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CAUTION/WARNING

Caution: The splined coupler halves are a matched set. Damage or wear to the
sleeve or hub of either coupling half requires the replacement of a complete coupler
assembly. (Figure 4-59)

Caution: Overtightening will damage tube ferrule causing fuel leaks. (Figure 4-86)

Caution: Do not run engine above idle and not longer than ten minutes without
cooling fans. (Figure 4-87)

Warning: The valve cover is spring loaded. Exercise care when removing cover.
(Figure 4-93)

Caution: Check to be certain the original seating gasket has been removed and
discarded before installing a new gasket on the nozzle. The inadvertent installation of
two seating gaskets would damage the nozzle retainer spring. (Figure 4-1 53)

Caution: Do not damage sealing surface on flange of intercylinder preformed hose |
as it will cause oil leaks and replacement of hose will be required. (Figure 4-157)

Warning: When only one cylinder is checked, there is the possibility of the engine'
firing on the other cylinders when compression check is being made. To prevent
engine firing, remove all nozzles then check cylinder compression. Unless all nozzles
are removed, the engine motoring rpm will be below desired cylinder checking rpm.
(Paragraph 4-22a)

Caution: Make certain the improvised tool is properly secured before removing
housing and that the fan drive housing is being lifted straight up off the studs.

(Figure 5-124)

Caution: Use care in removing the flywheel from the dowel pins so as not to bind
the flywheel on the pins. (Figure 5-162)

Warning: Particles blown by compressed air are hazardous. Make certain air
stream is directed away from user and that other persons are not exposed. Protect
eyes and face with appropriate shields. (Paragraph 6-2b(4))

1
Caution: Do not attempt to preheat by using welding torch. (Paragraph 6-4c(5) ) J{

T



CAUTION / WARNING- Continued

Warning: Use goggles, rubber gloves, and rubber apron when cleaning parts in
carbon removing compound. Provide adequate ventilation. Avoid inhalation of
fumes and skin contact. If compound is splashed on skin, flush with fresh water and
wash with alcohol, Alcohol containing 2 to 3 percent camphor is preferable.
(Paragraph 6-24a(1).)

Warning: The valves and locks are under heavy spring tension. Exercise extreme
care when removing locks, retainers, and springs. (Figure 6-48)

Caution: Do not use an arbor press to remove ball bearings from drive cluster
gear. The gear is designed with a shoulder between the two bearings. (Figure 6-83)

Caution: The piston oil cooling valve is a spring loaded assembly. Exercise care
when disassembling. (Figure 6-86 )

Warning: The oil pressure regulator cover is spring loaded. Exercise care when
removing cover. (Figure 6-103)

Caution: Do not attempt to remove the diaphragm drive cdupler half from the
shaft using a standard puller as shown in figure 6-163. This may distort the coupler
and render it unserviceable. Use puller as shown. (Figure 6-165)

Caution: Use extreme care in this operation to prevent damage to vane cover on
gearshaft. (Paragraph 6-42a(6) (c))

Warning: Cleaning solvents and solvent cleaning compounds are toxic and
flammable and must be used only in a well ventilated room. Take adequate safe
guards for fire prevention in work area. Use protective clothing and avoid contact of
these solutions with the skin. (Paragraph 6-47¢c(3 ) )

Caution: If lubricant is extended to face of washer nut, reliable retaining torque
cannot be obtained. (Figure 7-13)

Caution: The fuel injector pump advance assembly must always be installed and
secured before operating test stand. (Paragraph 6-42, d., (4), (9) )

Caution: Do not operate the starter motor continuously for more than one minute.
Allow a two-minute cool-off period before re-energizing the starter. (Paragraph 8-4c)
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view.
AVDS-1790-2A engine assembly with fuel/ water separator filter-left front
view.
AVDS-1790-2A engine assembly with fuel/ water separator filter-front
view. XXXITT
AVDS-1790-2A engine assembly with relocated oil filler tube-rear view.
Engine major working parts-schematic diagram.
1-9 Engine lubrication system.
Engine oil flow control-schematic diagram.
[1-11] Main fuel system-schematic diagram. 1-13
Manifold air induction heater system-schematic diagram.
[1-13 Piston actuated cooling fan clutch-sectional view.
Mechanical cooling fan clutch-sectional view.
[1-15 Early crankcase breather and fire extinguisher system.
[1-16 Late crankcase breather and fire extinguisher system. 1-20
[2-1] Improvised tools-ring compressor, and lifting tool.
[2-2 Improvised tool-coupling puller.
Improvised tool-valve sleeve remover. 2-4
Typical shop layout.
Disconnecting or connecting fuel hose at fuel pump outlet adapter and fuel
pump inlet tube at fuel pump.
Disconnecting or connecting fuel pump. [43
4-3 Removing or installing fuel pump.
[4-4] Removing or installing starter solenoid jumper lead.
Removing starter retaining “U” bolt.
[4-6] Removing starter support and cradle. 4-4
Removing or installing starter mounting nuts using open end wrench-5120-
678-5288.
4-8 Removing or installing starter assembly.
Installing starter support, cradle, and “U” bolt,
4-10 Disconnecting or connecting time totalizing meter electrical lead at generator. 4-6
Removing or installing generator air intake tube. [4-6
Removing generator support, cradle, and “U” bolt. [4-7]
4-13 Disconnecting or connecting cylinder head right rear oil drain tube and
generator boot hose clamps. [4-7
Loosening or tightening generator mounting nuts using box wrench-5120-
789-4881.
Removing or installing generator and boot.
[4-16 Removing or installing generator gasket. 4-9
4-17, Installing generator support, cradle, and “U” bolt. 4-9
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Title

Loosening or tightening oil filler upper and lower tube hose connection
(relocated oil filler tube installation ).

Removing or installing upper oil filler tube (relocated oil filler tube in-
stallation ).

Removing or installing crankcase rear breather tube and lower left rear
shroud plate.

Removing or installing upper oil filler tube support bracket and tur-
bosupercharger end shroud.

Disconnecting or connecting turbosupercharger oil inlet hose elbow from
nipple using open end wrench-5120-448-0404.

Removing or installing turbosupercharger outer shroud plate.

Removing or installing oil inlet hose, elbow, and nipple.

Removing or installing generator exhaust tube cap (right side only).

Removing or installing generator exhaust tube support clamp (right side

only).

Removing or installing generator exhaust tube (right side only).

Disconnecting or connecting inner shroud plate (rear view).

Removing or installing transmission oil cooler end shroud and inner shroud
plate.

Disconnecting or connecting turbosupercharger oil drain tube at tur-
bosupercharger.

Disconnecting or connecting turbosupercharger air outlet elbow.

Disconnecting or connecting turbosupercharger at mounting base.

Disconnecting or connecting exhaust pipes at turbine housing and removing
or installing turbosupercharger.

Removing or installing cooling fan vanes.

Removing or installing cooling fans.

Disconnecting or connecting front end of cooling fan shroud.

Disconnecting or connecting cooling fan shroud on top frame.

Disconnecting or connecting rear end of cooling fan shroud and removing or
installing cooling fan shroud and fan housings.

Fuel injection pump-installed view.

Removing or installing left rear upper cover.

Removing or installing fuel injector left tube clamps.

Removing or installing fuel injector right tube clamps.

Fuel injector tubes-installed view.

Disconnecting fuel injector tubes from fuel injection pump.

Disconnecting or connecting crankcase breather tube, electrical lead, throttle
control, and fuel return hose-engines prior to relocated crankcase
breather tube.

Disconnecting or connecting throttle control, fuel return hose, and electrical
lead-engines with relocated crankcase breather tube.

Disconnecting or connecting crankcase breather tube at front of engine.

Disconnecting or connecting rear intermediate crankcase breather tube at
tube tee-engines prior to relocated crankcase breather tube.

Removing or installing angle bracket from fuel injection pump.

Disconnecting or connecting fuel injection pump oil and fuel inlet hoses

Positioning fuel injection pump coupler by turning flywheel using splined

wrench - 5120-793-7895.
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Figure

Number Title Page
[4521 Removing fuel injection pump splined coupler bolts. 4-27
Separating fuel injection pump coupler sleeves.
[4-54] Removing fuel injection pump diaphragm coupler bolts.
Removing or installing fuel injection pump mounting bolts and breather tube

bracket-engines with breather tube routed around injection pump.
Separating fuel injection pump diaphragm coupler and removing or installing
fuel injection pump mounting bolts 4-30
Removing fuel injection pump and preformed packing-splined coupler.
[4-58) Removing fuel injection pump and preformed packing-diaphragm coupler. 4-31
Removing fuel injection pump front splined coupler sleeve nut and lock
washer.
[4-600 Removing fuel injection pump diaphragm coupler nut and lock washer. 4-37
Removing fuel injection pump splined coupler sleeve and hub.
[4-62] Removing fuel injection pump diaphragm coupler. 4-33
[4-:63 Installing coupler half and torque tightening fuel injection pump splined
coupler nut.
Installing coupler half and torque tightening fuel injection pump diaphragm
coupler nut. [4-34
Removing or installing fuel injection pump timing hole plug.
4-66 Fuel injection pump timing hole cover removed showing marked gear tooth in
timed position. [4-35]
4-67 Timing marks on fuel injection bearing retaining plate and splined coupler
hub alined.
[4-68] Timing marks on fuel injection pump bearing retaining plate and diaphragm
coupler hub alined. 4-36
Disconnecting or connecting primary fuel filter drain line. [4-36]
Removing or installing primary fuel filter bracket and throttle linkage, [4-36
4-71 Flywheel in position for fuel injection pump timing (Models AVDS-1790-2M
and AVDS-1790-2AM only).
4-72 Flywheel in position for fuel injection pump timing (Model AVDS-1790-2A
only)
[4-73 Position of camshaft lobes for injection pump timing..
Installing preformed packing (B) on mounting base oil transfer tube. 4-38
Correct position of fuel injection pump drive coupler on hub before pump
installation.
4-76 Fuel injection pump diaphragm coupling and pilot ring on hub before pump
installation.
4-77 Installing fuel injection pump assembly on engine. 4-39
Positioning fuel injection pump coupler sleeves-splined coupler.
Removing fuel injection pump drive gear train backlash and setting advanced
unit retard position-splined coupler. 4-40
Fuel injection pump splined drive coupler with lubrication fitting installed. [4-401
Checking diaphragm coupler assembly clearance. [4-40]
4-82 Removing fuel injection pump drive gear train backlash and setting advance
unit retard position—diaphragm coupler.
4-83 Installing gasket on cylinder 1 R before installing primary fuel filter and
throttle linkage.
Checking throttle linkage for free movement.
4-85 Throttle linkage adjustment-schematic diagram. 4-42
4-86 Connecting fuel injector tubes-schematic diagram. 4-43
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Title

Front fan drive housing fan rotor hub sleeve spacer-4910-795-7952 in-
stalled for leakage test.

Checking cooling fan blade clearance.

Removing or installing main oil filter bypass valve plug, gasket and spring.

Removing or installing main oil filter bypass valve.

Removing or installing auxiliary oil filter bypass valve plug, gasket, and
spring.

Removing or installing auxiliary oil filter bypass valve.

Removing or installing engine oil pressure regulating valve.

Disconnecting or connecting fuel/ water separator filter inlet hose at fuel
pump.

Disconnecting or connecting fuel hoses and drain line at fuel/ water
separator filter.

Removing or installing fuel/ water separator filter assembly.

Removing or installing fuel/ water separator filter cover bolts.

Removing or installing fuel/ water separator filter cover.

Removing or installing rear fan drive housing cover attaching parts.

Removing or installing rear fan drive housing cover and clutch assembly.

Removing or installing fan drive housing cover preformed packing.

Comparison between piston actuated and mechanical fan drive housing and
cover assemblies.

Removing housing cover and bearing from vertical drive shaft.

Removing fan drive clutch upper ball bearing from housing cover.

Pressing fan drive clutch upper ball bearing into housing cover.

Disconnecting or connecting cylinder head oil drain tube hoses-cylinders 1 L
and 2L.

Disconnecting or connecting intermediate cylinder head oil drain tubes-
cylinder 2L.

Rem oving or installing intermediate cylinder head oil drain tube-cylinder
2L.

Disconnecting or connecting intake manifold tube from intake manifold and
cylinder 2L.

Removing or installing intake manifold tube-cylinder 2L.

Left intake manifold-installed view.

Disconnecting or connecting manifold heater fuel inlet tube.

Disconnecting or connecting cylinder head oil drain tube-left front.

Disconnecting or connecting cylinder head oil drain tube-left rear.

Disconnecting or connecting heater fuel inlet and outlet tubes from intake
manifold heater

Disconnecting or connecting turbosupercharger air outlet elbow and heater
tube.

Removing or installing intake manifold assembly-left side.

Disassembling or assembling intake manifold assembly.

Disconnecting or connecting right front cylinder head oil drain tube.

Disconnecting or connecting left rear cylinder head oil drain tube.

Disconnecting or connecting right rear cylinder head oil drain tube.

Disconnecting or connecting oil filler and oil level indicator tubes from oil
pan.

Removing or installing oil pan rear bolts,

Removing or installing engine oil pan.
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Removing or installing oil pan sealing thread.

Removing or installing right front upper cover.

Removing or installing right rear upper cover.

Removing or installing oil filler and oil level indicator tube shroud plates-

one piece type oil filler and indicator tubes installation.

Removing or installing oil level indicator tube shroud plate-modified shroud
plate installation.

Removing or installing left front upper cover-modified upper cover in-
stallation.

Disconnecting or connecting oil filler and oil level indicator tube retaining
straps-one piece type oil filler and indicator tubes installation shown.

Qil level indicator and oil filler tube upper shroud-tubes with splash pan
installation installed view.

Disconnecting or connecting fuel drain tubes-tubes with splash pan in-
stallation.

Removing or installing oil level indicator and oil filler and oil level indicator
tube shroud plate bolts-tubes with splash pan installation.

Removing or installing oil level indicator and oil filter tube upper cover-
with splash pan installation.

Oil level indicator tube upper cover plate-relocated oil filler tube modified
installed view.

Qil level indicator tube upper cover plate-relocated oil filler tube installed
view.

Disconnecting or connecting fuel drain tubes-relocated oil filler tube in-
stallation.

Removing or installing oil level indicator tube upper cover plate-located
oil filler tube installation.

Removing or installing oil level indicator upper cover plate-relocated oil
filler tube installation.

Removing or installing left rear upper cover.

Disconnecting or connecting oil cooler hoses-left side.

Removing or installing manifold heater ignition unit-right side.

Disconnecting or connecting oil cooler support beam-right side.

Disconnecting or connecting shroud from top frame-right front side.

Disconnecting or connecting right oil cooler end shroud and upper trans-
mission shroud.

Disconnecting or connecting right rear shroud from top frame.

Removing or installing oil coolers and top frame as an assembly.

Removing or installing top frame retaining brackets.

Disconnecting or connecting fuel injector nozzle holder fuel inlet and return
tubes.

Removing or installing fuel injector nozzle fuel tube adapters.

Loosening fuel injector nozzle and holder retainer using wrench-5120-871-
7198.

Removing or installing fuel injector nozzle and holder assembly.

Removing or installing cylinder head shroud plate.

Disconnecting or connecting inner cylinder air deflector,

Disconnecting or connecting inter cylinder connector flange and valve ad-
justing screw covers.
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Title
Removing or installing valve rocker arm cover bolts and removing valve

rocker arm cover.
Rem oving or installing valve adjusting screw.
Removing or installing valve rocker arm shaft plugs.
Removing valve rocker arm shafts and valve rocker arms.
Installing valve rocker arms and valve rocker arm shafts.
Installing valve rocker arm cover.
Positioning lip of intercylinder preformed hose.
Positioning valve adjusting screw pad on end of valve stem.
Torque tightening fuel injector nozzle.
Fuel injector nozzle and holder assembly,
Fuel injector nozzle and holder assembly—sectional view.
Testing fuel injector nozzle and holder assembly.
Partial disassembly or assembling fuel injector nozzle and holder assembly.
Disassembling or assembling fuel injector nozzle components.

