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WARNING

CARBON MONOXIDE POISONING CAN BE DEADLY

CARBON MONOXIDE IS A COLORLESS, ODORLESS, DEADLY POISONOUS GAS,
WHICH, WHEN BREATHED, DEPRIVES THE BODY OF OXYGEN AND CAUSES
SUFFOCATION. EXPOSURE TO AIR CONTAMINATED WITH CARBON MONOXIDE
PRODUCE SYMPTOMS OF HEADACHE, DIZZINESS, LOSS OF MUSCULAR
CONTROL, APPARENT DROWSINESS, OR COMA. PERMANENT BRAIN DAMAGE
OR DEATH CAN RESULT FROM SEVERE EXPOSURE.

CARBON MONOXIDE OCCURS IN THE EXHAUST FUMES OF FUEL-BURNING
HEATERS AND INTERNAL-COMBUSTION ENGINES AND BECOMES
DANGEROUSLY CONCENTRATED UNDER CONDITIONS OF INADEQUATE
VENTILATION. THE FOLLOWING PRECAUTIONS MUST BE OBSERVED TO
ENSURE THE SAFETY OF PERSONNEL WHENEVER THE PERSONNEL HEATER,
MAIN, OR AUXILIARY ENGINE OF ANY VEHICLE IS OPERATED FOR
MAINTENANCE PURPOSES OR TACTICAL USE:

1. DO NOT operate engine of vehicle in an enclosed area unless it is
ADEQUATELY VENTILATED.

2. DO NOT idle engine for long periods without maintaining ADEQUATE
VENTILATION in the personnel compartments.

3. DO NOT drive any vehicle with inspection plates, cover plates, or engine
compartment doors removed unless necessary for maintenance purposes.

4. BE ALERT at all times during vehicle operation for exhaust odors and
exposure symptoms. If either is present: IMMEDIATELY VENTILATE
personnel compartments. If symptoms persist, remove affected personnel
from vehicle and treat as follows: expose to fresh air; keep warm, DO
NOT PERMIT EXERCISE; if necessary, administer artificial respiration
(see FM 21-11).

THE BEST DEFENSE AGAINST CARBON MONOXIDE POISONING IS ADEQUATE
VENTILATION.
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WARNING

COMPRESSED AIR

To prevent injury, compressed air will not exceed 30 psi (207 kPa). Use only with
effective chip guarding and personal protective equipment (goggles/shield, gloves,
etc.).

WARNING

Drycleaning solvent P-D-680 is toxic and flammable. Wear protective goggles and
gloves and use only in a well-ventilated area. Avoid contact with skin, eyes, and
clothes and do not breathe vapors. Do not use near open flame or excessive heat.
The flash point is 100°-138 F ‘(38 "-50” C). If you becom®dizzy while using cleaning
solvent, get fresh air immediately and get medical aid. If contact with eyes is made,
wash your eyes with water and get medical aid immediately.

WARNING

Adhesives, solvents, and sealing compounds can burn easily, can give off harmful
vapors, and are harmful to skin and clothing. To avoid injury or death, keep away
from open fire and use in well-ventilated area. If adhesive, solvent, or sealing compound
gets on skin or clothing, wash immediately with soap and water. -

WARNING

Make sure lifting device is securely fastened and weight being lifted does not exceed
capacity of lifting device. Failure to do so may cause personal injury.

WARNING

Do not disconnect any air system lines or fittings unless vehicle engine is shut off
and air system pressure is relieved. To do so could result in serious injury to personnel.

WARNING

Spilled hydraulic fluid is very slippery. Wipe up any spilled fluid immediately. Failure
to do so could result in serious injury to personnel.
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WARNING

When servicing this vehicle, performing maintenance, or disposing of materials such as
engine coolant, transmission fluid, lubricants, battery acids or batteries and CARC paint,
consult your Unit/Local Hazardous Waste Disposal Center or safety office for local regulatory
guidance. If further information is needed, please contact the Army Environmmental Hotline
at 1-800-872-3845.

WARNING

Failure to wear protective gloves could result in serious skin cuts due to sharp edges on
evaporator coil fins.

WARNING

Refrigerant R-134a air conditioning system should not be pressure tested or leak tested with
compressed air. Combustible mixtures of air and R-134a may form, resulting in a fire or
explosion, which could cause personnel injury.

WARNING

Use care to prevent refrigerant from touching your skin or eyes, because liquid refrigerant,
when exposed to air, quickly evaporates and will freeze skin or eye tissue. Serious injury or
blindness could result if you come in contact with liquid refrigerant.

WARNING

Do not remove air conditioner compressor oil fill plug without first recovering the system.
Failure to recover the system could cause uncontrolled release of high-pressure refrigerant,
which can freeze skin and eye tissue causing serious injury or blindness.

Change 1  c/(d Blank)
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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
at the back of this manual direct to: Commander, US Army Tank-automotive and
Armaments Command, ATTN: AMSTA-AC-NML, Rock Island, IL 61299-7630. A reply
will be furnished to you. You may also provide DA Form 2028-2 information to TACOM
via datafax or e-mail. TACOM'’s datafax number for AMSTA-AC-NML is DSN 793-0726
or Commercial (309) 782-0726 and the e-mail address is: amsta-ac-nml@ria-
emh2.army.mil.
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CHAPTER 12
ENGINE, FUEL, AND COOLING SYSTEM REPAIR INSTRUCTIONS

OVERVIEW

This chapter illustrates and describes procedures for maintenance of the engine, fuel, and cooling
system.

Section I.  ENgiNe REPAIr . . . . . v v vttt [12-2]

Section Il.  Fuel System Repair . . . . . . . . v it
Section IlIl. Air Intake Repair . . . . . . . . o v
Section IV. Cooling System Repair . . . . . . . . . . . . e 12-185

12-1
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Section I. ENGINE REPAIR

OVERVIEW

This section illustrates and describes procedures for maintenance of the engine and related parts. A list
of tasks contained in this section is shown below.

Page
Engine Installation/Removal from Repair Stand . . . . . . . .. ... ... ... .. ....
Cylinder Head Repair . . . . . . . . . . . ... . 12-9

Crankshaft Replacement . . . . . . . . . . . . . . . ...

Camshaft Drive Gear Replacement and Repair

Gear Housing Assembly Replacement

Cylinder Block Assembly Repair
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Cylinder Block Pressure Testing

Bull/ldler Gear Replacement,

.................................. 12-93
Adjustable Idler Gear Replacement . . . . . . . .. ... .. . . . ... . e [12-99
Accessory Drive Repair . . . . . . . .
Air Compressor Repair . . . . . . . . . e e e 17-118
Piston and Cylinder Assembly Replacement . . . ... . ... ... ... ... ....... 12-141

12-2
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ENGINE INSTALLATION/REMOVAL FROM REPAIR STAND

This task covers: a. Installation b. Removal

INITIAL SETUP

Tools and Special Equipment: Equipment Condition (Cont):

Tool Kit, SC 5180-90-CL-NO5 Reference Condition Description
Adapter Plates, J35635-A .

Load Rotor, J36130-812 TM 9-2320-363-20 Fuel Filter Adapters
Adapter Plate, J35636 Removed

TM 9-2320-363-20 Electronic Control

Personnel Required: (2) Module Removed

References: General Safety Instructions:
T™M 9-2320-363-20
Equipment Condition: WARNING
" - Engine weighs 2,850 Ib (1294

Reference Condition Description kg). Use hoist with lifting
TM 9-2320-363-20 Fuel Pump Removed capacity of 5,000 Ib (2270 kg)

. to lift and support engine.
T™M 9-2320-363-20 Air Compressor Removed Failure to do so could result in
TM 9-2320-363-20 Starter Removed injury to personnel.
T™M 9-2320-363-20 STE/ICE Differential

Switch Removed

12-3
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ENGINE INSTALLATION/REMOVAL FROM REPAIR STAND (CONT)

INSTALLATION

//";'-’—’o /4—
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1. INSTALL ENGINE HOLDING FIXTURE (1), NINE WASHERS (2), AND NINE SCREWS (3) ON LEFT
SIDE OF ENGINE (4).

2. INSTALL ADAPTER PLATE (5), SIX WASHERS (6), AND SIX SCREWS (7) ON ENGINE STAND (8).

12-4
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D
O 4

INSTALL LOAD ROTOR (9) ON HOIST (10).

WARNING

Engine weighs 2,850 Ib (1294 kg). Use_hoist with lifting capacity of 5,000 Ib
(2270 kg? to lift and support engine. Failure to do so could result in injury to
personnel.

ATTACH LOAD ROTOR (9) TO ENGINE (4).

LIFT ENGINE (4) AND ATTACH ENGINE HOLDING FIXTURE (1) TO ADAPTER PLATE (5) USING
SIX SCREWS (11) AND SIX NUTS (12).

REMOVE LOAD ROTOR (9) FROM ENGINE (4).
REMOVE LOAD ROTOR (9) FROM HOIST (10).

12-5
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ENGINE INSTALLATION/REMOVAL FROM REPAIR STAND (CONT)
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1.

INSTALL LOAD ROTOR (1) ON HOIST (2).

™™ 9-2320-363-34-2

personnel.

WARNING

Engine weighs 2,850 Ib (1294 kg). Use hoist with lifting capacity of 5,000 Ib
(2270 kg) to lift and support engine. Failure to do so could result in injury to

ATTACH LOAD ROTOR (1) TO ENGINE (3).

REMOVE ENGINE HOLDING FIXTURE (4) FROM ADAPTER PLATE (5) BY REMOVING SIX NUTS

(6) AND SIX SCREWS (7).

LOWER ENGINE (3).

REMOVE LOAD ROTOR (1) FROM ENGINE (3).

REMOVE LOAD ROTOR (1) FROM HOIST (2).

REMOVE SIX SCREWS (8), SIX WASHERS (9), AND ADAPTER PLATE (5) FROM ENGINE STAND

(10).

12-7
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ENGINE INSTALLATION/REMOVAL FROM REPAIR STAND (CONT)

8. REMOVE( I;IINE SCREWS (11), NINE WASHERS (12), AND ENGINE HOLDING FIXTURE (4) FROM
ENGINE (3).

NOTE

Follow-on Maintenance:
Install electronic control module (TM 9-2320-363-20).
Install fuel filter adapters (TM 9-2320-363-20).
Install STE/ICE differential switch (TM 9-2320-363-20).
Install starter (TM 9-2320-363-20).
Install air compressor (TM 9-2320-363-20).
Install fuel pump (TM 9-2320-363-20).

12-8



TM 9-2320-363-34-2

CYLINDER HEAD REPAIR

This task covers: a. Disassembly b. Inspection c.

