replace
oil pump if parts are heavily worn.

(20) Install idler gear (12) and drive gear (13).

(21 Install oil pump assembly, refer to step d.

c. Replacement.

(@D} Remove oil pump assembly, refer to step a.

2 Inspect oil pump assembly, refer to step b. Replace oil pump components found defective during
inspection. Replace entire oil pump if components are not within specifications. Refer to step d
for installation.

d. |Installation.

(@D} Remove all covering installed during step a (8).
2 Position housing (11| Figure 5-86) on front plate. Install capscrew (10) finger tight.
(©)] Position O-ring seal (9) and outlet tube (8) in cylinder block.

4 Position O-ring seal (9) in cover (7). Position cover on housing (11) and outlet tube (8). Install
capscrews (6) finger tight.

(5) Position O-ring seal (5) and pick-up tube assembly (4) on cover (7). Install capscrews (3) finger
tight.

(6) Torque capscrews (3, and 6) evenly in cross pattern to 26 Ib-ft (35 Nm).

@) Torque capscrew (10) to 59 Ib-ft (80 Nm).

(8) Position gear (2) on shaft. Install new nut (1) and torque to 37 1b-ft (50 Nm).

9 Stake nut (1) to shaft by applying three center punch marks near inner diameter of nut.

54.9 OIL BYPASSVALVE ASSEMBLY.

NOTE

Thefollowing procedur esrequire complete accessto the engine. |f
necessary, remove engine from generator set, refer to TM 9-6115-672-14.
Mount engine on repair stand (NSN 4910-01-016-1835 or equal) as outlined
in[par agraph 4.10

a Removal.

(D Remove front plate, refer {o paragraph 5.4.3|

(2 Remove oil bypass valve (1,[Figure 5-89) land spring (2).
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©)] Cover al openingsto prevent entry of foreign material.

b. Inspection.

Q) Remove oil bypass valve assembly, refer to step a.

2 Inspect oil bypass valve (1, |Figure 5-89)[for damage. Replace parts as necessary.

LEGEND

1 OILBYPASS VALVE
2 SPRING

FIGURE 5-89. OIL BYPASSVALVE.
(3) Inspect spring (2) as follows:
€] Inspect spring (2) for damage.

(b) Using aruler, check free length of spring (2). Free length of spring should be 2.00 in. (51
mm). Replace spring if out of specifications.

(©) Using a spring tester, apply force to spring (2] Figure 5-89) until spring is compressed to

alength of 1.14 in. (29 mm). Spring tension should be 20 Ibs. (87.8 N). Replace spring
if out of specifications.

c. Replacement.
Q) Remove oil bypass assembly, refer to step a.

2 Inspect oil bypass assembly, refer to step b. Replace oil bypass valve ([L, Figure 5-89) or spring
(2), if found defective.

©)] Install oil bypass valve assembly, refer to step d.
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d.

5.4.10.

a

5-104

Installation.

N
@)
3

Remove all covering installed during step a (3).
Position spring (2| Figure 5-89) and oil bypass valve (1) in cylinder block.
Ingtall front plate, refer

CYLINDER HEAD.

NOTE

Thefollowing procedur esrequire complete accessto the engine. If
necessary, remove engine from generator set, refer to TM 9-6115-672-14.
Mount engine on repair stand (NSN 4910-01-016-1835 or equal) as outlined
in

Disassembly.

1)

)

©)
(4)
()

Remove cylinder head, refer fo paragraph 4.7.4la

WARNING
Block cylinder head with a solid block of wood at each end of cylinder head
while using spring compressor. Failureto comply could result in serious
personal injury.

WARNING

Do not stand in front of valve spring while compressing valve springs.
Failureto comply could result in serious personal injury.

NOTE

Identify all partsfor correct assembly. Useavalve board or other suitable
means of keeping valvesin order.

Using valve spring compressor, compress valve spring (4, Figure 4-46) and remove valve spring

retainers (2).
Release valve spring (4) tension and remove valve rotator (3) and valve spring (4).
Remove valve (10, 11) from cylinder head.

Remove valve stem seal (13) from valve guide tower.
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NOTE
Thefollowing procedureis provided for repairing the cylinder head.
Remove cylinder head (refer tq paragraph 4.7.4. step a.) and placeon a

suitable wor kbench.

Inspect valve springs as follows:

@ Inspect valve springs for alignment, wear, and damage. Replace all defective valve
springs.
(b) Put valve springs on flat surface to insure that valve springs are square and parallel.

Replace al defective valve springs.

(© Measure valve spring free length. Free length of valve spring should be 2.125 in. (54.4
mm). Replace valve spring if not within specifications.

(d) Test valve spring tension with spring compression tester (DO1168AA). Replace valve
spring if not within specifications.

1 At 1.81 in. (46.0 mm) height, valve spring tension should be 54 - 62 |b-force
(240 - 280 N).
2 At 1.36 in. (34.5 mm) height, valve spring tension should be 133 - 153 Ib-force

(590 - 680 N).

Inspect valve rotators to insure that valve rotators turn freely in both directions. Replace if
defective.

Clean, inspect, and measure valves as follows:

WARNING
When using bench grinder, eye protection must be worn to prevent
particlesfrom entering eyes. Failureto comply could result in serious eye
damage or blindness.

CAUTION

Do not use wire wheel on plated portion of valve stem. Failureto comply
could result in damage to valve and valve guide.

@ Remove al carbon from valve head, face, and unplated portion of valve stem using a soft
wire wheel on a bench grinder.

(b) Polish valve stem with steel wool or crocus cloth to remove any scratch marks left by
wire brush.
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(© Clean and inspect valves, valve stems, valve stem tips, and retainer lock groove for
cracks, wear, or evidence of physical damage. Replace valves that are worn or damaged.

(d) Measure valve stem outer diameter with outer diameter micrometer. Record
measurements and compare with valve guide inner diameter, refer to step 4 (i). Replace
valves not within specifications.

NOTE

Intake valve has a larger head outer diameter and isalso identified with a
dimple on valve head.

1 Intake valve outer diameter should be 0.3096 - 0.3104 in. (7.864 - 7.884 mm).

IN

Exhaust valve outer diameter should be 0.3090 - 0.3100 in. (7.848 - 7.874 mm).

(e Use valve inspection center (D-05058ST) to determine if valves are out of round, bent or
warped. Maximum valve face runout is 0.0015 in. (0.038 mm). Replace valves not
within specifications.

CAUTION

Do not nick valve head-to-stem radius while grinding valves. A nick could
cause valveto break. Break all sharp edgesafter grinding valve. Failureto
comply could result in damage to engine.

) Reface valve to 29.25° + 0.25° using valve refacing station, refer to Figure 5-90
4 Clean, inspect, and measure cylinder head as follows:

@ Inspect combustion face for evidence of physical damage, oil or coolant leakage, or
gasket failure. Repair or replace cylinder head if there is evidence of physical damage;
such as cracking, abrasion, distortion, or valve seat “torching”. Inspect all cylinder head
passages for restrictions.

e > s 4 2

'\

_,,—.-.J-
FIGURE 5-90. VALVE FACE ANGLE
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(b) Remove al plugs from cylinder head.

(© Scrape gasket material, oil, carbon, and rust from cylinder head. Use a powered wire
brush to clean sealing surfaces.

WARNING

Cleaning solvent is flammable and toxic to eyes, skin, and respiratory tract.
Skin and eye protection arerequired. Avoid repeated/prolonged contact.
Provide adequate ventilation. Failureto comply could result in serious
injury or death.

WARNING
Compressed air used for cleaning can create airborne particlesthat may
enter the eyes. Never exceed 30 psi (207 kPa) of pressure. Eye protection
required. Failureto comply could result in serious eye damage or
blindness.

(d) Clean cylinder head in chemical hot tank if available, or with solvent and brush if hot
tank is not available. Dry cylinder head with compressed air and blow out all passages.

(e Check cylinder head flatness as follows:

1 Check cylinder head flatness with precision straightedge and feeler gage. Check
lengthwise, crosswise, and diagonally in several places.

IN

Maximum acceptable out of flat measurements are 0.003 in. (0.08 mm) for
entire length or width of cylinder head and 0.001 in. (0.03 mm) for every 5.90
in. (150 mm).

lw

If any measurement exceeds specifications, cylinder head must be resurfaced or
replaced. To determineif cylinder head can be resurfaced, refer to step 4 (f).
(Measure cylinder head thickness).

® Measure cylinder head thickness from valve cover gasket rail-to-combustion face using
outer diameter micrometer. Minimum acceptable cylinder head thicknessis 4.104 in.
(104.24 mm). Replace cylinder head if out of specifications. Refer to
NOTE

Resurfacing cylinder head isonly necessary if cylinder head fails cylinder
head flatnesstest, refer to step 4 (e).
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(9) Resurface cylinder head as follows:

1

IN

[ES [[¢M)

(&5

Resurface cylinder head if cylinder head thickness is less than the minimum
acceptabl e thickness of 4.104 in. (104.24 mm). Remove only what is necessary
to restore flatness.

Combustion face surface finish (surface grind only) should be 31 - 125 micro-in.
(0.7 - 3.2 micrometers). Maximum wave depth is 0.0005 in. (0.012 mm).

Recheck cylinder head flatness, refer to step 4 ().
Recheck cylinder head thickness, refer to step 4 (f).
Recheck valve recessin cylinder head, refer to[paragraph 4.7.4)b.

\

_.1\) AN
Ry Lr

-
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o, d"
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y

FIGURE 5-91. MEASURING CYLINDER HEAD THICKNESS

WARNING

Compressed air used for cleaning can create airborne particlesthat may
enter the eyes. Never exceed 30 psi (207 kPa) of pressure. Eye protection
required. Failureto comply could result in serious eye damage or

blindness.

(h) Clean injection nozzle bores with nozzle bore cleaning tool. Blow debris from bore with
compressed air.

() Clean and measure valve guides as follows:
1 Clean valve guides with plastic brush and a few drops of light oil or kerosene.
2 Measure valve guide inner diameter using telescopic gauge and record
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Calculate valve guide-to-stem oil clearance by subtracting valve stem outer
diameter from valve guide inner diameter. Valve guide-to-stem oil clearance
should be 0.002 - 0.006 in. (0.05 - 0.15 mm).

If valve guide-to-stem oil clearanceis out of specifications, knurl, thread, and
ream valve guides, refer to step 4 (j).

NOTE

Valve guides only need to be knurled, threaded, and reamed if valve guide-
to-stem oil clearancein Step 4(i) (above) isout of specifications.

()

(k)

Knurl, thread, and ream valve guides as follows:

1

N

[eM)

Knurl valve guides using valve guide knurler kit. Use kit exactly as directed by
kit manufacturer.

Thread valve guides for entire length of bore using 5/16-24NF modified internal
thread tap with amajor outer diameter of 0.3170 - 0.3199in. (8.052 - 8.128
mm).

Hand ream valve guide to finished size to provide valve guide-to-stem ail
clearance of 0.002 - 0.004 in. (0.05 - 0.10 mm). Valvesare available with 0.015
in. (0.38 mm) and 0.030 in. (0.76 mm) oversize stems.

Clean and inspect valve seats as follows:

1

IN

lw

Clean valve seats using electric hand drill with end brush. Remove all carbon
from valve seats.

Check valve seats for cracks, pits, or excessive wear. Replace valve seats as
required, refer to Step 7 (m).

Check entire combustion face for rust, scoring, pitting, or cracks.

NOTE

Always keep valve guides and work area clean when grinding valve seats.

()

Grind valve seats using the following steps:

1

IN

lw

Select a0.3125 in. (7.9 mm) pilot that will extend approximately 2.754 in. (6.9
mm) above valve seat. Wipe pilot stem with oily cloth and insert into valve
stem guide.

Select an appropriate 30° angle grinding stone which isin good condition and
install grinding stone on arbor.

Carefully lower grinding stone and arbor on to pilot until grinding stone almost
contacts valve sesat.
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CAUTION

Support weight of grinder to avoid excessive pressure on grinding stone.
Failureto comply could result in damage to valve seat.

CAUTION

Do not grind valve seat too long. Only a few secondsarerequired to
recondition the average valve seat. Avoid tendency to grind off too much.
Do not apply excessive pressure. Failureto comply could result in damage
to valve seat.

I

While applying light pressure, carefully grind valve seat with grinding stone.

(65

Remove arbor, grinding stone, and pilot from valve seat.
CAUTION

If valve seat width istoo narrow, valve may burn or erode. Use carewhen
narrowing valve seat width.

6 Check valve seat width with vernier caliper. Valve seat width should be 0.059 -
0.079in. (1.50 - 2.00 mm). If valve seat istoo wide, reduce width by repeating
steps 1 through 5 using a 45° grinding stone.

7 Position new or refaced valvein cylinder head and check contact between valve
seat and valve face using blue bearing dye. If necessary, lap valve onto valve
seat using alapping tool and lapping compound. Replace valves and valve
inserts as necessary.

8 Check valve recessin cylinder head, refer to step 4.7.4.(b).

NOTE

It isnot necessary to replace valve seat insertsif valve seatswere
successfully ground.

(m) Replace valve seat inserts as follows:
CAUTION

Do not use oxygen-acetylene torch to remove valve seat inserts. Oxygen-
acetylenetor ch will alter the hardness of cylinder head and could cause
damageto engine.

1 Raise a burr on bottom of valve seat insert.
2 Protect surface of cylinder head with cardboard or cloth.
3 Position chisel with special ground end (Figure 5-92) in burr on valve seat

insert. Tap handle of chisel with hammer until valve seat insert comes loose.
Remove and discard valve seat insert. Refer tq Figure 5-93 for detailed view.
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FIGURE 5-92. VALVE SEAT REMOVAL CHISEL

O

DY @

FIGURE 5-93. REMOVAL OF VALVE SEAT INSERT

Thoroughly clean area around valve seat bore and inspect for damage or cracks.
Replace cylinder head as necessary.

Measure intake and exhaust valve seat bore in cylinder head, refer to Figure 5-
94 for measurement locations. If bore dimensions are not within specifications
shown in|Table 5-12| machine cylinder head to specifications or replace cylinder
head.
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C.

5-112

6 Install valve seat insertsin cylinder head using pilot driver and valve seat insert
installing adapter. Use one end of valve seat insert installing adapter to install
intake valve seat inserts, the other end is used to install exhaust valve seat
inserts.

Grind valve seats as required to maintain correct valve recess and valve face-to-
seat seal, refer to step 4 (1).

n (B

-\

N

>

S .

©

FIGURE 5-94. MEASURE VALVE SEAT BORE IN CYLINDER HEAD

¢
l
y !
|
]
!

Assembly.

1)

)
©)

(4)
(5)

(6)

(7)
(8)
9)

L ubricate stems of valves (10 and [L1, Figure 4-46) and valve guides with clean engine oil.
NOTE

If valves arereused, install valvesin same location from which removed.

Insert valves (10 and 11) in cylinder head.

Use valve stem seal installer to slide valve stem seals (13) over stems of valves (10 and 11) and
onto valve guide tower (3, Figure 5-95).

Position valve springs (4, Figure 4-46) and rotators (3) on cylinder head.

Compress valve spring$ (4, Figure 4146) using valve spring compressor (JDE138) and install
retainers on stems of valves (10 and 11).

Strike end of each valve three or four times using soft, non-metallic mallet to insure proper
positioning of retainer locks.

Recheck valve recess, refer [to paragraph 4.7.4(b).

Test cylinder head prior to installation, refer tp paragraph 4.7.4.c.

Install cylinder head, refer to paragraph 4.7.4\d.
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Table5-12. Valve Seat Insert Bor e Specifications

Item Specification

Exhaust
A 1.6924 - 1.6934 in. (42.987 - 43.013 mm)
B 0.150in. (3.82 mm) Reference
C 0.3912 - 0.3962 in. (9.936 - 10.064 mm)
D 38-42°
E Maximum Radius 0.019 in. (0.5 mm)
Maximum surface finish bore"A" 0.000062 in. (0.00158 mm)

Intake
A 1.8545 - 1.8555in. (47.104 - 47.130 mm)
B 0.136 in. (3.45 mm) Reference
C 0.3912 - 0.3962 in. (9.936 - 10.064 mm)
D 38-42°
E Maximum Radius 0.019 in. (0.5 mm)

Maximum surface finish bore " A"

0.000062 in. (0.00158 mm)

Replacement Valve Seat Insert OD:

Exhaust 1.8565 - 1.8575in. (47.155 - 47.181 mm)

Intake 1.6944 - 1.6954 in. (43.038 - 43.064 mm)
LEGEND

1 VALVE STEM SEAL INSTALLER

2 VALVE STEM SEAL

3 VALVE GUIDE TOWER

FIGURE 5-95. VALVE INSTALLATION
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54.11. OIL PRESSURE REGULATING VALVE ASSEMBLY VALVE SEAT.

a

In

(4,|Figure 4-39) and valve seat (5) if cone of valve is found defective. Refer to the following steps for removal

NOTE

Thefollowing procedur e requires complete accessto the engine. If
necessary, remove engine from generator set, refer to TM 9-6115-672-14.
Mount engine on repair stand (NSN 4910-01-016-1835 or equal) as outlined
in[paragraph 4.10]

Replacement.

spect oil pressure regulating valve assembly, refer to paragraph 4.5.2.h. Replace oil pressure regulating valve

and replacement of valve seat (5).
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2

3

(4)

Remove oil pressure regulating valve, refer fo paragraph 4.5.2la.