Removing or installing transmission drive gearshaft and flywheel mounting
bolts.

Removing transmission drive gearshaft using bolts as puller screws.

Installing eye bolt - 5306-050-0348.

Removing or installing flywheel.

Removing or installing crankshaft oil seal retainer.

Removing or installing oil seal cap and oil seal housing mounting bolts.

Removing oil seal housing using mechanical pullers - 5120-473-7222.

Removing or installing oil seal housing cap and housing.

Removing or installing crankshaft oil seal,

Removing crankshaft oil seal spring.

Installing crankshaft oil seal spring.

Correct position for crankshaft oil seal split line before installing seal retainer.

Installing flywheel, rising bolts to draw flywheel against crankshaft.

Installing or removing compression adapter - 4910-795-7961 (cylinder
compression test).

Checking cylinder compression using gage assembly - 4910-870-6283 and
compression adapter - 4910-795-7961.

Removing or installing valve adjusting screw cover plates - right side,

Removing or installing valve adjusting screw cover plates - left side.

Setting exhaust valve clearance using thickness gage blade -5210-793-7899.

Setting intake valve clearance using thickness gage blade -5210-793-7898,

Flywheel timing mark locations.

Disconnecting or connecting oil cooler inlet and outlet hoses.

Removing or installing engine and transmission oil coolers.

Removing or installing oil cooler end shroud.

Removing or installing intake valve cover plate.

Cross section of cylinder 6R showing position of camshaft lobes for valve
timing.

Flywheel timing marks alined with pointer for valve timing - right bank of
cylinders.

Setting intake valve clearance for cylinders 6R using thickness gage blade -
5120-793-7897.

Removing or installing camshaft gear housing cover.
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Title

Removing or installing camshaft drive gearshaft plug retaining ring.

Removing or installing camshaft drive gearshaft plug using mechanical puller
-5120-678-5282,

Removing or installing camshaft drive shaft using mechanical puller -5120-
678-5282.

Lifting engine using multiple leg sling - 4910-919-2884.

Removing or installing oil pan drain plugs (Model AVDS-1790-2-M ).

Removing or installing oil pan drain plugs (Models AVDS-1790-2AM and
AVDS-1790-2A).

Disconnecting or connecting time totalizing meter electrical lead clamps.

Removing or installing time totaliz.ing meter.

Engine on maintenance and overhaul stand - 4910-856-4137.

Removing or installing oil filler and oil level indicator tube shroud plate oil
drain hose - engines with oil filler and indicator with splash pan drain,

Removing or installing oil filler and oil level indicator tube shroud plate and
oil drain hose - engines with oil filler and indicator with splash pan drain

Qil filler and oil level indicator tube shroud plate oil drain hose grommet -
installed view - engines with oil filler and indicator with splash pan drain.

Removing or installing manifold heater ignition unit - right side.

Removing or installing right oil cooler screens.

Disconnecting or connecting right oil cooler hose and primary fuel filter drain
tubes.

Removing or installing oil cooler to support bolts.

Removing or installing right engine oil cooler.

Removing or installing right transmission oil cooler.

Disconnecting or connecting upper cover frame - right front view.

Disconnecting or connecting upper cover frame - right rear view.

Removing or installing oil indicator and oil filler tube to upper frame
retaining strap - left side engines without relocated oil filler tube.

Removing or installing right oil cooler end shroud.

Rem oving or installing right oil cooler support beam.

Removing or installing upper cover frame support brackets - right side.

Rem oving or installing right turbosupercharger oil inlet hose and trans-
mission shroud.

Removing or installing right manifold heater fuel return tube.

Disconnecting or connecting manifold heater fuel inlet tube at manifold
heater and cylinder head oil drain manifolds.

Removing or installing fuel check valve.

Removing or installing manifold heater fuel inlet solenoid valve and fuel
filter.

Removing or installing manifold heater fuel return solenoid valve and
bracket.

Removing or installing right rear cylinder head oil drain tube and tur-
bosupercharger oil drain tube.

Disconnecting or connecting right front cylinder head oil drain tube.

Disconnecting or connecting left front cylinder head oil drain tube.

Disconnecting or connecting left rear cylinder head oil drain tube.

Removing or installing right cylinder head oil drain manifold tubes.

Removing or installing right intake manifold.

Removing or installing primary fuel filter drain tube.
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Removing or installing primary fuel filter.

Removing or installing secondary fuel filter.

Disconnecting or connecting fuel/ water separator fuel outlet hose from
bulkhead elbow.

Removing or installing fuel/ water separator filter.

Removing or installing primary fuel filter bracket, throttle linkage cross
shaft, and camshaft end plate.

Removing or installing secondary fuel filter mounting bracket, camshaft
cover plate, and tachometer drive cover.

Removing or installing fuel/ water separator filter mounting bracket.

Removing or installing cylinder barrel shroud - cylinder No, IR.

Removing or installing right front shroud.

Removing or installing cylinder baffle - cylinder No. IR.

Disconnecting or connecting fire extinguisher and fuel inlet tubes - front
shroud.

Removing or installing top and side filler plates - cylinder No. IL.

Removing or installing left front shroud.

Disconnecting or connecting fuel and oil tubes - rear center shrouds.

Removing or installing exhaust manifold left and right rear center shrouds.

Removing or installing right rear shroud.

Removing or installing cylinder head plates - right side.

Removing or installing oil filler and oil level indicator tube plates - engines
with one piece oil filler tube.

Removing or installing oil filler and oil level indicator tubes - engines with one
piece oil filler tube.

Removing or installing cylinder head plates at oil filler and oil level indicator
tubes - engines without splash pan installation.

Removing or installing oil filler and oil level indicator tubes - engines with
splash pan installation.

Removing or installing oil filler and oil level indicator tube plates - engines
with splash pan installation.

Removing or installing cylinder head plates at oil filler and oil level indicator
tubes - engines with splash pan installation.

Removing or installing oil level indicator tube plate - engines with relocated
oil filler tube installation.

Removing or installing oil filler and oil level indicator tubes - engines with
relocated oil filler tube installation.

Removing or installing oil level indicator tube cylinder plate - engines with
relocated oil filler tube installation.

Rem oving or installing fuel injector nozzle fuel return tubes - engines with
metallic tubes.

Removing or installing fuel injector nozzle fuel return tubes - engines with
flexible tubes.

Removing or installing fuel injector nozzle fuel tube connectors and elbow
connector - right side.

Removing fuel injector clamps - engines without additional clamps.

Removing or installing fuel injector tube clamps - engines with additional
clamps.

Disconnecting or connecting fuel injector tubes - at fuel injector nozzle and
holder assemblies.
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Title

Removing or installing fuel injector tubes at fuel injection pump.

Removing or installing exhaust manifold and exhaust pipe retaining straps.

Removing or installing exhaust manifolds and exhaust pipes - cylinder Nos.
IR, 2R, and 3R and cylinder Nos. IL, 2L, and 3L - engines prior to
rerouting of crankcase breather tube.

Removing or installing manifolds and exhaust pipes - cylinder Nos. IR, 2R,
and 3R and cylinder Nos. IL, 2L, and 3L, - engines with rerouted crank-
case breather tube.

Removing or installing fuel return hose and crankcase breather tube tee -
engines prior to rerouting of fuel return hose.

Disconnecting of connecting intermediate crankcase breather tubes at fuel
injection pump clamp.

Removing or installing fuel return hose - engines with rerouted fuel return
hose.

Removing or installing crankcase breather tube tee - engines with rerouted
crankcase breather tube.

Removing or installing breather tube cushioned clamp at rear fan drive
housing - engines with rerouted crankcase breather tube.

Removing or installing fuel inlet hose and crankcase breather tube.

Removing fan drive control valve - engines with fan control valve.

Removing or installing exhaust manifolds and exhaust pipes - cylinder Nos.
4R, 5R, and 6R and cylinder Nos. 4L, 5L, and 6L.

Removing or installing right turbosupercharger mounting base.

Removing or installing right and left turbosupercharger mounting base tie
rod.

Removing or installing right turbosupercharger mounting base support.

Disconnecting or connecting throttle rods at intermediate throttle lever.

Removing or installing intermediate throttle lever support.

Removing or installing fuel injector tube angle brackets.

Disconnecting or connecting fuel injection pump oil inlet hose - engines prior
to rerouting of hose and clamps.

Disconnecting fan clutch oil transfer hose - engines with transfer hose.

Disconnecting or connecting fuel injection pump oil inlet hose - engines with
relocated hose clamps.

Disconnecting or connecting turbosupercharger oil inlet hose - engines prior
to rerouting of hoses and clamps.

Removing or installing fire extinguisher tube - engines prior to new tube and
clamps.

Removing or installing turbosupercharger oil inlet hose and fire extinguisher
tube - engines with new tube and relocated clamps.

Positioning injection pump coupler by turning flywheel using splined wrench
-5120-793-7895.

Removing fuel injection pump splined coupler bolts.

Separating fuel injection pump splined coupler sleeves.

Removing fuel injection pump diaphragm coupler bolts.

Separating fuel injection pump diaphragm coupler.

Removing fuel injection pump.

Removing or installing camshaft drive shrouds - right side.

Disconnecting or connecting lower right engine shroud - top view.
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Removing or installing lower right rear engine shroud - side view.

Removing or installing intercylinder head deflectors - right side.

Disconnecting or connecting right intercylinder deflector hooks.

Removing or installing right intercylinder deflectors.

Removing or installing fuel injector nozzle and holder assembly.

Rem oving or installing valve adjusting screw cover plates.

Location of valve rocker arm cover and cylinder identifying marks.

Disconnecting or connecting right front lifting eye and inter-cylinder hose
flanges.

Disconnecting or connecting right camshaft gear housing at cylinder 6R
rocker arm cover,

Removing or installing rocker arm cover bolts and cap screws.

Checking valve clearance before removing valve rocker arm covers and
removing or installing cover bolts.

Removing valve rocker arm covers.

Removing or installing right camshaft gear housing cover.

Removing or installing camshaft drive gearshaft oil transfer plug retaining
ring.

Removing camshaft drive gearshaft oil transfer plug using mechanical puller
- 5120-678-5282.

Removing camshaft drive shaft using mechanical puller - 5120-678-5282.

Disconnecting or connecting right camshaft gear housing at cylinder 6R.

Removing or installing right camshaft.

Disconnecting or connecting horizontal fan drive shaft front and rear cover
adapters.

Front and rear fan drive shaft covers disconnected showing location of
preformed packings.

Removing or installing horizontal fan drive shaft retaining ring using
retaining ring pliers -5120-752-9755.

Positioning horizontal fan drive shaft in rear fan drive housing.

Horizontal fan drive shaft positioned for removal of front fan drive housing.

Removing or installing front fan drive housing attaching parts.

Removing or installing front fan drive housing attaching parts.

Removing front fan drive housing and clutch assembly using improvised
lifting tool.

Rem oving or installing front fan drive housing mounting base assembly from
crankcase assembly.

Location of preformed packing at oil transfer boss in crankcase assembly.

Removing or installing fuel injection pump mounting base.

Location of preformed packing at oil transfer tube for fuel injection pump
mounting base.

Removing or installing attaching parts for rear fan and accessory drive
housing assemblies - right side.

Removing or installing attaching parts for rear fan and accessory drive
housing assemblies - left side.

Installing or removing rear fan drive housing using fan and advance unit
housing sling - 4910-795-7954.

Removing rear fan and accessory drive housing assemblies.

Removing or installing rear fan and accessory drive housing mounting base.
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Title

Location of preformed packings at oil transfer tubes in crankcase assembly -
rear fan and accessory drive housing mounting base.

Removing or installing oil pan rear bolts.

Removing or installing oil pan bolts - right front view.

Removing or installing oil pan.

Removing or installing crankshaft damper and oil filter housing attaching
parts.

Removing or installing crankshaft damper and oil filter housing.

Front end of crankcase assembly showing locations of oil transfer tube
preformed packings.

Disconnecting or connecting cylinder deflectors at cylinders.

Removing or installing lower cylinder deflector straps and deflectors - right
side.

Checking breaking torque of cylinder base nuts, using box wrench - 5120-
678-5287.

Right bank cylinders in vertical position for removing or installing cylinders
from crankcase.

Removing cylinder No. IR.

Removing piston pin and piston - cylinder No. IR.

Engine with cylinder assemblies and pistons removed showing crankcase
protectors - 4910-795-7951 installed.

Removing or installing scavenge oil pickup, oil pan pressure relief tube, and
oil spill tube.

Removing or installing oil pump assembly.

Removing or installing oil pressure sending unit, oil pressure warning switch
and generator air intake tube support brackets.

Removing or installing fuel pump drive coupling adapter and coupling.

Removing crankshaft torsional vibration damper using mechanical pullers -
5120-473-7222.

Removing or installing starter drive adapter.

Removing or installing starter driven gear attaching parts.

Removing starter driven gear.

Removing or installing generator drive adapter attaching parts - engines with
mounting nuts.

Removing or installing generator drive adapter attaching parts - engines with
mounting studs.

Removing or installing generator drive adapter and associated parts.

Removing or installing transmission drive gearshaft attaching parts.

Removing transmission drive gearshaft assembly using mounting bolts as
puller screws.

Preparing flywheel for removal.

Removing flywheel using eye bolt - 5306-050-0348.

Removing or’ installing transmission adapter attaching parts.

Removing or installing transmission adapter.

Removing or installing crankshaft oil seal retainers.

Removing or installing crankshaft oil seal cap and housing attaching parts.

Removing or installing oil seal cap and housing.

Removing or installing oil seal housing support.

Removing or installing accessory drive gear attaching parts.
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Title Page
Removing accessory drive gear using mounting bolts as puller screws.
Removing or installing crankcase tie rod attaching parts - right front view.
Removing or installing tie rods and attaching parts - left side view.
Removing or installing main bearing attaching parts.
Removing main bearing cap using crankcase spreading tool - 5120-575-
7767, mechanical adapter -5120-837-5091, and mechanical puller -5120-
310-4668.
Crankshaft with main bearing caps removed showing correct position of
crankshaft counterweights before removal or after installation of
crankshaft.

Installing or removing crankshaft and connecting rod sling -4910-795-7955

at crankshaft flywheel flange. 5-103
Installing or removing crankshaft and connecting rod sling - 4910-795-7955

at crankshaft torsional vibration damper flange.
Removing or installing crankshaft and connecting rod assemblies using

crankshaft and connecting rod sling - 4910-795-7955.
Removing or installing upper main sleeve bearing halves. 5-105

Removing or installing piston oiler nozzle assemblies.

Rem oving or installing starter and generator idler gearshaft flange nuts.
Removing starter and /or generator idler gearshaft.