Cleaning d. Repair/Assembly

INITIAL SETUP

Tools and Special Equipment:

Shop Equipment, SC 4910-95-CL-A31
Tool Kit, SC 5180-90-CL-N05

Shop Equipment, SC 5180-95-CL-A62
Shop Equipment, SC 4910-95-CL-A63
Valve Seat Remover, J23479-460
Valve Seat installer, 333190

Valve Seat Collet, J23479-29

Valve Seat Installer, 334983

Cylinder Head Adapter Plate, J35636
Cylinder Block Adapter Plate, J35635-A
Dowel Installer Set, J36224

Plug Installer Set, J35653

Driver Handle, J7079-2

Valve Guide Remover, J34696-B

Valve Guide Installer, J33191 -A

Injector Tube Reconditioning Set, J33880
Pressure Test Kit, J36223-C

Cylinder Head Lifter, J35641

Spring Compressor, J35580

Materials/Parts:

Kit, Intake P/N 23501576
Valve (12)

Kit, Exhaust P/N 23507504
Valve (12)

Insert, Intake P/N 8929127
Valve (12)

Insert, Exhaust P/N 8929126
Valve (12)

Guide, Valve (24) P/IN 8929631
Key, Valve (48) P/N 0984-C
Seal, Guide (24) P/N 85.0691-9
QOil, Lubricating [Appendix B, Item 37

Materials/Parts (Cent):

Compound, Pipe [Appendix B, Item 15
Sealing

Qil, Cutting [Appendix B, Item 36
Dye, Prussian Blue ltem 17
Sealant, [Appendix B, Item 51

Non-Hardening
Equipment Condition:

Reference Condition Description

Page 3-80 Cyiinder Head Removed

General Safety Instructions:

WARNING

. Valve guide is removed from
cylinder head under force.
Position heavy block of wood
at angle, beneath guide, to
deflect valve guide and
prevent personal injury.

. To prevent injury, compressed
air will not exceed 30 psi (207
kPa). Use only with effective
chip guarding and personal
protective equipment, goggles,
shield, and gloves.

12-9
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CYLINDER HEAD REPAIR (CONT)

General Safety Instructions (Cont):

WARNING

- Adhesives, solvents, and
sealing compounds can burn
easily, can give off harmful
vapors, and are harmful to
skin and clothing. To avoid
injury or death, keep away
from open fire and use in
well-ventilated area. If
adhesive, solvent, or sealing
compound gets on skin or
clothing, wash immediately
with soap and water.

DISASSEMBLY

12-10
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USING HARDWARE PROVIDED WITH CYLINDER HEAD LIFTER (1), INSTALL CYLINDER HEAD
LIFTER (1) ON CYLINDER HEAD (2).

USING HARDWARE PROVIDED WITH ENGINE STAND ADAPTER PLATE (3), BOLT PLATE (3) TO
ENGINE STAND (4).

USING BOLTS PROVIDED WITH ENGINE STAND ADAPTER PLATE (3), INSTALL CYLINDER HEAD
ADAPTER PLATE (5) TO CYLINDER HEAD (2).

USING SUITABLE LIFTING DEVICE, LIFT AND MOUNT CYLINDER HEAD (2) AND ADAPTER PLATE
(5) TO ENGINE STAND ADAPTER PLATE (3) BY ENGAGING SLOTS (6) IN CYLINDER HEAD
ADAPTER PLATE (5) TO DOWELS (7) ON ENGINE STAND ADAPTER PLATE (3).

USING SIX BOLTS AND SIX NUTS PROVIDED WITH ENGINE STAND ADAPTER PLATE (3),
SECURE ADAPTER PLATE (3) AND CYLINDER HEAD ADAPTER PLATE (5) TOGETHER.

REMOVE CYLINDER HEAD LIFTER (1).

POSITION CYLINDER HEAD (2) IN VERTICAL POSITION.

WITH LEGS OF VALVE SPRING COMPRESSOR JAW (8) ON VALVE ROTATOR (9) SURROUNDING
STEM OF VALVE (10), WITH BOTTOM OF COMPRESSOR AGAINST FACE OF VALVE, COMPRESS
VALVE SPRING (11).

REMOVE AND DISCARD VALVE KEYS (12).
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CYLINDER HEAD REPAIR (CONT)

NOTE
Tag parts prior to removal for possible reuse.

10. RELEASE AND REMOVE VALVE SPRING COMPRESSOR.

11. REMOVE VALVE ROTATOR (9) AND VALVE SPRING (11).

12. REMOVE VALVE (10) FROM FIRE DECK SIDE OF CYLINDER HEAD (2).
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13.
14.

15.
16.

TM 9-2320-363-34-2

NOTE
Remove and discard valve stem oil seal whenever valve is removed.

REMOVE VALVE STEM OIL SEAL (13) FROM TOP OF VALVE GUIDE (14). DISCARD OIL SEAL.
REMOVE VALVE SPRING SEAT (15).

NOTE

Procedure is the same for both intake and exhaust valve seat inserts. except
different collet is used in valve seat remover tool.

POSITION CYLINDER HEAD FIRE DECK SIDE UP.

IF VALVE SEATS ARE WORN OR DAMAGED, PLACE VALVE SEAT REMOVER HANDLE (16) IN
VERTICAL POSITION SO NO PRESSURE IS ON INTERNAL SPRING. ADJUST VALVE SEAT

COLLET (17) OPENING BY TURNING TAPERED NUT (18) TO EXPAND OR REDUCE VALVE SEAT
COLLET (17) OPENING UNTIL IT WILL SLIP THRU VALVE SEAT.
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CYLINDER HEAD REPAIR (CONT)

17.  WITH VALVE SEAT REMOVER HANDLE (16) IN VERTICAL POSITION, INSERT VALVE SEAT
COLLET PORTION OF VALVE SEAT REMOVER BODY (19) FULLY INTO VALVE SEAT.

18. HOLD VALVE SEAT REMOVER BODY (19) SQUARE WITH SURFACE OF CYLINDER HEAD FIRE

DECK (20) AND PULL VALVE SEAT REMOVER HANDLE (16) UNTIL FIRM RESISTANCE IS FELT.
HOLD HANDLE (16) IN THIS POSITION.

CAUTION
Make sure valve seat remover body remains flat on cylinder head fire deck

when moving collet handle to prevent damage to collet and to correct
engagement of valve seat insert.

19. HOLD VALVE SEAT REMOVER HANDLE (16) DOWN. GRASP VALVE SEAT COLLET HANDLE (21)
AND ROTATE BACK AND FORTH SEVERAL TIMES.
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20. HOLD VALVE SEAT REMOVER BODY (19) FLAT ON CYLINDER HEAD FIRE DECK (20) AND PULL
VALVE SEAT REMOVER HANDLE (16) DOWN UNTIL VALVE SEAT IS REMOVED.

21. RETURN VALVE SEAT REMOVER HANDLE (16) TO VERTICAL POSITION AND REMOVE VALVE
SEAT FROM VALVE SEAT COLLET. DISCARD VALVE SEAT.

ade——

.*

22. IF VALVE GUIDES (14) ARE WORN OR DAMAGED, INSTALL VALVE GUIDE REMOVER (22) IN AIR
CHISEL (23) AND INSERT VALVE GUIDE REMOVER (22) INTO BOTTOM OF VALVE GUIDE (14)
FROM FIRE DECK SIDE.

WARNING
Valve guide is removed from cylinder head under force. Position heavy block
of wood at angle, beneath guide, to deflect valve guide and prevent personal
injury.

23. HOLD VALVE GUIDE REMOVER (22) VERTICAL TO CYLINDER HEAD FIRE DECK AND DRIVE
VALVE GUIDE (14) DOWN UNTIL FREE. DISCARD VALVE GUIDE.
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CYLINDER HEAD REPAIR (CONT)

24,

25.
26.

27.

NOTE
® Replace dowels and plugs only if necessary.

e Dowel removal procedure is the same for round, diamond, or hollow dowels.
® Cover exposed areas to guard against welding sparks.

FABRICATE PIECE OF SHEET BRASS (24) WITH HOLE LARGE ENOUGH TO FIT OVER DOWEL
BEING REMOVED.

TACK-WELD FLAT WASHER (25) TO TOP OF DOWEL AS SHOWN.

TACK-WELD NUT (26) TO FLAT WASHER (25). MAKE SURE THREAD OF NUT (26) MATCHES
THREAD OF SLIDE HAMMER SHAFT (27).

THREAD SLIDE HAMMER SHAFT (27) INTO NUT (26) AND REMOVE DOWEL.

12-16



28.

29.

30.

3L

TM 9-2320-363-34-2

NOTE

Cylinder head repair conditions may warrant cylinder head pressure testing before
complete head disassembly. Testing should be performed before injector tubes,
cup plugs, and pipe plugs are removed. Refer to Inspection steps 1 thru 9 for
testing.

IF WORN, DAMAGED, OR LEAKING, REPLACE INJECTOR TUBES BY PLACING INJECTOR TUBE
INSTALIATION/REMOVAL TOOL (28) IN INJECTOR TUBE. INSERT PILOT (29) THRU SMALL
OPENING OF INJECTOR TUBE AND THREAD PILOT INTO TAPPED HOLE IN END OF
INSTALLATION/REMOVAL TOOL.

USING BRASS HAMMER OR FIBER MALLET, TAP ON END OF PILOT (29). CAREFULLY DRIVE
AND LIFT INJECTOR TUBE, INSTALLATION/REMOVAL TOOL (28), AND PILOT (29) FROM
CYLINDER HEAD. IF INJECTOR TUBE O-RING IS NOT REMOVED WITH INJECTOR TUBE,
REMOVE O-RING FROM CYLINDER HEAD CASTING AT UPPER END OF INJECTOR TUBE BORE.
DISCARD INJECTOR TUBE AND O-RING SEAL.

REMOVE CUP PLUGS BY PIERCING WITH SCREWDRIVER OR CHISEL AND PRYING PLUG OUT
OF HEAD.

UNSCREW PIPE PLUGS AND FUSE PLUG.
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CYLINDER HEAD REPAIR (CONT)

INSPECTION

NOTE

Make sure all cup plugs, pipe plugs, and injector tubes are installed before
pressure testing cylinder head.

1. ATTACH TWO PRESSURE TEST KIT STRIPS (1) TO CYLINDER HEAD (2) FIRE DECK. INSTALL 20
CYLINDER HEAD BOLTS (3) THRU CYLINDER HEAD AND TEST KIT STRIPS (1). INSTALL AND
TIGHTEN 20 NUTS (4) TO 10 LB-FT (14N.m).
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NOTE
e Leaking injector tubes must be replaced. Replace any pipe plug or cup plug
where leakage is present.

® Cylinder head must be pressure tested following replacement of any injector
tubes, cup plugs, or pipe plugs.

2. INSTALL GASKET (5) AND PRESSURE TEST KIT THERMOSTAT COVER PLATE (6) ON CYLINDER
HEAD (2) WITH BOLTS (7).

3. INSTALL CYLINDER HEAD LIFTER (8), WASHER (9), AND BOLT (10).
4. INSTALL PRESSURE TEST KIT DUMMY FUEL INJECTORS (11) IN INJECTOR BORES.

5. INSTALL FUEL INJECTOR CLAMP (12), WASHER (13), AND HOLDDOWN BOLT (14), AND TIGHTEN
TO 43-49 LB-FT(58-66 N.m).

6. REMOVE CYLINDER HEAD (2) ASSEMBLY FROM CYLINDER HEAD (2) ADAPTER PLATE.

7. APPLY 30 PSI (207 kPa) AIR PRESSURE TO THERMOSTAT COVER PLATE FITTING (15).

8. INSTALL PIPE PLUGS IN TEMPPORTAND IN AIR COMPRESSOR COOLANT PORT.

9. IMMERSE CYLINDER HEAD (2) IN WATER HEATED TO 180°-200 F (82°-930 C). LEAVE CYLINDER

HEAD (2) IN WATER FOR 20 MINUTES. WATCH FOR BUBBLES, INDICATING CRACK OR LEAK.
IF CRACKED, REPLACE CYLINDER HEAD (2).