Remove valve seat (5) using collet (JT01727) and slide hammer (JT01718). Discard valve seat.
CAUTION

Valve seat boreiseasily damaged. Do not drive against raised inner rim of
valve seat. Failureto comply could result in damageto cylinder block.

Install new valve seat (5) using oil pressure relief valve bushing driver (JD248A) and handle
(JDG536). Drive valve seat into cylinder block until valve seat bottomsin bore.

Install oil pressure regulating valve, refer th paragraph 4.5.2]d.
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APPENDIX A

REFERENCES

SCOPE.

This appendix lists al forms, field manuals, technical manuals and miscellaneous publications referenced in
this manual .

FORMS.

Air FOorce RePOrting ErrOrs FOMN ..ot AFTO Form 22
Marine Corps Reporting Of ErfOrs FOMMN .........c.oiiuiireieeieieieieieeeie et NAVMC Form 10772
Product Quality DefiCIENCY REDOM........c.ciuiviirieeiieieieieieieiere e SF 368
Recommended Changes to DA PUDIICALIONS.........c.ceiiiiiiieieeeeeeeeeeesesesesesesesenes DA Form 2028-2
Recommended Changes to Publications and Blank FOrms...........ccccccvivevivvceveceseeeee, DA Form 2028
Report of DISCrepancy (ROD) .....c.coccveieeereeerieesieeseesesseses e esseesse e sesessesassessssssssssssenes SF 364
Reporting of I1tem and Packaging DiSCrepanCies..........covvevvvrereveeesieeseseseseesees e AR 735-11-2
Reporting of Transportation Discrepanciesin Shipment.........cccoceeveeeeiereeenecesesesceeeeees AR 55-38
Transportation DiSCrepanCy REPOM ........cc.cviveereireriee e e e SF 361
Equipment Control RECOIS.........c.ouruririririririierieieieesisisese sttt en e DA Form 2408-9

FIELD MANUALS.

FIrst Aid fOr SOIJIEIS......cvivieiieieicieieicieieieieie ittt bbb bbb bbbt bbbt FM 21-11
TECHNICAL MANUALS.

Destruction Of MELESTal ..........cceuiviriiiieieieieieiereereee bbb erenenas TM 750-244-3

Repair Parts and Specia Tools List
Engine, Diesel Model 6059T (6 Cylinder):

N 11017 I TM9-2815-260-24P

AT FOICE ..o e TO 38G1-126-2

MEITNE COIPS....vveeeeerierisesestesesesessesesesessesesessesssessssessssessessnssessesenssessesensssnss TM 09244A/09245A-24
Operator, Unit, Direct Support and General Support Maintenance Manual:

N 110177 TM9-6115-672-14

AT FOICE . e TO 35C2-3-444-32

MANTNE COMPS.....vvrirerereieieieieieie bbbttt TM 09244A/09245A-14

MISCELLANEOUSPUBLICATIONS.

Maintenance Management POLICY ........c.cuiiiiiiiieeeeieeie e AFR 66-1
Preservation of USAMECOM Mechanical Equipment for Shipment and Storage............ TB 740-97-2
Stanadyne ServiCe BUITELIN ........covcice ettt 99689 (8-95)

for Model DB4
S WTo 0 7= (0 T = 0o =0 O AFR 900-4
The Army Maintenance Management System (TAMMS) ......oovvevvecerenesesce s DA PAM 738-750
USAF Materia Deficiency REPOMING ......cccccvireieeseese et TO-00-35D54
John Deere Organization and Maintenance Manual.............ccoevveerereneneseneeeseesesesenens OMRG25204

(20 May 96)
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John Deere Component Technical ManUal..............ccorreeinreiennnece e CTM 104 (01 June 96)
John Deere Parts Catalog (6 Cylinder, 6.8L)......c.coorueirrrieereririeerers e PC2522 (Oct 96)
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MAINTENANCE ALLOCATION CHART

Section |. INTRODUCTION

B.1 The Army Maintenance System MAC:

a

d.

Thisintroduction (section 1) provides a general explanation of al maintenance and repair functions authorized at
various maintenance levels under the standard Army Maintenance System concept.

The Maintenance Allocation Chart (MAC) in section |1 designates overall authority and responsibility for the
performance of maintenance functions on the identified end item or component. The application of the

mai ntenance functions to the end item or component will be consistent with the capacities and capabilities of the
designated maintenance levels, which are shown in the MAC in column (4) as:

Unit - includes two subcolumns, C (operator/crew) and O (unit) maintenance.

Direct Support - includes an F subcolumn.

General Support - includes an H subcolumn.

Depot - includes a D subcolumn.

Section |11 lists the tools and test equipment (both special tools and common tool sets) required for each

maintenance function as referenced from section I1.

Section IV contains supplemental instructions and explanatory notes for a particular maintenance function.

B.2 Maintenance Functions. Maintenance Functions are limited to and defined as follows:

a

Inspect. To determine the serviceability of an item by comparing its physical, mechanical, and/or electrical
characteristics with established standards through examination (i.e., by sight, sound, or fedl).

Test. To verify serviceability by measuring the mechanical or electrical characteristics of an item and comparing
those characteristics with prescribed standards.

Service. Operations required periodically to keep an item in proper operating condition, i.e.; to clean (includes
decontamination, when required), to preserve, to drain, to paint, or to replenish fuel, lubricants, chemical fluids,
or gases.

Adjust. To maintain or regulate, within prescribed limits, by bringing into proper position, or by setting the
operating characteristics to specified parameters.

Align. To adjust specified variable elements of an item to bring about optimum or desired performance.
Cdlibrate. To determine and cause corrections to be made or to be adjusted on instruments or test, measuring, and
diagnostic equipment used in precision measurement. Consists of comparisons of two instruments, one of which

isacertified standard of known accuracy, to detect and adjust any discrepancy in the accuracy of the instrument
being compared.
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g.

MAINTENANCE ALLOCATION CHART (Continued)

Remove/lingtall. To remove and install the same item when required to perform service or other maintenance
functions. Install may be the act of emplacing, seating, or fixing into position a spare, repair part, or module
(component or assembly) in a manner to alow the proper functioning of an equipment or system.

Replace. To remove an unserviceable item and install a serviceable counterpart inits place. ®Replace= is
authorized by the MAC and assigned maintenance level is shown as the 3rd position code of the SMR code.

Repair. The application of maintenance services' including fault |ocation/troubleshooting?, removal/installation,
and disassembly/assembly® procedures, and maintenance actions’ to identify troubles and restore serviceability to
an item by correcting specific damage, fault, malfunction, or failure in a part, subassembly, module (component
or assembly), end item, or system.

Overhaul. That maintenance effort (service/action) prescribed to restore an item to a completely serviceable/
operational condition as required by maintenance standards in appropriate technical publications (i.e., DMWR).
Overhaul is normally the highest degree of maintenance performed by the Army. Overhaul does not normally
return an item to like new condition.

Rebuild. Consists of those services/actions necessary for the restoration of unserviceable equipment to alike new
condition in accordance with original manufacturing standards. Rebuild is the highest degree of material
maintenance applied to Army equipment. The rebuild operation includes the act of returning to zero those age
measurements (e.g. hours/ miles) considered in classifying Army equipment/components.

B.3 Explanation of Columnsinthe MAC, Section ll.

B-2

a

Column 1, Group Number. Column 1 lists functional group code numbers, the purpose of which isto identify
mai ntenance significant components, assemblies, subassemblies, and modules with the next higher assembly.

Column 2, Component/Assembly. Column 2 contains the item names of components, assemblies,
subassemblies, and modules for which maintenance is authorized.

Column 3, Maintenance Function. Column 3 lists the functions to be performed on the item listed in column 2.
(For detailed explanation of these functions, sed paragraph B.2).

Column 4, Maintenance Level. Column 4 specifies each level of maintenance authorized to perform each
function listed in Column 3, by indicating work time required (expressed as man-hours in whole hours or
decimals) in the appropriate subcolumn.. Thiswork-time figure represents the active time required to perform
that maintenance function at the indicated level of maintenance. If the number or complexity of the tasks within
the listed maintenance function vary at different maintenance levels, appropriate work time figure will be shown
for each level. The work-time figure represents the average time required to restore an item (assembly,
subassembly, component, module, end item, or system) to a serviceable condition under typical field operating
conditions. Thistime includes preparation time (condition/follow-on tasks) (including any necessary
disassembly / assembly time), troubleshooting / fault location time, and quality assurance timein addition to the
time required to perform the specific
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MAINTENANCE ALLOCATION CHART (Continued)

d.(Cont) tasks identified for the maintenance functions authorized in the MAC. The symbol
designations for the various maintenance levels are as follows:

Operator or crew maintenance
Unit maintenance

Direct support maintenance
General support maintenance
Depot maintenance

OITOO

e. Column5, Toolsand Test Equipment reference code. Column 5 specifies, by code, those common tool sets (not
individual tools), common TMDE, and special tools, special TMDE, and support equipment required to perform
the designated function. Codes are keyed to tools and test equipment in section I11.

f. Column 6, Remarks. When applicable, this column contains aletter code, in alphabetic order, which shall be
keyed to the remarks contained in section V.

B.4 Explanation of columnsin Tool and Test Equipment Requirements, Section I11.

a. Column 1, Reference Code. Thetool and test equipment reference code correlates with a code used in the
MAC, Section I, Column 5.

b. Column 2, Maintenance Level. Thelowest level of maintenance authorized to use the tool or test equipment.
c. Column 3, Nomenclature. Name or identification of the tool or test equipment.
d. Column 4, National Stock Number. The National Stock Number of the tool or test equipment.

e. Column5, Tool Number. The manufactureres part number, model number, or type number.

B.5 Explanation of Columnsin Remarks, Section IV
a Column 1, Remarks Code. The code recorded in column 6, section |1,

b. Column 2, Remarks. This column along with the related codes should be used to clarify maintenance and
inspection functions by different MOSs involved in maintaining some components.

B-3/B-4 BLANK






ARMY TM 9-2815-260-24
AIR FORCE TO 38G1-126-2
MARINE CORPSTM 09244A/09245A-24

SECTIONII. MAINTENANCE ALLOCATION CHART FOR
DIESEL ENGINE MODEL 6068TF151
@ @) ©) ©) ® (6)
Maintenance Level
Number Component/Assembly Function UNIT Direct |Genera | Depot Ref Code Code
Support
c| O F H D
00 [ENGINE ASSEMBLY 60KW INSPECT 21 18 11
TEST 15| 7.3 2.8 2,35,6,7,8
SERVICE 4
ADJUST 28 1,3,4,6
R/ 74 56.1 47.0 1,2,3,4,5,6
REPLACE 74| 56.1 47.0 1,2,3,45,6 A
REPAIR 17.2 39.5 1,2,3,4,5,6,8,41
01 |COOLING SYSTEM INSPECT .8
R/ 15 15
REPLACE 15 15 A
0101 |Thermostat and Water Manifold/Thermostat (INSPECT 11
Cover.
R/ 1.0 15
REPLACE 10 15 A
0102 |Water Pump. INSPECT A
R/ 15 15
REPLACE 15 15 A
02 |ELECTRICAL SYSTEM INSPECT 2
TEST 10| 20 2,6,7,8
R/ 15 5
REPLACE 15 5 A
REPAIR 4.0 4,6,8
0201 |Battery Charging Alternator. INSPECT A
TEST 3 1.0 2,7
R/l 10 5
REPLACE 10 5 A
REPAIR 2.0 4.8
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SECTIONII. MAINTENANCE ALLOCATION CHART FOR
DIESEL ENGINE MODEL 6068TF151 — CONT.

@ @)

©)

4)

®)

(6)

Maintenance Level
Number Component/Assembly Function Unit Direct |Genera | Depot Ref Code Code
Support
@) F H D

0202 |Starter. INSPECT A

TEST 5 1.0 6,7,8

R/l 5 5

REPLACE 5 5 A

REPAIR 2.0 6,8

03 |INTAKE AND EXHAUST SYSTEM INSPECT 2 3

TEST 10 2,6

R/l 7.0 4

REPLACE 7.0 4 A
0301 |Turbocharger INSPECT A

TEST 1.0 2,6

R/l 2.0 4

REPLACE 2.0 4 A
0302 |Intake Manifold. INSPECT A 1

R/l 2.0 4

REPLACE 2.0 4 A
0303 [Exhaust Manifold. INSPECT A A

R/l 3.0 4

REPLACE 3.0 4 A

04 |LUBRICATION SYSTEM INSPECT 5 4

R/ 17 155 1,4,5,6

REPLACE 17 155 1,45,6 A
0401 (Oil Filter Assembly. INSPECT A

R/I 3 5

REPLACE 3 5 A
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SECTIONII. MAINTENANCE ALLOCATION CHART FOR
DIESEL ENGINE MODEL 6068TF151 — CONT.

1 @ (©) 4 ©) (6)
Maintenance Level
Number Component/Assembly Function Unit Direct |Genera | Depot Ref Code Code
Support
@) F H D

0402 |Qil Cooler. INSPECT A

R/l 10 15

REPLACE 10 15 A
0403 |Qil Pressure Regulating Valve Assembly. INSPECT A

R/ 1.0 4

REPLACE 1.0 4 A
0405 |Oil Pump Assembly. INSPECT 1

R/I 8.5 6

REPLACE 85 6 A
0406 |Qil Bypass Vave Assembly. INSPECT A

R/l 10.0 6

REPLACE 10.0 6 A
0407 |Qil Fill Tube. INSPECT 1

R/ 2 5

REPLACE 2 5 A
0408 |Qil Dipstick Tube. INSPECT A

R/ 2 15

REPLACE 2 15 A
0409 |Qil Pan. INSPECT A A

R/I 8.0 4

REPLACE 8.0 4 A

05 [FUEL SYSTEM INSPECT 4 A

SERVICE 4 5

TEST 5 2.0 25,6

R/ 27 4.7 1,2,5,6

REPLACE 2.7 4.7 1,2,5,6 A

REPAIR 2 4.5 2,641
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SECTIONII. MAINTENANCE ALLOCATION CHART FOR
DIESEL ENGINE MODEL 6068TF151 — CONT.

@ @)

©)

4)

®)

(6)

Maintenance Level
Number Component/Assembly Function Unit Direct |Genera | Depot Ref Code Code
Support
@) F H D
0501 (Fuel Filter. SERVICE 4 5
R/l 2 2 5
REPLACE 2 5 A
REPAIR 2 5
0502 |Fuel Transfer Supply Pump. INSPECT A
TEST 5 5
R/l 10 15
REPLACE 10 15 A
0503 |[Fuel Lines. INSPECT A
R/l 15 5
REPLACE 15 5 A
0504 [Fuel Injection Pump. INSPECT A A
TEST 1.0 2,6
R/l 2.0 6
REPLACE 2.0 6 A
REPAIR 16.0 2,641
0505 [Fuel Injection Nozzle Assembly. INSPECT A
TEST 10 2,6
R/l 15 2,6
REPLACE 15 2,6 A
06 [CYLINDER HEAD ASSEMBLY ADJUST 2.8 34,6
TEST 23 3,6
R/l 7.4 34,5,6
REPLACE 7.4 34,5,6 A
REPAIR 7.0 34,6
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SECTION Il. MAINTENANCE ALLOCATION CHART FOR
DIESEL ENGINE MODEL 6068TF151 — CONT.
1 @ (©) 4 ©) (6)
Maintenance Level
Number Component/Assembly Function Unit Direct |Genera | Depot Ref Code Code
Support
@) F H D

0601 |Rocker Arm Cover. R/ 4 5
REPLACE 4 5 A

0602 |Intake and Exhaust Valves TEST 1.0 3,6
ADJUST 24 3,6

0603 |Rocker Arm Assembly R/l 25 4
REPLACE 25 4 A
ADJUST .8 34
REPAIR 25 4

0604 |Cylinder Head. TEST 15 3,6
R/ 45 3,6
REPLACE 45 3,6 A
REPAIR 4.5 3,6

07 [FLYWHEEL AND HOUSING ASSEMBLY [INSPECT Ve

R/ 17.5 3,6
REPLACE 17.5 3,6 A
REPAIR 6.0 3,6

0701 (Flywhed. INSPECT A
R/ 9.0 3,6
REPLACE 9.0 3,6 A

0702 |Rear Crankshaft Oil Seal/Wear Sleeve INSPECT A

Assembly.