Removing or installing starter driven gearshaft bearing cage attaching parts.
Removing or installing starter gearshaft bearing cage.
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Standard and oversize stud identification. 6-7
Removing helical-coil threaded insert from cylinder assembly using screw

thread extractor -5120-251-1527.
Installing helical-coil threaded insert in cylinder assembly using screw thread

inserter -5120-797-2407. [6-9]
Engine name plate. 6-11
Removing or installing pipe plugs and fuel pump driven gearshaft

replacement cover.
Removing or installing pipe plugs and fuel supply pump adapter replacement

cover.
Removing or installing crankcase oil gallery pipe plugs.
Removing or installing crankcase from engine overhaul stand using im-

provised rope sling.
Crankcase oil passages - schematic diagram. 6-15
Checking torque of main bearing cap studs.
Checking clearance between upper main thrust bearing flange and crankcase.
Checking inside diameter of main bearings. 6-17
Crankcase restricted welding areas,
Points of measurement for checking crankcase.
Crankcase studding - ¥ right rear exposed view.
Crankcase studding - % left rear view.
Crankcase studding - bottom view. 6-22
Rem oving or installing transmission adapter lifting eye and timing pointer.
Pressing starter driven gearshaft and bearings from bearing cage.
Pressing starter driven gearshaft from ball bearings.
Starter drive gear - rework.
Pressing ball bearings on starter driven gearshaft. 6-27



Figure

Number Title Page
Pressing oil seal into bearing cage. [6-28
Removing generator adapter oil seal.
6-25 Pressing generator drive gearshaft from ball bearings. 6-29
Pressing ball bearings on generator drive gearshaft. [6-30l
6-27 Pressing oil seal into generator drive gearshaft adapter. [6-31]
Removing generator idler gear retaining ring and ball bearing.
Pressing ball bearing into generator idler gear.
6-30 Removing or installing connecting rod assemblies. 6-34
Connecting rod and bearing identification marks.
[6-32] Removing or installing crankshaft oil seal. 6-35
Removing or installing crankshaft oil retaining plugs.
[6-34] Checking connecting rod bearing bore using dial bore indicator.
Break and polish sharp edges of connecting rod counterbore and rod contour. 6-40
Connecting rod bore center dimensions. [6-41]
Checking connecting rod side clearance. [6-41
6-38 Torsional vibration damper warning plate.
[6-39]  Torsional vibration damper name plate. 6-42
[6-40) Original production engine flywheel fuel injection pump timing mark

location. [6-43
Improved design engine flywheel fuel injection pump timing mark location.  [6-44]
6-42 Pressing bushing-type bearing from transmission drive gearshaft. [6-46]
Pressing bushing-type bearing into transmission drive gearshaft.
Removing or installing piston compression rings using remover and replacer -

5120-795-0177.
Removing or installing oil control piston ring expander spring.
6-46 Checking piston ring side clearance. 6-50
Cylinder showing position of valve lifter assembly - 5120-678-5285 and

removing and inserting valve stand - 4910-554-1317. [6-52l
6-48 Compressing exhaust valve springs to remove or install upper valve spring

retainer and locks. [6-52]
[6-49) Removing or installing valve springs, upper retainers, and exhaust valve

rotor.
Cleaning carbon deposits from fuel injector nozzle seal using nozzle carbon

cutter - 4910-795-7958. 6-54
Cylinder identifying groove.
6-52 Cylinder barrel tester - 4910-937-4261. [6-60]
[6-53 Reflectoscope wave forms.
[6-54] Ultrasonic search fixture installed on master checking cylinder.
[6-55] Installing plug - 10935522 in cylinder bore. 6-65
[6-56] Positioning ultrasonic search fixture in cylinder bore.
[6-57] Ultrasonic search fixture installed in cylinder barrel mounting flange.
6-58 Removing intake valve guide using mechanical puller -5120-448-0400.
Positioning intake valve guide on valve guide replacer -5120-448-0402.
Installing intake valve guide using valve guide replacer -5120-448-0402.
6-61 Intake valve guide hand reamer - 5110-708-3698 or 5110-708-3699 and

reamer bushing - 4910-795-7950 positioned in cylinder head - sectional

view. 6-68
Reaming intake valve guide, using hand reamer - 5110-708-3698 or 5110-

708-3699 and reamer bushing - 4910-795-7950.
6-63 Valve and valve seat insert grinding diagram. [6-70]
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Figure
Number Title

Valve rocker arm cover welding standards.
Compressing valve springs using valve lifter assembly -5120-678-5285.
FSN 2815-895-6430 oil pump assembly as removed from engine.
Rem oving or installing locking wire securing oil pump pressure relief valve
and piston cooling control valve bodies.
6-68 Removing or installing oil pump pressure relief valve.
Removing or installing piston cooling control valve.
Removing or installing oil pump driven gear attaching parts and preformed
packing.
Removing or installing oil pump drive shaft lock plate (FSN 2815-895-6430
oil pump).

Removing or installing oil pump drive shaft lock nut.

Removing or installing oil pump drive shaft and cluster gear (FSN 2815-895-
6430 oil pump).

Removing oil pump driven gear from impeller drive shaft using suitable
puller.

Removing or installing scavenge housing cover and oil pickup elbow (FSN
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2815-679-4965 oil pump). 6-79

Removing or installing scavenge housing cover and oil pickup elbow (FSN
2815-895-6430 oil pump). [6-80

Removing or installing oil pump scavenge driven impellers, driven impeller
shaft, and scavenge housing. 6-80
6-78 Removing or installing oil pump driven impeller and shaft. 6-81

Removing or installing pressure housing cover (FSN 2815-679-4965 oil
pump). [6-81

Removing or installing pressure housing cover (FSN 2815-895-6430 oil
pump).
Removing or installing oil pump piston cooling drive and driven impellers.

6-82 Removing or installing scavenge oil pump inlet scoop (FSN 2815-679-4965
oil pump).

Removing or installing scavenge oil pump oil inlet scoop (FSN 2815-895-
6430 oil pump). 6-83
Pressing impeller drive shaft from ball bearings in drive cluster gear.
Drive cluster gear - exploded view.
6-86 Disassembling or assembling piston oil cooling valve assembly. 6-84
Pressing ball bearing into drive cluster gear. [6-89
[6-88 Removing or installing oil pan baffles. [6-89]
Removing or installing oil separator drain and oil level replacement covers.

Removing or installing pressure oil pump elbow adapter and oil pickup
screen assembly attaching parts (M60 series vehicle application engines).

6-91 Removing or installing pressure oil pickup screen assembly (M60 series
vehicle application engines ).

Removing or installing pressure oil pump elbow adapter and oil pickup
screen assembly attaching parts (universal vehicle application engines ). |6-93

Removing or installing pressure oil pickup screen assembly (universal vehicle
application engines ).
[6-94 Removing or installing oil pump elbow adapter. 6-94

6-95 Removing or installing oil pickup funnel assembly and magnetic drain plugs
6-95

(M60 series vehicle application engines).
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Nu-mber Title Page

Removing or installing oil pickup funnel assembly and drain plugs (universal
vehicle application engines). [6-95]
[6-97 Removing or installing pressure oil pickup cover.
Crankshaft damper and oil filter housing as removed from engine.
Removing or installing main oil cooler bypass valve plug, gasket, and spring. 6-98
6-100] Removing or installing main oil cooler bypass valve. [6-98|
Removing or installing auxiliary and main oil filter attaching parts. [6-99]
Removing or installing main and auxiliary oil filters. [6-100]
6-10 Removing or installing oil pressure regulator valve cover and gasket. 6-100
Disassembling or assembling oil pressure regulator valve. [6-101]
6-105] Removing or installing fuel pump adapter using mechanical pullers - 5120-
473-7222. [6-101]
6-106] Removing or installing damper and oil filter housing switches, bushings, and
pipe plugs - front view. [6-1021
Removing or installing damper and oil filter housing pipe plugs - rear view. [ 6-102]
6-108 Disassembling or assembling main oil filter body and filter element pack. [6-103
Removing or installing filter element pack from tube.
Disconnecting or connecting auxiliary oil filter element retainer and bushing.
Removing or installing auxiliary oil filter element.
Crankshaft damper and oil filter housing oil passages.
[6-113 Crankshaft damper and oil filter housing studs. 6-107
[6-114 Removing or installing fan drive oil seal housing,
Removing or installing fan drive housing cover. 6-110
6-116) Removing clutch cover and fan drive vertical shaft bearing using puller. 6-110
[6-117] Remove fan drive clutch upper ball bearing from housing cover. [6-110]
Removing fan vertical drive shaft oil seal from housing. [6-111
Removing or installing fan drive bevel gearshaft and associated parts. [6-111]
Removing or installing lower driven gearshaft ball bearing lock plate.
6-121] Removing or installing fan driven gearshaft and bearings. 6-112
[6-122] Removing or installing fan drive bevel gearshaft bearing retaining ring.
[6-123] Removing fan drive bevel gearshaft ball bearings.
Removing or installing fan driven gearshaft bearing retaining ring. 6-113
Pressing fan driven gearshaft from upper gearshaft ball bearing.
[6-126] Pressing fan driven gearshaft from lower driven gearshaft ball bearing.
Removing or installing front fan drive housing oil restrictor (engines have oil
restrictors ).
6-128] Piston actuated clutch assembly - sectional view. 6-115
Mechanical clutch assembly - sectional view.
Removing or installing fan drive housing cover preformed packing.
6-131] Removing or installing fan drive hub attaching parts. 6-117
Separating or positioning fan drive hub and vertical drive shaft (piston ac-
tuated clutch).
Separating or positioning fan drive hub and vertical drive shaft (mechanical
clutch).
Removing or installing fan drive vertical shaft from fan drive hub (piston
actuated clutch ).
Removing or installing clutch discs from fan drive hub (mechanical clutch).
6-136] Removing or installing fan drive vertical drive shaft, balls, and springs from
fan drive hub (mechanical clutch ).
6-137] Removing or installing fan drive disc (piston actuated clutch). 6-120
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Number Title

6-138 Fan drive shaft oil distributor location.
6-139 Removing or installing fan drive bottom clutch disc (piston actuated clutch).

Straightening or bending tabs on key washer securing actuating clutch piston
spanner nut (piston actuated clutch).

Removing or installing actuating clutch piston spanner nut using face wrench
socket -5120-795-7896.

Removing or installing clutch pressure plate, clutch springs, and balls (piston
actuated clutch).

Removing actuating clutch piston and piston rings (piston actuated clutch ).

Removing or installing ball bearing from drive hub.

Removing or installing intermediate clutch and drive discs.

Separating or positioning vertical drive shaft, top clutch disc, and housing
assembly (piston actuated clutch ).

Separating or positioning vertical drive shaft and disc housing (mechanical
clutch).

Front fan drive housing and mounting base - studding assembly.

Installing outer piston ring on actuating piston (piston actuated clutch).
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6-150 Determining shim thickness for front fan drive gearshaft and drive bevel
gearshaft.

6-151 Pressing fan driven gearshaft into lower drive gearshaft ball bearing.

Pressing fan driven gearshaft into upper driven gearshaft ball bearing.

Pressing front bevel gearshaft ball bearing on gearshaft.

6-154 Pressing oil seal into fan drive oil seal housing.

Pressing clutch upper ball bearing into fan drive housing cover.

Removing or installing rear fan drive housing cover.

Removing or installing bearing cap and bearing support attaching parts.

Removing or installing injection pump advance assembly,

Removing or installing left and right camshaft drive inner support attaching
parts.

Removing or installing right and left camshaft drive inner supports and
preformed packing.

Removing or installing fan driven gearshaft and ball bearings as a unit.

Removing or installing fuel injection pump splined drive coupler attaching
parts.

Removing fuel injection pump splined drive coupler half.

Removing or installing fuel injection pump diaphragm drive coupler half.

Removing fuel injection pump diaphragm drive coupler half.

Separating or attaching rear fan and accessory drive housings (housings
equipped with control covers ).

Separating or attaching rear fan and accessory drive housing (housings
equipped with oil restrictors ).
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6-168 Removing or installing fuel injection pump spur gear shaft and bearing.
Removing or installing oil seal.

6-170 Removing or installing needle roller bearing retaining ring and bearing.
[6-171] Removing fuel injection pump spur gearshaft ball bearing.
Removing or installing oil transfer plug from camshaft drive gearshafts.

6-173 Removing or installing fan drive gearshaft, bearing, and support.

6-174 Removing or installing rear fan drive shaft.
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Title Page
Removing advance flyweight adjusting ring and injection pump drive

gearshaft attaching parts (adjusting ring secured with nuts and washers).
Removing advance flyweight adjusting ring and injection pump drive

gearshaft attaching parts (adjusting ring secured with bolts).
Removing injection pump drive gearshaft. 6-147
Removing advance flyweight adjusting ring and flyweight.
Removing flyweight housing.
Removing advance vane housing and vane. 6-148
Removing or installing injection pump drive gearshaft ball bearing retaining

ring. 6-149
Removing injection pump drive gearshaft ball bearing.
Removing or installing automatic advance vane, housing, seals, and springs[6-150]
Removing rear bearing support using suitable gear puller. 6-150
Removing accessory drive bevel gearshaft ball bearing using suitable gear

puller. 6-150
Removing advance vane housing cover, gearshaft plug, and retaining ring.[ 6-151]
Rear fan and accessory drive housing and base studding assembly.
Determining shim thickness for rear fan driven gearshaft and rear fan drive

bevel gearshaft.
Determining shim thickness for accessory drive bevel gearshaft bearing.
Pressing bevel gearshaft ball bearing on gearshaft, 6-160
Installing advance vane housing cover on accessory drive bevel gearshaft.
Pressing drive gearshaft ball bearing on drive gearshaft. 6-161

Installing advance vane housing and vane.

Installing flyweight housing.

Installing advance flyweight adjusting ring and flyweight.

Installing injection pump drive gearshaft.

Installing advance flyweight adjusting ring and injection pump drive
gearshaft attaching parts (adjusting ring secured with nuts).

Installing advance flyweight adjusting ring and injection pump drive
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gearshaft attaching parts (adjusting ring secured with bolts). 6-164
Test stand assembly - FSN -4910-986-9873. 6-165
Test stand with coupling guard and housing cover removed. 6-166

6-167

Test stand heater control and supply tanks.

Fuel injector advance unit curve.

Fuel injection pump advance assembly adjusting ring.
Pressing driven gearshaft ball bearing on spur gearshaft.
Assembling rear fan and accessory drive housing.

R
| =] ==
~|[N| oo
e | (@] §(T0] | PG

Installing fuel injection pump splined drive coupler half. 6-172
Installing fuel injection pump diaphragm drive coupler half.
Installing fuel injection advance bearing cap. 6-173
Removing or installing lifting eye, intercylinder hose flanges, and hoses. 6-174
Removing or installing camshaft drive adapter and associated parts. 6-175
Disassembling or assembling camshaft drive adapter and associated part$ 6-175
Removing or installing right camshaft assembly. 6-176
Disassembling or assembling camshaft assembly.
Removing or installing right camshaft end plate. 6-177
Disassembling or assembling right camshaft cover plate.
Improvised camshaft trueing device. 6-179
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Title
Removing or installing camshaft end plate ball bearing retaining ring and

ball bearing.

Removing camshaft end plate ball bearing.

Removing or installing cross shaft levers and bracket.

Removing or installing cross shaft shock spring and control lever.

Disassembling or assembling intermediate throttle lever support.

Disassembling or assembling cross shaft lever, bracket, and adjustable
control rod.

Removing or installing transmission oil cooler bypass valve and shroud plate.

Removing or installing engine right oil cooler hose connector elbows.

Removing or installing engine right oil cooler thermostatic bypass valve.

Oil cooler cleaning equipment setup - schematic diagram.

Disassembling or assembling cooling fan and cooling fan hub.

Removing or installing front and rear cooling fan housings.

Removing or installing cooling fan shroud rails and cover plates.

Removing or installing manifold heater assembly.

Disassembling or assembling manifold heater assembly.

Removing or installing air outlet tube and associated parts.

Removing or installing heater tube.

Removing or installing intake manifold tube attaching parts.

Removing or installing flanges and associated parts from cylinder Nos. 5R
and 6R intake manifold tubes.

Removing or installing intake manifold tubes for cylinder Nos. 3R and 4R.

Removing or installing right intake manifold elbow.

Right and left intake manifold - stud identification.

Disassembling or assembling oil filler and oil level indicator tubes (one piece
oil filler and indicator tubes without splash pan drain ).

Disassembling or assembling oil filler and oil level indicator tubes (improved
oil filler indicator tubes with splash pan drain ).

Disassembling or assembling oil level indicator tube cap (relocated oil filler
tube ),

Disassembling generator cradle, support, and “U” bolt.

Removing or installing fuel check valve tubes and fittings.

Deleted

Fuel check valve flow diaphragm.

Disassembling or assembling primary fuel filter.

Disassembling or assembling secondary fuel filter.

Disassembling or assembling fuel/ water separator.

Disassembling or assembling secondary fuel filter and fuel / water separator
drain valves.

Comparison of serviceable original production and improvised design sleeves
- fuel injection pump tube ends.

Comparison of serviceable sleeves - injector nozzle tube ends.

Disassembling or assembling generator air intake tube assembly.

Disassembling or assembling manifold heater fuel filter.

Disassembling or assembling fuel injection pump drive splined coupler.