10. USING HEAVY STRASIGHTEDGE (16) AND FEELER GAGE (17), CHECK FOR WARPAGE OF
CYLINDER HEAD (2) FIRE DECK
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CYLINDER HEAD REPAIR (CONT)
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11. CHECK CYLINDER HEAD (2) FIRE DECK FOR LONGITUDINAL WARPAGE IN 5 PLACES (1 THRU
5) AND TRANSVERSE WAR PAGE AT 12 PLACES (A THRU L). FIRE DECK MUST BE FLAT WITHIN
0.005 IN. (0.120 mm) FRONT-TO-REAR, AND 0.003 IN. (0.076 mm) SIDE-TO-SIDE. IF NOT,
RESURFACE FIRE DECK.

6.4901-6.3019 IN.
(164.85-165.16mm)

W)

CAUTION

Maximum amount of resurfacing is 0.030 in. (0.762 mm). Limit resurfacing to
0.030 in. (0.762 mm). If exceeded, replace cylinder head to prevent damage
to equipment.

NOTE

If cylinder head requires resurfacing, remove and discard injector tubes.

12. RECORD AMOUNT OF STOCK REMOVED FROM CYLINDER HEAD BY STAMPING AMOUNT
REMOVED ON PAD (18) ON FRONT OF CYLINDER HEAD. MEASURE FROM TOP RAIL (19) TO
FIRE DECK SURFACE (20). RESURFACE FINISH MUST BE 90 U IN. AA (2.3 UM AA).
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v,

@"'_’ ~<—— 0.040-0.080 IN. x 45°
(1.0—2.0mm x 45°)
NOTE
It may be necessary to restore injector tube counterbore when cylinder head is

resurfaced.

13. MAKE SURE COUNTERSINK INJECTOR TUBE BORES (21) LAND WIDTH OF 0.040-0.080 IN.
(1.0-2.0 mm) (22) X 45 DEGREES (23).

NOTE

If cylinder head fire deck has been resurfaced, valves must be seated deeper to
restore valve head recess depth to specification limits. Do not grind new valve
seat inserts for this purpose. Reduced-thickness valve seat inserts are available
0.010, 0.020, and 0.030 in. (0.254, 0.508, and 0.762 mm) shallower than

standard.

14. MAKE SURE VALVE HEADS (24) ARE RECESSED FROM CYLINDER HEAD (2) FIRE DECK
SURFACE BY 0.055-0.067 IN. (1.4-1.7 mm) MINIMUM. IF NOT, INSTALL REDUCED-THICKNESS

VALVE SEAT INSERTS.
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CYLINDER HEAD REPAIR (CONT)

NOTE
Replace rotator whenever spring is replaced.

15. INSPECT VALVE SPRINGS AND REPLACE ANY THAT ARE PITTED OR CRACKED.

16. USE SUITABLE VALVE SPRING TESTER (25) TO TEST VALVE SPRINGS. REPLACE SPRING IF
SPRING LOAD IS LESS THAN 67 LB (297 N) AT COMPRESSED LENGTH OF 2.648 IN. (67.25 mm).

L

L

NOTE
If suitable for reuse, valve may be refaced as long as after refacing, valve rim

width is not less than 0.086 in. (2.1 9 mm) for intake valves and 0.094 in. (2.39
mm) for exhaust valves.

17.  MAKE SURE VALVE STEMS ARE FREE FROM SCRATCHES OR SCUFF MARKS. VALVE FACES
MUST BE FREE FROM RIDGES, CRACKS, AND PITTING. IF NECESSARY, REFACE VALVES OR
INSTALL NEW VALVES. IF VALVE FACES ARE WARPED OR VALVE STEM IS BENT, REPLACE
VALVES. MINIMUM VALVE STEM DIAMETER IS 0.342 IN. (8.679 mm).

18. INSPECT GUIDES FOR CRACKS, CHIPPING, SCORING, AND EXCESSIVE WEAR.
19. MEASURE VALVE GUIDE BORE WITH SMALL HOLE GAGE OR GAGE PIN, AND MEASURE VALVE

STEM DIAMETER WITH MICROMETER. COMPARE MEASUREMENTS TO DETERMINE VALVE
STEM CLEARANCE. IF CLEARANCE IS GREATER THAN 0.005 IN. (0.13 mm. VALVE GUIDE MUST
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New valve seat inserts are preground. Check for concentricity after installation.
Do not grind new valve seat insert unless concentricity exceeds 0.002 in. (0.05
mm).

20. MAKE SURE VALVE SEAT INSERT ANGLE (26) IS 31 DEGREES.

/

\/; AN

N—@ \\&—@

21. MAKE SURE VALVE SEAT WIDTH (27) 1S 0.084 IN. (2.14 mm) FOR INTAKE VALVES AND 0.091
IN. (2.31 mm) FOR EXHAUST VALVES.

CLEANING

WARNING

e Adhesives, solvents, and sealing compounds can burn easily, can give off
harmful vapors, and are harmful to skin and clothing. To avoid injury or
death, keep away from open fire and use in well-ventilated area. If
adhesive, solvent, or sealing compound gets on skin or clothing, wash
immediately with soap and water.

e To prevent injury, compressed air will not exceed 30 psi (207 kPa). Use
only with effective chip guarding and personal protective equipment,
goggles, shield, and gloves.

Clean all parts with solvent and dry with compressed air.
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CYLINDER HEAD REPAIR (CONT)

REPAI R/ ASSEMBELY

NOTE
Install new dowels and new plugs only if necessary.

1. INSTALL SEVEN HOLLOW DOWELS (1) ON CYLINDER HEAD (2) TO HEIGHT OF 0.199 +0.010 IN.
(5.0 +0.5 mm).

CAUTION
Make sure diamond dowels are correctly alined. Failure to do so could result
in engine failure.

2. INSTALL THREE DIAMOND DOWELS (3) TO HEIGHT OF 0.240 +0.010 IN, (6.1 +0.5 mm),
ANGULAR ORIENTATION OF DIAMOND DOWELS MUST BE PARALLEL TO CENTERLINE THRU
DOWEL HOLES WITHIN +4 DEGREES, AS SHOWN.
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NOTE

® Coat outside sealing edges of cup plugs with non-hardening sealant.

e Coat pipe plugs with pipe sealant.

3. USING PLUG INSTALLER, INSTALL 11 CUP PLUGS (4) ON TOP, FRONT, AND REAR SIDES OF
CYLINDER HEAD TO 0.098-0.118 IN. (2.5-3.0 mm) BELOW MACHINED SURFACE.

4. USING PLUG INSTALLER, INSTALL TWO CUP PLUGS (5) ON FRONT AND REAR SIDES OF
CYLINDER HEAD.

5. INSTALL TWO SQUARE DRIVE PIPE PLUGS (6) ON FRONT SIDE OF CYLINDER HEAD,
FLUSH-TO-BELOW SURFACE.

6. INSTALL CONNECTOR (7) ON LEFT REAR SIDE OF CYLINDER HEAD.
7. INSTALL ELBOW (8) ON LEFT FRONT SIDE OF CYLINDER HEAD.

8. INSTALL TWO PIPE PLUGS (9) ON RIGHT SIDE OF CYLINDER HEAD.
9. INSTALL PIPE PLUG (10) ON RIGHT SIDE OF CYLINDER HEAD.

10. INSTALL FUSE PLUG (11) ON RIGHT SIDE OF CYLINDER HEAD.
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CYLINDER HEAD REPAIR (CONT)

NOTE

Do not lubricate outside of injector tube or inside cylinder head injector tube
bore.

11. LUBRICATE NEW INJECTOR TUBE SEAL RING (12) WITH LUBRICATING OIL. INSTALL SEAL RING
(12) OVER NEW INJECTOR TUBE (13) TO LIP.

12. INSTALL INJECTOR TUBE (13) ON INJECTOR TUBE RECONDITIONING SET INSTALLER (14).
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13.

14.

15.

16.

17.

18.

TM 9-2320-363-34-2

NOTE

If injector tube falls off installer during installation, use injector tube reconditioning
set tube remover pilot to retain injector tube on installer. Remove pilot after
holddown clamp is installed and tightened.

INSTALL INJECTOR TUBE RECONDITIONING SET INSTALLER (14) WITH INJECTOR TUBE IN
INJECTOR BORE. MAKE SURE TIP OF INJECTOR TUBE GOES THRU SMALL HOLE IN CYLINDER
HEAD (2) FIRE DECK. TAP LIGHTLY ON END OF INSTALLER (14), IF NECESSARY, TO SEAT
INJECTOR TUBE.

INSTALL INJECTOR HOLDDOWN CLAMP (15), WASHER (16), AND BOLT (17) OVER INJECTOR
TUBE RECONDITIONING SET INSTALLER (14). TIGHTEN BOLT TO 43-49 LB-FT (58-66 N.m).

INSERT INJECTOR TUBE RECONDITIONING SET FLARING TOOL (18) THRU SMALL HOLE IN
BOTTOM OF INJECTOR TUBE (13) AND ROTATE TOOL (18) TO ENGAGE THREADS (19) IN
RECONDITIONING SET INSTALLER.

USING TORQUE WRENCH AND STANDARD 9/16-IN. SOCKET, THREAD FLARING TOOL (18) INTO
INJECTOR TUBE RECONDITIONING SET INSTALLER UNTIL IT FLARES INJECTOR TUBE (13).

ROTATE FLARING TOOL (18) AND APPLY PRESSURE TO FLARE END OF INJECTOR TUBE
FIRMLY AGAINST CYLINDER HEAD (2). DO NOT EXCEED 30 LB-FT (41 N.m).

REMOVE FLARING AND INSTALLER TOOLS. ENSURE PROPER FLARE.
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CYLINDER HEAD REPAIR (CONT)

NOTE
Turn reamer in clockwise direction only when inserting and with drawing reamer.

19. INSERT INJECTOR TUBE RECONDITIONING SET SEAT REAMER PILOT (20) INTO INJECTOR
BORE UNTIL IT CONTACTS CYLINDER HEAD. INSERT RECONDITIONING SET SEAT TIP REAMER
PILOT (21) INTO SEAT REAMER UNTIL IT BOTTOMS.

20. APPLY A FEW DROPS OF CUTTING OIL ON CUTTING EDGES OF INJECTOR TUBE
RECONDITIONING SET TUBE TIP REAMER (22) AND INSTALL IN PILOT (21).

21. USE SPEED HANDLE WITH 7/16-IN. SOCKET TO TURN TUBE TIP REAMER (22) IN CLOCKWISE

DIRECTION. USE LIGHT PRESSURE UNTIL REAMER (22) GOES COMPLETELY THRU END OF
INJECTOR TUBE.

WARNING
To prevent injury, compressed air will not exceed 30 psi (207 kPa). Use only

with effective chip guarding and personal protective equipment, goggles,
shield, and gloves.

22. REMOVE REAMER AND PILOT. BLOW OUT INJECTOR TUBE AND TIP WITH COMPRESSED AIR.
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(\ o N ) A
23. INSTALL INJECTOR TUBE RECONDITIONING SET STOP BLOCK (23) ON CYLINDER HEAD (2)
FIRE DECK USING TWO CYLINDER HEAD BOLTS (24). DO NOT TIGHTEN BOLTS. POSITION

CUTOUT PORTION (25) OF STOP BLOCK (23) BENEATH INJECTOR TUBE (13).