R/ 10.0 3,6
REPLACE 10.0 3,6 A

0703 |Flywheel Housing. INSPECT 5
R/ 10.0 3,6
REPLACE 10.0 3,6 A
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SECTION Il. MAINTENANCE ALLOCATION CHART FOR
DIESEL ENGINE MODEL 6068TF151 — CONT.
1 @ (©) 4 ©) (6)
Maintenance Level
Number Component/Assembly Function Unit Direct |Genera | Depot Ref Code Code
Support
@) F H D
08 |TORSIONAL DAMPER INSPECT A
R/l 1.0 6
REPLACE 1.0 6 A
09 |Crankshaft Pulley. INSPECT A
R/I 1.0 6
REPLACE 1.0 6 A
10 [Timing Gear Cover. INSPECT A
R/l 10.0 3,6
REPLACE 10.0 3,6 A
11 [SHORT BLOCK ASSEMBLY INSPECT 11
TEST 2.8 2,36
R/l 47.0 2,36
REPLACE 47.0 2,36 A
REPAIR 35.0 2,36
1101 |Camshaft Assembly. INSPECT 2
TEST 5 3,6
R/l 10.0 3,6
REPLACE 10.0 3,6 A
1102 (ldler Gearsand Idler Gear Shafts. TEST 5 2,36
R/l 10.0 3,6
1103 [Front Plate. INSPECT 3
R/l 95 2,36
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SECTIONII. MAINTENANCE ALLOCATION CHART FOR
DIESEL ENGINE MODEL 6068TF151 — CONT.

1 @ (©) 4 ©) (6)
Maintenance Level
Number Component/Assembly Function Unit Direct |Genera | Depot Ref Code Code
Support
@) F H D
1104 |Crankshaft and Main Bearings. INSPECT A4
TEST 14 2,36
R/l 17.0 3,6
REPAIR 11.0 2,36
1105 |Pistons and Connecting Rods. R/l 16.0 3,6
REPAIR 7.0 3,6
1106 |Cylinder Liner. INSPECT 2
TEST 1.0 6
R/l 16.0 6
REPAIR 5.0 2,36
1107 |Cylinder Block REPAIR 15.0 3,6
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Section I11. TOOL AND TEST EQUIPMENT REQUIREMENTSFOR

DIESEL ENGINE MODEL 6068TF151

TOOL OR TEST
EQUIPMENT REF | MAINTENANCE NOMENCLATURE NATIONAL STOCK TOOL NUMBER
CODE LEVEL NUMBER
1 o) SHOP EQUIPMENT, 4910-00-754-0654 SC 4910-95-A74
AUTOMOTIVE MAINT AND (10 Sept. 1994)
REPAIR., ORGANIZATIONAL
MAINTENANCE COMMON
NO. 1, LESS POWER
2 F SHOP EQUIPMENT, FUEL AND |  4910-00-754-0714 SC 4910-95-CL-B20
ELECTRICAL SYSTEM (01 June 1987)
ENGINE FIELD
MAINTENANCE, BASIC, LESS
POWER
3 F SHOP EQUIPMENT, 4910-00-754-0707 SC 4910-95-A63
AUTOMOTIVE, (01 December 1987)
MAINTENANCE AND REPAIR,
FIELD MAINTENANCE,
SUPPLEMENTAL SET NO. 2,
LESS POWER
4 F SHOP EQUIPMENT, 4910-00-754-0705 SC 4910-95-A31
AUTOMOTIVE (30 June 1990)
MAINTENANCE AND REPAIR:
FIELD MAINTENANCE,
BASIC, LESS POWER
5 o) TOOL KIT, GENERAL 5180-00-177-7033 SC 5180-95-N26
MECHANICeS: AUTOMOTIVE (30 October 1986)
6 F SHOP EQUIPMENT, 4910-00-348-7696 SC 4910-95-A02
AUTOMOTIVE (1 October 1989)
MAINTENANCE AND REPAIR:
FIELD MAINTENANCE,
WHEELED VEHICLES, POST,
CAMP, AND STATION SET A
7 o) MULTIMETER 6625-01-312-2930 FLUKE Model 87
8 SHOP EQUIPMENT, 4940-00-294-9517 SC 4940-95-B05
ELECTRICAL REPAIR,
SEMITRAILER MOUNTED
9 F OIL PRESSURE RELIEF 5120-01-393-3638 JOHN DEERE
VALVE BUSHING DRIVER JD248A
10 F HANDLE, BUSHING DRIVER 5120-01-391-2093 JOHN DEERE
JDG536
11 F FLYWHEEL TURNING TOOL (NONE) JOHN DEERE
JDG820
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DIESEL ENGINE MODEL 6068TF151 — CONT.

ARMY TM 9-2815-260-24
AIR FORCE TO 38G1-126-2
MARINE CORPSTM 09244A/09245A-24

TOOL OR TEST
EQUIPMENT REF | MAINTENANCE NOMENCLATURE NATIONAL STOCK TOOL NUMBER
CODE LEVEL NUMBER
12 F TIMING PIN 5135-01-321-6068 JOHN DEERE
JDEB1-4
13 F INJECTION PUMP TIMING 5120-01-393-9501 JOHN DEERE
GEAR PULLER JDG670A
14 F VALVE GUIDE KNURLER KIT (NONE) JOHN DEERE
JTO5949
15 F VALVE SEAT PILOT DRIVER |  5120-01-393-1254 JOHN DEERE
JDG676
16 F VALVE SEAT INSERT 5120-01-393-3892 JOHN DEERE
INSTALLING ADAPTER JDG675
17 F VALVE STEM SEAL (NONE) JOHN DEERE
INSTALLER JDG678
18 H PISTON AND CYLINDER | 5210-01-351-5114 JOHN DEERE
LINER HEIGHT GAUGE JDG451
19 F SEAL AND WEAR SLEEVE (NONE) JOHN DEERE
REMOVER JDG698A
20 F SEAL AND WEAR SLEEVE | 5120-01-384-4147 JOHN DEERE
INSTALLER SET JT30040
21 F CAMSHAFT GEAR AND (NONE) JOHN DEERE
FRONT OIL SEAL JDG954
INSTALLER SET
22 H CAMSHAFT BUSHING (NONE) JOHN DEERE
SERVICE SET JDG739B
23 H IDLER GEAR BUSHING 5120-01-394-5256 JOHN DEERE
DRIVER JD252
24 H IDLER GEAR BUSHING 5120-00-034-0881 JOHN DEERE
DRIVER HANDLE 10914188
25 H GEAR TIMING TOOL 5120-01-353-1121 JOHN DEERE
JD254A
26 H OIL GALLERY PLUG TOOL (NONE) JOHN DEERE
JDG782
27 H RING GROOVE WEAR (NONE) JOHN DEERE
GAUGE JDE62
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Section I11. TOOL AND TEST EQUIPMENT REQUIREMENTSFOR
DIESEL ENGINE MODEL 6068TF151 — CONT.

TOOL OR TEST
EQUIPMENT REF | MAINTENANCE NOMENCLATURE NATIONAL STOCK TOOL NUMBER
CODE LEVEL NUMBER
28 H PISTON PIN BUSHING (NONE) JOHN DEERE
REMOVER AND JDESS
INSTALLER (SMALL)
29 H CYLINDERLINERPULLER | 5120-01-346-0983 JOHN DEERE
DO1073AA
30 o) ADAPTER 4910-01-394-6187 JOHN DEERE
JT01679
31 o) HOLDING CLAMP 4910-01-395-3445 JOHN DEERE
Jr02017
32 o) TEST GAUGE 6620-01-382-7334 JOHN DEERE
Jr01682
33 o) SLIDE HAMMER (NONE) JOHN DEERE
DO1299AA
34 o) DIPSTICK DRIVER (NONE) JOHN DEERE
JDG965
35 F COLLET (NONE) JOHN DEERE
Jro1727
36 F SLIDE HAMMER (NONE) JOHN DEERE
Jro1718
37 H PISTON RING 5120-01-351-3471 JOHN DEERE
COMPRESSOR JDES4
38 F VALVE INSPECTION (NONE) JOHN DEERE
CENTER D-05058ST
39 F NOZZLE BORE CLEANING (NONE) JOHN DEERE
TOOL JDE39
40 F TRANSFER PUMP (NONE) STANADYNE
PRESSURE ADJUSTER 26079
41 F STANADYNE SERVICE (NONE) STANADYNE
TOOL KIT 18951
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Section [1l. TOOLSCONTAINED IN STANADYNE SERVICE

TOOL KIT 18951 (Continued)

TOOL OR TEST MAINTENANCE NOMENCLATURE NATIONAL TOOL
EQUIPMENT LEVEL STOCK NUMBER NUMBER
REF CODE
1 VALVE EXTRACTOR (NONE) 26081
2 H DIMENSION SETTING 5120-00-200-4526 19969
FIXTURE

3 H GAGE, LINKAGE KIT (NONE) 23093
4 H WRENCH, END CAP 5120-01-207-5563 20548

H TIMING LINE INDICATOR | 5120-01-394-2315 20395
6 H SHUTOFF CAM REMOVER (NONE) 20992
7 H ADVANCE PLUG WRENCH (NONE) 14490
8 H SMALL SNAP RING PLIERS (NONE) 13337
9 H SNAP RING PLIERS- (NONE) 20043

SQUEEZE TO CLOSE
10 H SNAP RING PLIERS- (NONE) 20044
SQUEEZE TO OPEN
11 H BRASS HOOK (NONE) 13301
12 H ROTOR SUPPORT TOOL (NONE) 16313
13 H LINKAGE HOOK WRENCH (NONE) 13379
14 H ADVANCE PISTON RING (NONE) 16199
COMPRESSOR
15 H ADVANCE PLUG SOCKET (NONE) 27760
16 H ADVANCE PLUG SOCKET (NONE) 27761
17 F TRANSFER PUMP 4910-01-395-4246 21900
PRESSURE TAP
18 F ADVANCE INDICATOR 5120-01-249-0368 23745
19 F NOZZLE CLEANINGKIT | 5180-01-351-3467 16494
20 H BEARING AND SEAL 5120-01-351-3953 28311
REMOVER

21 H BEARING AND SEAL 5120-01-351-3955 28316

INSTALLATION TOOL
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Section I11. TOOLSCONTAINED IN STANADYNE SERVICE

TOOL KIT 18951 (Continued)

TOOL OR TEST MAINTENANCE NOMENCLATURE NATIONAL TOOL
EQUIPMENT LEVEL STOCK NUMBER NUMBER
REF CODE
22 H ROTOR SUPPORT TOOL (NONE) 16313
Section V. REMARKS
FOR
DIESEL ENGINE MODEL 6068TF151
REMARKS REMARKS
CODE
A Replace function identical to removal/install function
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APPENDIX C

COMPONENTSOF END ITEM (COEI) AND BASIC ISSUE ITEMS (BII) LIST

SECTIONI. INTRODUCTION
SCOPE.

This appendix lists components of the end item and basic issue items for the generator set to help
inventory the items for safe and efficient operation of the equipment.

GENERAL.

The Components of End Item (COEI) and Basic Issue Items (BIlI) lists are divided into the
following sections:

a Section I1, Components of End Item. Thislisting is for information purposes only, and is
not authority to requisition replacements. These items are part of the generator set. As
part of the end item, these items must be with the end item whenever it isissued or
transferred between property accounts. Items of COEIl are removed and separately
packaged for transportation or shipment only when necessary. Illustrations are furnished
to help you find and identify the items.

b. Section I1l. Basic Issue Items. These essential items are required to place the generator
set in operation, operate it, and to do emergency repairs. Although shipped separately
packaged, Bll must be with the generator set during operation and when it is transferred
between property accounts. Thislist isyour authority to request/requisition them for
replacement based on authorization of the end item by the TOE/MTOE. Illustrations are
furnished to help you find and identify the items.

EXPLANATION OF COLUMNS.
The following provides an explanation of columns found in the tabular listing:

a Column (1), Illus Number, gives the identifying number of the item illustrated.

b. Column (2), National Stock Number, identifies the stock number of the item to be used for
requisitioning purposes.

C. Column (3), Description and Usable On Code, identifies the Federal item name (in all
capital letters) followed by a minimal description when needed. The last line below the
description is the Commercial and Government Entity Code (CAGEC) in parentheses and
the part number.

d. Column (4), U/l (unit of issue), indicates how the item isissued for the National Stock
Number shown in column (2).

e Column (5), Qty Rqd, indicates the quantity required.
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SECTION II. COMPONENTSOF END ITEM

NONE

SECTION III. BASICISSUEITEMS

(1) @) ©) (4 5
Illus National Stock Description Usable Qty
Number Number Cage and Part Number On Code u/i Reqd
1 TECHNICAL MANUAL EA 1
TM 9-2815-260-24
2 WARRANTY TECHNICAL EA 1
BULLETIN
TO BE ASSIGNED
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TECHNICAL MANUAL

UNIT, DIRECT SUPPORT AND GENERAL SUPPORT
MAINTENANCE MANUAL
DIESEL ENGINE
MODEL 6068TF151
6 CYLINDER 6.8 LITER
NSN: 2815-01-462-3596

DISTRIBUTION STATEMENT A: Approved for public release; distribution is unlimited

DEPARTMENTS OF THE ARMY, THE AIR FORCE,
AND THE MARINE CORPS

10 FEBRUARY 2000

1. TECHNICAL MANUAL

ARMY TB X-XXXX-XXX-XX

DEPARTMENT OF THE ARMY TECHNICAL BULLETIN

WARRANTY PROGRAM

GENERATOR SET, TACTICAL QUIET

Headquarters, Department of the Army, Washington, D.C.

REPORTING ERRORS AND RECOMMENDING IMPROVEMENTS

You can help improve this manual. If you find a mistake or if you know a way to improve the
procedures, please let us knaw.

(A) - ARMY: Mail your letter or DA Form 2028 (Recommended Changes to Publications and Blank
Forms), or DA-Form 2028-2 located in the back of this manual directly to Commander, U.S. Army
Communications — Electronics Command, ATTN: AMSEL-LC-CCS-P-GN, Ft. Monmouth, NJ 07703-
5008.  You may also submit your recommended changes by E-mail direclly to

idmai i army.mil>. ons for sending an electronic 2028 may be found at
the back of this manual immediately preceding the hard copy 2028.

(MC) - MARINE CORPS: NAVMC Form 10772 directly to: Commander, Marine Corps Logistics Bases
(Code 850), Albany, GA 31704-5000.

A reply will be furnished directly to you.

2. WARRANTY TECHNICAL BULLETIN
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APPENDIX D

ADDITIONAL AUTHORIZATION LIST (AAL)

REFER TO END ITEM MAINTENANCE MANUAL APPENDIX D

D-1/D-2 BLANK
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APPENDIX E

EXPENDABLE AND DURABLE ITEMSLIST

SECTIONI. INTRODUCTION

E-1 SCOPE.

This appendix lists expendable supplies and materials required to operate and maintain the
generator set. Theseitems are authorized by CTA 50-970, Expendable Items (except medical,
Class V, repair parts, and heraldic items).