Disassembling or assembling fuel injection pump drive diaphragm coupler.

Piston oiler nozzle and holder assembly.

Time totalizing meter.

Time totalizing meter electric reset device - 6645-179-2712.
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Figure
Number Title

/-1 Installing starter idler gear.

Installing main bearing caps using crankcase spreading tool - 5120-575-
7767.

Checking crankshaft end play.

7-4 Measuring main bearing stud stretch using dial indicator.

Checking accessory drive gear and starter idler gear backlash.

7-6 Installing candlewick packing between crankcase and oil seal housing
support.

Correct position of crankshaft oil seal split line before installing seal retainer.

7-8 Installing flywheel using eye bolt - 5306-017-6143.

Checking flywheel runout using dial indicator.

Oil pump mounting flange oil discharge locations.

Piston installation position marks.

Installing piston in cylinder assembly using compressor and gage - 4910-795-
7956.

Installing cylinder assemblies on crankcase.

Early oil pan ( 10865039) drain plug location - limited to M60 series vehicles.
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7-15 Late oil pan ( 10912261) drain plug location for universal vehicle application.

Protecting openings to prevent entrance of dust and foreign objects.

7-17 Installing rear fan and accessory drivehousing using fan and advance unit
housing sling - 4910-795-7954.

Installing front fan drive housing assembly using improvised lifting tool.

7-19 Engine with cylinders, front fan drive housing, and rear fan and accessory
drive housing assemblies installed.

Flywheel timing mark locations.

[7-21]  Positioning engine flywheel using splined wrench - 5120-793-7895.

Installing valve rocker arm cover and adjusting intake valve clearance
(cylinder No. 6R).

Adjusting exhaust valve clearance.

Determining closing point of No. 6 intake valve.

7-25 Installing camshaft drive shaft.

Installing right camshaft oiltransfer plug.

Correct position of cylinder 1 R camshaft lobes (cams) for fuel injection pump
installation - installed view.

Correct position of camshaft lobes (cams) for fuel injection pump installation
- sectional view.

Removing fuel injection pump drive gear train backlash and setting advance
unit retard position - diaphragm coupling.

Installing camshaft intercylinder hose flange bolts.

Fuel injector clamps, supports and tubes - installed view.

Fuel injector nozzle fuel return tube between cylinder numbers 6L and 5L -
engines with tubes.

Fuel injector nozzle fuel return hose between cylinder numbers 6L and 5L -
engines with hoses.

Overall view of engine showing progress of engine assembly at this point.

Assembling generator cradle, support, and “U” bolt.

Engine connection points - right front view.

Engine connection points - left rear view.

Mean perform ante curve.
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Title

Borescope instrument.

Checking piston position with brass rod.

Borescope instrument in position for cylinder bore inspection.

Pressure relief valve, humidity indicator, and pneumatic valve - installed
view.

Engine mounting bracket - installed view.

Interior of lower section of engine container.

Transmission adapter - installed view.

Engine shipping and storage container.

Crankcase and associated parts - partially exploded view.

Crankshaft assembly, flywheel damper, bearings and associated parts -
exploded view.

Cylinder and head assembly, piston, connecting rod and associated parts -
exploded view.

Camshaft and drive gears - exploded view.

Damper Housing, oil filters and associated parts - exploded view.

Oil pan, tubes, brackets, and associated parts - exploded view.

Oil pan, baffles, studs, inserts and associated parts - exploded view.

Oil pump, tubes and associated parts - exploded view.

Cylinder head oil drain tubes and associated parts - exploded view.

Breather tube, fire extinguisher tube, electrical lead, oil lines and associated
parts - exploded view.

Exhaust manifolds and associated parts - exploded view.

Intake manifold, tubes, turbosupercharger tie rod and support and associated
parts - exploded view.

Generator and starter idler and driven gears and shafts - exploded view.

Engine and accessories - exploded view.

Fuel injection pump coupler assembly and nozzle and holder assembly -
exploded view.

Fuel injection pump lines, injector nozzle lines and associated parts - ex-
ploded view.

Throttle linkage - exploded view.

Primary and secondary pressure fluid filters, water separator, brackets, hoses
and associated parts - exploded view.

Secondary pressure fluid filter, primary pressure fluid filter, water separator
and pressure fluid filter assemblies - exploded view.

Induction heater system - exploded view.

Engine shroud - exploded view.

Cylinder deflectors and plates - exploded view.

Radiators, Shrouds and associated parts - exploded view.

Engine cooling fans - exploded view.

Front and rear fan drive housing and base assemblies and associated parts -
exploded view.

Automatic injection advance assembly, fan drive clutch assembly and
associated parts - exploded view.

Generator exhaust tube, boot and associated parts - exploded view.

Special tools

Special tools.

Test equipment
Reusable shipping container - exploded view.
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List of Tables

Title

Special Tools and Equipment for Direct Support, General Support and
Depot Maintenance

Engine Accessories

Main and Auxiliary Qil Filter Bypass Valves, Oil Pressure Regulating Valve,
and Fuel / Water Separator Filter Assembly

Cooling Fan Clutch Assembly

Intake Manifold Tubes and Intake Manifold Assembly

Engine Oil Pan

Valve Rocker Arms, Rocker Arm Shafts and Valve Clearance Adjusting
Screws

Fuel Injector Nozzle and Holder Assembly

Flywheel and Crankshaft Oil Seal

Service Operations

Draining Engine Oil and Removing Engine Accessories

Shrouding, Cooling Fans, Qil Coolers, Beams, and Associated Parts

Manifold Heater Tubes, Solenoids and Filter, Cylinder Head Oil Drain
Lines, and Intake Manifold Assemblies

Fuel Filters, Throttle Linkage, Front and Rear Shrouds, and Oil Filler and
Indicator Tubes

Fuel Injector Tubes, Supports, and Clamps, Exhaust Pipes and Manifold,
Fuel Inlet and Return Hoses, Crankcase Breather Tubes, and Tur-
bosupercharger Base, Supports and Tie Rods

Throttle Control Rods and Lever, Fuel Injection Pump Oil Inlet Hose,
Turbosupercharger Oil Inlet Hose and Fire Extinguisher Tube, and Fuel
Injection Pump

Shrouds, Cylinder Deflectors, and Nozzle Holder Assemblies

Camshafts, Fan Drives, Housings, and Bases

Qil Pan, Crankshaft Damper and Oil Filter Housing, Cylinder Air Deflec-
tors, Cylinder Assemblies, and Pistons and Pins

Oil Pump, Oil Tubes, Vibration Damper, Starter and Generator Drive
Adapters

Flywheel, Transmission Adapter, Crankshaft Oil Seal, and Accessory Drive
Gear

Crankshaft and Connecting Rod Assembly, Piston Oiler Nozzles, Generator
and Starter ldler Gears, and Starter Driven Shaft

Crankcase Assembly, Transmission Adapter, and Starter and Generator
Drive Components

Crankcase Assembly Overhaul Standards

Crankcase Standard and Oversize Stud ldentification

Starter Driven Gearshaft Overhaul Standards

Generator Drive Overhaul Standards

Generator Adapter Standard and Oversize Stud ldentification

Generator and Starter ldler Gears Overhaul Standards

Connecting Rods, Crankshaft and Associated Parts

Connecting Rods, Crankshaft and Associated Parts Overhaul Standards

Torsional Vibration Damper, Flywheel, Accessory Drive Gear, and Trans-
mission Drive- GearShaft
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Title

Torsional Vibration Damper, Flywheel, Accessory Drive Gear, and Trans-
mission Drive Gearshaft Overhaul Standards

Pistons, Rings, and Piston Pins

Pistons, Piston Rings, and Piston Pins Overhaul Standards

Cylinder Assembly

Cylinder Assembly Overhaul Standards

Cylinder Standard and Oversize Stud ldentification

Oil Pump, Oil Pan, Damper and Oil Filter Housing and Associated Parts

Visual Oil Pump Identification Characteristics

Oil Pump Overhaul Standards

Oil Pump Standard and Oversize Stud ldentification

Oil Pan Standard and Oversize Stud ldentification

Crankshaft Damper and Oil Filter Housing Control Valves - Overhaul
Standards

Crankshaft Damper and Oil Filter Housing Standard and Oversize Stud
Identification

Front Fan Drive Housing and Clutch Assembly

Front Fan Drive Housing Assembly Overhaul Standards

Early Cooling Fan Clutch Overhaul Standards

Late Cooling Fan Clutch Overhaul Standards

Front Fan Drive Housing Standard and Oversize Stud Identification

Rear Fan Drive Housing and Clutch Assembly and Accessory Drive Housing

Rear Fan and Accessory Drive Housing Assembly Overhaul Standards

Fuel Injection Pump Advance Unit Assembly Overhaul Standards

Rear Fan and Accessory Drive Housings Standard and Oversize Stud
Identification

Camshaft and Throttle Control Cross Shaft and Fuel Injection Pump
Linkage

Camshafts and Drives Overhaul Standards

Camshaft Drive Housing and Cover Plate Standard and Oversize Stud
Identification

Throttle Control Cross Shaft and Fuel Injection Pump Linkage Overhaul
Standards

Engine and Transmission Oil Coolers and Engine Cooling Fan

Engine Oil Cooler Standard and Oversize Stud Identification

Engine Shrouding and Associated Components

Intake Manifolds, Exhaust Manifolds and Tubes, Cylinder Head Oil Drain
Tubes, and Oil Filler and Indicator Tubes

Manifold Heater Induction and Intake Manifold Standard and Oversize
Stud ldentification

Generator and Starter Supports, Fuel Check Valve, Primary and Secondary
Fuel Filters, and Fuel / Water Separator

Generator and Starter Support Standard and Oversize Stud ldentification

Fuel Injection Pump Fuel Tubes, Fuel Injector Nozzle Fuel Return Tubes,
Injection Pump and Turbosupercharger Oil Hoses, and Generator Air
Intake and Exhaust Tubes and Associated Parts

Crankcase Breather Tubes, Fire Extinguisher Tube, Injection Pump
Electrical Lead, and Manifold Heater Fuel Tubes, Filter, and Electrical
Components
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Title

Fuel Injection Pump Drive Couplers, Fuel Injector Nozzles, Piston Oiler

Nozzles and Time Totalizing Meter
Starter Drive Gearshaft, Generator and ldler Gears, Piston Oiler Nozzles,

and Crankshaft and Connecting Rod Assembly

Accessory Drive Gear, Crankshaft Oil Seal, Transmission Adapter, and
Flywheel

Starter and Generator Drive Adapters, Vibration Damper, Sending Units,
Oil Pump, and Oil Tubes

Pistons and Pins, Cylinder Assemblies, Cylinder Air Deflectors, Crankshaft
Damper and Oil Filter Housing, and Oil Pan

Fan Drives, Housings, and Bases

Cam shafts, Fuel Injection Pump, and Rocker Arm Covers

Nozzle and Holder Assemblies, Cylinder De-Flectors, and Shrouds

Turbosupercharger Oil Inlet Hose and Fire Extinguisher Tube, Fuel In-
jection Pump Oil Inlet Hose, and Throttle Control Rods and Lever

Turbosupercharger Base, Supports, and Tie Rods, Fuel Inlet and Return
Hoses, Crankcase Breather Tubes, Exhaust Pipes and Manifolds, and Fuel
Injector Clamps, Supports, and Tubes

Qil Filler and Indicator Tubes, Rear and Front Shrouds, Throttle Linkage,
and Fuel Filters

Intake Manifold Assemblies, Cylinder Head Oil Drain Lines, and Manifold
Heater Tubes, Solenoids, and Filter

Qil Coolers, Beams, Cooling Fans, Shrouding, and Associated Parts

Installing Engine Accessories

Overhaul Test Schedule - Beam Length 1.75 Ft. (or 21.008 in. )

Air Entrance Temperature Correction

Air Entrance Pressure Correction

Fuel Temperature Correction

Fan Horsepower to be Used for Correcting Engine Gross Horsepower

50 Hour Quality Control Test
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Figure 1-1. AVDS-1790-2-M, AVDS-1790-2-AM,
and AVDS-1790-2A engine assembly without time
totalizing meter-right front view.
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Figure 1-2. AVDS-1790-2-M, AVDS-1790-2-AM,
and AVDS-1790-2A engine assembly with
secondary fuel filter-left front view.
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Figure 1-3. AVDS-1790-2-M, AVDS-1790-2-AM,
and AVDS-1790-2A engine assembly with
secondary fuel filter-front view.
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Figure 1-4. AVDS-1790-2A engine assembly with time
totalizing meter-right front view.
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Figure 1-5. AVDS-1790-2A engine assembly with fuel / water separator
filter-left front view.
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Figure 1-6. AVDS-1790-2A engine assembly with fuel/ water separator
filter-front view.
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Figure 1-7. AVDS-1790-2A engine assembly with relocated oil filler
tube-rear view.
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CHAPTER 1
INTRODUCTION

Section

1-1. Scope

a. This technical manual contains instructions
for direct support, general support and depot
maintenance, and listings of repair parts and
special tools for the 12-cylinder, Model AVDS-
1790-2-M, AVDS-1790-2AM, and AVDS-1790-
2A engines[(figs. 1-1 through 1-3 and 1-7) and
the AVDS-1790-2A engine [figs. 1-4] through 1-
7). Included are descriptions of and procedures
for, removal of engine accessories and com-
ponents, troubleshooting, disassembly, in-
spection, including engine overhaul standards,
repair, reassembly, and testing of the engines.

b. [Appendix A cbntains a list of current
references, including supply manuals, forms,
technical manuals, and other available
publications applicable to the materiel.

c.[Appendix B tontains an illustrated list of all
parts and special tools with the estimated
guantities of component parts and equipment
authorized and stocked for Direct Support,
General Support and Depot Maintenance of the
engines.

d.[Appendix B lalso contains illustrated parts
on fold-out pages for rapid reference.

e. This edition of the manual supersedes Field
Maintenance edition of TM 9-2815-200-34
(February 1963), Field and Depot Maintenance
edition of TM 9-2815-200-35 (August 1960)
with changes, and Field and Depot Maintenance
Repair Parts and Special Tool List edition of
TM 9-2815-200-35P (November 1962). Record
any errors or omissions on DA Form 2028
(Recommended Changes for DA Publications),
and forward it to: The Commanding General,
U.S. Army Tank — Automotive Command,
28251 Van Dyke, Warren, Michigan 48090,
Attn: AMSTRA-TP.

1-2. Reference to Other Manuals

a. TM 9-2350-214-10, TM 9-2350-215-10,

TM 9-2350-222-10, TM 9-2350-224-10, TM 5-

5420-202-10, and TM 9-2350-232-10 contain
operating instructions for the materiel as well as

GENERAL

instructions  for performing operator / crew
maintenance functions.

b. TM 9-2350-214-20, TM 9-2350-215-20,
TM 9-2350-222-20, TM 9-2350-224-20, TM 5-
5420-202-20, and TM 9-2350-232-20 contain
pertinent Maintenance Allocation Charts
(MAC ) and instructions for the maintenance of
the materiel within the scope of organizational
maintenance.

c. L() 9-2350-214-12, LO 9-2350-215-12, LO
9-2350-222-12, LO 9-2350-224-10, LO 5-5420-
202-20-1, LO 5-5420-202-20-1, and LO 9-2350-
232-10 contain lubricating instructions for the
materiel.

d. TM 9-2910-212-34 contains service in-
formation on the American Bosch fuel injection
metering pump.

e. TM 9-2910-213-34 contains service in-
formation on the Viking vane type fuel pump.

f. TM 9-2920-224-35 contains service in-
formation on the Model G22-6 and G22-6F Lear
Siegler (formerly Jack and Hientz) generators.

g. TM 9-2920-232-34 contains service in-
formation on the Delco-Remy starter.
h. TM 9-2990-200-34 contains service in-

formation on the Schwitzer turbosuperchargers.