CAUTION
Be careful not to drop reconditioning set seat reamer into pilot or allow seat
reamer to strike injector tube. Sharp cutting edges may gouge injector tube
causing chatter marks in seat.

24. INSTALL INJECTOR TUBE RECONDITIONING SET SEAT REAMER PILOT (20) IN INJECTOR TUBE
BORE UNTIL IT CONTACTS CYLINDER HEAD (2).

| CAUTION
When using seat reamer, use only light pressure. Heavier pressure will result
in chatter marks in seat.

25. APPLY A FEW DROPS OF CUTTING OIL ON EDGES OF INJECTOR TUBE RECONDITIONING SET
SEAT REAMER (26) AND PLACE GENTLY IN PILOT (20).
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CYLINDER HEAD REPAIR (CONT)

26.

27.
28.

29.

30.

USING SPEED HANDLE WITH 12-POINT (23-mm) SOCKET, TURN INJECTOR TUBE
RECONDITIONING SET SEAT REAMER IN CLOCKWISE DIRECTION. USE LIGHT PRESSURE
UNTIL REAMER BOTTOMS AGAINST INJECTOR TUBE RECONDITIONING SET STOP BLOCK.

REMOVE REAMER AND PILOT. USING COMPRESSED AIR, CLEAN OUT INJECTOR TUBE.
INSPECT TUBE SEATING SURFACE FOR IRREGULARITIES OR CHATTER MARKS (27) IN

SEATING SURFACE. IF IRREGULARITIES OR CHATTER MARKS ARE PRESENT, REMOVE AND
REPLACE INJECTOR TUBE.

REMOVE TWO CYLINDER HEAD BOLTS AND INJECTOR TUBE RECONDITIONING SET STOP
BLOCK FROM CYLINDER HEAD (2).

INSERT INJECTOR TUBE RECONDITIONING SET TIP REFINISHER (28) INTO INJECTOR TUBE
(13).
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NOTE

Cylinder head repair conditions may warrant cylinder head pressure testing
before complete head assembly. Testing should be performed before intake
and exhaust valve components are installed.

® Make sure all cup plugs, pipe plugs, and injector tubes are installed before
pressure testing cylinder head. Refer to Inspection steps 1 thru 9 for testing.

USING 12-POINT (23-mm) SOCKET AND SPEED HANDLE, TURN INJECTOR TUBE
RECONDITIONING SET TIP REFINISHER TO REMOVE EXCESS STOCK SO LOWER END OF
INJECTOR TUBE (13) IS FROM FLUSH TO 0.003 IN. (0.076 mm) (29) BELOW FIRE DECK
SURFACE (30) OF CYLINDER HEAD. REMOVE CHIPS FROM INJECTOR TUBE.

12-31



TM 9-2320-363-34-2

CYLINDER HEAD REPAIR (CONT)

32.
33.

34.

35.

POSITION CYLINDER HEAD (2) FIRE DECK SIDE DOWN.

INSERT CHAMFERED END OF NEW VALVE GUIDE (31) INTO CYLINDER HEAD (2) WITH SEAL
GROOVE UP.

INSERT DRIVER (32) INTO VALVE GUIDE INSTALLER (33). INSTALL ASSEMBLY OVER VALVE
GUIDE (31). DRIVE VALVE GUIDE (31) INTO CYLINDER HEAD (2) WITH AIR CHISEL (34) UNTIL
DRIVER (32) BOTTOMS.

CHECK PROTRUSION OF VALVE GUIDE (31) FROM CYLINDER HEAD (2). HEIGHT SHOULD BE
1.486 IN. (37.75 mm).
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NOTE

Procedure is the same for both

intake and exhaust valve seat inserts except
different tools are used.

36. POSITION CYLINDER HEAD (2) FIRE DECK SIDE UP.

37. MAKE SURE VALVE SEAT INSERT COUNTERBORE (35) IS CLEAN AND FREE OF CARBON
DEPOSITS, BURRS, OR DAMAGE.

38. SEAT NEW VALVE SEAT INSERT (36) SQUARELY IN COUNTERBORE WITH VALVE SEAT FACING UP.

39. SEAT VALVE SEAT INSTALLER (37) ON VALVE SEAT INSERT (36).
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CYLINDER HEAD REPAIR (CONT)

40. INSTALL VALVE SEAT INSERT (36) SOLIDLY IN VALVE SEAT IN CYLINDER HEAD (2).

A L
(

yan AN

NOTE

New valve seat inserts are preground. Check for concentricity after installation.
Do not grind new valve seat insert unless concentricity exceeds 0.002 in. (0.05
mm),

41. MAKE SURE VALVE SEAT INSERT ANGLE (38) IS 31 DEGREES.
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EXHAUST INTAKE

NN

42. MAKE SURE VALVE SEAT WIDTH (39) IS 0.084 IN. (2.14 mm) FOR INTAKE VALVES AND 0.091
IN. (2.31 mm) FOR EXHAUST VALVES.

43. GRIND VALVE SEAT (40) LIGHTLY FOR FULL 360 DEGREES ONLY ENOUGH TO TRUE IT UP.
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CYLINDER HEAD REPAIR (CONT)

NOTE

Eccentric grinding method is recommended for fine accurate finish. Grinding
wheel contacts valve seat at only one point at any time, and micrometer feed
permits controlled, fine adjustment.

44. GRIND VALVE SEATS TO 31-DEGREE ANGLE USING VALVE SEAT GRINDER (41).
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45. CLEAN VALVE SEAT THOROUGHLY. CHECK SEAT-TO-VALVE FACE CONTACT BY APPLYING
LIGHT COAT OF PRUSSIAN BLUE PASTE TOVALVE SEAT LAND. INSERT VALVE IN GUIDE AND
BOUNCE HEAD ON SEAT INSERT WITHOUT ROTATING VALVE. FULL 360-DEGREE CONTACT
LINE SHOULD APPEAR CENTERED ON VALVE FACE.

NOTE

Reduced-thickness valve seat inserts are available 0.010, 0.020, and 0.030 in.
(0.254, 0.508, and 0.762 mm) shallower than standard. When reduced-thickness
inserts are used, install correspondingly thicker valve spring seats.

46. VALVE HEAD RECESS DEPTH FROM CYLINDER HEAD FIRE DECK IS INCREASED BY GRINDING

VALVE SEAT. CHECK WITH SLED GAGE (42). REPLACE VALVE SEAT IF NOT BETWEEN
0.055-0.067 IN. (1.4-1.6 mm).

47. POSITION CYLINDER HEAD STEP.

NOTE

Intake valves have larger faces and are installed in guides on cam side of

cylinder head. Smaller exhaust valves are installed in guides on thermostat side
of cylinder head.

46. LUBRICATE VALVE STEM (43) WITH CLEAN ENGINE LUBRICATING OIL AND INSERT VALVE
INTO VALVE GUIDE (31) FROM FIRE DECK SIDE OF CYLINDER HEAD.

CAUTION
If other than standard valve seat has been installed, use correspondingly

thicker valve spring seat. Failure to do so could result in damage to
equipment.

49. INSTALL VALVE SPRING SEAT (44) OVERVALVE GUIDE (31) AND AGAINST TOP OF CYLINDER
HEAD.
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CYLINDER HEAD REPAIR (CONT)

9
)
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46

50. CHECK LENGTH OF PLASTIC VALVE KIT SEAL PROTECTOR CAP (45) RELATIVE TO VALVE
LOCK GROOVE (46) ON VALVE STEM (43). IF SEAL PROTECTOR CAP EXTENDS MORE THAN
1/16 IN. (1.5 mm) (47) BEYOND GROOVE, TRIM OFF EXCESS.

40
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NOTE

Make sure all valve spring seats are in place before valve stem oil seals are
installed. Install valve stem oil seal dry.

52. WIPE ANY OIL FROM OUTSIDE OF VALVE GUIDE (31). INSTALL NEW VALVE STEM OIL SEAL

(48) OVER SEAL PROTECTOR CAP (45) AGAINST VALVE GUIDE (31). REMOVE SEAL
PROTECTOR CAP (45).

53. PUSH VALVE STEM OIL SEAL (48) DOWN UNTIL SEAL LIP IS FULLY IN GROOVE ON VALVE
GUIDE.

CAUTION

Position valve spring and rotator so valve lock grooves on valve stem do not
contact oil seal. Failure to do so could result in damage to equipment.

54. INSTALL VALVE SPRING (49) AND VALVE ROTATOR (50) OVER VALVE STEM (43) AND AGAINST
VALVE SPRING SEAT (44).

12-39



T™ 9-2320 -363-34-2

CYLINDER HEAD REPAIR (CONT)

55.

56.
57.
58.

NOTE
When compressing valve spring, valve rotator should not contact valve stem seal.

USING SUITABLE VALVE SPRING COMPRESSOR (51), COMPRESS VALVE SPRING ONLY
ENOUGH TO INSTALL NEW VALVE KEY (52).

NOTE

Make sure valve key is in place and engaged in valve stem groove before
releasing valve spring compressor.

INSTALL NEW VALVE KEYS (52).
REMOVE VALVE SPRING COMPRESSOR (51).

USING FIBER PLASTIC MALLET, STRIKE END OF VALVE STEMS SHARPLY TO SEAT VALVE
KEYS (52).
NOTE

_ Follow-on Maintenance:
Install cylinder head (page 3-80).
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CRANKSHAFT REPLACEMENT
This task covers: a. Removal b. Cleaning c. Inspection d. Repair e. Installation

INITIAL SETUP

Tools and Special Equipment: General Safety Instructions:

T KEiﬁusi%mgi]go%Coﬁl-?\l%%—CL'Asl WARNING
Fyaraule Raim and Pump. D35051.175 e O e

lifting device to lift and

Materials/Parts: support crankshaft. Failure to

Lubriplate 105 [Appendix B, ltem 35 do so could result in serious
International [Appendix B, ltem 29 injury topersonnel.
Compound No. 2 e To prevent injury, compressed
; 3 air will not exceed 30 psi (207
Solvent, Drycleaning  [Appendix B, ltem 54 kPa). Use only with effective
Plastigauge [Appendix B, ltem 46 chip guarding and personal
s protective equipment, goggles,
Eg-plﬁ’ Nylon [Appendix B, ltem 49 shield, and gloves.
Oil, Lubricating [Appendix B, Item 37 ° Adhgsives, solvents, and
sealing compounds can burn
Personnel Required: (2) easily, can give off harmful
vapors, and are harmful to
References: skin and clothing. To avoid
) e injury or death, keep away
™ 9-2320-363-20 from open fire and use in
Equipment Condition: well-ventilated area. If
' adhesive, solvent, or sealing
Reference Condition Description compound gets on skin or
. clothing, wash immediately
Page 3-148 Elmgsgld Housing with soap and water.
Page 3-199 0il Pump Removed
Page 12-141 Piston and Cylinder
Assembly Removed
Page 12-93 Bull/ldler Gear Assembly
Removed
T™M 9-2320-363-20 Timing Reference Sensor
(TRS) Removed
T™M 9-2320-363-20 Synchronous Reference
Sensor (SRS) Removed
Page 3-231 Crankshaft Oversize Front

Oil Seal Removed
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CRANKSHAFT REPLACEMENT (CONT)
REMOVAL

oot

K

. l,-'“ x

1. USING TWO CRANKSHAFT GEAR REMOVER/INSTALLER BOLTS (1), SECURE CRANKSHAFT

GEAR REMOVER/INSTALLER BASE POST (2) TO END OF CRANKSHAFT. TIGHTEN TWO BOLTS
(1) TO 140-150 LB-FT (190-203 N.m).