E-2 EXPLANATION OF COLUMNS.

a Column (1) - Item Number. Number assigned to an entry in the listing for reference within
the technical manual to identify the material, i.e. "Use of cleaning compound (Item 5,
| Appendix E)."
b. Column (2) - Level. Identifiesthe lowest level of maintenance requiring the listed item.
C. Column (3) - National Stock Number (NSN). Standardized number assigned to an item for
the purpose of requisition.
d. Column (4) - Description. Federa item name and, if required, description of the item.
Thelast line for each applicable item indicates the Commercial and Government (CAGE)
code in parenthesis followed by the part number.
e Column (5) - Unit of Measure (U/M). Measure used in performing actual maintenance
function. Measure is expressed by atwo character alphabetical abbreviation (i.e., ea, in,
pr). If the unit of measure differs from the unit of issue, requisition the lowest unit that
will satisfy requirements.
SECTION II. EXPENDABLE AND DURABLE ITEMSLIST
EXPENDABLE DURABLE ITEMSLIST
1 @) 3 (4) (5)
ltem National Stock
Number Level Number Description uU/M
1 O F 8400-00-390-7959 | Adhesive, Seal, EC847 QT
2 O F 6850-00-181-7929 | Antifreeze, MIL-A-46153, 1 Gal. Can GL
3 O F 6850-00-181-7933 Antifreeze, MIL-A-46153, 5 Gal. Can GL
4 O F 6850-00-181-7940 Antifreeze, MIL-S-46153, 55 Gal. Can GL
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EXPENDABLE DURABLE ITEMSLIST - CONT.
1 2 (©) 4) )
Item National Stock

Number Level Number Description uU/M
5 OF 6850-00-174-1806 Antifreeze, MIL-A-11755, 1 Gal. Can GL
6 O F 8030-01-234-2792 Antiseize Compound, CP-8, 8 Oz. Can oz
7 @] 2910-00-646-9727 Cartridge, Engine, Ether, MS39254 EA
8 OF 7920-01-338-3329 Cloth, Cleaning, TX-1250 EA
9 F 8030-00-056-8673 Compound, Thermo, Pentrox A oz
10 O F 9150-00-663-1770 Grease, General Purpose, 630AA, 6 Lb. Can LB
11 OF 6850-01-160-3868 Inhibitor, Corrosion, MIL-A-53009 QT
12 OF 9150-00-152-4117 Lubricating Oil, Engine, MIL-L-2104, 15/40W QT
13 OF 9150-00-189-6727 Lubricating Qil, Engine, BRAY C0421C, 10W QT
14 O F 9150-00-186-6681 Lubricating Qil, Engine, ALIEDC030, 30W QT
15 O F 9150-00-402-2372 Lubricating Qil, Engine, MIL-L-46167, OEA QT
16 OF 5330-00-543-3600 Paper, Abrasive, ALOXGRIT 80 SH
17 OF 8030-01-408-9944 Seal, Edge, PES-821-B QT
18 O,F 8040-00-843-0802 Sealant, RTV108 oz
19 O,F 6850-00-264-9038 Solvent, Dry Cleaning, P-D-680, 5 Gal. Can GL
20 OF 8030-00-849-0071 Sealing Compound, FORM GASKET 2 TU
21 OF 8040-01-359-8441 Sealing Compound, MIL-S-22473, Grade HW 04
22 F Sealant, Locktite 242 oz
23 F Sealant, Locktite 680 oz
24 F Sedlant, Locktite 575 oz
25 F Form-in-Place Gasket, L ocktite TY 6304 oz
26 F Grease Kit, 1859 EA
27 F Grease, 30465 LB
28 F Lubricant, 22204 04
29 F Grease, Hi-Temp, TY6333 LB
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APPENDIX F

ILLUSTRATED LIST OF MANUFACTURED ITEMS

G.1 INTRODUCTION.

This appendix includes complete instructions for fabricating or assembling parts as required for
the engine.

NOTE
All dimensions are expressed in inches. Refer tq Table F-1 for metric conversion.

Figure Number
Page

Fuel Injection PUMP HOIAING FIXIUNE.......ccoiiiieie e
Fuel Injection Pump Timing Mark TemMplate..........cccooeerininenneseseseseee s
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6"+0.25"
e—2.375" —
1.1875"
‘ ——I |———0.4375“
0.5 LL L
— 1
T
NOTE
MAKE FROM ] +_

1/2 INCH STEEL .
1.9375

9"+0.25"

— j—l—— | 8"£0.25"

—11.6875" 4=
. "£0.25"
THREADED HOLE,
3 PLACES

SCALE 1/2" = 1"
MOUNTING FIXTURE: STANADYNE

FIGURE F-1, FUEL INJECTION PUMP HOLDING FIXTURE
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15 75 39 10 30X 45°
(50) ™™™ I (@85 " (.54 [ (39) (1.18 X 45°)

35 40
' (1.88) ™I (1.67) ™ 10

axago.

6%y — N . .
(1.65) (2.64)

{%}' 15 J

R63 .59
(2.48) ) 2
[ &
50 89 1
b (1.97) - (3.50) NOTE
139 ALL DIMENSIONS iN MM (INCHES).

(5.47)

FIGURE F-2, FUEL INJECTION PUMP TIMING MARK TEMPLATE
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TABLE F-1. METRIC CONVERSION

Part I. Fractional Equivalent

Fractional Inches Decimal Inches mm
1/16 .0625 1.587
1/8 1250 3.175
3/16 1875 4,762
1/4 .2500 6.350
5/16 3125 7.937
3/8 .3750 9.525
7/16 4375 11.112
1/2 .5000 12.700
9/16 .5625 14.287
5/8 .6250 15.875
11/16 .6875 17.462
3/4 .7500 19.050
13/16 .8125 20.637
7/8 .8750 22.225
15/16 .9375 23.812

1 1 25.400
Part Il. Inchesto Centimeters
Inches cm

1 2.540
2 5.080
3 7.620
4 10.160
5 12.700
6 15.240
7 17.780
8 20.320
9 22.860
10 25.400
20 50.800
30 76.200
40 101.600
50 127.000
60 152.400
70 177.800
80 203.200
90 228.600
100 254.000
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SECTION I. INTRODUCTION
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AIR FORCE TO 38G1-126-2
MARINE CORPSTM 09244A/09245A-24

G.1 SCOPE.
Section |1 liststorque ratings for fasteners used on the engine. When specific torque values called
out in the maintenance procedures, they supersede the values in this appendix. lists
torque limits for standard fastenersinstalled dry. provides formulas for converting the
dry torque values to wet. lists torque limits for metric fastenersinstalled dry.
SECTION II. TORQUE LIMITS
TABLE G-1. TORQUE LIMITSFOR DRY FASTENERS
SIZE TORQUE
SAE GRADE 0-1-2 SAE GRADE 3 SAE GRADES
Diameter in | Threads Per | Millimeters Foot Newton Foot Newton Foot Newton
Inches Inch Pounds Meters Pounds Meters Pounds Meters
1/4 20 6.350 6 8 9 12 10 14
1/4 28 6.350 7 9 10 13 11 15
5/16 18 7.937 12 16 17 23 19 26
5/16 24 7.937 13 18 18 25 21 28
3/8 16 9.525 20 27 30 40 33 45
3/8 24 9.525 22 30 33 44 36 49
7/16 14 11.112 32 43 47 64 54 73
7/16 20 11.112 35 47 51 69 59 80
1/2 13 12.700 47 64 69 93 78 106
1/2 20 12.700 51 69 75 102 85 115
9/16 12 14.287 69 94 103 140 114 155
9/16 18 14.287 75 102 112 152 124 168
5/8 11 15.875 96 130 145 197 154 209
5/8 28 15.875 105 142 158 214 168 228
3/4 10 19.050 155 210 234 317 257 348
3/4 26 19.050 169 229 255 346 280 380
7/8 9 22.225 206 279 372 504 382 518
7/8 24 22.225 225 304 405 550 416 565
1 8 25.400 310 420 551 747 587 796
1 14 25.400 338 458 601 814 640 867
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ARMY TM 9-2815-260-24
AIR FORCE TO 38G1-126-2

MARINE CORPSTM 09244A/09245A-24

TABLE G-1. TORQUE LIMITSFOR DRY FASTENERS (continued)

SIZE TORQUE
SAE GRADE 6 SAE GRADE 7 SAE GRADE 8
Diameter in | Threads Per | Millimeters Foot Newton Foot Newton Foot Newton
Inches Inch Pounds Meters Pounds Meters Pounds Meters
1/4 20 6.350 13 17 13 18 14 19
1/4 28 6.350 14 18 14 19 15 21
5/16 18 7.937 24 33 25 34 29 39
5/16 24 7.937 26 35 27 37 32 43
3/8 16 9.525 43 58 44 60 a7 64
3/8 24 9.525 47 64 48 65 51 69
7/16 14 11.112 69 94 71 96 78 106
7/16 20 11.112 75 102 77 105 85 115
1/2 13 12.700 106 144 110 149 119 161
1/2 20 12.700 116 157 120 163 130 176
9/16 12 14.287 150 203 154 209 169 229
9/16 18 14.287 164 222 168 228 184 250
5/8 11 15.875 209 283 215 291 230 312
5/8 28 15.875 228 309 234 318 251 340
3/4 10 19.050 350 475 360 4388 380 515
3/4 26 19.050 382 517 392 532 414 562
7/8 9 22.225 550 746 570 773 600 813
7/8 24 22.225 600 813 621 842 654 887
1 8 25.400 825 1119 840 1139 900 1220
1 14 25.400 899 1219 916 1241 981 1330

eg Table G-P for the effect of

lubrication on torque.

TABLE G-2. EFFECT OF LUBRICATION ON TORQUE

TORQUE RATING IN FOOT-POUNDS
Lubricant 5/16-18 Thread/Inch 1/2-13 Thread/Inch
NO LUBE, Steel 29 121
Plated and cleaned 19 (66%) 90 (26%)
SAE 20 Qil 18 (38%) 87 (28%)
SAE 40 Qil 17 (41%) 83 (31%)
Plated and SAE 30 16 (45%) 79 (35%)
White Grease 16 (45%) 79 (35%)
White Moly Film 14 (52%) 66 (45%)
Graphite and Oil 13 (55%) 62 (49%)

Use the above lubrication percentages to cal cul ate the approximate decrease in torque rating for other bolt sizes.

G-2




ARMY TM 9-2815-260-24
AIR FORCE TO 38G1-126-2
MARINE CORPSTM 09244A/09245A-24

TABLE G-3. TORQUE LIMITSFOR DRY FASTENERS (METRIC)

(=)

()

©

©

Standard 5D Standard 8G | Standard 10K | Standard 12K
Diameter in Coarse Inches Ft-lb  Nm | F-lb Nm | F-lb Nm | F-lb Nm
Millimeters Thread Pitch
6 1.00 0.2362 5 7 6 8 8 11 10 14
8 1.00 0.3150 10 14 16 22 22 30 27 37
10 1.25 0.3937 19 26 31 42 40 54 49 66
12 1.25 0.4624 34 46 54 73 70 95 86 117
14 1.25 0.5512 55 75 89 121 117 159 137 186
16 2.00 0.6299 83 113 132 179 175 237 208 282
18 2.00 0.7087 111 150 182 247 236 320 283 384
22 2.50 0.8771 182 247 284 385 394 534 464 629
24 3.00 0.9449 261 354 419 568 570 773 689 934

To determine torque rating for a fine thread bolt, increase the above coarse thread ratings by 9%. See[Table G-2 for

the effect of lubrication on torque.

G-3/G-4 BLANK







ARMY TM 9-2815-260-24
AIR FORCE TO 38G1-126-2
MARINE CORPSTM 09244A/09245A-24

APPENDIX H
MANDATORY REPLACEMENT PARTS

SECTION |. INTRODUCTION

H.1  SCOPE. Section Il of thisappendix list parts that must be replaced if removed during
mai ntenance.

SECTION II. MANDATORY REPLACEMENT PARTS

TABLE H-1. MANDATORY REPLACEMENT PARTS
PART NO. | PART NAME QTY. | REMARKS

R123501 GASKET ENGINE OIL COOLER

R123572 GASKET TURBOCHARGER

R123295 GASKET ENGINE FRONT PLATE

R123504 GASKET OIL FILTER

R123502 GASKET ENGINE OIL COOLER

R123504 GASKET ENGINE W/FILTER

R18275 GASKET AIRINLET

T43514 GASKET (PLASTIC GASKET) CYLINDER BLOCK

R90658 GASKET EXHAUST MANIFOLD

R123354 GASKET ENGINE OIL PAN

R136516 GASKET (SUB FOR R123421 AND R134534) TIMING GEAR COVER

R123417 GASKET WATER PUMP

R136495 GASKET (SUB FOR R116297) ENGINE OIL FILLER NECK

R27149 O-RING FLYWHEEL HOUSING

T122075 O-RING ENGINE OIL COOLER

U13639 O-RING CYLINDER BLOCK

R26375 O-RING THERMOSTAT

T122075 O-RING OIL COOLER TO HOUSING

R121424 O-RING TIMING GEAR COVER

R75892 O-RING CYLINDER BLOCK

R89944 O-RING WATER PUMP

N N L L LS S ST N T P ) R SN SN N ' N IS S (S SN IS [N SN

R72328 O-RING ENGINE OIL FILTER
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ARMY TM 9-2815-260-24
AIR FORCE TO 38G1-126-2
MARINE CORPSTM 09244A/09245A-24

TABLE H-1. MANDATORY REPLACEMENT PARTS— CONT.
AR65507 | O-RINGKIT 6 CYLINDER LINER
R63548 O-RING TURBOCHARGER
51M7040 | O-RING 1 FUEL FILTER
R61871 O-RING 1 OIL PUMP
R123575 O-RING 6 ROCKER ARM COVER
R61105 O-RING 2 ENGINE OIL COOLER
51IM7043 | O-RING 1 20IL PAN
R97185 O-RING 1 OIL PUMP
51M7044 | O-RING 1 17.300 X 2.200 MM TIMING GEAR COVER
RE59754 | OIL FILTER 1
R500001 PACKING 1 (USE WITH RE500005)
RE66271 | PISTON RINGKIT 6 PISTON RINGS
RE50752 | SEAL KIT 1 FUEL FILTER
R26125 SPRING 12 | CYLINDER HEAD
R111137 SPRING 1 CYLINDER BLOCK
T20314 SPRING 5 ROCKER ARM
RE64354 | THERMOSTAT 1 82° C (180°F)
R131206 THRUST WASHER 1 CRANKSHAFT
R131283 THRUST WASHER 1 CRANKSHAFT

H-2




ARMY TM 9-2815-260-24
AIR FORCE TO 38G1-126-2
MARINE CORPSTM 09244A/09245A-24

INDEX
A
Aligning Pin Hole in Piston, FIQUIE 5-60.........cccviiiieiiieeieiesteseste s se st eseeee e see e stesressesseeseeeeseessessesnesseensens 5-44
B
Battery Charging AIEINELOL ..........oiiiieeeieiee ettt sttt se et e e bt et ae e e e beseesbesbesbeebeeaeeneeseesbesaeeneeneentas 3-23,4-14
= 1210 YOS 4-20
ASSEMDIY, FIQUIE 42ttt sttt b e s bt bt e st e e e besbesbeebesaeanbeseesbesaeeneennans 4-16
Y KoTU g o R T T = S 3-24
LTS o= 1 o o USRS 3-24
LS = 11 =0 o S 3-25
L 0= 1 USROS 4-15
1110 )7 P 3-23
RS 0= 017 o | PO RPR USRS 3-24
- S 4-14
Test (Battery Charging Alternator INStalled) ..........coeoeiiiiiie e e 3-23
QL= T (ot T o U= e SO S 4-14
BIEEAING FUEL SYSLEIM ...ttt b e bbbt bbbt b et b e e 3-37
(€11 USSP UR USSR 3-37
L 1 < | S 3-37
at FUEl TNJECLION NOZZIES .......cocee ettt ae et e e ae e ebeesbe e be e s teesteenseenneenneans 3-38
A FUEL TNJECHTION PUMP ...ttt bbbt b bbb b e e 3-38
C
Cam Advance Pin REMOVaAl, FIQUIE 5-5........oouiiiee ettt sttt et et e e e s rae e e sreenns 511
Cam ROIlers ANd ShOES, FIQUIE 5-21 ..ottt ettt sae e e stesseese e e eneeseeneenneeneenes 5-21
Cam RIiNG REMOVAl, FIQUIE 5-12 ...ttt s te et et eeaa e s ta e ta e beeatessaesneesneesaes 5-15
FIQUPE 5-18 ..ttt e btk b e h b e bt b e se b e e b s e e bt e bt s e bt e b e se e bt e b e neeb e b e neene b e ne e b 5-19
Camshaft Lobe Height Specifications, TaDl@5-3 ..ot 5-51
Camshaft And Timing Gear Train Specifications, TablE@ 5-4......ccvoiieiiie e e 5-53
L@ 01 g A o T P 5-47
L0201 AN o1 o] S 5-45
ENO PlAY TES...e.vvoeeoeeeeeeeeeeee et sseee s sseesseessees s sseessessseesseesseesseesssesseessesseesseesssesssesssesssssesnsnnnes 5-45
Inspection Prior to Camshaft REMOVEL .........c.ocuiiiieieeeceee et s nns 5-45
LS =11 =0 o S PPSS 5-51
REMOVEL ... h e h et b e bbb e he e ae e e et e s b sb e eb e saeehe e e e beseeebenbeeneennens 5-45
REDIBCEITIENT ...ttt b bbbt b e et b e s e et bt se e st b e se e st ebeseeneebeebeneeneebeseeneerens 5-51
LIS S SSR 5-48

Index-1



ARMY TM 9-2815-260-24
AIR FORCE TO 38G1-126-2
MARINE CORPS TM 09244A/09245A-24

INDEX (Continued)

C (Continued)