1-3. Scope of Manual

a.[Chapters 1 through 3. provides
general inform ation, description, and tabulated
data. [Chapter 2 lcontains a list of special tools
and equipment required for field maintenance,
illustrates three improvised tools, and includes a
shop layout for engine rebuild_Chapter 3 covers
engine troubleshooting and includes a chart to
assist in location of troubles, and corrective
action necessary.

b.[Chapter 4.] This chapter covers the direct
support maintenance service operations sup-
plementing the Organizational Maintenance
Manuals in_paragraph 1-P, above.

c.[ Chapters 5 and_6. Chagdter 5 gives in-
formation on preparation of the engine for
disassembly, removal of engine accessories, and
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the disassembly of the engine into subassemblies.
[Chapter 6 gives information for cleaning, in-
spection, handling of parts and general repair
procedures including overhaul standards, and
the disassembly and assembly of the various
engine subassemblies and components.

d.[Chapter 7.] This chapter covers the
assembly of the engine from subassemblies, and
provides pertinent assembly information
peculiar to the engine, including installation of
accessories.

e.[Chapter 8.1This chapter outlines the test
and adjustment procedures required to insure
that an engine has been properly repaired. Also
included in this chapter is the information
relating to the engine container. Complete in-
structions concerning the removal or installation
of the engine, repair of the container and engine
preservation and storage have been covered.

f. Appendixes and Indexes.

( 1) Following[Chapter 8lis an alphabetical
index for maintenance services outlined in the
manual. This index provides a rapid reference to
a paragraph and figure in accordance with the
subject operation.

(2) Appendix A ptovides a list of

publications which are related to the materiel or
its maintenance.

(3) Appendix B ¢ontains an introduction, a
list of parts and special tools, and a Federal
Stock Number index.

(4) At the back of [Appendix B Jof the
manual are fold-out illustrations which provide
rapid reference for repair parts identification.
These illustrations are numerically keyed to the
items in the repair parts text, and also include
alphabetical keys for points of measurement for
the maintenance manual overhaul standards.

1-4. Organizational, Direct Support,
General Support, and Depot Maintenance
Allocation

Refer to the pertinent maintenance allocation
chart in the Organizational Maintenance

Manuals [(para_132).
1-5. Forms, Records and Reports

For listings of all authorized forms, refer to the
current issue of DA PAM 310-2. TM 38-750
contains instructions on the use of forms for
records and reports. Authorized forms for units
maintaining this materiel are listed in Appendix
A.

Section I — DESCRIPTION

1-6. Differences Between Engine Models

a. Engineering improvements were developed
on the AVDS-1790 series engines to improve
engine performance and reliability.

b. The following engine models are available
in the field :

(1) AVDS-1790-2-M. This original AVDS-
1790 series engine developed for the M60
vehicle had engine oil pan, Part No. 10865039.
In order to use the engine in other vehicles, the
oil pan had to be redesigned. Because engine
interchangeability was affected it was necessary
to change the engine model when the new oil pan
was installed on the engine. AVDS-1790-2-M
engines with the new oil pan are identified as
AVDS-1790-2-AM models.

(2) AVDS-1790-2-AM. This was an
original AVDS-1790 series engine with a new
engine oil pan, Part No. 10912261, which
permitted the engine to be used as a replacement
engine in certain gasoline engine powered
vehicles. The oil pan change was the only dif-
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ference between this engine model and the
AVDS-1790-2-M model.

(3) AVDS-1790-2A. The AVDS-1790
series engines, having the new oil pan and
numerous other changes to improve engine
performance and reliability, is identified as the
AVDS-1790-2A model. Basically all models of
the engine are similar except for the oil pan, and
other improvements which are as follows:

(a) Secondary fuel / water separator filter
unit [fig._1-6) replaced the conventional dual
replaceable element type filter] (fig. 113) in late
production. All engines produced with secondary
fuel filter shall be updated to water separator
filter unit at time of engine overhaul.

(b) Relocated oil temperature and
pressure transmitters and switches to the front of
the engine for ease of maintenance.

(c) Optional splined or diaphragm type
fuel injection pump drive coupling.

(d) Flexible fuel injector nozzle fuel
return lines replaced rigid steel tubes to improve
service life.



(e) Double lip oil seal in cooling fan drive
for deep-water fording to prevent water from
entering the engine.

(f) An improved fuel injection pump
incorporating a filter at the fuel inlet to prevent
foreign materials from entering the pump,
thereby extending pump life.

(g) Simplified and improved cooling fan
clutch, eliminating the hydraulic engagement
feature.

(h) Oil filler tube has been relocated at
left rear of left turbosupercharger to prevent oil
spillage from plugging cylinder cooling fins and
restricting air flow through the engine and
transmission oil coolers. The relocation
eliminated the need for the oil filler and indicator
tube splash pan drain.

(i) Primary fuel filter screen type element
has been replaced with a high capacity
replaceable-type element.

() Wall thickness of cylinders has been
increased to improve service life. Cylinders with
increased wall thickness can be identified by
machine groove around mounting base flange.

(k) Drain cocks and hoses on fuel filters
were replaced with rigid lines and drain valves
located on top of the engine.

() Additional clamps and supports have
been added to fuel injection lines to reduce line
breakage from vibration.

(m) Added numerous tube and hose
clamps and rerouted lines to prevent line failures
from chaffing and vibration.

(n) Added a preformed packing to starter
drive bearing cage, and a flat gasket to the drive
adapter to prevent oil leaks. Preformed packings
cannot be used on engines which have bearing
cages without the groove for the preformed
packing.

(0) Time totalizing meter added to record
total engine operating hours.

1-7. Location of Engine Components

a. In this manual the terms defined in b
through e, below will be used to identify the
location of parts and assemblies on the engines.

b. The ends of the engines will be called the
“damper end” or “front” and the “flywheel
end” or “rear”.

c. As viewed from the front end toward the
rear, the side to the right will be called the “right
side” and the side to the left will be called the
“left side”. Beginning at the front, the right bank
of cylinders is numbered IR through 6R and the

left bank of cylinders is numbered IL through
6L.

d. Starting from the front, the main bearings
are numbered 1 through 7.

e. The cylinders, pistons, connecting rods, and
connecting rod bearings are numbered with their
respective cylinder number locations.

1-8. General Description

a. The Model AVDS-1790-2-M, AVDS-1790-
2-AM and the AVDS-1790-2A engines are 12-
cylinder, 90 degree, V-type, 4-cycle, air-cooled,
turbosupercharged, diesel engines. The cylinder
assemblies are individually replaceable units,
with overhead valves and valve rocker assem-
blies in the head. The cylinders are arranged in
two banks of six cylinders each. Each bank of
cylinders has an overhead camshaft arrangement
to actuate the valves of each cylinder.

b. The engines feature a fuel injection system
and a turbosupercharged air induction system
which obtains optimum engine performance.
The fuel injection system has a fuel injection
metering pump which supplies metered fuel to
individual cylinders through fuel injector
nozzles. The fuel supply pump assembly (figs_1-]
3 and 1-6) located at the front of the engine,
draws fuel through the primary and secondary
fuel systems from the vehicle fuel tanks and
delivers it to the injection pump. A tur-
bosupercharger assembly[(figs. 141, 1-2, 1-4, and
1-5 ) is located on each side of the engine at the
rear. The turbosuperchargers are exhaust-gas
driven and increase the air flow pressure entering
the air intake manifoldd_(figs. 1-1, 1-2, 1-4, and
1-5).

c. The engines are equipped with a 28 volt,
300 amp, dc generatorl _(figs. 1-1 and 1-4) and a
24 volt solenoid operated starter [(figs. 1-2]and 1-
5).

d. The engines are lubricated by a forced feed
system. The system consists of three circuits;
i.e.,, the scavenge circuit, the main or pressure oil
circuit, and the piston cooling circuit. These
circuits are operated independently by one oil
pump which consists of three separate sections.

e. The engines are equipped with two intake
manifold heaterd (figs. 1-1, 1-2, 1-4, and 1-5)
which are installed in the air intake systems
between the intake manifold elbows and the
turbo superchargers. The heaters, when
operated, preheat the air entering the cylinders
to facilitate cold weather starting and cold
weather idle operation.
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f. The engine crankcase is vented by an en-
closed crankcase breather system which is vented
through the crankcase breather tube [[fig—1-¥) at
the left turbosupercharger exhaust pipe.

g. The engine primary and secondary fuel
filters [(fig._113) have individual drain lines, with
drain cocks, which provide a means of draining
the filters to remove water which may be ac-
cumulated and to purge the fuel system. Late
production AVDS-1790-2A engines have a
filter / water separator type secondary filter and
drain lines to remove entrained moisture from
the fuel [(fig. _16).

1-9. Accessories

Refer to[ paragraph 1-4 for information on
engine accessories.

1-10. The crankcase is a one-piece

[Figure 1-8 Legend

A - Intake valve rocker arm assembly
B - Exhaust valve rocker arm assembly

C - Left camshaft assembly

D - Camshaft driven gear

E - Camshaft drive gearshaft

F - Camshaft drive shaft

G - Camshaft drive bevel gearshaft

H - Accessory drive gearshaft assembly
J - Fuel injector pump advance assembly

K - Right camshaft assembly

L - Transmission accessory drive gearshaft

M - Accessory drive gear

N - Flywheel

P - Generator drive gearshaft
Q - Generator idler gear

R - Oil pump driven gear

aluminum casting with forged aluminum main
bearing caps. The bearing caps function as an
integral part of the crankcase. Each cap is
secured on studs with four slotted nuts. Two
through bolts clamp the main bearing cap in the
tunnel slot of the crankcase. With this type of
crankcase and bearing cap construction, uniform
load distribution in the bearing area is obtained
making possible uniform distribution of com-
bustion forces over the entire crankcase.

1-11. Main Bearings

The seven replaceable main bearings are the
steel-backed, split type, having copper-lead alloy
bearing surfaces. The center main bearing is
double-flanged with bearing material to control
crankshaft end play and thrust.

Y - Pressure oil pump drive impeller
Z - Piston cooling oil pump drive impeller
AA - Oil pump drive gear
BB - Starter idler gear
CC - Starter driven gearshaft
DD - Starter drive gear
EE - Front fan drive shaft
FF - Fan drive bevel gearshaft
GG - Rear fan drive shaft
HH - Fan driven gearshaft
JJ - Fuel injector pump drive gear shaft
KK - Fuel injector pump driven shaft gear
LL - Fan drive clutch assembly
MM - Cooling fan adapter
NN - Rear cooling fan assembly
PP - Fan drive bevel gearshaft
QQ - Crankshaft assembly
RR - Fuel pump drive coupling
SS - Fuel pump drive adapter
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S - Piston cooling oil pump driven impeller
T - Pressure oil pump driven impeller
U - Scavenge oil pump driven impeller
V - Oil pump driven shaft
W - Scavenge oil pump drive impeller
X - Scavenge oil pump driven impeller shaft

TT - Crankshaft torsional vibration damper
UU - Connecting rod assembly
VV - Piston
WW - Front cooling fan assembly
XX - Exhaust valve
YY - Intake valve



Figure 1-8. Engine major working parts

AT 30907
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1-12. Crankshaft, Flywheel, and Damper
Note. The key letters shown below in

parentheses refer to[figure 1-8]

a. Crankshaft assembly (QQ) is a nitrided steel
forging with seven main bearing journals and six
crankpins. Each crankpin accommodates two
opposing connecting rod assemblies (UU ).
Flanges are provided on the crankshaft for
mounting the flywheel (N ) on the rear end and a
torsional vibration damper (TT ) on the front
end.

b. All crankpin and main bearing journals are
hollow to reduce weight. Holes are drilled
diagonally through each main bearing journal
and extend through the crank cheek and crank-
pin to provide a direct passage for oil under
pressure to the connecting rod and crankshaft
main bearings as shown in[figure 1-9]

¢. The crankshaft and flywheel are statically
and dynamically balanced.

d. The torsional vibration damper (TT) is a
precision viscous type and is replaceable only as
an assembly.

1-13. Connecting Rods and Bearings

The connecting rod assemblies (UU[ fig. 1-B)
are tapered, I-beam section steel forgings. A
bronze-lined, steel-backed, split, bushing type
bearing is pressed into the piston pin end of the
rod. The replaceable precision connecting rod
bearings are the steel-backed, split type having
copper-lead alloy bearing surfaces.

1-14. Pistons, Pins and Rings

The pistons (VV,[fig. 118) are aluminum
forgings, cam ground and tapered to provide an
accurate fit in the cylinders at operating tern.
peratures. The piston dome is machined to the
shape of a conical section (toridal shape) so that
it tapers into the open type combustion chamber.
Each piston is fitted with four rings. The upper
three rings are compression rings and the bottom
ring is an oil control ring. The heavy walled,
tubular, steel piston pins are full-floating in the
piston and the connecting rod. Domed
aluminum plugs are inserted into each end of the
piston pin to center it in the piston and prevent
scoring of the cylinder wall.
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1-15. Cylinders and Valves

Note. The key letters shown below in

parentheses refer to [figure 1-8 Jexcept where
otherwise indicated.

a. Each cylinder assembly (fig._1-1) is an
individually replaceable unit that consists of a
barrel, cooling fin muff, and a cylinder head.
The cooling fin muff is cast directly on the steel
barrel. The finned, cast aluminum cylinder head
is threaded and shrunk on the barrel. Cooling
fins, exhaust and intake ports, and a single
rocker box are cast integrally with the cylinder
head. Valve guides and seats are shrunk into
place in the head, The cylinder barrel is
“choked” at the head end to provide a straight
bore under running conditions. A mounting
flange is machined on the cylinder barrel near
the base to provide an attachment of the cylinder
to the crankcase. The cylinder assembly is
secured to the crankcase with studs and nuts. An
outer extension of the cylinder head encloses a
recess or rocker box, which houses the valves,
valve springs, and related parts. Rocker arm
assemblies (A and B ) are held in place by rocker
shafts in the cylinder head valve rocker support
cover.

b. A camshaft bearing surface is provided in
each cylinder. The camshaft bearing is bored
with the cylinder head valve rocker support
cover in place. Therefore the covers are not
interchangeable and each must remain as a part
of a specific cylinder assembly. Identifying
numbers are used on cylinder and covers to
prevent mismatching. Counterbores in the
rocker box. and rocker support covers ac-
commodate the intercylinder rubber hoses and
the steel flanges which enclose the camshaft
between the cylinders.

c. The stem of the intake valve (YY) and
exhaust valve (XX ), for each cylinder, extends
into the rocker box. Three nested springs,
compressed between two retainers and secured to
the valve stem by two cone-shaped locks, hold
each valve to its seat. Each exhaust valve has a
positive valve rotator which also serves as the
lower spring retainer. Valve clearance adjusting
screws with flat swivel pusher pads are mounted
on one end of the valve rocker arms (A and B).



d. Forged steel valve rocker arms (A and B )
with roller cam-followers are used. The rollers
are hardened and honed to provide an extremely
smooth and permanent contact surface. Hollow
rocker arm shafts and drilled passages in the
rocker arms convey oil to all moving parts.

1-16. Camshafts

Note. The key letters shown below in
parentheses refer to[figure 1-8]

a. The left and right camshaft assemblies (C
and K) are mounted, one on each bank, on the
cylinders and operate the valve mechanism. The
camshafts are hollow to provide oil passages for
pressure lubrication to the valve parts and to
permit deflection when the cylinders fire,
Tubular molded rubber hoses enclose the
camshafts between cylinders.

b. Each camshaft is driven by the accessory
drive gear (M), accessory drive gearshaft
assembly (H), camshaft drive bevel gearshaft
(G), camshaft drive gearshaft (E), and camshaft
driven gear (D) through an inclined quill type
camshaft drive shaft (F). The drive shafts can be
rem oved to permit separate rotation of the
camshafts for engine timing. When camshafts
are correctly’ positioned in relation to the
crankshaft, the drive shafts have different
number of splines on each end and this allows
them to be inserted in the camshaft bevel
gearshafts without disturbing relationship
between camshafts and crankshaft.