2.

THREAD THREE CRANKSHAFT GEAR REMOVER/INSTALLER LEGS (3) INTO THREADED HOLES
IN CRANKSHAFT TIMING GEAR (4), TIGHTEN THREE REMOVER/INSTALLER LEGS(3).
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SLIDE HYDRAULIC RAM AND PUMP (5) OVER CENTER ROD OF REMOVER/INSTALLER BASE
POST (2).

INSTALL CRANKSHAFT GEAR REMOVER/INSTALLER PRESSURE PLATE (6) ON THREE
REMOVER/INSTALLER LEGS (3).

INSTALL THREE CRANKSHAFT GEAR REMOVER/INSTALLER RETAINING NUTS (7) ON
REMOVER/INSTALLER LEGS (3). TIGHTEN THREE RETAINING NUTS (7) AGAINST

REMOVER/INSTALLER PRESSURE PLATE (6). TIGHTEN THREE RETAINING NUTS (7) TO 43-54
LB-FT (58-73 N.m).

NOTE

Due to manufacturer’s tolerances, as much as 9 tons of pressure may be
required to remove crankshaft timing gear.

OPERATE HYDRAULIC RAM AND PUMP (5) TO PULL CRANKSHAFT TIMING GEAR (4) OFF
CRANKSHAFT.

WHEN CRANKSHAFT TIMING GEAR (4) MOVES FREELY, RELEASE HYDRAULIC PRESSURE AND

REMOVE CRANKSHAFT GEAR REMOVER/INSTALLER TOOL FROM CRANKSHAFT TIMING GEAR
(4) AND CRANKSHAFT.
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CRANKSHAFT REPLACEMENT (CONT)

CAUTION
Do not use sharp tools to pry on timing wheel or crankshaft timing gear. Use
care to prevent damaging crankshaft seal contact surface when removing
crankshaft timing gear and timing wheel from crankshatft.

8. REMOVE CRANKSHAFT TIMING GEAR (4) FROM CRANKSHAFT.
9. REMOVE TIMING WHEEL (8) FROM CRANKSHAFT,
10. REMOVE WOODRUFF KEY (9) FROM CRANKSHAFT.

g

11. ROTATE ENGINE ON STAND SO CRANKSHAFT IS IN UP POSITION.
12. REMOVE MAIN BEARING CAP BOLTS (10) AND WASHERS (11).
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NOTE
e Place upper main bearing shells and thrust washers with respective main
bearing caps and lower main bearing shells. If reused, install upper and lower
- main bearing shells and thrust bearings in original positions.

e Main bearing caps are bored in position and stamped with position number.
Caps must be installed in their original positions, with marked (numbered) side
of each cap toward cooler (right) side of cylinder block.

e Slightest burr or particle of dirt between backs of No. 6 main bearing thrust
washers and saddle or cap may decrease clearance between washer and
crankshaft beyond specified limits.

13. REMOVE SEVEN MAIN BEARING CAPS (12) AND SEVEN LOWER MAIN BEARING SHELLS (13).

WARNING

Crankshaft weighs 408 Ib (185.23 kg). Use suitable lifting device to lift and
support crankshaft. Failure to do so could result in serious injury to personnel.

14. USING NYLON ROPE AND SUITABLE LIFTING DEVICE, LIFT CRANKSHAFT (14) FROM CYLINDER
BLOCK (15).

15. REMOVE SEVEN UPPER MAIN BEARING SHELLS (16).
16. REMOVE TWO THRUST WASHERS (17) FROM SIDES OF MAIN BEARING SADDLE NO. 6 (18).
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CRANKSHAFT REPLACEMENT (CONT)

CLEANING B _
;
. Ny frae
L AT N NI | |
FRONT lj I -y d
WARNING

® To prevent injury, compressed air will not exceed 30 psi (207 kPa). Use
only with effective chip guarding and personal protective equipment,
goggles, shield, and gloves.

® Adhesives, solvents, and sealing compounds can burn easily, can give off
harmful vapors, and are harmful to skin and clothing. To avoid injury or
death, keep away from open fire and use in well-ventilated area. If
adhesive, solvent, or sealing compound gets on skin or clothing, wash
immediately with soap and water.

1. CLEAN OUT CRANKSHAFT OIL PASSAGES WITH BORE BRUSH. CLEAN CRANKSHAFT,
BEARINGS, AND MAIN BEARING CAPS WITH DRYCLEANING SOLVENT AND DRY WITH
COMPRESSED AIR.

2. USE GENERAL CLEANING METHODS TO CLEAN ALL PARTS (PAGE 2-30).

INSPECTION

CAUTION
Vibration damper must be replaced when crankshaft is replaced. Failure to do
so could result in premature crankshaft failure.

NOTE

® Make sure all main bearing saddles and thrust bearing counterbores in cylinder
block are clean.

® Each upper main bearing shell is grooved with oil hole. Register oil hole in
each upper main bearing shell with oil hole in each main bearing saddle of
cylinder block.

® |nstall main bearings in sets only. Do not mix old and new main bearing shells
on same journal. If old bearings are installed, they must be installed in same
journal they were removed from.

1. INSPECT CRANKSHAFT TIMING GEAR KEYWAY FOR EVIDENCE OF CRACKS OR WEAR AND
REPLACE CRANKSHAFT IF EVIDENT.
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2. INSPECT CRANKSHAFT FOR EVIDENCE OF OVERHEATING AND REPLACE CRANKSHAFT IF EVIDENT.

3.  CHECK CRANKSHAFT JOURNAL SURFACES FOR SCORE MARKS OR IMPERFECTIONS. IF
EXCESSIVELY SCORED, REPLACE CRANKSHAFT.

NOTE

If crankshaft oil seal contact surfaces are grooved, seal surface must be sleeved
and oversized seal used.

4. CHECK CRANKSHAFT THRUST SURFACES FOR EXCESSIVE WEAR OR GROOVING. IF
EXCESSIVELY WORN, REPLACE CRANKSHAFT.

5. CHECK CRANKSHAFT TIMING GEAR FOR WORN OR CHIPPED TEETH. INSPECT TIMING WHEEL
FOR BENT OR DAMAGED TEETH. REPLACE AS NECESSARY.

6. SUPPORT CRANKSHAFT FRONT AND REAR JOURNALS ON V-BLOCKS OR INVERTED ENGINE
BLOCK WITH ONLY FRONT AND REAR UPPER BEARING SHELLS IN PLACE. CHECK
INTERMEDIATE MAIN JOURNALS WITH DIAL INDICATOR FOR RUNOUT WHEN CRANKSHAFT IS
ROTATED. REPLACE CRANKSHAFT IF RUNOUTIS GREATER THAN MAXIMUM SHOWN.

Journal Journals Maximum Runout:
Supported On Measured Total Indicator Reading
No. 1 and No. 7 No. 2 0.0030 in. (0.075 mm)
No. 1 and No. 7 No. 3 0.0051 in. (0.130 mm)
No. 1 and No. 7 No. 4 0.0060 In. (0.150 mm)
No. 1 and No. 7 No. 5 0.0051 in. (0.130 mm)
No. 1 and No. 7 No. 6 0.0030 in. (0.075 mm)
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CRANKSHAFT REPLACEMENT (CONT)

4,921 IN.
(125.000mm)
4.920 IN.

(124.975mm)

3.346 IN.
(85.000mm)
3.345 IN. |
(84.975mm)’

N

1.954 IN. 2.199 IN.
(49.65mm) 4 — (565.87mm)
1.942 IN, o 2.195 IN.
(49.35mm) (55.77mm)

7. MEASURE ALL MAIN BEARING JOURNALS (1) AND CONNECTING ROD BEARING JOURNALS (2),
AS SHOWN, AT SEVERAL PLACES ON CIRCUMFERENCE TO DETERMINE TAPER,

OUT-OF-ROUND, AND JOURNAL DIAMETER. REPLACE CRANKSHAFT IF NOT WITHIN
SPECIFICATIONS SHOWN.

NO.6 MAIN BEARING JOURNAL
\

FRONT

1.947 IN.
{49.45mm)
1.950 IN.

{49.55mm)

8. MEASURE CRANKSHAFT THRUST WASHER SURFACES AS SHOWN.
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TM 9-2320-363-34-2

‘(\

N\ -

CHECK CRANKSHAFT FOR CRACKS WHICH START AT OIL HOLE (3) AND FOLLOW JOURNAL
SURFACE AT ANGLE OF 45 DEGREES TO AXIS. REPLACE ANY CRANKSHAFT WITH SUCH
CRACKS. DETERMINE PRESENCE OF CRACKS NOT VISIBLE TO EYE BY MAGNETIC PARTICLE.
FLUORESCENT MAGNETIC PARTICLE, OR FLUORESCENT PENETRANT METHOD.

REPLACE CRANKSHAFT IF CIRCUMFERENTIAL FILLET CRACKS (4) AT CONNECTING ROD, OR

FILLET CRACKS OR 45-DEGREE CRACKS (45 DEGREES TO AXIS OF CRANKSHAFT) AT MAIN
BEARING JOURNAL, ARE EVIDENT.

INSPECT ALL PARTS FOR WEAR OR DAMAGE.
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CRANKSHAFT REPLACEMENT (CONT)

12.

13.

14.

"15.

NOTE
e Make sure all main bearing saddles and thrust bearing counterbores in cylinder
block are clean.

® Each upper main bearing shell is grooved with oil hole. Register oil hole in
each upper main bearing shell with oil hole in each main bearing saddle of
cylinder block.

e |nstall main bearings in sets only. Do not mix old and new main bearing shells
on same journal. If old bearings are installed, they must be installed in same
journal they were removed from.

INVERT ENGINE BLOCK. INSTALL SEVEN UPPER MAIN BEARING SHELLS (5) IN CYLINDER
BLOCK JOURNALS (6).

WIPE OIL FROM BEARING SHELLS AND CRANKSHAFT JOURNALS TO BE CHECKED.

WARNING

Crankshaft weighs 408 Ib (185.23 kg). Use suitable lifting device to lift and
support crankshaft. Failure to do so could result in serious injury to personnel.

USING NYLON ROPE AND SUITABLE LIFTING DEVICE, POSITION CRANKSHAFT (7) IN CYLINDER
BLOCK (8) ON UPPER MAIN BEARING SHELLS (5).

USING STRIP OF PLASTIGAUGE. MEASURE BEARING CLEARANCES BETWEEN Crankshaft
JOURNALS OF MAIN BEARINGS. PLASTIGAUGE TYPE PG-1 (GREEN) HAS CLEARANCE RANGE
OF 0.001-0.003 IN. (0.0254-0.0762 mm). TYPE PR-21 (RED) HAS CLEARANCE RANGE OF
0.002-0.006 IN. (0.0508-0.01524 mm). TYPE PB-I (BLUE) HAS CLEARANCE OF 0.004-0.009 IN.
(0.1016-0.2286 mm).
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16. PLACE PIECE OF PLASTIGAUGE (9) ALONG FULL WIDTH IN BEARING SHELL (10) IN MAIN
BEARING CAP (11) ABOUT 1/4 IN. (6.35 mm) OFF CENTER.