Checking
TIMING MArKS, FIQUIE 4-42........ceee ettt sttt e e sttt es e e e e aese e beseesresreeneeneeneenrenns 4-53
Brush Holder Assembly, FIQUIE 4-30........oii ettt sttt s ee b saesae e e nee e 4-33
Commutator RUN-OUL, FIQUIE 4-21 ........coieeuieeeeesiestes e st saesee e ste st e s sse e entessesteseesnesseenaeneensenses 4-29
FIeld COilS, FIQUIE 4-3L ..ottt ettt b e b e bt e e e b e b b e ebesr e e ebenne e 4-34
For Open Field COil, FIQUIE 4-32.........cceeeeieee ettt e see ettt esa e e e stestestesnesne s e eneeseenseneenneas 4-34
For Open Circuit Windings, FiQUIE 4-29 ..ottt sttt 4-33
Overrunning CIULCH, FIQUIE 4-26 ..........ccouieeeeeeeeeeese st e es e s s e e e e e e eae e e s eaeneenseseeneensenseses 4-31
Piston Ring Groove Clearance, FIQUIE 5-75 .......cooiiiiiieieie ettt 5-76
Piston Keystone Ring Groove Wear, FIQUIE 5-74.......c.cccv e e et ee e saes e st sne e eaennenee e 5-75
ClIP REMOVAl, FIQUIE 5-2.....ee ettt ettt s e e s te et e e ae e e ae e s se e beenbeen e entesaaesreesaeeseeennnenseenes 59
Connecting Rod Bore (Without Bearing Inserts) Specifications, Table 5-7 ..o 5-78
Piston Pin Bushing Specifications, TaIE5-8........ccccoieiiceeeeee e 5-79
Journal And Bearing Specifications, TabIe 5-6..........cccoiiiririiiieee e 5-77
Assembly And Governor Spring Removal, FIQUIE 5-4 .........cveee e 5-10
Control Rod Installation, FIQUIE 5-49 .......c..o ottt sttt e s e sre e sneenneenneenes 5-38
Control Spring INStallation, FIGUIE 5-48 .........c.oiiiireeeieee ettt b e s ebe e s 5-37
(00 T0] 1110 TS = 1 2-1
IVLBINEENGINCE. ......eueeeestestesieeteeieeee e see e stesbesteeseese e ee e se e besbesbeeseeneesse e enteseeabesbesaeeseaneensesesbesseeneeneenseneesenns 3-18
MaINTENANCE, GENEIAL ....eueitiiieiee ettt bbb st h et e b e b sb e besaeeb e e bt eaeeseene e besbeenee s ebesneas 3-18
Corrosion Prevention AN CONLIOL ..ottt b e st e e bbb e sae e e e e et e 1-2
Crankshaft AN MaiN BEAIMNGS. ......oeiueiiirieieese ettt ettt e b e b e bt b e se bt st e e e ebesre e 5-59
LT[0 G 5-60
LS =11 =0 o R SS 5-68
1S o= ox £ o o TR 5-62
G 11107 SRRSO 5-59
S, 07 TSRS 5-67
S0 TC ol o= (o g ST o] L= S 5-64
CrankShaft ENG Play TESE.....c.iiieiiterieteriesete ettt sttt sttt st b e et b e s bt b e s b et bt ebeseeseebeseenesbenbeeas 5-62
CrankSNaFt PUITEY ......cue ettt bt b ae bt et b e b e se e s b e s bt eb e e e e b e sbeebesbeeae e e e neenbe e 4-92
FIQUPE 4-B0.......e ettt ekt st b e se st b e se bt b e se bt b e s e e bt e be s e e bt ebe st e Reebenee e ebenee e 4-91
LTS 0= 1 o o OSSPSR 4-92
LS =11 =0 o RS 4-93
REMOVE ...ttt sttt b e b e e a e e s e et e b e s beeb e e b e e aeeheeneenteseeebesaesaeeneeneenbenaeas 4-92
REPIBCEITIENT. ...ttt b ettt sttt s e et b e e ekt s e e s e e b e s e e ne e b e se e st ebesbe st eseebeseeneebenbeneas 4-92

Index-2



ARMY TM 9-2815-260-24
AIR FORCE TO 38G1-126-2
MARINE CORPSTM 09244A/09245A-24

INDEX (Continued)

C (Continued)

Crankshaft Pulley, Torsional Damper, And Timing Gear Cover Assembly Maintenance.........ccoccveveeevereenne 4-90
Critical Areas of Crankshaft Load SIress, FiQUrE 5-68 ...........coireeiiieirieiee sttt seeieenen 5-63
L0170 (= g 2] oot 5-90
DiSASSEIMIDIY ...tttk b e bt bt b b ekt R e Rt R e bR e e bt et e bt R e ne b e nr e ere s 5-90
RS2 155 101 o] Y S 5-97
S 7= T TP P SRR P TP URTPTPTTRTPRTORRPN 5-91
Top Deck Specifications, TADIE 4-5 .....cccueeeiie st eneennens 4-78
L@ [T gl L= gl o = USSR 4-73, 5-104
AASSEITIDIY .ttt bbb b e h bR R e Rt R e R R e R bR e bt b et b e 5-112
ASSEMDIY, FIQUIE 4-49.......ee ettt e e sttt e st ettt e e aaeeae e be e teestesntesaeesaeesneanneenseenseennean 4-75
ASSEMDIY MEINTENANCE.......ceetereeeete ettt ettt b e et b e et b e et bese e bt e be e e bt e b s b et ebesb e s eee 4-63
Capscrew Torque SeqUENCE, FIQUIE 4-52 ........ccei i ceeeeesees e s see e s sae e e et e te e teeneesnaesreesnas 4-79
DiSASSEIMIDIY ...ttt b et b bbb e bt b e bR e Rt R e b e R e bRt eb e bt et b e e ere s 5-104
1S o< ox 1 o o 1O 4-76
LS =11 =0 o RSP SS 4-78
0 5-105
L 11107 RSP SSSR 4-73
Testing Prior t0 INSAllalion .........cuveie ettt e s e e e re e te e reenrean 4-77
L@V 1T 0T (= o I 1= S 5-83
And Block SpecCifications, Tahl@ 5-11.......ccceiieiieeee et e e e eesnesneeneens 5-87
Height Specifications, TADIE 5-9 .......co ittt sreenns 5-83
1S 1< ot (o o PSPPSR PRSPPSO 5-84
RSz = o] o PP UR RPN 5-89
11107 PSR 5-83
L 0 5-88
Testing Cylinder Liner Height Prior t0 REMOVAEL ..........cccoiiiiiieiie e 5-83
Thickness Specifications, TaIE 5-10 .........ooiiiiiii e e e sre e eaeens 5-87
D
Damper Barrel and Piston, FIQUIE 5-51.........coiiiie ettt st s b 5-39
I = = (=P RSP 1-5
DeliVEry ValVE, FIQUIE 5-28 ..ottt b ettt et e e b bt sbe b e aeese e e e besbesbeeneenean 5-25
REMOVEL, FIQUIE 5-14 ...ttt ettt st st es e se e e e e seesbesaeereeseeneenaenannseseeseenseenennenns 5-16
Destruction of Army Material to Prevent ENEMY USE .......coooi it sneas 1-2

Index-3



ARMY TM 9-2815-260-24
AIR FORCE TO 38G1-126-2
MARINE CORPS TM 09244A/09245A-24

INDEX (Continued)

D (Continued)

Direct Support Troubleshooting, TADIE 4-1...... ..ottt et sae b eeee e e 4-2
Direct Support TroublesShOoting ProCEAUIES...........cceiiiiieieeiereese st s se e s et se e sa e sestesresreeneensesrnees 4-1
Disconnecting Lead Wire (Typical), FIQUIE 4-11 .........ccccoiiiriineniet ettt 4-24
Drive Shaft Bearing and Seal Removal (Shown Removed), Figure 5-10.........cccveoveeeverennvesese e seenens 5-14
FHUIE 517 ...t bbbt h bt e bt bt sE ke R s e b e R e e Rt Rt e Rt Rt e n e b e e b nre e 5-18
Bearing INStallation, FIQUIE 5-3L ......cceieeiieeiesie ettt e e st e e s e e e saestesneeneeneeneeneenneas 5-27
Droop Control Locking Cap Installation, Figure 5-50 ..........cccoieiiireiiniieeneserese et 5-38
REMOVEL, FIQUIE 53 ... ittt sttt e e s e e e e st e st e s tesaeeaeensenseseeseeseesneeneeneantenenns 59
E
EIECHITCEI SYSIEIM.....eceeeteieee ettt b et b e et bbbt b e bt b e b et b e e e et e bt s bt e bt e b e st et e e 2-2
Electrical SyStemM MaiNtENANCE ........ccce ettt sttt e sttt e te s e s re e teestesseesaeesreesseenseanseenseesseesreesees 3-23,4-14
Engine COMPONENES, FIGUIE L-L.......coiiiiiiieieeieite ettt sttt sttt sttt b bbb bt b e b e 1-4
ENQiNe DESCIIPLION, GENMEIAL ........oceeieeeiie e see st rte ettt et e et e s e st este e teeseesseesaeesneesseenseenseensennsesneesnnas 1-2
LUDIICELION SYSIEIM ...ttt ettt b e et b e s b e b s e bt b e e e bt s b et eb e ebese st ebeseeneas 1-3
(O 1001 0T ST ST TP TP RTPTRR 1-2
CO0ITNG SYSLEIM ...ttt b e b et b et h bt e bt s bt b e bbb e b e bt b e bt s b e b et e bt s b e e b e nbetenes 1-3
CFANKSNEIT ... ettt e et r e s s Rt e e R e Rt et R et r e n e nenes 1-3
Cylinder LiNErs @nd PiStONS .........coiueirtirieietirieesie sttt ettt e sb bbb e sb e e ebe e nens 1-3
DIBLAIEM. ...ttt E R R R e R Rt R R e R bRt e r e 1-2
EIECHICEI SYSEEM......ecteeieeteeee et bbb et b e et e bt b st bt b e se e b e sb e st et e ebeneeneebeneeneas 1-3
FUBL SYSEEIM.....e ettt bt b e b e bbb bt re bbb bt e b bt e bt ne et ne s 1-3
INtake aNA EXNAUSE VBIVES. ......cueiiiiie ettt s ae e st sse e e e neeneesneeneeneenseneens 1-3
JLINE e 7= 0= U 1-2
0T TH S 101 o= ox 1 o o TSR 1-8
LIftiNG, FIQUIE 4-B3.......o ettt et b e st b e s b e b bt b e b e s b et bt sbene e bt et e se et ebenre e 4-100
Option Codes - 6 Cylinder, 6.8 Liter, Table 1-2 ......cccooiieie et 1-6
Timing HOlE LOCALON, FIQUIE 4-46 ........coiiiiiiiiiieeee ettt sttt s et 4-66
SEIVICE ..ttt ettt bbb e R R R R R R R R R R AR e Rt R Rt R R et r e 1-8
Equipment Data, Leading PartiCUIArS..........coooeiirireee ettt s s 1-5
L= 0o 1Y =TT o o 3-29, 4-45
FIQUIE 3-8 ettt e et b e bt b e e ae et e s b sE e b e s bt eb e e Rt e Rt e Rt e nE e beneeeReeheene et e neee e 3-29
S0 1o SRS 3-29, 4-45
RS = = o] o USSP TURURUSOROPRN 4-46
11107 RSP 4-45
REPIGCEIMEN. ...ttt bbbt he b et e s e e e se e besaeebesaeeaeeseeebesbesaeeneeseseenaeas 4-46

Index-4



ARMY TM 9-2815-260-24
AIR FORCE TO 38G1-126-2
MARINE CORPSTM 09244A/09245A-24

INDEX (Continued)

F
Fabrication of TOOIS @Nd EQUIPMENT.........c.eieeieieieee ettt e ettt e e se e e saesbesaeeneene e e enseseeseesaeeneas 31
Fan Drive ASSEMDIY, FIQUIE 4-B1L.........ccceeiereeeee sttt e s et e e s ae st e besaestesneesaesaentesnesneennenean 4-93
Fastening Cylinder LiNers, FIQUIE 5-70 .......ccociiiiieiieieie ettt sttt sttt 571
L AT 0= SO OPS TR 4-81
FIBINESS, FIQUIE 4-53 ...ttt ettt ettt b et b e et b e s et b e s e bt e b e se e bt e b e se bt ebenreneebeneeneere s 4-82
Flatness SpeCifiCations, TADIE 4-6 ........ccccceiieeiieiescse sttt e st e besresresneeneeneens 4-82
1S 1< ot (oo TP P O PYPTURPTOTTRPRORSTON 4-81
10 = (o o SO S TP P PSP 4-83
REMOVEL ...ttt h ettt e s be s besbeeheeaeen e et e tesbesbesbesaeenee e enbeseesbesneeneeneans 4-82
REMOVEL, FIQUIE 4-D4 ...ttt ettt s e e st sae et e et e te s e e et e saeeteeaeeneenaesaenteseestesneeneennans 4-82
REDIBCEITIENT ...ttt bbb bt b e s bt b e s e et e bt se e st e bt s e e st e b e seese ekt ebeseeneebeseeneere s 4-83
and Housing ASSemBIY, FIQUIE 4-58..........cuo ittt ae e sneesneesnesnnesnne e 4-88
and Housing ASSEMBDIY MaINTENANCE. ........couirieeriiieirieeie sttt 4-81
FIYWIEE! HOUSING ...ttt bbb et b et b et b e b bt b e b et b e ene e 4-87
1S o< ox 1o o 1 4-88
L 11107 OSSR 4-87
0] = o= 0 | O 4-88
LS 2= 11 =0 o RSP PPSSR 4-89
Flywheel RiNg Gear, FIQUIE 4-55.........oo ettt st sttt st b et 4-83
L (0] 0 = TP P STU TSP PSPPSR 5-57
FIOUPE 585 ...tttk b e e b e e b bbbt h e bbbt bt e bt bt b b et b e e ere s 5-57
1S o= ox 1 o o I 5-58
LS 7= 11 o) o PSR 5-58
REIMOVEL ...ttt h e h e bR se bR e Rt e R e e bt e R e st e bt e R e neeb e erene e e erenn e e ere s 5-57
Sealant APPlICALION, FIQUIE 5-66 .......c.ciiiieiiriiieierieee et 5-59
LT 1 = S 3-42
ASSEMDIY, FIQUIE 3-15... ettt bbbt bttt e e et b e b e s be e b e seesbesaeeneennans 3-39
L1522 11 =0 o PSR 3-42
RemMOoVEe FUE! FIltEr EIEMENT ..ottt nn e ere s 3-42
S Yo 3-42
L0 I T (= Y= SR 4-62
(1S = = o] o TSSOSO 4-62
11107 PSP 4-62
L 0= 1 USROS 4-62

Index-5



ARMY TM 9-2815-260-24
AIR FORCE TO 38G1-126-2
MARINE CORPS TM 09244A/09245A-24

INDEX (Continued)

F (Continued)

Fuel INjection ASSEMDIY, FIQUIE 3-17 ......cciiiiececeeee ettt ettt e e e sa e testesreeneeneansenennes
Fuel 1Njection NOZZIE ASSEMDIY .......ouiiiiieetee ettt b e
FIQUIE 444ttt ettt et e st e be s b e et e e st e ne e s s e e e tesee et e saeeneeneensenteseestenaeeneeneeeenrenreas
1010t [ FO TSSOSO PO UPTPTOTURPRPTRPRPIN
10 = (o o TSSO

Lo = TP SO PTOTURTPRPRTSPRPIN
115" o< ox 1o o TS
LS =11 o o SRS

FFUEL LINES ..ttt ettt st e e s e et e e st e e s abe e sabe e s abeesabeesaseeebeeesaseeaseeesaseesabeeanseesabeesnseesabeseseensses
1S 1< ot [ o OSSPSR PO RTPRPRTRPRPN
[0 = 1 = 11 ] o [P O PSSRSO

Fuel Side Seal Installation, FIQUIE 5-29 ...ttt et s b et see e
FUuel SUPPIY PUMP, FIQUIE 3-16 .....ocveeeceeeiesiese ettt sttt e e et e tesneeneese e e ensesreeneeneensesennns

Index-6



ARMY TM 9-2815-260-24
AIR FORCE TO 38G1-126-2
MARINE CORPSTM 09244A/09245A-24

INDEX (Continued)

F (Continued)

FUel Transfer SUPPIY PUMP ..ottt s ae st s e e s e e e e seestesseenaeseentesaeeneennenean 343
10T 0 T 1= USRS 3-45
1S 0= 1 o PSR 3-45
(1S = = o) o RO RPSRN 3-46
L 0L 0= 0 o TS 3-46
R 11107 USRS 3-44
QL= A 18 =0 1T SR 343