1-17. Lubrication System (figs._1-9] and 1-
10)

a. General. The main pressure oil pump draws
oil from the pressure oil pump compartment in
the oil pan. This compartment is fed by the
scavenge oil pump which picks up oil from both
ends of the engine oil pan. The pressurized oil is
forced through the engine oil coolers and main
oil filter to the engine oil galleries and bearings.
A pressure regulator valve, located on the right
side of the crankshaft damper and oil filter
housing, is influenced by the pressure in the
main bearing oil gallery and returns the in-
coming excess unfiltered oil to the oil pan. A
small portion of the pressure oil is diverted, after
passing through the main oil filter, and passes
through the auxiliary oil filter to provide the
turbosuperchargers and the fuel injection pump
with oil having a greater degree of filtration. The
piston cooling oil pump picks up oil from the end
compartment (rear) of the oil pan and delivers it
to the piston oil sprayer nozzles. These nozzles
are located in the crankcase, below each
cylinder, and provide a continuous oil spray to
the pistons and cylinder walls.

b. Oil Pan. The oil parh_(figs. 111 and 1-4) is a
one-piece, aluminum alloy casting divided into a
pressure oil pump compartment, oil reserve
compartment, and the end compartments at the
front and rear of the pan. The oil pan is designed
to maintain a constant oil level above the main
pressure oil pump pickup tube in the pressure oil
pump compartment during vehicle operation
regardless of the angle at which the engine may
be inclined.
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c. Oil Pump. The oil pump assembly consists
of three sections combined as a single unit. The
twin scavenge oil pump section of the unit picks
up oil from the front and rear compartments of
the oil pan and delivers it to the main pressure
pump oil compartment. The main pressure oil
pump section picks up oil from its respective
compartment and supplies oil to the engine oil
galleries and bearings. The piston cooling oil
pump section picks up oil from the rear sump
section of the oil pan and supplies oil to the
piston oil sprayer nozzles (a, above).

d. Oil Filters and Control Valves. The main
and auxiliary oil filters[(figs_1-8 and 1-6) and
the bypass valves are located in the crankshaft
damper and oil filter housing at the front of the
engine. All engine oil passes through a screen
type main oil filter. Engine oil, which lubricates
the fuel injection pump and the two tur-
bosuperchargers [figs._1-1, 1-2, and 1-4), is
further filtered by a replaceable element type
auxiliary oil filter. Two oil filter bypass valves
are used, one for the main oil filter and one for
the auxiliary oil filter. The main oil filter bypass
valve opens at a differential pressure of 35.6 psi
and the auxiliary oil filter bypass valve at a
differential pressure of 15 psi. The bypass valves
permit oil to bypass the filters in the event that
they become clogged.

1-18. Fuel System
a. Fuel Supply Pump Assembly. The engine
driven vane type fuel supply pump assembly

and 1-6) is used to supply fuel under
pressure to the fuel injection pump. The fuel
pump is crankshaft driven by the fuel pump

1-12

drive adapter (SS, [fig._1-B) and the drive
coupling (RR ) located at the front of the engine.

b. Fuel Injection Metering Pump. The fuel in-
jection metering pump is located in the “V” of
the engine between the fan drive housings, and
supplies fuel under high pressure to each
cylinder. The pump is driven at engine speed
from the fan drive housing located at the rear of
the engine. A fuel injector pump advance
assembly (J, fig.—1-B) is incorporated in the
accessory drive housing to automatically provide
a gradual degree advance of injection timing
during the engine speed range from idle to 1800
rpm.

c. Fuel Injector Nozzles and Tubes. Twelve
fuel injector nozzles [(fig. 1-11), one per cylinder,
are used to inject fuel into the combustion
chambers, Twelve fuel injector tubes of equal
length carry the fuel from the fuel injection
pump to the nozzles. The nozzles on each
cylinder bank are interconnected by fuel return
lines to provide a path for the return of excess
fuel.

d. Fuel Purge System. A manually operated
purge pump is provided in the vehicle operator's
compartment and is used to clear the engine
main fuel system and flame heater system of air,
and fill them with fuel. Purged air is forced
through the main fuel tubes into the fuel return
lines and on to the vehicle fuel tanks. The fuel
filters contain drain lines, with manually
operated valves, which are used to drain the
water from the filters, and for purging the fuel
system.
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e. Fuel Filters[(figs. 1-3 and 1-6). The
replaceable element type primary fuel filter is
mounted on the right front of the engine and
contains a fuel drain or purging line. The
replaceable element type secondary fuel filter, or
the water / separator type filter, is mounted on
the left front of the engine. Each filter has a
drain or purging line connected to separate drain
cocks mounted on a common bracket on top of
the engine. Each drain cock is fitted with a
flexible hose for dumping drainage from the
filters. Fuel from the vehicle fuel tank passes
through the primary filter before entering the
engine fuel pump. The pump delivers fuel to the
secondary filter, or the fuel / water separator
filter on late engines and on to the fuel injection
pump. Excess fuel bypasses the fuel injection
pump and is returned to the fuel tanks[(fig. 14
11). The fuel/ water separator filter unit has
three replaceable elements, and contains a
chamber for collecting water. The unit provides
moisture-free and uncontaminated fuel to the
injection pump.

f. Fuel Cutoff Solenoid. An electrically
operated fuel cutoff solenoid is mounted in the

fuel injection pump. The solenoid is normally
open. A switch in the vehicle driver's com-
partment actuates the ciruit to close the solenoid.
Closing the solenoid cuts off fuel delivery from
the fuel injection pump and stops the engine.

g. Fuel Return Check Valve. A fuel return
check valve (fig. 1-11) is installed between the
fuel injection pump fuel return outlet and the
fuel return hose assembly. The valve prevents
fuel flowing back to the injection pump when the
fuel supply is closed.

1-19. Manifold Air Induction and Heater
System

a. Turbosupercharger Assemblies. Exhaust
gas driven turbosupercharger assemblies
1, 1-2, and 1-4), one for each bank of cylinders,
are mounted on each side of the engine, at the
rear. The turbosuperchargers increase the
pressure of the intake air, thereby delivering a
higher density air to the cylinders as compared
with a non-supercharged engine. This higher
density air, with a proper fuel flow, increases
engine power.
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b. Intake Manifold Heater (fig. _1-1P).

(1) The intake manifold [figs. 1-1 and 1-5)
which distributes induction air to each bank of
cylinders is equipped with an electrically
operated flame type intake manifold heater. The
heater is provided as an aid for cold weather
starting and cold weather operations. Operation
of the heater switch (in the vehicle operator's
compartment) energizes the manifold heater fuel
solenoid valve, the heater ignition unit, and
spark plug for each heater simultaneously. Fuel
is hand pumped through the manifold heater fuel
filter and fuel solenoid valve and sprayed into the
intake manifold. The fuel is ignited by the spark
plug and burns in the intake manifold as the
engine is cranking, and the flame heats the
incoming air. This flame-heated air and the
products of combustion are fed directly into the
cylinders with little heat loss. This results in an
immediate engine response, and assures com-
plete combustion at low engine rpm and at no-
load operating conditions with low ambient
temperature.

(2) The manifold heater fuel inlet solenoid
valve prevents fuel pumped by the fuel pump
assembly from entering the air intake manifold
heater unless the heater system is energized. A
manifold heater fuel return solenoid valve is
located at the rear of the engine. The valve is also
energized (opened ) when the ignition unit and
heater spark plugs are energized to permit excess
fuel to be returned to the fuel tanks. The main
fuel check valve prevents back flow of the fuel
when the purge pump in the driver’'s com-
partment is actuated.

1-20. Exhaust
bosupercharger

a. The exhaust system consists of four
manifolds, one for each group of three adjacent

System and Tur-

cylinders. The two exhaust manifolds on each
cylinder bank are connected to the tur-
bosupercharger on their respective side of the
engine.

b. Exhaust gases from each side of the engine
enter a turbosupercharger and are forced around
a turbine housing, radially inward, and through
a nozzle ring, toward the turbine wheel. The
exhaust gases drive the turbine wheel which in
turn, drives the compressor wheel since both
wheels are on a common shaft. Intake manifold
air enters at the center of the compressor wheel
and flows radially outward through a diffuser
section into the compressor housing. The air at
increased velocity then leaves through a
tangential outlet on the outside of the compressor
housing, and enters the intake manifold.

¢c. The exhaust gases are expelled from the
turbosuperchargers into the vehicle exhaust
system.

1-21. Cooling System

Note. The key letters shown below in
parentheses refer to[figure 1-8]

a. Fans. The top of the engine is shrouded to
house two cooling fans (WW and NN) which
draw cool air from the underside of the engine,
through the cylinder fins, and discharge the hot
air vertically from the top shroud. The fans are
attached to adapters (MM) and are mounted on
shafts which are driven through a fan drive
clutch assembly (LL). The rear fan clutch is
driven by the rear fan drive shaft (GG), fan drive
bevel gearshaft (FF), and fan driven gearshaft
(HH). The front fan clutch is driven by the front
fan drive shaft (EE ) and another fan driven
gearshaft (HH).
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b. Fan Drive and Clutch[(figs. I-13 and 1-14).

The fan clutch is oil cooled. The fan clutch drive
and driven disks are loaded by the centrifugal
action of clutch balls and springs housed in the
clutch assembly. The balls and springs are in the
driven member and apply upward force to the
clutch disks. The clutch oil enters the fan drive
vertical shaft from the fan drive housing through
an annular groove in the shaft. The oil flows
through a central hole in the shaft to a

CLUTCH UPPER
BALL lEARING‘\

Lﬂ,l_

distributor where it is dispersed to the ball
bearings and to the clutch disks. The oil moves
between the clutch disks by centrifugal action
and drains back through the fan drive housing
into the engine oil pan. Early cooling fan clutch-
es had a hydraulic disengagement feature, The
clutch actuating piston [(fig. 1-1B) for this
hydraulic disengagement feature was eliminated

on late engines, and the clutch has been greatly
simplified and improved [(fig._1-14).

COOLING FAN
DOUBLE LIP OIL SEAL .-\

ve| 'ﬁ
| |
™ = COOLING FAN
f _ CLUTCH ASSEMBLY
CLUTCH LOWER
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f OIL DRAIN
OIL DRAIN j— | OIL FROM MAIN
OIL GALLERY
VERTICAL FAN
DRIVE SHAFT [
S
B — __‘, HORIZONTAL
<+—T"]FAN DRIVE SHAFT

AT 30912

Figure 1-14. Mechanical cooling fan clutch—sectional view.
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c. Engine and Transmission Oil Coolers (figs.
[1-1 land 1-4). All transmission and engine oil
cooling is accomplished by external oil coolers.
The oil coolers are located on the sides of the
engine, above the cylinders. Air is drawn through

VITC Uil UUURTiIO Uy

the oil coolers by the cooling fans. A thermostatic

vl VO

TO LEFT EXHAUST PIPE

ACCESSORY DRIVE HOUSING

control valve in each oil cooler controls the
temperature of the oil from the cooler by per-
mitting cold oil to bypass the coolers. This valve
aiso permiis oil io bypass ihe cooier in ihe eveni
that the cooler becomes clogged.
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1-22. Crankcase Breather and Fire Ex-
tinguisher Systems (figs—=15 and 1-16)

a. Crankcase Breather System. The engine
crankcase breather system is completely enclosed
which allows the engine to be submerged without

PRy [, PRUPIDN

enirance of water and pcrmita the crankcase to
be vented. The breather system is vented
through the left turbosupercharger exhaust
outlet into the vehicle exhaust system.

1-20

b. Fire Extinguisher System. The engine is
equipped with a fire extinguisher tube located in
the “V”. This tube is connected to the engine
compariment fire extinguisher system. The tube
has small holes drilled along the entire length to
direct the carbon dioxide (CO2) fire extinguisher
fluid in predetermined directions around
cylinders, fuel injection pump, and intercylinder
components in case of fire.
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Figure 1-16. Late crankcase breather and fire extinguisher system.

1-23. Sending Units and Switches

a. Oil Pressure Sending Unit[(fig. 1-11). The
electrical oil pressure gage sending unit on early
engines was located at the right rear of the right
side of the crankcase in the main oil gallery line.
On late engines, for ease of maintenance, the
sending unit is relocated to the front of the
crankcase at the opening in the gallery line at
No. 1 right cylinder. This sealed sending unit
consists of a threaded plate to which a
diaphragm, a radially notched spring, and an
overload guard plate are crimped. Electrical
resistance in the sending unit varies directly as
the oil pressure varies. The resulting variation in

the current is transmitted to the electrical oil
gage on the vehicle instrument panel.

b. Low Oil Pressure Warning Light Switch.
The low oil pressure warning light switch is
furnished with the engine and it is located at the
right rear of the right side of the engine crank-
case in the main oil gallery line near No. 5 right
cylinder. The electrical contact points in this
switch close when the oil pressure in the main oil
gallery falls to 1132 psi. The completion of the
electrical circuit lights the low pressure warning
lamp on the vehicle instrument panel.

c. Oil Temperature Sending Unit[ (figs. 1-1).

The oil temperature sending unit is located at the
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upper right side of the crankshaft damper and oil
filter housing,

d. High Engine Oil Temperature Warning
Light Switch [(fig._1-B). The oil temperature
warning light switch is located in the oil passage
immediately above the oil temperature sending
unit in the upper right side of the crankshaft

Section IlI.

1-24. Tabulated Data

a. General. Refer to pertinent Organizational
Maintenance Manuals [(pard [1-2) for the

b. Accessories.

Accessory Manufacturer
Generator Lear Siegler
Starter Delco-Remy

Fuel Injection American Bosch
Metering Pump
Fuel Supply Pump

Turbosupercharger

Viking
Schwitzer

tabulated data pertaining

damper and oil filter housing. The warning light
sending switch thermostatically  controlled
electrical contact points close when oil tem-
perature in the engine main oil passage reaches
245 #5 degrees. The completion of the electrical
circuit lights the oil high temperature warning
lam p on the vehicle instrument panel.

ENGINE SPECIFICATIONS

to the general
characteristics and performance of the engine,

Fuel Filter (primary)

Fuel Filter (secondary)

Fuel/ Water Separator
Filter

Manifold Hantoe Danl Tila

dvamiiiviu i TaWCT r uel riner

QOil Filter (Main)
Oil Filter (Auxiliary)

Fram or Purolator

Fram

Keene Corp. Filtration Div.

Miltsaw: Qinnnd .2
dvaigialy oJLanuara

Air Maze (Ord design)
Continental Motors (Ord

Model Part No.
G22-6F 10889713
1109972 8712242
PSB-12BT 10912447
FV492 10882763
D6S 10912477 and

10912478
2949 or 8395476
664479
FBM1126 8764641
11602063

nLOnc £I1n

$6906-51085-1
7025886
8761542

design)
Military Standard

Oil Pressure Sending Unit
Military Standard

Oil Temperature Sending
Unit

High Oil Temperature
Warning Light Switch
Low Oil Pressure Warning
Light Switch

Ignition Unit, Manifold
Heater

Military Standard
Military Standard

Bendix Corp.

¢. Engine.

o

Dimensions, including shroud;

Length (to transmission adapter)

Width (overall, shrouds installed) ......
Height ........ ... ...................
Displacement ...........................
Weight, dry (with accessories) ............

Speed:

Governed, full load ....................
Governed, noload .. ....................
Idle .......... ... . . .. .

1-22

96906-24539-1
96906-24537-1

MIL-S-12285 /1-5
96906-90530-2

7062198

.......... Continental Motors Corp.
.......... Diesel, air-cooied, V-i2
......... AVDS-1790-2-M, AVDS-1790-

2-AM, and AVDS-1790-2A

70.60 in.
88.37 in.
45.97 in.
"1790 cu in.
4685 1b.