17. INSTALL SEVEN MAIN BEARING CAPS (11).

18. INSTALL 14 WASHERS (12) AND 14 MAIN BEARING CAP BOLTS (13). TIGHTEN MAIN BEARING
CAP BOLTS TO 347-391 LB-FT (470-530 N.m).

NOTE
Flattened plastigauge will be found adhering to bearing shell or crankshaft.

19. REMOVE 14 MAIN BEARING CAP BOLTS (13) AND 14 WASHERS (12).
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CRANKSHAFT REPLACEMENT (CONT)

NOTE

If worn crankshaft maximum connecting rod bearing journal to bearing shell
clearance, with new shells, exceeds 0.005 In. (0.1270 mm), or if maximum main
bearing journal to bearing shell clearance, with new shells, exceeds 0.0056 in.
(0.1412 mm), replace crankshaft. Measurements of crankshaft should be accurate
to nearest 0.0001 in. (0.0025 mm). If main bearing journal taper of used
crankshaft exceeds 0.0015 in. (0.0381 mm), or if out-of-round clearance is
greater than 0.001 in. (0.0254 mm), replace crankshaft.

20. COMPARE WIDTH OF FLATTENED PLASTIGAUGE (9) AT WIDEST POINT WITH GRADUATIONS
ON ENVELOPE (14) AS SHOWN. NUMBER IN GRADUATION ON ENVELOPE (14) INDICATES
BEARING CLEARANCE IN THOUSANDTHS OF IN. MULTIPLY READING OBTAINED (IN
THOUSANDTHS) BY 25.4 TO OBTAIN METRIC SPECIFICATIONS. MEASURE EACH END OF
PLASTIGAUGE (9). DIFFERENCE BETWEEN TWO READINGS IS APPROXIMATE AMOUNT OF
TAPER.

REPAIR

NOTE
Crankshaft failures are rare. When crankshaft cracks or breaks completely,
thoroughly inspect for contributory factors. Unless abnormal conditions are
discovered and corrected, crankshaft failure will be repeated.

. When new or reground crankshaft is installed, all new main and connecting rod
(upper and lower) bearing shells and thrust washers must also be installed.

If new crankshaft is to be installed, clean it to remove rust preventative and
blow out oil passages with compressed air.

. Replace vibration damper when installing new crankshaft.

CRANKSHAFT IS REPAIRABLE ONLY TO MANUFACTURER’'S SPECIFICATIONS IF INSPECTION
CONDITIONS WARRANT. OTHERWISE, CRANKSHAFT REPLACEMENT IS REQUIRED.
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INSTALLATION

1. INSTALL NOTCHED UPPER MAIN BEARING SHELL (1) IN MAIN BEARING SADDLE NO. 6 WITH
TANG OF MAIN BEARING SHELL (1) IN NOTCH AT PARTING LINE OF MAIN BEARING SADDLE
NO. 6.

2. COAT BACKS OF TWO THRUST WASHERS (2), ON SIDE WITHOUT OIL GROOVES, WITH THIN
FILM OF LUBRICATING OIL. INSTALL TWO THRUST WASHERS (2) IN COUNTERBORE ON EACH
SIDE OF MAIN BEARING SADDLE NO. 6. ENGAGE TANGS ON ENDS OF TWO THRUST
WASHERS (2) WITH NOTCHES ON ENDS OF NOTCHED UPPER MAIN BEARING SHELL (1).

3. INSTALL REMAINING UPPER MAIN BEARING SHELLS (3) IN MAIN BEARING SADDLES OF

CYLINDER BLOCK (4) WITH TANGS ON UPPER MAIN BEARING SHELLS (1) IN NOTCHES AT
PARTING LINE OF MAIN BEARING SADDLES.
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CRANKSHAFT REPLACEMENT (CONT)

CAUTION
Make sure thrust washers are not dislodged when positioning crankshaft.
Failure to do so could result in damage to equipment.

NOTE
eMake sure all crankshaft main bearing journals are clean.

e Keyway on crankshaft goes to front of engine block.

COAT MAIN BEARING JOURNALS AND UPPER MAIN BEARING SHELLS WITH CLEAN ENGINE
LUBRICATING OIL. USING NYLON ROPE AND SUITABLE LIFTING DEVICE, POSITION
CRANKSHAFT (5) IN CYLINDER BLOCK (4) ON UPPER MAIN BEARING SHELLS.

5. REMOVE NYLON ROPE.
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NOTE
e Make sure saddles of main bearing caps are clean.

e Install main bearings in sets only. Do not mix old and new bearings on same
journal. If old bearings are installed, they must be installed on same journal
they were removed from.

INSTALL MAIN BEARING SHELLS (6) IN MAIN BEARING CAPS (7) WITH TANG ON BEARING
SHELLS (6) IN NOTCH AT BEARING CAPS (7) PARTING LINE. COAT LOWER MAIN BEARING
SHELLS (6) WITH CLEAN ENGINE LUBRICATING OIL.

NOTE

Journal numbers stamped on main bearing caps should be read from oil cooler
side of cylinder block beginning with front main bearing cap as No. 1. Note
journal number and position main bearing cap and bearing on correct main
bearing. Main bearing caps must be installed in their original positions.

APPLY SMALL AMOUNT OF INTERNATIONAL COMPOUND NO. 2 ON THREADS AND
UNDERSIDES OF HEADS OF MAIN BEARING CAP BOLTS (8). INSTALL WASHER (9) ON EACH
MAIN BEARING CAP BOLT (8).

INSTALL MAIN BEARING CAP BOLTS (8) HAND-TIGHT.
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CRANKSHAFT REPLACEMENT (CONT)

9. USING FIBER OR PLASTIC MALLET, STRIKE MAIN BEARING CAPS (7) SHARPLY TOWARD
CRANKSHAFT.

NOTE

Crankshaft will turn freely if bearings are installed properly and all main bearing
cap bolts are tightened properly.

10. TIGHTEN ALL MAIN BEARING CAP BOLTS (8) TO 30-50 LB-FT (41-68 N.m). TURN CRANKSHAFT
1/8 TURN TO MAKE SURE CRANKSHAFT IS NOT BINDING WITHIN JOURNALS.

11. BEGINNING AT CENTER CAP (7) AND WORKING PROGRESSIVELY TOWARD EACH END,
TIGHTEN ALL MAIN BEARING CAP BOLTS (8) TO 173-195 LB-FT (235-265 N.m). TURN
CRANKSHAFT 1/8 TURN TO MAKE SURE CRANKSHAFT IS NOT BINDING WITHIN JOURNALS.

12.  REPEAT TIGHTENING SEQUENCE AND TIGHTEN EACH MAIN BEARING CAP BOLT (8) TO

347-391 LB-FT (470-530 N.m). TURN CRANKSHAFT 1/8 TURN TO MAKE SURE CRANKSHAFT IS
NOT BINDING WITHIN JOURNALS.
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NOTE

Crankshaft end play is controlled by thrust washers located at No. 6 main
bearing cap and saddle of engine. Oversize thrust washers are available to
correct for excessive end play.

13. INSTALL DIAL INDICATOR (10) ON CYLINDER BLOCK (4) AS SHOWN.

NOTE
End play should be 0.004-0.017 in. (0.097-0.419 mm). Insufficient end play can
be result of misalined No. 6 main bearing, jammed upper thrust washer, or burr
or dirt on inner face of one or more thrust washers.

14. USING LESS THAN 12-IN. PRY BAR, MOVE CRANKSHAFT (5) TOWARD DIAL INDICATOR (10) TO
CHECK CRANKSHAH END PLAY. KEEP CONSTANT PRESSURE ON PRY BAR AND ZERO
POINTER ON DIAL INDICATOR (10).

15. REMOVE AND INSERT PRY BAR ON OTHER SIDE OF MAIN BEARING CAP (7). FORCE
ICI:\IRD'IA(\:NA$8RH?1IB-)F IN OPPOSITE DIRECTION AND NOTE AMOUNT OF END PLAY ON DIAL
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CRANKSHAFT REPLACEMENT (CONT)

16. USING TWO CRANKSHAFT GEAR REMOVER/INSTALLER BOLTS (11), INSTALL CRANKSHAFT
GEAR REMOVER/INSTALLER BASE POST (12) ON FRONT END OF CRANKSHAFT (5). TIGHTEN
BOLTS (11) TO 140-150 LB-FT (190-203 N.m).

NOTE
Make sure woodruff key is fully seated and is parallel to crankshaft surface.

17.  INSTALL WOODRUFF KEY (13) IN KEYWAY. TAP KEY WITH PLASTIC MALLET OR BRASS
HAMMER TO SEAT IT.

18. INDEX KEYWAY OF TIMING WHEEL (14) WITH WOODRUFF KEY (13) IN CRANKSHAFT (5). SLIDE
TIMING WHEEL (14) ON CRANKSHAFT WITH WORD OUT ON TIMING WHEEL (14) FACING YOU.
SLIDE TIMING WHEEL (14) ON AS FAR AS IT WILL GO BY HAND.

19. COAT BORE OF CRANKSHAFT TIMING GEAR (15) WITH FILM OF LUBRIPLATE 105. INDEX
KEYWAY OF CRANKSHAFT TIMING GEAR (15) WITH WOODRUFF KEY. TAP CRANKSHAFT
TIMING GEAR (15) WITH PLASTIC HAMMER OR FIBER MALLET TO MAKE SURE WOODRUFF

KEY IS STARTED IN KEYWAY.
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20. INSTALL THREE CRANKSHAFT GEAR REMOVER/INSTALLER LEGS (16) IN THREADED HOLES IN
CRANKSHAFT TIMING GEAR (15). TIGHTEN THREE REMOVER/INSTALLER LEGS (16).

21. INSTALL CRANKSHAFT GEAR REMOVER/INSTALLER PRESSURE PLATE (17) ON THREE
REMOVER/INSTALLER LEGS (16). SEAT REMOVER/INSTALLER PRESSURE PLATE (17) AGAINST
REMOVER/INSTALLER LEG(16) FLANGES.

22. INSTALL THREE CRANKSHAFT GEAR REMOVER/INSTALLER RETAINING NUTS (18) ON THREE
REMOVER/INSTALLER LEGS (16). THREAD RETAINING NUTS (18) PAST FIRST SET OF
REMOVER/INSTALLER LEG (16) THREADS. SLIDE RETAINING NUTS (18) PAST UNTHREADED
PORTION OF SHAFTS AND ENGAGE SECOND SET OF THREADS. TIGHTEN RETAINING NUTS
(18).
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CRANKSHAFT REPLACEMENT (CONT)
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23. INSTALL HYDRAULIC RAM AND PUMP (19) ON CRANKSHAFT GEAR REMOVER/INSTALLER BASE
POST (12) THREADED ROD AS SHOWN. INSTALL REMOVER/INSTALLER STOP NUT (20) ON END
OF REMOVER/INSTALLER BASE POST (12) THREADED ROD. TIGHTEN STOP NUT (20).