Fuel Transfer Pump Push Rod Location, FIQUIE 4-50 ........c.cceieiiieieeiseceeieesese st seeae e e s 4-76

G

Gasket Application to Cylinder BIOCK, FIQUIE 4-58 .........ccocueieeiieiieie ettt 4-89

LT 07 | ST 4-13
IVLBIMEENENCE. ...ttt sttt ettt sttt bbbt ae e st e e et e se e e b e e bt eheeh e e aeeae e e e b e nEesbeebeeaeehe e e e beseeebesneeneennans 315

Genera Support TroubleShOOtiNG PrOCEOUIES..........cceiiirierieiesie ettt ettt st 51

Governor Arm and Linkage Hook Removal, FIQUIE 5-9 .........ooeiiiiii it 5-13

Governor Weight INstallation, FIQUIE 5-44...........co ettt e b e e ene s 5-35

GIOWIES TESL, FIQUIE 4-27 ...ttt ettt e ettt e et e e e s s e s aee s aeesaeeseeneeeaeeeseesteanseenteentesntesneesneesnes 4-32

H

Head and Rotor Assembly Installation, FIQUIE 547 ...........ooeeiieieee ettt 5-36

HOUSING ASSEMDIY, FIGUIE 5-16 ....ccvieeieiteieeeete ettt st bbb b 5-17

Hydraulic Head ASSEMbIY, FIQUIE 5-19.......cceieee ettt s e sae e s ae e be e reenrean 5-20
REMOVEL, FIQUIE 58 ...ttt ettt st se e e e e tesaesbestesneeneeseenteseesrenneenennnans 5-12

|

[dler Gears and 1dler GEar SNEFLS ........coeiiiieie ettt b bbbt eae e bbb e b saeeneans 5-53
FIQUIE 5-B3 ...ttt et b et b e e b e b s e b e bt s e e Rt b e se e bt e b e se e bt et e st ebeebese et b e neeneerens 5-55
ENd Play and BACKIASH TESE.....c.ue ittt st sttt bbbt eesaesbesbesneeneans 5-53
L1152 11 =0 o TS 5-56
REMOVEL ...ttt h ettt e bt bt bt eh e e Rt e st e e e besbesbeebesaeeae e e e beseeebesaeeneeneans 5-54
- S 5-55

Index-7



ARMY TM 9-2815-260-24
AIR FORCE TO 38G1-126-2
MARINE CORPS TM 09244A/09245A-24

INDEX (Continued)
| (Continued)

I nspecting
Cylinder BIOCK, FIQUIE 5-81 ...ttt et eae et e e be e e besaeebeeneeneeneeseeneas
Cylinder Liner Pitting, FIQUIE 5-78.......ccveiieeeee ettt et sa e te e snesreennenaesnennn
Piston Cooling OrfiCe, FIQUIE 5-79.......coiiiiieeeee ettt et s besreeas
and Replacing BEarings, FIQUIE 4-24..........cccoceeieeieie s ie st eeae e s e e st e e saeste e saesre e enaenaeeesenns
AN SENVICING ENGINE ...ttt b et b bbb bbb st b et b b e e s b e
Turbocharger BEarings, FIQUIE 4-38.........ccvcieieieierie e st seeeeae s e e ste st esae e seestesneeresseenseneessensenes

Installing
BIUSHES, FIQUIE 4-33.....ceeee ettt sttt ae et e e se et e seeebe e st e ne et e ss e besaeebesaeeneeneenseneesneas
COVEr ON Y OKE, FIQUIE 4-34.......ee oottt ettt e e e st te e s teete et e e neesse e be e teenteenaessaesreenseenneenneenes
Rollers and Shoes (Typical), FIQUIE 5-39 ........coiiiiiiciiereeisieee sttt s
YOKE, FIQUIE 4-35 ...ttt ettt e e s e st e s te e e e e e e aeesae et e e s teenteaasesseesseesseeseeanseaneesnnsaneansannsanns

INEAKE IMBNITOIO. ...ttt st st e e te st s aeesbeesbe e beeabeeaeeebeeebeesbeesbeesreesbeeseenbesnbenntenn
00 TR
1S 1< ot (oo TSRS
sz = o] o T USSP TURURUSORPPRN

Leaf SPriNGS, FIQUIE 5-22 ... ..ottt sttt st b e st b ettt e et b bt e bt st ene e ebe e
Linkage HOok DiSCONNECLION, FIQUIE 57 ..ottt e s e st eesee s
LUBDFICEEION INSIIUCTIONS ......eeeieeie ettt ettt b e st b e st b et b e ettt be b e s nbe e
(T ol Tor (o] S = o USRS

IMTBINEEINEAINCE. ...ttt ettt ettt b et b e e e st b e s e e Rt b e s e e Rt b e e e st b e e e ne bt e e ne e b e s b en b e bt be st eneenennan

Index-8



ARMY TM 9-2815-260-24
AIR FORCE TO 38G1-126-2
MARINE CORPSTM 09244A/09245A-24

INDEX (Continued)

M
MaiNtENANCE REPAIT PAITS........ i iiiiteieieteie ettt ettt ettt e et e et e s be e et e s et ebeese e e eneeseenbesaeeneeneenseseenbesaeaneas 31
Measuring
1o T T= = o o T 3-16
Brush Length, FIQUIE 4-25..........ooui ettt sttt e b e b e ene s 4-31
Cam Follower Bore Diameter, FIQUrE 5-83 .......ccvciieeieiesie s eesee st et e e sre e sresneenean 5-95
Camshaft Bore Diameter, FigUIE 5-84.......c.ooi ittt 5-96
Camshaft Lobe Height, FIQUIE 5-62..........cceiiieie et ste sttt e e sreste st sreeneenean 5-50
COomMMULALOr OD), FIQUIE 4-22........oeeeuiitieeiieteeete sttt se et b e bbb e e bt sb e bt n e bt b e s enennn 4-29
Cylinder Block Top Deck FIatness, FiQUIrE 5-85 .........ccciiieiiiieiiseeieeese ettt sneas 5-96
Cylinder Head Thickness, FIQUIE 5-91 ........coiriiiiiieirieeeerese sttt 5-108
Main Bearing BOre, FIQUIE 5-82.........cooe ettt sttt aesneesnaesneenns 5-95
Main Thrust Journal and Thrust Bearing Width, Figure 5-69.............cccoiiiniinineneneese e 5-65
L 0 IS T U = e TS 5-76
Rod Center-to-Center BOIeS, FIQUIE 5-77 ...ttt st snesre e sneeneens 5-80
Roller to Roller Dimension, FIQUIE 5-40 .........ccveiieiiie ettt ae e e et ae s e sreenns 5-32
Segment MicaDepth, FIQUIE 4-23..........oo et b 4-30
Metering Valve and Arm ASSEMDBIY, FIQUIE 5-27 ..ot e 5-25
N
Nuclear, Biological, Chemical (NBC) Decontamination ProCeAUIES............ccceeveiieieeiecsie e e e see e 2-2
@)
Ol BYpass ValVE ASSEMDIY ..ottt b et b e et b e st b e b e et et sae e b 5-102
FIQUIE 5-89 ...ttt bbb R R b e R e bbbt e 5-103
1S 1< ot (oo TSP ST ORTRPROSTPN 5-103
RIS = = 1 o] o TP PSPPSR PRSPPSO 5-104
11107 PSR 5-102
REDIGCEIMENT ...ttt bbbttt e et bt s bt s he e heese e e e bese e e ke saeeb e e e e besbesbesaeennennans 5-103
L@ IO To] = OO T TSP PT PSPPI 3-31
F NS g A o U= o 0 USRS 3-32
LFES 0= o o TSROSO 331
L1522 11 o o PSR 3-33
REMOVEL ...ttt h et et e bt bt s bt eh e e Rt e ae et e be s beebeebesaeeae e e e beseeebesneeneeneans 331
REPIBCEITIENT ...ttt ettt b et bt s e et b e se et b e s e e ne e b e s e e me e b e seeneebeebeseeneebeseeneerens 3-32

Index-9



ARMY TM 9-2815-260-24
AIR FORCE TO 38G1-126-2
MARINE CORPS TM 09244A/09245A-24

INDEX (Continued)

O (Continued)
(O B BT oS (T ox S U o= USSP
S0 = 1o TS
LTS = = o] o P PRSSOTR

L 0L o= 0 o S
ASSEMDIY, FIGUIE 3-12 ...ttt bbb et b e bbb et bt b et b e

(O I I oSSR
F S = a0l o] YA T 0= e S
1S 1< ot [ FO T OO TP TSP PTOTURTPRPRTRPRPIN
Sz = o] o TSP PP PRSPPI

Ol FIEEr ASSEIMDIY ...ttt sttt sttt e et e sa et et ese e s e ebeseebeebe e et e sbeneebeebeseeseebeseeneebenteneas
FIOUNE 329t b et b e e a bt e R bR R bt et R e e b e b eehe b et b e e e
1S o< ox 1 o o TR
LS =11 =0 o TSP RSST

o =0 o TSSO RTPOTURPRPTSURPIN
1S o= ox (o o TS
LS =11 =0 o R SS

Oil Pressure Regulating ValVe ASSEMDIY .......cccoiiiiiiiiienee ettt s s s be e
FIQUIE 4-39... ettt et b e bbbt e it e st e e e e b e sb e eh e e he e Rt e Rt e e e b e Rt Rt eaeeae et e nenrenaeas
1S o 1<t [ o PSPPSRI
10 = = o] o IO TS T SO SO P TS UPTPTSTURTPRPTRPRPIN

REDIGCEIMENL. ...ttt bt b e he bt et e s e b e se e besaeebeeseeaeeneesbesaesaeeneeeeseesaeas
ValVE SEat REPIBCEMENT ....ccuiiiiiiie ittt st b e sttt b e st e et b e be et aene

Index-10



ARMY TM 9-2815-260-24
AIR FORCE TO 38G1-126-2
MARINE CORPSTM 09244A/09245A-24

INDEX (Continued)

O (Continued)

Ol PUMP ASSEIMIDIY ...ttt ettt e e bt ae e e e e e eeseeebesaeeaeeaeemeemeeae e besaeemeeasenbesaeebeeneaneenes 5-98
FIQUIE 586 ...ttt sttt e s e e e s e e st e s aeeheeseeneenae e e teseeabeeseeneenaeneenteseeerenneeneeneans 5-99
Axia Clearance Measurement, FIgUIE 5-87 .......cc.ci it e 5-101
10 = T (o o STV PT S 5-102
1S 1< ot (oo TP PO PP PO RPPTPTRPRORSTON 5-100
Radial Clearance Measurement, FIQUIE 5-88........c..cooeviiiieieceseeeeseesie et sse e ae e s re st snesneens 5-101
L 11107 OSSN 5-99
L 0L 0= 0 o TS 5-102
Qil Side Seal Installation, FIQUIE 5-30.......ccuiieieieierestese e e e e e et s e e e e e e e s te e e eesresresneeneenes 5-27
Option Code LaE], FIQUIE L-2 ..ottt ettt b et b e e b e bbbt nne 1-5
P
Pick-Up TUBE ASSEMDIY ... ettt et e st e st e be et e e ntesneesneesneesse e seenseensean 4-49
FIQUPE -0 ... bbb bbbt e h e bt s e R bt s e bt bt e bt bt eb e bt et b e e e b 4-49
1S o <o 1 o o S 4-49
Piston INSPECLION, FIQUIE 5-73 ...t sttt et e e e e e e atesaeesaeesaeesseeneesnaesneaaseanreenreensenn 5-75
Piston and Piston RiNG Seal, FIQUIE 5-55 ..ot e 5-41
Piston in Power Side Piston HOlE, FiQUIE 5-58...........oociiieiieeee ettt n 5-43
Piston RiNg COMPreSSOr, FIQUIE 5-57.......ccuciiiiiiieiee ettt sttt b e 5-42
FIQUPE 5-56 ... .oeceeeeiieeteete ettt ettt e et e et e et e e e e e e s tesaeesaeesaeeseeeaseeaseeaeeeaeeeseeseenteentenntennnesnnesnnenaes 5-42
Pistons and CONNECLING ROUS...........cciiiieiiciece et s et e st e et e e testesaaesaeesaeessesneesseeessanseenreensenn 5-70
LS 7= 11 =0 o PSR 5-82
REIMOVEL ......ceiecieetee e b e h e bR e bR e e Rt e R et eb e e R e ne e bt e R e neeb e er e ne e e erenne e erenn 5-70
RS o7 USSP ST ORRRPRORSPN 5-72
and Cylinder LINErS, FIQUIE 5-72......coui ettt sttt ettt tesaae s raesaeesaeeneenneenne e 5-74
PIMCS PIrOCEAUIES.......ccuetiaeeiirtieetest ettt s bbbt b et b Rt R e bR et e R n et e b e n et r e n e 31
Power Side Piston Hole Plug Installation, FigUre 5-59........c.cciiiiinnneenee e 5-43
Preparation for Storage or ShIPIMENT...........cieeieeree ettt b b e b e e e seeseesbesaesreas 1-2
Preventive Maintenance Checks and Services (PMCS), Table 3-1 ......ccoeiriieininneerese e 32
Procedural Index, General SUPPOrt MaINTENENCE ..........ooeieririereeeeeeree et ee b sae e e e seeseesaesaeas 5-1
Pumping Plunger Installation, FIQUIE 5-38.........cc it e e 5-31
REMOVEL, FIQUIE 5-13 ...ttt bbbttt et b e s aeeb e e aeeaeeeeseenbesbesbesaeeneeneans 5-15
Purpose
of Troubleshooting FIOWCKEIT..........ccuiiecce e enes 33,41
Lo o TU ] o007 0| AT USSP 1-1

Index-11



ARMY TM 9-2815-260-24
AIR FORCE TO 38G1-126-2
MARINE CORPS TM 09244A/09245A-24

INDEX (Continued)

Rear Crankshaft Oil Seal/Wear SIeeve ASSEMDIY .......coi i
Removal of Rear Crankshaft Oil Seal, FigUIrE 4-56.........cccoeieiiriericeseseeeeseesieseeses et se e eessenee e

L 0L o= 0 o RSO
LTS = = o) o PR SOPR
Installation of Rear Crankshaft Oil Seal, FIQUIE 4-57 .......cccv i ieeeeeceeeee et nnens
1S 1< ot [ TSSO PP ST PP PTOTURPRPRTPPRPIN

Reed Valve ASSEMDIY, FIQUIE 5-54 ..ottt bbb bbb
REMOVEL, FIQUIE 56 .....eeee ettt sttt ettt e st et e s te st e s teeaeeaeensensesaeseestesneenaensentesneas

Regulator Assembly Installation, FIQUIE 5-43.........oce oottt e e e

Removing
ATMEIUNE, FIQUIE 4-15.......eeceeeece ettt sttt et et e s s e s te e e e e e stesneesaeesaeesseenseenseenteensenntenneenneas
BIUSHES, FIQUIE 4-14 ...ttt ettt e et e e s e e beseeebe e st eme et e seebesaeebesaeeneeneenseneenneas
Carbon From Cylinder Liners, FIQUIE 5-71.........coeeiieeee ettt sttt s
Overrunning ClIUtch (TYPICal), FIQUIE 4-17 .......c.ooueirieiriiriieesere e
Pinion, Retainer, and Rollers (Typical), FIQUrE€ 4-19.........ccveiiie et
HOoUSING (TYPICaAL), FIQUIE 4-16........ccuieeiiriieeterieeete ettt sttt st st b e et sb e e beseeneas
Rear Crankshaft Oil Seal, FIQUIE 4-56........c.eciieieceieeeseee ettt enae e e
Starter End Frame and Y oke Assembly, (Typical), Figure 4-13 ...
SteEl Ball, FIQUIE 4-18 ..ot sttt ettt et et e a e st e s te e s te e teentesaeesaeesaeenseennesneensaessaens
Through Bolts (TYPICal), FIQUIE 4-12.......cooiiiiieieie ettt
Valve Seat INSert, FIQUIE 5-93 ...ttt et esre e s te et e enteenteentesneesneas
Washer and Spring, FIQUIE 4-20 ........cooiiiieieeee ettt sttt bbb bbb

Reporting
Equipment Improvement Recommendations (EIR) ........c.ccceiieiieiiiie i
Item and Packaging DiSCrEPANCIES.........cuiirirririeieierieeete sttt sttt sttt s se et e et e e ebesbeseeneas
Equipment Improvement Recommendations (EIR), AFMY .......cccoiiiiiiinineeeeiee e
Equipment Improvement Recommendations (EIR), Air FOICE ..ot
Equipment Improvement Recommendations (EIR), Maring COrpS........couuerererieereenieresieseseseeseesee e

Reports of Maintenance and Unsati Sfactory EQUIPIMENL ............ooiiiiiiirieeieeerese e e
Retaining Clip REMOVEl, FIGUIE 5-15 ..ottt ettt e