2400 rpm
2640 rpm
700 rpm



Horsepower, gross ............................ 750 bhp at 2400 rpm
Horsepower, net .............................. 642 bhp at 2400 rpm
Torque, gross ................c.covumuuninn.. 1720 Ib-ft at 1800 rpm
Torque, net ...............c...coiiiiiiiai.... 1585 Ib-ft at 1800 rpm
Cylinders:
Number ... ... ... . ... ... ... 12
Arrangement ...................... ... .. ... 90 degrees upright “V”
Numbering {from front):
Leftside ................................. 1L, 2L, 3L, 4L, 5L, 6L
Rightside ............................... IR, 2R, 3R, 4R, 5R, 6R
Fil‘ing Order ............................. le 2L9 5R1 4L9 3Rs lLv
6R, 5L, 2R, 3L, 4R, 6L
Bore ........... ... 5.750 in.
Pistons:
Stroke ... 5.750 in.
Compression ratio ............................. 16:1
Displacement ............. ... .. ... ......... 149.1 cu in. per ¢yl
Cooling:
Type .. air cooled by two enginedriven fans
Airflow ... ... .. ..., 20,000 cfm at 2400 rpm
Drive (from crankshaft) ................. ... .. direct
Crankshaft rotation (viewed from front) ...... ... clockwise
Camshafts:
Number ........... .. ... ... ... ......... 2
Rotation (viewed from front) ................ counterclockwise
Ignition ...................... e compression
Fuel system:
Induction .............. ... ... .. .. ... . ... ... supercha rged
Air flow (at rated power and speed) .......... 2000 cfm
Fuel:
Type ..o diesel
Grande .......... .. ... ... . . . .. 40 cetane min
Specification ........................ ... .. VV-F-800, Grade DF-2
Supply pressure (at injection pump
inlet) ...... .. ... . . . 40 psi
Consumption at 750 hp and 2400 rpm .. ... 296 lbs per hr
Valve timing:
Intake opens .................... .. ... ..... 25 deg before top center (BTC)
Intake closes ...............................55 deg after bottom center (ARC)
Intake remains open ...................... .. 260 deg
Exhaust opens ............................. 45 deg before bottom center (BBC)
Exhaust closes ............................. 20 deg after top center (ATC)
Exhaust remains open .................... .. 245 deg
Setting (0.100 in. clearance) ................. intake closes 32 deg after
bottom center (ABC)
Valves:
Lift ... 0.460 in.
Clearance (cold engine): ’
Exhaust .................................0.025 in.
Intake ........ P 0.01¢ in.
Fuel injection metering pump timing:
Static setting with injection advance
in full retarded position ............ ... ... 26 deg BTC
Lubrication:
Oil specifications:
Above 60°F ... ... ... ... ... ... . ... ... OE 50 MIL-L-45199
Alternate MIL-L-2104B
+321090°F ... OE 30 MIL-L-45199
Alternate MIL-L-2104RB
20 to +40°F oo OE 10 MIL-1-45199

Alternate MIL-L-2104B
6510 0° F oo OES MIL-L-10295



Normal oil temperature .......................
Maximum oil temperature (out of cooler} ......
Oil pressure (crankcase main oil gallery):
TS0 rpm ..
2400 rpm (full load) ............ ... . ... ... ...
Oil pump output (OE 30 oil at 180° F
at 2800 rpm of pump):
Pressure pump .................. .. ... . ... ...
Scavenge pump .............. i
Piston oil sprayer pump ............. ... ... .....
Oil capacity (approximate):
Dryengine .......... ... ... i,
Oilchange .......... ... .. ...,
Manifold heater (cold weather starting
and idle operation in cold weather):

Spark plug (ignition) gap ......................
Pump (hand operated from driver's

compartment) ................... ...
Spray nozzle flow ................ ... ... .. ...
Fuel (type) .......... ... i

1-25. Drive Ratios and Rotation (From

Front)

1-24

180 F at 60* F ambient
250°F

20 psi (OE 30 oil at 180°F)
40 to 70 psi (OE 30 oil at 180 F)

35 gpm
65 gpm
1.5 gpm

18 gallons
13 gallons

& type, spark- ignition
0.094 in. to 0.114 in.

90 psi
1.5 to 2.2 Ibs/ hr
same as engine fuel

Cam.shafts ........................................ 0.500:1 counterclockwise
Cooling fans .......................... .. ... .. . 2.000:1 clockwise
Generator ................... ... .. ... ... .. .. 3.200:1 clockwise
Starte.r N 11.846:1 clockwise

Fuel injection metering pump .......... . ... . . . 1.000:1 clockwise

F |‘1el supply pump ......... ... ... .. .. ... 1.000:1 clockwise
Oipamp .......... ... ... ... .. . . 1.327:1 clockwise
Tachometer .......................... ... ... .. . .. 0.500:1 counterclockwise



CHAPTER 2
PARTS, SPECIAL TOOLS AND EQUIPMENT,
IMPROVISED TOOLS AND SHOP LAYOUT

Section |I.

2-1. General

Authorized repair parts for the engine are
listed in[Appendix B, which is the authority for
requisitioning replacement parts.

2-2. Repair Parts

a. Repair parts required for the maintenance
of the engines are issued to supporting main-
tenance personnel for the replacement of parts
which have been worn, broken or are otherwise
unserviceable, and for parts which have been
salvaged and stocked for future use on repairable
engines.

b. Repair parts for engine installation or
replacement (attaching or associated external
parts) are listed in Organizational repair parts
manuals.

c. Repair parts for engine accessories are listed
in the following technical manuals:

Section |I.

SUPPORT, GENERAL

2-4. Common Tools and Equipment

Standard and commonly used tools and
equipment having general application to the
engines are authorized by tables of allowance
(TA) and tables of organization and equipment
(TOE).

2-5. Special Tools and Equipment

The special tools and equipment illustrated in
through B-31 and listed ir_Table 2]
1 are necessary to perform the field maintenance
repair, and overhaul operations described in this
manual. Refer to[Appendix B]| which is the
authority for requisitioning special tools, Kits,
and equipment.

2-6. Improvised Tools and Equipment
The improvised tools illustrated in

REPAIR AND REPLACEMENT PARTS

(1) TM 9-2910-212-34, Pump,
Fuel Injection, Assembly

(2) TM 9-2910-213-34,Pump,
Engine, Assembly

(3) TM 9-2920-224-35, Generator, Engine,
Assembly

(4) TM 9-2920-232-34, Starter,
Electrical, Assembly

(5) TM 9-2990-200-34,
charger, Engine, Assembly

2-3. Mandatory Replacement Parts

To expedite repair and rebuild of the engines,
it is economically advantageous to replace
certain parts rather than perform the required
cleaning and inspection necessary to assure that
the parts are suitable for continued use. Gaskets,
packings, oil seals, and other similar parts are
always replaced at engine rebuild. Refer to
[Appendix B Ifor 100 percent replacement items.

Metering,

Fuel,

Engine,

Turbosuper-

SPECIAL TOO LS AND EQUIPMENT FOR DIRECT
SUPPORT

AND DEPOT  MAINTENANCE

and 2-2 apply only to direct support, general
support and depot maintenance shops. Principal
dimensions are shown to enable maintenance
personnel to fabricate tools locally, if desired.
These tools are of chief value to maintenance
organizations engaged in overhauling a large
number of identical components. However, these
improvised tools are not available for issue. One
of the improvised tools illustrated in_figure 2-1] is
used for lifting the front fan drive housing and
clutch assembly and the other is used for
compressing the advance unit cover internal
retaining ring. The puller for removing the fuel
injection pump diaphragm type coupling is
illustrated in[figure 2-2] The improvised tool
illustrated in[figure 2-31is used to remove the oil
pressure regulating valve sleeve.
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2-2

ADVANCE UNIT RETAINING
RING COMPRESSOR

USE TWO 5/16-18NC
3/4 CAP SCREWS
x3/ CUT FROM A 2-1/2
x 3/16
{RON PIPE

DRILL 11/32

USE TWO
5/16=18NC
HEX NUTS

WELD NUT IN
FOUR PLACES

| 3-5/8 j

NOTE. ALL DIMENSIONS SHOWN ARE IN INCHES,

FRONT FAN DRIVE
HOUSING LIFTING TOOL

RING MATERIAL
LOW CARBON STEEL,

3/8 DIA (FSN 9510~261-5332)

3/4 RA

WELD LUG ‘
IN FOUR
PLACES ‘
. 2
-~
1/8
1

NUT, HEX-HD, HEAVY
WELD SECURELY 3/4-16UNF-28

ALL AROUND  ARMY PART NO. 7767728

FINAL PROTECTIVE FINISH NOTE,
CADMIUM PLATE
TYPE 1, CLASS 3
SPEC. QQ-P-416

AT 30915

Figure 2-1. Improvised tools—ring compressor, and lifting tool



DRILL AND TAP THRU

ONE HOLE
1/2-13UNC-2A
/(‘\ 1
1/2
4-1/2
- ]
DRILL TWO 0.375 DiA a
HOLES THRU \ 5/8 /'/
—

=
P

AN — 1/8
=]
7/8

1-13/16 |

! NOTE: ALL DIMENSIONS SHOWN
ARE IN INCHES

MATERIAL:
4-1/2 x 1 x 1 CARBON TOOL STEEL - 9510-596~6293
ONE 1/2-13UNC-2A x 2, HEX-HD CAP SCREW - 96906-35307~115
TWO 5/16-13UNF-2A x 2-1/2 HEX-HD CAP SCREW - 96906-35308-42

AT 30916

Figure 2-2. Improvised tool—coupling puller
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DRILL AND TAP TO SUIT PULLER,
MECHANICAL SLIDE HAMMER TYPE

/

HEX OR ROUND DIA, TO SUIT PULLER

MATERIAL

3+ .06
2
PZZZIT A0t
’ ) 058
e 92 = — .0 F_WELD OR THREAD_J 5,L_

STEEL, ALLOY 4140

.-)llﬁ

AT 30917

Figure 2-3. Improvised tool—valve sleeve remover.
Table 2-1. Special Tools and Equipmént for Direct Support,

General Support and Depot Maintenange_

Item Tdentifying Reference Use
L ) No. Fig. [ Par. i
ADAPTER, COMPRESSION:| 4910-795-7961 CA1gs] 423 Used with GAGE — 4910-870-6283 to
Compression Test (8743025) check cylinder compression
ADAPTER, MECHANICAL: %Ji 5120-837-5091 Gt~ | 5151 Used with PULLER — 5120-310-4668
20NF 2 to %4-13NC x 1-7/8 in] (8375091) i X 515} to remove starter and generator idler
long 1 gearshaft and with SPREADING
l TOOL — 5120-575-7767 to remove
main bearing caps
BLADE, THICKNESS GAGE:| 5210-793-718%8 C4-189] C4-23 Iniake valve tappet adjusiing .01 gap
(0.010) (Intake Valve Clearance)| (10882615)
BLADE, THICKNESS GAGE:| 5210-793-7899 4188~ 425 Exhaust valve tappet adjusting 0.025
(0.025) (Exhaust Valve Clearance)! (10882616} =23 C1oy gap
BLADE, THICKNESS GAGE:| 5210-793-7897 197 | C=Z-27] Valve tappet adjusting 0.100 gap
(0.100) (Intake Valve Timing
Clearance) {10882617) O STy
BOLT, EYE: 13 id x 214 od x 4-| 5306-017-6143 33537 4207 Lifting flywheel
23 /32 in. long, %-11 Thread G | 534
{(MS51937-7) FIe | 514
. g ==
BUSHING, REAMER: (Exhaust] 4910-795-7957 6611 533} Used with REAMER — 5110-708-3696
Valve! (10882891} and 5110-708-3967 to ream exhaust
valve guide hole
BUSHING, REAMER: (Intake| 4910-795-7950 56 6-331 Used with REAMERS—5110-708-
Valve) (10882892} -6 633, 3699 and 5110-708-3698 to ream
intake valve guide hole
COMPRESSOR AND GAGE:| 4910-795-7956 | I =58~} Installing pistons and rings in cylinders
Piston Ring (10882888}
CROWFOOT, ATTACHMENT: | 5120-078-3809 Tighten fuel injector tube nuts at pump
(10935497) head
CROWFOOT ATTACHMENT:| 5120-871-7198 152" =415 Removing or installing fuel injector
(Fuel Injector Nozzle Holder) (11610167) 5365 r4=14] nozzle holders
C4=159" e
CUTTER, CARBON, NOZZLE:!l 4910.795.7958 500 cp-3gnCléaning carbon from fuel injector
(Nozzle Seat) (10882949) ’ nozzle holder seat in cylinder head
EXTRACTOR, SCREW 5120-723-6833 Removing threaded inserts
THREAD: (MIL-T-21300A,
Table VIII Type |
V, Size 2)
EXTRACTOR, SCREW 5120.251.1527 ' Cg=9 g5 Remo ng threaded inserts
THREAD: (7/16 to 1 in.) (7751056)
GAGE ASSEMBLY: (Compressiorf| 4910-870-6283 4185°'| rg-appiUsed with ADAPTER — 4910-795-
Testing) (10899180} 7961 to check cylinder compression
GAGE, RING, PLAIN: (Pistor] 5220-988-8774 Checking piston ring gap
Ring Gap) (10912589) !
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Table 2-1. Special Tools and Equipment for Direct Support,
General Support and Depot Maintenance

—— — Continued
Identifying Reference

A Item No. Fig. | Par. Use

INSERTER, SCREW THREAD: {5120-797-2405 631 =571 |Installing threaded inserts
{5/ 16-24 thread) {91767-13552-5}

INSERTER, SCREW THREAD: |5120-710-7437 Installing threaded inserts
(34-24 Thread) (8375324)

INSERTER, SCREW THREAD: |5120-797-2407 63 [6=31 {Installing threaded inserts
(7/16-20 Thread) (91761-713552-7)

INSERTER, SCREW THREAD: |5120-672-8897 Installing threaded inserts
(45-20 Thread) (8761582) : o :

LIFTER ASSEMBLY, VALVE: |5120-678-5285 6-47 6-29 {Used with STAND — 4910-554-1317
(Valve Springs) (8761535) Co=48~ for removing and installing valves and

565 =6-34— valve springs
PLIERS, RETAINING RING: 5120-752-9755 13- 53T JRemoving or installing inner fan drive
{(GGG-P-480A- shaft retaining ring
Type 2, Class 3,
Style B, Size 22)

PROTECTOR, CRANKCASE: | 4910-795-7951 55145 512 Protecting crankcase at cylinder removal
(Cylinder Mounting Pads) (10882790) L5147

PULLER, MECHANICAL: 5120-873-6943 {3521 | 4159 Removing fuel injector nozzles

(11610150)

PULLER, MECHANICAL: “T” | 5120-678-5282
Handle, 3;-16UNF-2A, 6% in. | (8761297) o0 4-24-] Removing and installing camshaft drive
iong [Ea 5=t shaft and upper gear oil transfer plug

S | =
=25 =
Cr=26—

PULLER, MECHANICAL: Slide | 5120-310-4668 C54 c5=t5pUsed with ADAPTER — 5120-837-
Hammer, 1034 in. long with Y- | (8708712) 55182 5091 to remove starter and generator
20UNF-2A thread drive idler gearshaft and wiih

SPREADING TOOL — 5120-575-
7767 to remove main bearing caps

PULLER, MECHANICAL: |5120-448-0401 %5-58— =6-33- Removing exhaust vaive guides
(Exhaust Valve Guide) (10882954)

PULLER, MECHANICAL: |5120-448-0400 558 5331 | Removing intake valve guides
(Intake Valve Guide) (10882953)

PULLER, MECHANICAL: | 5120-473-7222 535 =5-131Removing fan drive oil seal retainer,
Threaded, 5/ 16-18UNC-2, 8% | (5739997) vibration damper, and crankshaft oil
in. long, 2% in. Handle (3 req’'d seal housing
per operation) N

REAMER, HAND: Roughing | 5110-708-3696 661 533 {Used with BUSHING — 4910-795-
Exhaust Valve Stem Hole. | (7083696) 7957 for rough reaming exhaust vaive
Diameter tapers from 0.550 to guide hole
0.560 in., 1334 in. long

REAMER, HAND: Finishing { 5110-708-3697 Le-61 633 iUsed with BUSHING — 4910-795-
Exhaust Valve Stem Hole. | (7083697) 662 7957 for finish reaming exhaust valve
Diameter tapers from 0.557 in. to guide holes
0.562 in., 1334 in. long