CAUTION
Make sure timing gear is indexed with woodruff key. Failure to do so could
result in damage to equipment.

NOTE
Make sure timing wheel is firmly seated against crankshaft flange.

24. OPERATE HYDRAULIC RAM AND PUMP (19) TO PRESS CRANKSHAFT TIMING GEAR (15) ON
CRANKSHAFT UNTIL TIMING GEAR (15) IS FIRMLY SEATED AGAINST TIMING WHEEL (14).
OBTAIN MINIMUM FORCE OF 3.37 TONS (30 kN) WHEN PRESSING CRANKSHAFT TIMING GEAR
(15) ON CRANKSHAFT.

25. REMOVE CRANKSHAFT GEAR REMOVER/INSTALLER TOOL.

26. MEASURE GEARLASH BETWEEN CRANKSHAFT TIMING GEAR AND BULL GEAR ASSEMBLY.
GEARLASH MUST BE 0.002-0.007 IN. (0.051-0.178 mm).

NOTE
Follow-on Maintenance:

Install bull/idler gear assembly [page 12-9B).

Install flywheel housing (page 3-148).

Install piston and cylinder assembly [(page 12-141).

Install oil pump (page 3-199).

Install timing reference sensor (TM 9-2320-363-20).
Install synchronous reference sensor (TM 9-2320-363-20).
Install crankshaft oversize front oil seal (page 3-231).
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CAMSHAFT DRIVE GEAR REPLACEMENT AND REPAIR

This task covers: a. Removal b. Disassembly c. Cleaning d. Inspection e. Assembly
f. Installation

INITIAL SETUP

Tools and Special Equipment: General Safety Instructions:

Shop Equipment, SC 4910-95-CL-A31 t
Tool Kit, SC 5180-90-CL-N05

WARNING
Adhesives, solvents, and
sealing compounds can burn
Ring, Seal P/N 8929297 easily, can give off harmful
vapors, and are harmful to skin

Materials/Parts:

Ring, Seal PIN 8929318 and clothing. To avoid injury or
Adhesive [Appendix B, Item 2 death, keep away from open

_ fire and use in well-ventilated
Lubriplate 105 [Appendix B, Item 35 area. If adhesive, solvent, or
Oil, Lubricating [Appendix B, item 37 sealing compound gets on skin

or clothing, wash immediately
Solvent, Drycleaning [Appendix B, Item 54 with soap and water.
Equipment Condition:
Reference Condition Description
Page 3-162 Camshaft and Bearings
Removed

Page 12-93 Bull/idler Gear Removed
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CAMSHAFT DRIVE GEAR REPLACEMENT AND REPAIR (CONT)
REMOVAL
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1.  TAP REAR FACE OF CAMSHAFT GEAR ASSEMBLY (1) WITH FIBER OR PLASTIC MALLET UNTIL
CAMSHAFT GEAR ASSEMBLY (1) IS FREE OF GEAR HOUSING (2).

2.  REMOVE CAMSHAFT DRIVE GEAR ASSEMBLY (3), FROM GEAR HOUSING (2).
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3. REMOVE AND DISCARD CAMSHAFT THRUST PLATE SEAL RING (4).
4,  REMOVE AND DISCARD DIAMOND SHAPED SEAL (5).

DISASSEMBLY

SUPPORT CAMSHAFT DRIVE GEAR ASSEMBLY (1) WITH CAMSHAFT THRUST PLATE (2) FACING
DOWN.

PRESS HUB (3) OUT OF CAMSHAFT DRIVE GEAR.

SEPARATE HUB (3) FROM CAMSHAFT THRUST PLATE (2).
REMOVE AND DISCARD KEY (4).
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CAMSHAFT DRIVE GEAR REPLACEMENT AND REPAIR (CONT)

CLEANING

WARNING
Adhesives, solvents, and sealing compounds can burn easily, can give off harmful
vapors, and are harmful to skin and clothing. To avoid injury or death, keep away
from open fire and use in well-ventilated area. If adhesive, solvent, or sealing
compound gets on skin or clothing, wash immediately with soap and water.

Clean parts with solvent and dry with compressed air.

INSPECTION

1.

INSPECT SEAL RING SEALING SURFACE OF GEAR HOUSING ASSEMBLY, THRUST PLATE, AND
HEAD FOR CLEANLINESS, BURRS, OR DAMAGE.

INSPECT WOODRUFF KEY SLOT IN HUB AND DRIVE GEAR FOR EVIDENCE OF CRACKS OR
WEAR. REPLACE CAMSHAFT DRIVE GEAR ASSEMBLY IF KEY SLOT IS DAMAGED.

INSPECT CAMSHAFT DRIVE GEAR TEETH FOR SCORING, PITTING, OR EXCESSIVE WEAR. IF
SCORING, PITTING, OR EXCESSIVE WEAR IS EVIDENT, DISCARD GEAR.

| ——— A ——]

/ l
INSPECT CAMSHAFT DRIVE GEAR HUB (1) FOR SCORING, PITTING, OR GALLING. IF
EXCESSIVE, DISCARD HUB. MEASURE DIAMETER (A). MINIMUM DIMENSION SHOULD BE 2.283

IN. (58.0 mm). MEASURE THRUST PLATE CONTACT AREA (B). MINIMUM DIMENSION SHOULD
BE 0.253 IN. (6.45 mm). IF ANY DIMENSIONS ARE BELOW MINIMUM, DISCARD HUB.

M M
gLl A Yo A

INSPECT CAMSHAFT THRUST PLATE (2) FOR SCORING, PITTING, OR GALLING. IF SCORING,
PITTING, OR GALLING IS EVIDENT, DISCARD THRUST PLATE. MEASURE THRUST PLATE
CONTACT AREA (C). MINIMUM DIMENSION SHOULD BE 0.437 IN. (11.1 mm). IF MEASUREMENT
IS BELOW MINIMUM, DISCARD THRUST PLATE.
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ASSEMBLY

NOTE

Minimum force of 4,500 Ib (20 kN) must be obtained when pressing gear on hub.
When pressing, only apply force to inner hub of gear.

1. LUBRICATE CONTACT SURFACES OF DRIVE GEAR HUB(l) AND CAMSHAFT THRUST PLATE (2)
WITH CLEAN ENGINE LUBRICATING OIL.

2. INSTALL DRIVE GEAR HUB (1) ON CAMSHAFT THRUST PLATE (2).
3. INSTALL NEW KEY (3) IN KEYWAY OF DRIVE GEAR HUB (1).

4. APPLY THIN FILM OF LUBRIPLATE 105 (OR EQUIVALENT) TO BORE OF CAMSHAFT DRIVE
GEAR (4).

5. SUPPORT DRIVE GEAR HUB FROM ENGINE SIDE. ALINE KEYWAY (5) OF CAMSHAFT DRIVE

GEAR WITH KEY (3) IN DRIVE GEAR HUB (l). PRESS CAMSHAFT DRIVE GEAR (4) ONTO DRIVE
GEAR HUB (1) UNTIL GEAR IS FIRMLY SEATED AGAINST HUB SHOULDER.
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CAMSHAFT DRIVE GEAR REPLACEMENT AND REPAIR (CONT)

6. SUPPORT CAMSHAFT DRIVE GEAR THRUST PLATE (2), AS SHOWN. WITH DIAL INDICATOR (6),
MEASURE CAMSHAFT DRIVE GEAR FACE RUNOUT JUST INBOARD OF DRIVE GEAR TEETH.
ZERO DIAL INDICATOR. ROTATE DRIVE GEAR TWO FULL ROTATIONS. MAXIMUM ALLOWABLE
TOTAL INDICATED RUNOUT IS 0.0045 IN. (0.114 mm).

INSTALLATION
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1.  LUBRICATE NEW CAMSHAFT THRUST PLATE SEAL RING (1) WITH CLEAN ENGINE
LUBRICATING OIL. INSTALL SEAL RING (1) ON THRUST PLATE (2).

WARNING
Adhesives, solvents, and sealing compounds can burn easily, can give off
harmful vapors, and are harmful to skin and clothing. To avoid injury or
death, keep away from open fire and use in well-ventilated area. If adhesive,
solvent, or sealing compound gets on skin or clothing, wash immediately with
soap and water.

| CAUTION |
Spray adhesive on diamond seal only, not on face of thrust plate. Failure to
do so could result in damage to equipment.

2. SPRAY THIN COAT OF ADHESIVE ON ONE SIDE OF NEW DIAMOND SHAPED SEAL (3). INSTALL
SEAL (3) ON ENGINE SIDE OF THRUST PLATE (2).

3. INSTALL CAMSHAFT DRIVE GEAR ASSEMBLY (4) IN GEAR HOUSING OPENING (5).

4, MAKE SURE DIMPLE (6) ON REAR FACE OF THRUST PLATE IS POSITIONED AT 12 O'CLOCK. IF
NECESSARY, TAP CAMSHAFT DRIVE GEAR HUB TOWARD ENGINE WITH FIBER OR PLASTIC
MALLET UNTIL REAR FACE OF THRUST PLATE IS 1/4 IN. (6.35 mm) (7) FROM FACE OF
CYLINDER HEAD (8). MAKE SURE THRUST PLATE IS NOT TILTED IN BORE.

NOTE

Follow-on Maintenance:

Install camshaft and bearings (page 3-162).
Install bull idler gear [(page 12-9B).

12-67



™™ 9-2320-363-34-2

GEAR HOUSING ASSEMBLY REPLACEMENT

This task covers: a. Removal b. Cleaning c. Inspection d. Installation

INITIAL SETUP

Tools and Special Equipment:

Shop Equipment, SC 4910-95 -CL-A31
Tool Kit, SC 5180-90-CL-N05
Alinement Plug, J35651

Crankshaft Protector. J35994

Lifter, J35641

Caulking Gun, 805774

Materials/Parts:

Ring, Seal P/N 8929740

Gasket P/N 8929130
Washer P/N 5155596
Washer P/N 5180370
[Appendix B, Item 18
[Appendix B, ltem 49

Eliminator, Gasket

Rope, 1/2-in.
Nylon

Personnel Required: (2)

References:
TM 9-2320-363-20
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Equipment Condition:

Reference

Page 12-3
Page 3-162
TM 9-2320-363-20

T™M 9-2320-363-20

Condition Description

Engine Installed on
Repair Stand

Camshaft and Bearings
Removed

Timing Reference Sensor
(TRS) Removed

Synchronous Reference
Sensor (SRS) Removed

Bull/ldler Gear Assembly
Removed

Adjustable Idler Gear
Assembly Removed

Camshaft Drive Gear
Removed
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REMOVAL

2. REMOVE BOLT (4) AND WASHER (5) FROM ADJUSTABLE IDLER GEAR OIL SUPPLY HOLE.
DISCARD WASHER.

3. REMOVE BOLT (6) AND WASHER (7) FROM ADJUSTABLE IDLER GEAR HOLDING ACCESS HOLE.
DISCARD WASHER.
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GEAR HOUSING ASSEMBLY REPLACEMENT (CONT)

USING SUITABLE LIFTING DEVICE AND 1/2-IN. NYLON ROPE THRU CAMSHAFT THRUST PLATE

OPENING, SUPPORT GEAR HOUSING ASSEMBLY (8) AND REMOVE 12 BOLTS (9).