Index-12



ARMY TM 9-2815-260-24
AIR FORCE TO 38G1-126-2
MARINE CORPSTM 09244A/09245A-24

INDEX (Continued)

R (Continued)

ROCKE! AT ASSEMDIY ...ttt h et e et e et bt et e st e e e e e beseeebeemeaneeseeebesaeeneeneennan 4-70
T 0 PSR 4-70
N o 0 SRS 4-71
1S = 1 = o] o SRS 4-73
L 11107 USRS 4-70
L . 1 TP 4-71
REDIBCEITIENT ...ttt b bbbt b b et bt s e et bt se e st eb e se et e b e seeneeb e ebeseeneebeneeneere s 4-72
R leTe: = AN 0 4 1 G0 Y S PRRRRR 4-63
T 0 TSR 4-65
LS =11 =0 o RSP SS 4-64
REMOVEL ... h ettt b e e bt e b e he e ae et e b e e beeb e eb e s aeehe e e e beseeebesneeneennans 4-63
REPIBCEITIENT ...ttt b bbbt b e et b e s e et bt se e st e b e s e e st ebeseese ekt ebeneeneebeseeneerens 4-63
ROCKEr Arm LOCAHON, FIQUIE 4-A7 ..ottt ettt ettt s e st besae et e e e enee e e eeseesneeneenean 4-67
ROtOr ASSEMDIY, FIQUIE 5-20.......ccee ettt s e et e st e et eestesatesaaesaeesaeeseennesneenseenseenseensenn 5-20
S
Seal Protection TUDE, FIQUIE 5-32........oo ettt sttt st ettt e et e te e st e saeeeraesneesneenns 5-28
Separating Gear and Shaft, FIQUIE 4-A4..........ooi ettt b e sae b 4-52
Setting Governor Linkage Gap, FIQUIE 5-53........coi ettt sttt et e snaesneenns 5-40
ShOrt BIOCK ASSEMDIY ...ttt b et b e et b e e s e b b e bt sbese et et esae e b 5-45
Spring Pin Protrusion, FIQUIE 5-64...........oiioiieie ettt s s e ettt eeae e s te e e et e eatesnaesneesneenns 5-56
Spring Washer and Retaining RiNG, FIQUIE 5-34 ..........ciiiiiiiee ettt s ene 5-29
S s (0 BV A= oo F= o 1SS 4-98
= (= SRR 3-25,4-21
F NS 1 ] o] SRR 4-35
ASSEMDIY, FIGUIE 3-8ttt et et et bt b e e bbbt b e 3-27
Bench Test SEtUD, FIQUIE 4-9 ...ttt ettt bbbt bt e e b b e sbesneeneans 4-22
1S 1< ot (oo TP P TSR PRRRTPROSPN 3-26
(RS = = o] o USSP URURPR USROS 3-26
11107 PSR 3-26
L 7= 1 USRS 4-24
REPIBCEITIENT ...ttt et bbbt s e etk s e et be s e e st e b e seemeebesee st ebeebeseeneebeseeneerens 3-26
LIS SO 4-21
TeSt (INStAll € ON GENMEIBLO) ... .cueiveeeieiteseeie ettt sttt bbbt bbbt b e bbb s e 3-25
Solenoid Test CirCUIt, FIQUIE 3-5 ...t et 325
Stator and Rear Housing Separation, FIQUIE 4-3 .........oceeeee et ee e e s sr e s sre st e enes 4-17

Index-13



ARMY TM 9-2815-260-24
AIR FORCE TO 38G1-126-2
MARINE CORPS TM 09244A/09245A-24

INDEX (Continued)

T
Table of SPeCifiCatioNS, TADIE 1-1......c.oiie ettt se e b e b e sae e e e e e s e sbe e 1-5
Testing
Cylinder Liner Height Prior to Cylinder Liner REMOVAEL...........cocoiiirieiniinerieeseeese s 5-78
ENGIiNE COMPIESSION PIESSUIE.......ccueeieiiestiie st eteeeeteste s e s e stessesseesaesseteseestesseeneessessanteseestesseeseeseensansesnens 3-16
For Grounded Windings, FIQUIE 4-28.............coo ittt besne e 4-32
Brush ASSEMDIY, FIQUIE d-A........cueeeeeseee ettt e ettt sr e e s st sreene e e e e entesneeneeeeneenneas 4-17
EXCiting DIOTES, FIQUIE 4-5 ...ttt bttt st b e et b e et eb e et ebenne e 4-18
Positive/Negative DIiodes, FIQUIE 4-6 .........ccccieeiieiiecieieeieseseese ettt e e esae e saesae e snesreeneneesneas 4-18
ROLOF, FIQUIE 4-8........ ettt ettt b e et b e s e st b e s et b e e e st b e ne e st ebese et b e sre e 4-20
S e (0 A AT aTo (1aTe SN T 0= S 4-19
Thermostat and Water Manifold/ TNermoStal COVEY ..........coeiirereeiierieriine et 3-18
L0 U= TSRO P TSP PTOTURTPRPRTRPRPIN 3-19
1S o< ox 1o o S 3-19
LS =1 o) o PSSO 3-20
1S o) T U R 321
R 11107 PSRRI 3-18
0] = o= 0 | R 3-20
Throttle INStallation, FIQUIE 5-52 .........ceiee ittt st s sre bt sreene e e e teseenee e 5-39
Thrust Bearing and Thrust Washer, FIQUIE 5-33.........oooieiiie ettt s sne e ne s 5-28
Sleeve INSAll@tion, FIQUIE 546 .........oceiieieeees ettt esteseestesneenesseeneeneeneenes 5-36
Thrust Washer INstallation, FIQUIE 5-45 .........co oottt et ettt e e e s reesreesneenreenes 5-35
Tightening Delivery Valve SOp SCrew, FIQUIE 5-37 ...t 5-30
Timing Gear
0. PSS 4-93
(007 g T U G2 4-95
@01V T 1 01 o= oo o S 4-94
(O0Y/ T oS 7! = o o TSR URUSRRPRPR 4-96
(00 )Y/ g =< 0110 V7= | 4-93
COVES, REPIBCEMENT ...ttt bbbt a e e e e s e e seeeb e s bt eheeae e e e b e ebeebeenneneeseennas 4-96
TimiNg Mark LOCELOr, FIQUIE 5-35 ..ottt sttt b ettt e bbb b ae e e e e b e 5-29
QLI o ES= o l =lo [U T o007 o OSSPSR 31

Index-14



ARMY TM 9-2815-260-24
AIR FORCE TO 38G1-126-2
MARINE CORPSTM 09244A/09245A-24

INDEX (Continued)

T (Continued)

QI 0 T [0 7= I 4 = G ST 4-90
101 ot (oo TP P PP P PTUPTPROTRPPROTSON 4-90
1S = 1 = o] o SRS 4-92
L 11107 USRS 4-91
L 0= 0= 0 o TP 4-91

Transfer Pump

Blades, FIQUIE 5-23........o ittt b et b bbbt b e b st bt b e st e bt e b e se bt b e nrene b e e e ere s 5-22
Blade INStallation, FIQUIE 5-42 .......c..cceie et eesestes e sttt e e e te e tesaesresse e e esaesaentessesresnesneeneens 5-33
End Cap Seal REMOVAl, FIQUIE 5-11......ocuiiiiiiieieitieeie ettt eb e e ene e 5-14
T O T [0 = S 5-23
Liner INStallation, FIQUIE 5-AL........o ettt ettt st st e nae e e e seeseesaeeneeneens 5-33
Regulator ASSEMDIY, FIQUIE 5-26 .......ccoi i ceccies ettt te e s ae et e et e esseessaesnaesneenns 5-24
Regulating Piston and Adjusting SCrew, FIQUrE 5-25 ..o 5-23
Transportation Discrepancy REPOrt (TDR) (SF 361) ...c.evueerierierieierienieiesiereeiesieseeiesie s s e s e essesseseas 1-1
L0 0o 7= PSSPt 4-37
FIQUIE =36 ...ttt b ek b e e b e e b bt se bt b s e Rt eb e e bt b e bt b e e n b ne et b e e e ere s 4-39
1S o< ox £ o o 1 4-38
INSPECEION POINES, FIQUIE 4-37 ..ottt sttt st bt b e et b e see e be b e seeneere s 4-40
Inspecting Turbocharger Bearings, FIQUIE 4-38 ........ccuvoiieieiie ettt sttt 4-43
0 | PSS 4-42
REIMOVEL ...ttt b e r e bR e bRt h e e R et b e e R e ne e bt e R e neeb e erene e erenn e e ere s 4-37
REPIBCEITIENT ...ttt b bbbt b e et b e s b et b e s e e st e b e s e e st e b e se e st ebeebeseeneebeseeneebe s 4-41
LIS OSSOSO OSSOSO PP U SR OTURPTPPUPRPRPN 4-41
QIR 0= = LU= S 1-1
U
Unit Troubl€ShOOtiNG PrOCEAUIES.........couiiiieeieeee ettt bbbt e e b et e sae b e s e e s e seenbesbeeneas 3-3
Unit Troubleshooting, TADIE 3-2 .......oceiieeeeceeere ettt e e tesaesbesnesneeneenaeseensennnnrnas 34

Index-15



ARMY TM 9-2815-260-24
AIR FORCE TO 38G1-126-2
MARINE CORPS TM 09244A/09245A-24

INDEX (Continued)

\Y,
Vave
Clearance Specification (Rocker Arm-To-Vave Tip), Table 4-2.........ccccviiiininieee e 4-68
Face ANgIE, FIGUIE 5-90.......cceeieieriese ettt e e sttt se e e e st e beste et e s seeneese e s enteseestesaesneeneenseneesnens 5-106
Guide INStallation, FiQUIrE 5-95 .......c.oiiiiirieieirieeet et b e bbb enes 5-113
Lift Specifications at 0.00 in. (mm) Valve Clearance, Table 4-3........cccoveieieieiesesie e eeeeeseenie s 4-69
Recess Measurement, FIQUIE 4-51 .........coiiiiiieerieeeie ettt st b s b sreneas 4-76
Recess SPeCifications, TaDIE 4-4..........ccv ittt st e e et aesneene e e eneenne s 4-77
Seat Borein Cylinder Head Measurement, FiQUrE@ 5-94 ...t 5-112
Seat Bore Insert Specifications, Tahl@5-12.......cccceiiieiiiiiecieeeses st sr s 5-113
Seat Removal ChiSel, FIQUIE 5-92.........ooeeeeeee ettt st e seenes 5-111
W
WAITAINLY ..o s e e e s e e e s e e s ae e e a e e s b e e b e e sae e sa e s essanssaeseneesneesreeas 1-2
VA= (= U 0o PSPPSR 321
ASSEMDIY, FIQUIE 3-3 ..t et b et b e bt b e s et b e b et et n e 3-22
1S o< ox 1 o o TR 3-22
LS = o o SRRSO 3-22
REIMOVEL ...ttt e st r e st Rt r e se R e e R e s e e bt e R e e en e erene e e nr e nr e e erenre e 3-21
REDIBCEITIENT. ...ttt bbbt et b e s et b e s e et bt s e e ae e b e sa e st e b e sbe st ebeebese et ebenre e 3-22
Weight Retaining ASSEMBIY, FIGUIE5-36 ......c.oouiiiiieiieriere bbbt e 5-30

Index-16



RECOMMENDED CHANGES TO EQUIPMENT TECHNICAL PUBLICATIONS

SOMETHING WRONG WITH THIS PUBLICATION

FROM: (PRINT YOUR UNIT'S COMPLETE
Commander
THEN ... JOT DOWN THE INFO Stateside Army Depot
ABOUT IT ON THIS FORM. ATTN: AMSTA-US
CAREFULLY TEAR IT OUT. Stateside, N.J. 07703-5007
FOLD IT AND DROP IT IN THE
MAIL. DATE SENT
10 July 1975
PUBLICATION PUBLICATION DATE PUBLICATION
TM 11-5840-340-12 23 Jan 74 Radar Set AN/PRC-
BE EXACT PIN-POINT WHERE IT IN THIS SPACE TELL WHAT IS WRONG

AND WHAT SHOULD BE DONE ABOUT IT:
PAGE PARA FIGURE | TABLE
NO GRAPH NO NO

2-25 | 2-28 Recommend that the installation antenna alignment
procedure be changed throughout to specify a 20 IFF
antenna lag rather than 10.

REASON: Experience has shown that with only a 10 lag,
the antenna servo system is too seg®jtive to wind gusting
excess of 25 knots, and has a te to rapidly accelerate
and decelerate as it hunts, causi mto the drive train.
Hunting is minimized by adjusting gto20

degradation of oper atior‘

3-10 3-3 3-1 Item 5, Functio mn. Change “2 dB" to “3 dB”.

e adj ent procedure for the TRANS POWER
r calls for a 3 dB (500 watts) adjustment to light
R FAULT indicator.

5-6 5-8

ew step f.1 to read, “Replace cover plate removed in

S bove."

REASON: To replace the cover plate.

FO-3 one C 3. On J1-2, change “+24 VDC" to “+5 VDC".

REASON: This is the output line of the 5 VDC power supply.
+24 VDC is the input voltage.

PRINTED NAME, GRADE OR TITLE AND TELEPHONE sIG
SSG 1. M. DeSpiritof 999-1776 w ci

FORM PREVIOUS P.S. - IF YOUR OUTFIT WANTS TO KNOW AB
DA1 JuL 792028_2 ARE OBSOLETE RECOMMENDATION MAKE A CARBON COPY OF
AND GIVE IT TO YOUR




REVERSE OF DA FORM 2028-2

FILL IN YOUR
UNIT'S ADDRESS
FOLD BACK
DEPARTMENT OF THE ARMY

PLEASE
AFFIX
STAMP

POSTAGE

REQUIRED

OFFICIAL BUSINESS

Command
U.S. Army
and Fort Mol
ATITANAMSELWZ-LEO-D-CS-CFO
For outh, New Jersey 07703-5000

ns-Electr onics Command

s msmmsn s s s msnsnsssnsnnnnsnanansnsdNITATLIOAONOTV UYL = = = = s = s s = s s s s s s s = #s = s 2 «s s # s 25 #s «s # s # s s s s »s s = » =



RECOMMENDED CHANGES TO EQUIPMENT TECHNICAL PUBLICATIONS

]

]

]

[ ]

' SOMETHING WRONG WITH THIS PUBLICATION
.

, FROM: (PRINT YOUR UNIT’S COMPLETE ADDRESS)
.

N THEN ... JOT DOWN THE INFO

' ABOUT IT ON THIS FORM.

N CAREFULLY TEAR IT OUT. I

] FOLD IT AND DROP IT IN THE DATE SENT
' MAIL.

[ ]

[}

» { PUBLICATION NUMBER PUBLICATION DATE PUBLICATION TITLE
[}

[ ]

[}

[}

’ BE EXACT PIN-POINT WHERE IT IS IN THIS SPACE TELL WHAT IS WRONG
’ AND WHAT SHOULD BE DONE ABOUT IT:
. PAGE PARA- FIGURE | TABLE

' NO GRAPH NO NO

L}

L}

[ ]

[}

[ ]

[ ]

[ ]

[ ]

]

&

Z

(]

=

a

=

[—1

H

@)

=]

2

Q

=

<

[

<

=

[—4

]

[ ]

[]

L]

.

]

L}

L}

]

]

| ]

[ ]

L]

[}

[ ]

[ ]

L]

L]

L}

L}

L}

| ]

[}

.

[ ]

]

[ ]

L]

(]

]

: PRINTED NAME, GRADE OR TITLE AND TELEPHONE NUMBER SIGN HERE
.

(]

[ ]

.

[ ]

' D A FORM 92028 2 PREVIOUS EDITIONS PS. - IF YOUR OUTFIT WANTS TO KNOW ABOUT YOUR
' 1JUL7 - ARE OBSOLETE RECOMMENDATION MAKE A CARBON COPY OF THIS
: AND GIVE IT TO YOUR HEADQUARTERS.
.




REVERSE OF DA FORM 2028-2

FILL IN YOUR
UNIT'SADDRESS

FOLD BACK

DEPARTMENT OF THE ARMY

PLEASE
AFFIX

STAMP
POSTAGE

OFFICIAL BUSINESS

REQUIRED

Commander

U.S. Army Communications-Electronics Command
and Fort Monmouth

ATTN: AMSEL-LC-LEO-D-CS-CFO

Fort Monmouth, New Jersey 07703-5006

s s susnnuwssnnnnnnnnssnnnsssssssnes JNITAILIOAONOTVHYIL = = = « « = « s = s = s = = =2 = s = = = = s = = s s = s s ®"u s "u s = u u u u u =



RECOMMENDED CHANGES TO EQUIPMENT TECHNICAL PUBLICATIONS

]

]

]

[ ]

' SOMETHING WRONG WITH THIS PUBLICATION
.

, FROM: (PRINT YOUR UNIT’S COMPLETE ADDRESS)
.

N THEN ... JOT DOWN THE INFO

' ABOUT IT ON THIS FORM.

N CAREFULLY TEAR IT OUT. I

] FOLD IT AND DROP IT IN THE DATE SENT
' MAIL.

[ ]

[}

» { PUBLICATION NUMBER PUBLICATION DATE PUBLICATION TITLE
[}

[ ]

[}

[}

’ BE EXACT PIN-POINT WHERE IT IS IN THIS SPACE TELL WHAT IS WRONG
’ AND WHAT SHOULD BE DONE ABOUT IT:
. PAGE PARA- FIGURE | TABLE

' NO GRAPH NO NO

L}

L}

[ ]

[}

[ ]

[ ]

[ ]

[ ]

]

&

Z

(]

=

a

=

[—1

H

@)

=]

2

Q

=

<

[

<

=

[—4

]

[ ]

[]

L]

.

]

L}

L}

]

]

| ]

[ ]

L]

[}

[ ]

[ ]

L]

L]

L}

L}

L}

| ]

[}

.

[ ]

]

[ ]

L]

(]

]

: PRINTED NAME, GRADE OR TITLE AND TELEPHONE NUMBER SIGN HERE
.

(]

[ ]

.

[ ]

' D A FORM 92028 2 PREVIOUS EDITIONS PS. - IF YOUR OUTFIT WANTS TO KNOW ABOUT YOUR
' 1JUL7 - ARE OBSOLETE RECOMMENDATION MAKE A CARBON COPY OF THIS
: AND GIVE IT TO YOUR HEADQUARTERS.
.




REVERSE OF DA FORM 2028-2

FILL IN YOUR
UNIT'SADDRESS

FOLD BACK

DEPARTMENT OF THE ARMY

PLEASE
AFFIX

STAMP
POSTAGE

OFFICIAL BUSINESS

REQUIRED

Commander

U.S. Army Communications-Electronics Command
and Fort Monmouth

ATTN: AMSEL-LC-LEO-D-CS-CFO

Fort Monmouth, New Jersey 07703-5006

s s susnnuwssnnnnnnnnssnnnsssssssnes JNITAILIOAONOTVHYIL = = = « « = « s = s = s = = =2 = s = = = = s = = s s = s s ®"u s "u s = u u u u u =



RECOMMENDED CHANGES TO EQUIPMENT TECHNICAL PUBLICATIONS

]

]

]

[ ]

' SOMETHING WRONG WITH THIS PUBLICATION
.

, FROM: (PRINT YOUR UNIT’S COMPLETE ADDRESS)
.

N THEN ... JOT DOWN THE INFO

' ABOUT IT ON THIS FORM.

N CAREFULLY TEAR IT OUT. I

] FOLD IT AND DROP IT IN THE DATE SENT
' MAIL.

[ ]

[}

» { PUBLICATION NUMBER PUBLICATION DATE PUBLICATION TITLE
[}

[ ]

[}

[}

’ BE EXACT PIN-POINT WHERE IT IS IN THIS SPACE TELL WHAT IS WRONG
’ AND WHAT SHOULD BE DONE ABOUT IT:
. PAGE PARA- FIGURE | TABLE

' NO GRAPH NO NO

L}

L}

[ ]

[}

[ ]

[ ]

[ ]

[ ]

]

&

Z

(]

=

a

=

[—1

H

@)

=]

2

Q

=

<

[

<

=

[—4

]

[ ]

[]

L]

.

]

L}

L}

]

]

| ]

[ ]

L]

[}

[ ]

[ ]

L]

L]

L}

L}

L}

| ]

[}

.

[ ]

]

[ ]

L]

(]

]

: PRINTED NAME, GRADE OR TITLE AND TELEPHONE NUMBER SIGN HERE
.

(]

[ ]

.

[ ]

' D A FORM 92028 2 PREVIOUS EDITIONS PS. - IF YOUR OUTFIT WANTS TO KNOW ABOUT YOUR
' 1JUL7 - ARE OBSOLETE RECOMMENDATION MAKE A CARBON COPY OF THIS
: AND GIVE IT TO YOUR HEADQUARTERS.
.




REVERSE OF DA FORM 2028-2

FILL IN YOUR
UNIT'SADDRESS

FOLD BACK

DEPARTMENT OF THE ARMY

PLEASE
AFFIX

STAMP
POSTAGE

OFFICIAL BUSINESS

REQUIRED

Commander

U.S. Army Communications-Electronics Command
and Fort Monmouth

ATTN: AMSEL-LC-LEO-D-CS-CFO

Fort Monmouth, New Jersey 07703-5006

s s susnnuwssnnnnnnnnssnnnsssssssnes JNITAILIOAONOTVHYIL = = = « « = « s = s = s = = =2 = s = = = = s = = s s = s s ®"u s "u s = u u u u u =



By Order of the Secretary of the Army:

Official:

%é_/ B. HUDSON

Administrative Assistant to the
Secretary of the Army
0030004

By Order of the Secretary of the Marine Corps:

By Order of the Secretary of the Air Force:

Official:
LESTER L. LYLES

General, United States Air Force
Commander, AFMC

DISTRIBUTION:

ERIC K. SHINSEKI
General, United States Army
Chief of Staff

RANDALL P. SHOCKEY
Director, Program Support
Marine Corps Systems Command

MICHAEL E. RYAN
General, United States Air Force
Chief of Staff

To be distributed in accordance with the initial distribution number (IDN) 256650 requirements

for TM 9-2815-260-24.



PIN: 078594-000



	TABLE OF CONTENTS
	WARNING
	CHAPTERS
	CHAPTER 1
	CHAPTER 2
	CHAPTER 3
	PARA 3.7.1
	PARA 3.7.2
	PARA 3.8.2
	PARA 3.8.3
	PARA 3.9.1
	PARA 3.9.2
	PARA 3.10.1
	PARA 3.10.2
	PARA 3.11.2
	PARA 3.11.3
	PARA 3.11.5
	PARA 3.12.1
	PARA 3.12.2
	PARA 3.12.3
	PARA 3.12.4
	PARA 3.12.5
	PARA 3.12.6

	CHAPTER 4
	PARA 4.3.2
	PARA 4.4.1
	PARA 4.4.2
	PARA 4.4.3
	PARA 4.5.2
	PARA 4.5.3
	PARA 4.5.4
	PARA 4.6.1
	PARA 4.6.2
	PARA 4.7.1
	PARA 4.7.2
	PARA 4.7.3
	PARA 4.7.4
	PARA 4.8.1
	PARA 4.8.2
	PARA 4.8.3
	PARA 4.9.1
	PARA 4.9.2
	PARA 4.9.3
	PARA 4.10

	CHAPTER 5
	PARA 5.3.1
	PARA 5.4.1
	PARA 5.4.2
	PARA 5.4.3
	PARA 5.4.4
	PARA 5.4.5
	PARA 5.4.6
	PARA 5.4.7
	PARA 5.4.8
	PARA 5.4.9


	FIGURES
	FIGURE 1-1
	FIGURE 1-2
	FIGURE 3-1
	FIGURE 3-2
	FIGURE 3-3
	FIGURE 3-4
	FIGURE 3-5
	FIGURE 3-6
	FIGURE 3-7
	FIGURE 3-8
	FIGURE 3-9
	FIGURE 3-10
	FIGURE 3-11
	FIGURE 3-12
	FIGURE 3-13
	FIGURE 3-14
	FIGURE 3-15
	FIGURE 3-16
	FIGURE 3-17
	FIGURE 4-1
	FIGURE 4-2
	FIGURE 4-3
	FIGURE 4-4
	FIGURE 4-5
	FIGURE 4-6
	FIGURE 4-7
	FIGURE 4-8
	FIGURE 4-9
	FIGURE 4-10
	FIGURE 4-11
	FIGURE 4-12
	FIGURE 4-13
	FIGURE 4-14
	FIGURE 4-15
	FIGURE 4-16
	FIGURE 4-17
	FIGURE 4-18
	FIGURE 4-19
	FIGURE 4-20
	FIGURE 4-21
	FIGURE 4-22
	FIGURE 4-23
	FIGURE 4-24
	FIGURE 4-25
	FIGURE 4-26
	FIGURE 4-27
	FIGURE 4-28
	FIGURE 4-29
	FIGURE 4-30
	FIGURE 4-31
	FIGURE 4-32
	FIGURE 4-33
	FIGURE 4-34
	FIGURE 4-35
	FIGURE 4-36
	FIGURE 4-37
	FIGURE 4-38
	FIGURE 4-39
	FIGURE 4-41
	FIGURE 4-42
	FIGURE 4-43
	FIGURE 4-44
	FIGURE 4-45
	FIGURE 4-46
	FIGURE 4-47
	FIGURE 4-48
	FIGURE 4-49
	FIGURE 4-50
	FIGURE 4-51
	FIGURE 4-52
	FIGURE 4-53
	FIGURE 4-54
	FIGURE 4-55
	FIGURE 4-56
	FIGURE 4-57
	FIGURE 4-58
	FIGURE 4-59
	FIGURE 4-60
	FIGURE 4-61
	FIGURE 4-62
	FIGURE 4-63
	FIGURE 5-1
	FIGURE 5-2
	FIGURE 5-3
	FIGURE 5-4
	FIGURE 5-6
	FIGURE 5-5
	FIGURE 5-7
	FIGURE 5-8
	FIGURE 5-9
	FIGURE 5-10
	FIGURE 5-11
	FIGURE 5-12
	FIGURE 5-13
	FIGURE 5-14
	FIGURE 5-15
	FIGURE 5-16
	FIGURE 5-17
	FIGURE 5-18
	FIGURE 5-19
	FIGURE 5-20
	FIGURE 5-21
	FIGURE 5-22
	FIGURE 5-23
	FIGURE 5-24
	FIGURE 5-25
	FIGURE 5-26
	FIGURE 5-27
	FIGURE 5-28
	FIGURE 5-29
	FIGURE 5-30
	FIGURE 5-31
	FIGURE 5-32
	FIGURE 5-33
	FIGURE 5-34
	FIGURE 5-35
	FIGURE 5-36
	FIGURE 5-37
	FIGURE 5-38
	FIGURE 5-39
	FIGURE 5-40
	FIGURE 5-41
	FIGURE 5-42
	FIGURE 5-43
	FIGURE 5-44
	FIGURE 5-45
	FIGURE 5-46
	FIGURE 5-47
	FIGURE 5-48
	FIGURE 5-49
	FIGURE 5-50
	FIGURE 5-51
	FIGURE 5-52
	FIGURE 5-53
	FIGURE 5-54
	FIGURE 5-55
	FIGURE 5-56
	FIGURE 5-57
	FIGURE 5-58
	FIGURE 5-59
	FIGURE 5-60
	FIGURE 5-61
	FIGURE 5-62
	FIGURE 5-63
	FIGURE 5-64
	FIGURE 5-65
	FIGURE 5-66
	FIGURE 5-67
	FIGURE 5-68
	FIGURE 5-69
	FIGURE 5-70
	FIGURE 5-71
	FIGURE 5-72
	FIGURE 5-73
	FIGURE 5-74
	FIGURE 5-75
	FIGURE 5-76
	FIGURE 5-77
	FIGURE 5-78
	FIGURE 5-79
	FIGURE 5-80
	FIGURE 5-81
	FIGURE 5-82
	FIGURE 5-83
	FIGURE 5-84
	FIGURE 5-85
	FIGURE 5-86
	FIGURE 5-87
	FIGURE 5-88
	FIGURE 5-89
	FIGURE 5-90
	FIGURE 5-91
	FIGURE 5-92
	FIGURE 5-93
	FIGURE 5-94
	FIGURE 5-95

	TABLES
	TABLE 1-1
	TABLE 1-2
	TABLE 3-1
	TABLE 3-2
	TABLE 4-1
	TABLE 4-2
	TABLE 4-3
	TABLE 4-4
	TABLE 4-5
	TABLE 4-6
	TABLE 5-1
	TABLE 5-2
	TABLE 5-3
	TABLE 5-4
	TABLE 5-5
	TABLE 5-6
	TABLE 5-7
	TABLE 5-8
	TABLE 5-9
	TABLE 5-10
	TABLE 5-11
	TABLE 5-12
	TABLE F-1
	TABLE G-1
	TABLE G-2
	TABLE G-3

	APPENDICES
	APPENDIX A
	APPENDIX B
	APPENDIX C
	APPENDIX D
	APPENDIX E
	APPENDIX F
	APPENDIX G
	APPENDIX H

	INDEX
	PAGES
	PAGE 1-1
	PAGE 1-2
	PAGE 1-4
	PAGE 1-5
	PAGE 1-6
	PAGE 1-8
	PAGE 2-1
	PAGE 2-2
	PAGE 3-1
	PAGE 3-2
	PAGE 3-3
	PAGE 3-4
	PAGE 3-15
	PAGE 3-19
	PAGE 3-21
	PAGE 3-22
	PAGE 3-24
	PAGE 3-25
	PAGE 3-27
	PAGE 3-28
	PAGE 3-29
	PAGE 3-30
	PAGE 3-32
	PAGE 3-33
	PAGE 3-34
	PAGE 3-35
	PAGE 3-36
	PAGE 3-39
	PAGE 3-40
	PAGE 3-41
	PAGE 4-1
	PAGE 4-2
	PAGE 4-14
	PAGE 4-16
	PAGE 4-17
	PAGE 4-18
	PAGE 4-19
	PAGE 4-20
	PAGE 4-22
	PAGE 4-23
	PAGE 4-24
	PAGE 4-25
	PAGE 4-26
	PAGE 4-27
	PAGE 4-28
	PAGE 4-29
	PAGE 4-30
	PAGE 4-31
	PAGE 4-32
	PAGE 4-33
	PAGE 4-34
	PAGE 4-35
	PAGE 4-36
	PAGE 4-39
	PAGE 4-40
	PAGE 4-43
	PAGE 4-47
	PAGE 4-49
	PAGE 4-52
	PAGE 4-53
	PAGE 4-55
	PAGE 4-59
	PAGE 4-65
	PAGE 4-66
	PAGE 4-67
	PAGE 4-68
	PAGE 4-69
	PAGE 4-70
	PAGE 4-75
	PAGE 4-76
	PAGE 4-77
	PAGE 4-78
	PAGE 4-79
	PAGE 4-82
	PAGE 4-83
	PAGE 4-84
	PAGE 4-86
	PAGE 4-88
	PAGE 4-89
	PAGE 4-91
	PAGE 4-93
	PAGE 4-95
	PAGE 4-100
	PAGE 5-1
	PAGE 5-6
	PAGE 5-9
	PAGE 5-10
	PAGE 5-11
	PAGE 5-12
	PAGE 5-13
	PAGE 5-14
	PAGE 5-15
	PAGE 5-16
	PAGE 5-17
	PAGE 5-18
	PAGE 5-19
	PAGE 5-20
	PAGE 5-21
	PAGE 5-22
	PAGE 5-23
	PAGE 5-24
	PAGE 5-25
	PAGE 5-26
	PAGE 5-27
	PAGE 5-28
	PAGE 5-29
	PAGE 5-30
	PAGE 5-31
	PAGE 5-32
	PAGE 5-33
	PAGE 5-34
	PAGE 5-35
	PAGE 5-36
	PAGE 5-37
	PAGE 5-38
	PAGE 5-39
	PAGE 5-40
	PAGE 5-41
	PAGE 5-42
	PAGE 5-43
	PAGE 5-44
	PAGE 5-47
	PAGE 5-50
	PAGE 5-51
	PAGE 5-53
	PAGE 5-55
	PAGE 5-56
	PAGE 5-57
	PAGE 5-59
	PAGE 5-60
	PAGE 5-63
	PAGE 5-64
	PAGE 5-65
	PAGE 5-71
	PAGE 5-74
	PAGE 5-75
	PAGE 5-76
	PAGE 5-77
	PAGE 5-78
	PAGE 5-79
	PAGE 5-80
	PAGE 5-83
	PAGE 5-85
	PAGE 5-87
	PAGE 5-92
	PAGE 5-94
	PAGE 5-95
	PAGE 5-96
	PAGE 5-99
	PAGE 5-101
	PAGE 5-103
	PAGE 5-106
	PAGE 5-108
	PAGE 5-111
	PAGE 5-112
	PAGE 5-113
	PAGE A-1
	PAGE B-1
	PAGE C-1
	PAGE D-1
	PAGE E-1
	PAGE F-1
	PAGE G-1
	PAGE H-1