4.
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5.

TM 9-2320-363-34-2

USING FIBER OR PLASTIC MALLET, TAP REAR FACE OF GEAR HOUSING ASSEMBLY (8) TO
LOOSEN GEAR HOUSING ASSEMBLY FROM CYLINDER BLOCK (10). REMOVE GEAR HOUSING

ASSEMBLY (8).

REMOVE AND DISCARD SEAL RING (11) FROM COUNTERBORE AT TOP CENTER FRONT FACE

OF CYLINDER BLOCK (10).

REMOVE ALL OLD GASKET ELIMINATOR FROM MATING SURFACES OF GEAR HOUSING

ASSEMBLY AND CYLINDER BLOCK (10).

CLEANING

Use general cleaning methods to clean all parts (page 2-30).

INSPECTION

Inspect all parts for wear or damage.
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GEAR HOUSING ASSEMBLY REPLACEMENT (CONT)

INSTALLATION

CAUTION
Application of gasket eliminator to gear housing-to-block mating surfaces at
top of cylinder block is critical to prevent damage to equipment.

1. USING CAULKING GUN, APPLY 1/16-IN. BEAD OF GASKET ELIMINATOR (1) TO CYLINDER
BLOCK (2). SMOOTH BEAD AROUND BLOCK-TO-GEAR HOUSING OIL PASSAGE CAREFULLYTO
AVOID CONTAMINATION OR PLUGGING OF OIL HOLE.

2. INSTALL NEW SEAL RING (3) IN COUNTERBORE ON TOP FRONT FACE OF CYLINDER BLOCK
).
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CAUTION

Bull/idler gear assembly recess must be clean and free of foreign material
before installing gear case alinement plug to prevent damage to equipment.

3. INSTALL GEAR CASE ALINEMENT PLUG (4) ON BULL/IDLER GEAR HUB RECESS (5) IN
CYLINDER BLOCK (2).

4. USING SUITABLE LIFTING DEVICE AND 1/2-IN. NYLON ROPE THRU CAMSHAFT THRUST PLATE
OPENING, SUPPORT GEAR HOUSING ASSEMBLY (6). POSITION BULL/IDLER GEAR HUB
OPENING IN GEAR CASE OVER GEAR CASE ALINEMENT PLUG (4).

5. INDEX HOLE IN GEAR HOUSING ASSEMBLY (6) LEFT LEG WITH DIAMOND DOWEL (7) IN

LOWER LEFT CORNER OF CYLINDER BLOCK (2). SEAT GEAR HOUSING ASSEMBLY (6) FIRMLY
AGAINST CYLINDER BLOCK (2).
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GEAR HOUSING ASSEMBLY REPLACEMENT (CONT)

6. INSTALL THREE SHORTER BOLTS IN LOCATIONS 5, 6, AND 9.
7. INSTALL NINE LONGER BOLTS IN LOCATIONS 1 THRU 4, 7, 8, AND 10 THRU 12.

8. TIGHTEN BOLTS TO 43-54 LB-FT (58-73 N.m) IN SEQUENCE SHOWN.
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10.

11.

TM 9-2320-363-34-2

REMOVE GEAR CASE ALINEMENT PLUG (4).

INSTALL BOLT (8) AND NEW WASHER (9) IN ADJUSTABLE IDLER GEAR OIL SUPPLY HOLE.
TIGHTEN BOLT TO 15-19 LB-FT (20-26 N.m).

INSTALL BOLT (10) AND NEW WASHER (11) IN ADJUSTABLE IDLER GEAR HOLDING ACCESS
HOLE. TIGHTEN BOLT TO 43-54 LB-FT (58-73 N.m).
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GEAR HOUSING ASSEMBLY REPLACEMENT (CONT)

NOTE

Make sure all old gasket material is removed from mating surface of accessory
cover and gear housing assembly.

12. POSITION NEW GASKET (12) AND ACCESSORY COVER (13) ON GEAR HOUSING ASSEMBLY.
13. INSTALL FIVE BOLTS (14). TIGHTEN BOLTS IN STAR PATTERN TO 22-28 LB-FT (30-38 N.m).

NOTE
Follow-on Maintenance:

Install camshaft drive gear [(page 12-611).
Install adjustable idler gear assembly [(pag
Install bull/idler gear assembly l(page 12-98).
Install synchronous reference sensor (SRS) (TM 9-2320-363-20).
Install timing reference sensor (TRS) (TM 9-2320-363-20).

Install camshaft and bearings (page 3-162).
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CYLINDER BLOCK ASSEMBLY REPAIR

This task covers: a. Disassembly b. Cleaning c. Inspection d. Assembly

INITIAL SETUP

Tools and Special Equipment:

Shop Equipment, SC 4910-95-CL-A31
Tool Kit, SC 5180-90-CL-N05

Dowel Installer Set, J36224

Plug Installer Set, J35653

Pressure Test Kit, J36223-C

Eye Bolts, J35595

Driver Handle, J7079-2

Materials/Parts:

Plug, cup (2) P/N 5139988

Seal P/N 8929740

Plug, cup (5) P/N 5139991

Oil, Lubricating [Appendix B, Item 37
Sealant, [Appendix B, Item 51
Non-Hardening

International [Appendix B, Item 29
Compound No. 2

Preventive, Rust [Appendix B, Item 47
Personnel Required: (2)

References:

T™M 9-2320-363-20

™ 9-237

Equipment Condition:

Reference
TM 9-2320-363-20

T™ 9-2320-363-20
T™M 9-2320-363-20

T™M 9-2320-363-20

T™ 9-2320-363-20

T™M 9-2320-363-20

T™M 9-2320-363-20
T™ 9-2320-363-20

Page 3-80
Page 12-141

Page 12-41

Condition Description

Electronic Control
Module Removed

Engine Wiring Harness
Removed

Fuel Filter Adapters
Removed

Oil Pressure and Oil
Temperature Sending
Units Removed

Oil Cooler, Core, and
Oil Filter Adapter
Removed

Oil Dipstick and Tube
Removed

Oil Fill Tube Removed

Oil Bypass Fitter Adapter
and Tube Removed

Cylinder Head Removed

Piston and Cylinder
Assembly Removed

Crankshaft Removed

Gear Housing Assembly
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CYLINDER BLOCK ASSEMBLY REPAIR (CONT)

DISASSEMBLY

RIGHT SIDE — REAR

NOTE

e Cylinder block repair conditions may warrant cylinder block pressure testing
before complete block disassembly. Perform testing before removing cylinder
liners, cup plugs, and pipe plugs. (Refer to Cylinder Block Pressure Testing,

[page 12-88).

eDetermine left and right sides of cylinder block by viewing cylinder block from
rear (flywheel housing end).

1. POSITION CYLINDER BLOCK TO VIEW RIGHT SIDE.
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NOTE

* Procedure is the same for round, diamond, or hollow dowels.

» Replace dowels and plugs only if necessary.

» Cover exposed areas to guard against welding sparks.

IF DAMAGED, REMOVE DOWELS BY FABRICATING A PIECE OF SHEET BRASS (1) WITH HOLE
LARGE ENOUGH TO FIT OVER DOWEL BEING REMOVED.

TACK-WELD FLAT WASHER (2) TO TOP OF DOWEL AS SHOWN.

NOTE
Make sure thread of nut matches thread of slide hammer shaft.

TACK-WELD NUT (3) TO FLAT WASHER (2).
THREAD SLIDE HAMMER SHAFT (4) INTO NUT AND REMOVE DOWEL.
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CYLINDER BLOCK ASSEMBLY REPAIR (CONT)

10.

12-80

M915A2 AND M916A1 ALL EXCEPT AND M916A1

RIGHT SIDE - REAR

IF DAMAGED, PIERCE CUP PLUG(S) (5) WITH SCREWDRIVER OR CHISEL. REMOVE AND
DISCARD PLUG(S).

ON M915A2 AND M916A1, REMOVE SIX PIPE PLUGS (6, 7, AND 8) AND DRAINCOCK (9).

ON ALL EXCEPT M915A2 AND M916A1. REMOVE SEVEN PIPE PLUGS (6,7,8. AND 8.1) AND
STUD (9.1).

M915A2 AND M916A1 ALL EXCEPT M915A2 AND M916A1

LEFT SIDE - FRONT
POSITION CYLINDER BLOCK TO VIEW LEFT SIDE.

REMOVE TWO (M915A2 AND M916A1) OR THREE (ALL EXCEPT M915A2 AND M916A1) PIPE
PLUGS (10).

REMOVE AIR COMPRESSOR OIL SUPPLY LINE ELBOW (11).

Changel
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11. IF INSTALLED, REMOVE AIR COMPRESSOR COOLANT SUPPLY ELBOW (12).
12. REMOVE SIX WEEP HOLE PLUGS (13).

13. PIERCE CUP PLUG (14) WITH SCREWDRIVER OR CHISEL. REMOVE AND DISCARD PLUG.

CLEANING

Use general cleaning methods to clean all parts (page 2-30).

INSPECTION

| * A
A=
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1. MEASURE EACH CYLINDER BORE (1) USING INSIDE MICROMETER (2).

2.  MEASURE EACH CYLINDER BLOCK BORE FOR FOLLOWING DIMENSIONS AT LOCATIONS A, B,
AND C ON AXIS 90 DEGREES APART. DIMENSIONS ARE AVERAGE GAGE READINGS AT EACH
LOCATION. TAPER AND OUT-OF-ROUND SHOULD NOT EXCEED 0.001 IN. (0.0254 mm):

LOCATION DIMENSION
A 5.868-5.871 IN. (149.050-149.120 mm)
B 5.750-5.753 IN. (146.050-146.120 mm)
C 5.750-5.753 IN. (146.050-146.120 mm)

3. IF ANY OF ABOVE MEASUREMENTS ARE EXCEEDED, REPLACE CYLINDER BLOCK.
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CYLINDER BLOCK ASSEMBLY REPAIR (CONT)

NOTE
Perform step 4 before gaging main bearing bores.

4. INSTALL MAIN BEARING CAPS IN ORIGINAL POSITIONS. LUBRICATE CAP BOLT THREADS AND
HEAD CONTACT SURFACES WITH SMALL AMOUNT OF INTERNATIONAL COMPOUND NO. 2.
INSTALL AND TIGHTEN MAIN CAP BOLTS TO 347-391 LB-FT (470-530 N.m).

NOTE
Replace engine block if not within specification.

5. MEASURE EACH CRANKSHAFT MAIN BEARING BORE (3) IN VERTICAL AXIS WITH INSIDE
MICROMETER. DIMENSION SHOULD BE 5.235-5.237 IN. (132.994-133.031 mm). IF DIMENSION
EXCEEDS LIMITS, REPLACE CYLINDER BLOCK.
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6. CHECK CYLINDER BLOCK DECK (4) FOR FLATNESS WITH STRAIGHTEDGE (5) AND FEELER
GAGE (5).
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NOTE

Camshaft is mounted in cylinder head; therefore, resurfacing of block and/or head
affects position of camshaft in relation to adjustable idler gear and gear train.
Limit resurfacing on cylinder block to maximum of 0.01 in. (0.25 mm). Limit
resurfacing on block and head to combined total of 0.03 in. (0.75 mm). If limits
are exceeded, replace cylinder block.

CHECK FRONT-TO-