REAMER, HAND: Roughing | 5110-708-3698 661 5339 Used with BUSHING — 4910-795.
Intake Valve Stem Hole. Diameter | (7083698) S [6331| 7950 for rough reaming intake valve

. tapers from 0.488 in. to 0.498 in,, guide hoies
1334 in. long

REAMER, HAND: Finishing | 5110-708-3699 6-61 =33 [{Used with BUSHING — 4910-795-
Intake Valve Stem Hole. Diameter | (7083699) Ls-62- 7950 for finish reaming intake valve
tapers from 0.495 in. to 0.500 in., guide hole
133 in. long

REMOVER AND REPLACER: |5120-7195-0177 “o-a4 523 |Removing and installing piston rings
Plier Type (7950177)

REPLACER, VALVE GUIDE: | 5120-448-0402 Lg-56- [6-33 |Installing intake valve guide
Intake Valve (10883052)
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Table 2-1. Special Tools and Equipment for Direct Support.
General Support and Depot Maintenance

— Continued »
ifyi Reference
Item Idenl\t;gmg Fig. | Par. Use
REPLACER, VALVE GUIDE: | 5120-448-7993 =6-59~ —6-37 Installing exhaust valve guide
Exhaust Valve (10883053)
RESET DEVICE,HOUR METER: { 6645-179-2712 6-256 C6-70'| Resetting time totalizing meter
(11641917)
SLING, CRANKSHAFT AND | 4910-795-7955 5176’ | =515 Removing and installing engine
CONNECTING ROD: (10882958) 05157 C5-15) crankshaft
5178~ 05-I5
SLING, FAN DRIVE AND AD-{ 4910-795-7954 L5131 | 511 Removing and installing rear fan and
VANCE UNIT HOUSING: (10882945) D v =%9{ advance unit housing
SLING, MULTIPLE LEG: Engine | 4910-919-2884 = C5-27| Engine liliing
Lifting (10952220)
SOCKET WRENCH: Fuel Injector | 5120-875-9556 152" | “415| Removing fuel injector nozzle holders
Nozzle Holder, 134 in. nom. hex | (11610171)
socket, % in. 8q. drive, 2 in. long
SOCKET WRENCH, FACE: 5120-793-7896 o141 %’ Removing and installing fan drive clutch
(10882653) piston to clutch ball retainer plate
SPACER, FAN ROTOR HUB | 4910-795-7952 0487 —4<41 Retains fan clutch oil seal during fuel
SLEEVE: (10882651) 8-2] injection pump leak test
SPREADING TOOL, CRANK.- ! 5120.575-7767 5174 | 5-15] Used with PULLER — 5120-310-4668
CASE: (8708361) == =5 and ADAPTER — 5120-837-5091 to
remove main bearing caps
STAND, MAINTENANCE AND [ 4910-856-4137 | =56 ~5-5" | Engine overhaul
OVERHAUL: (10912260)
STAND, VALVE REMOVING | 4910-554-1317 | 647 | r:29Cylinder stand for removing and in-
AND INSERTING: (2708419) Cg=45- 629 | stalling valves, used with LIFTER —
65—~ | 633 5120-678-5285
TEST STAND: ?9&:;%%6-9:!73 6-199 =642 Test fuel injection pump advance unit
1 28
TESTER, CYLINDER BARREL: | 4910-937-4261 C6-52— | 632 | Check for cracks in cylinder barrel
(10935532) Bod—
thru
657
TUBE, ATTACHING, NOZZLE: | 4910-795-7953 %168~ | — 417 |Check fuel injector nozzles
CGHH%C{GT (10882963’
WRENCH, BOX: Generator | ©120-789-4881 &= =44 | Removing or installing generator
Mounting Nuts Offset, 9 /16 in. | (10935476) mounting nuts
open end, 9 / 16 in. hex socket end,
6 in. long
WRENCH, BOX: Torquing |5120-678-5287 C5-143) | Ts-12]| Torquing cylinder hold down nuts
Cylinder hold down nuts, 14 in. | (8761561)
drive, 3 in. double hex, 19-7/8
in. long, 4-15 /32 in. offset
WRENCH, OPEN END: Starter | 5120-678-5288 g1 22— | Removing or installing starter mounting
mounting nuts, 15 / 16 in. opening, | (8761568) nuts
offset handle, 10 in. long
WRENCH, OPEN END: Turbo | 9120-448-0404 (Y, | 4= | Disconnecting or connecting tur-
supercharger oil line, offset, | (10883075) bosupercharger oil inlet hose at nipple
11 /16 in. opening, 10 in, long
WRENCH, OPEN END, FIXED: | 5120-678-5286 Removing or installing fuel injector
Fuel injector nozzle holder, ¥ in. | (8761560) nozzle hoiders
drive with 134 in. opening —
WRENCH, SPLINED: Engine | 5120-793-7895 4-51 Turning engine at transmission drive
“ turning, 3 in. drive with external { (10882747) g Csg— | gearshaft
spline, 214 in. long i Cego
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Section |lI.

2-7. General

This section discusses the purpose and
maintenance policy pertaining to depot main-
tenance prescribed in this manual for produc-
tion-line overhaul or rebuild of the engine.

2-8. Shop Layout

a. The layoul (fig. 2}4) shows a typical station-
by-station production line setup for overhaul or
rebuild of the engine. The engine is steam
cleaned and engine oil is drained. The engine
accessories are removed and routed to their
respective rebuild stations. The basic engine
moves along the assembly line through the
various stages of disassembly into subassemblies.

SHOP LAYOUT

The subassemblies are then routed to the various
overhaul stations for disassembly, cleaning,
inspection, repair and reassembly. The
overhauled assemblies are returned to the main
assembly line for basic engine assembly.
Overhauled accessories are installed on the basic
engine, and the engine is subjected to a
dynamometer acceptance test.

b. In actual practice, specific shop layouts will
vary according to the physical facilities available
and the quantity of engines to be overhauled.
Planning for a depot overhaul program must he
sufficiently flexible to allow for variations in the
condition of the materiel received for processing.

ur
A < | STEAM
w
- WELD S & [ CLEAN
PARTS SUPPLY & WORK TABLES ] AMOMETER AREA NO. 7
L1 -
7 |
STATION NO. 4  STATION NO. 5 Z o
o
o | PARTS SUPPLY & WORK TABLES | TNSP =0
S CYLINDERS IMAGNA- 2z
9 FUEL & CRANKSHAFTS FLUX 7
z [ WORK TABLES | ELECTRICAL| MISCELLANEOUS | ZYGLO -
o) AREA NO. 4| MACHINE AREA  [PRESSURE o
= NO. 5 TEST =4e)
| B | AREA #2 e Z
STATION NO.2  STATION NO. 1 '
- z .
 I— —— o,
=0
] SUBASSY PARTS STORAGE PAINT =2
AREA NO. 6 AREA NO. 8 AREA NO. 3
ENGINE ASSEMBLY - AREA NO. 9 DISASSY
AREA NO. 1
AT 30918

Figure 2-4. Typical shop layout.
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CHAPTER 3
TROUBLESHOOTING

Section |.

3-1. Purpose of Troubleshooting

Note. Information in this chapter is for use of
Direct Support and General Support main-
tenance personnel in conjunction with and as a
supplement to the troubleshooting section in the
pertinent organizational manual (refdr_to Apd
pendix [A). It provides the instructions where a
remedy in the organizational maintenance
manual refers to supporting maintenance
personnel for corrective action.

a. Prevent Damage. Operation of a deadlined
vehicle without a preliminary examination can
cause further damage to the engine and possible
injury to personnel. By careful inspection and
troubleshooting, such damage and injury can be
avoided. In addition, the cause of faulty
operation can often be determined without
extensive disassembly.

b. Precautions by Inspection. Most of the
inspections are visual inspection and are to be
perform ed before attempting to operate the
vehicle. These inspections are mainly to
determine the condition and to take precautions
to prevent further damage.

c. Troubleshooting While Mounted. The
troubleshooting performed while the engine is
mounted in the vehicle is that which is beyond
the normal scope of the using organization.
Check the troubleshooting section of the per-
tinent organizational manual, then proceed as
outlined in this chapter.

d. Troubleshooting Engine only. If the engine
only is received, inspection should be performed
to verify the diagnosis made while the engine was
installed in the vehicle. This inspection, to
uncover further defects or to determine
malfunction, is important as it is the only means

Section |I.

3-3. General

Most engine troubles are actually engine
accessory troubles. The troubleshooting portion
of pertinent organizational maintenance
manuals, normally, will cover troubleshooting of
all engine accessories while mounted on the
engine. For complete coverage of accessories,

GENERAL

for determining the trouble without completely
disassembling the engine.

3-2. General Instructions

Note. This chapter contains inspection and
troubleshooting procedures to be performed
while a malfunctioning engine is still mounted in
the vehicle and after it has been removed.

a. Visual inspections made while the engine is
mounted in the vehicle are performed before
attempting to operate the vehicle to avoid
damage or injury as well as to determine the
cause of the malfunctioning engine.

b. Troubleshooting performed while the
engine is installed in the vehicle beyond the scope
of the using organization, is performed to
determine if the malfunction can be remedied
without removing the engine from the vehicle,
and, when subsequent removal is necessary, to
indicate when repair can be made without
complete engine disassembly.

¢. Troubleshooting a malfunctioning engine

after it has been removed from the vehicle
consists of subjecting it to tests on a
dynamometer. This chapter discusses those

symptoms which can be diagnosed by using
testing equipment, interprets results in terms of
probable causes, and recommends appropriate
corrective action.

d. Tests and adjustments prescribed for an
engine after assembly (para 8-3) may be applied
to the engine in which the malfunction is
suspected. Particular attention should be given
to proper oil level, fuel pressures and proper
adjustments when operating the engine to
determine appropriate corrective action to be
taken for the malfunction.

TROUBLESHOOTING PROCEDURES

refer to pertinent manuals listed in_paragraph 1-
24. The procedures for troubleshooting the

engine assembly and the accessory systems are
listed in[paragraphs 3-4 through 3-11. Engine
malfunctions are referenced to the appropriate
accessory system for corrective action, when
applicable.
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3-4. Troubleshooting Engine Assembly

Malfunction

Probable Cause

Corrective Action

1. Engine will not crank:

a. Electrical switch or starter
solenoid not properly adjusted.
b. Failed starter.

c. Failed starter drive gear.

d. Hydrostatic lock.

e. Seized internal engine parts.

a.

b.

Adjust electrical switch and starter solenoid
switch (refer to TM 9-2920-232-34).
Remove starter (Fable#1'. Refer to TM 9-
2920-232-34 and overhaul starter. Install
starter and install cradle and support T¥ablé
4-1).

Remove starter (Table 4~1). Remove smrte‘
drive adapter and driven gear (para—5+13.
Remove flywheel (para =5-1#7 Remove
crankshaft oil seal cap and housing fpara—5*
14). Remove starter driven gearshaft
bearing cage (phra—5-15). Replace drive
gear (phra—0-11Db). | Install starter driven
gearshaft bearing cage {para7i5a(1). Install
starter idler gear (pdra—7.5a(2)). Install
crankshaft oil seal cap and housing (para=i-
6b). Install flywheel (para—1-6f]. Install
starter driven gear (para i-7b). Install
starter, cradle and support {phra—¥7c).

. Remove upper covers (figs—4-126 through

4-135). Remove fuel return tubes and
disconnect m]ector tubes at nozzle and
holder assemblies {#ig—4-¥50). Remove fuel
injector nozzle and holder assemblies (figs.
4452—and 4-153). Using wrench — 5120-
793-7985 (fig—4-51), turn engine over
several times by hand to dlsplace liquid
from cylinders through the injector nozzle
openings. Then blow fuel from openings by
turning engine with starter. If the engine
can be turned freely by hand, after all liquid
has been displaced, install the nozzle and
holder assemblies (flgs[ﬁ]and 4. 165D‘
and connect injector tubes and fuel return
tubes (fig—4-150), Turn engine by hand to
be sure cylinders are free of liquid. Start
engine. If engine cannot be turned freely by
hand, internal parts of engine have been
damaged. Disassemble engine (chapter's),
replace damaged parts (claprer 6).
Assemble engine (chapter'7).

. Disassemble engine (chapter—5). Replace

damaged parts (chaprer6) and assemble
engine (chapter17)

2. Engine cranks but will not
start:

3-2

. Low ambient temperature.
. Insufficient cranking speed.

T

¢ Air in fuel system.

d. Fuel check valve not operating,
preventing effective purging of fuel
system. )

e. Faulty fuel filter, tubes and hoses,
or defective fuel pump.

. Use intake manifold heater.

Check starter and electrical system. Refer to
TM 9-2920-232-34. Check for partially
seized bearings in engine by turning engine
using wrench —5120-793-7895. (fig—451).
Open vent on secondary fuei filier. Actuate
hand purge pump until all air is removed.

. Remove fuel check valve (fﬁ) and

replace with new fuel check valve {fig—5
25). Install new check valve (figs—5-25. 4-
1

) PR, PPN £.. .1 f:l;_‘_ PN PRty | * N JN s
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Malfunction

Probable Cause

Corrective Action

f.

=

Fuel injection pump not properly
timed. (Initid engine starting. )
Failed fuel injection pump.

Fuel injection pump fails to turn
when engine is cranking or turned
by hand.

. Low cylinder compression.

f. Time fuel injection pump[{para_4-¥). Also
refer to TM 9-2910-212-34.

g. Remove fuel injection pump[{para 4-%).
Install new fuel injection pump [(paraZ-4).
h. Disassemble engine [(chapter 5] ) and replace
defective parts. Assemble engine (chapter

7.
i. Check valve clearance[(para 4-28) and make
cylinder compression check [para4-27] ) and
take appropriate corrective action as noted
below:

1. Worn piston rings
Remove cylinders[(para 5-112) and replace
worn piston rings [pam_6-23 through 6-
27). Instal pistons and cylinders [(para_7-1
8a).

2. Leaking valves
Remove cylinders (Cpara 5-112) and repair
leaking valve$ (para 6-33a). Install pistons
and cylinders[{para _748a).

3. Engine runs rough, one or
more cylinders not fiiing:

. Engine operating at below normal

temperature.

. Water in fuel, dirty fuel, or

restricted fuel filters.

. Leaking or failed fuel injector

tubes.

. Improper valve adjustment.

. Fuel injector nozzles dribbling or

not functioning properly.

. Fuel injection pump not func-

tioning properly.

. Low compression on one or more

cylinders.

a Check oil cooler thermostat
47d(2)). Operate engine at higher rpm.

b. Check fuel filters for water, dirt, and ob
structions. Refer to pertinent vehicle
Technical Manual,[Appendix_Al If clean,
replace fuel pump[{para_4-4).

c. Tighten or remove leaking fuel injector
tubes (Table 5b). Install fuel injector tubes

)

(Table 5-5).
d. Check and reset valve clearance

23).
e. Check and clean fuel filter elements. Refer
to pertinent vehicle Technical Manual,
[Appendix_Al Remove fuel injector nozzle
and overhaul nozzle and holder assembly

[Table 4-7).

f. Remove fuel injection pump[(Table 4-1).

Install fuel injection pump [(Table_24-1).

Inspect fuel filters for dirt and service if
necessary. Refer to b, above.

g. Refer to item 2j, above, for corrective ac-

tion.

4. Engine low on power, stll
speed below normal of 1850
to 1950 rpm:

b.

2o

Improper fuel being used or
inadequate fuel delivery to engine.

Restricted fuel filters or lines.

Faulty fuel pump assembly.
Engine overheated.

a. Drain fuel tanks and fill with proper
specification fuel. Refer to pertinent vehicle
Technical Manual, [Appendix_A Ifor proper
fuel. Refer to fuel system troubleshooting,

b. Clean filters and fuel lines and remove
restrictions. Refer to pertinent vehicle

Technical Manual, CAppendix Al
c. Replace fuel pump assembly [{para 4-4).
d. Refer to cooling system troubleshooting,
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Malfunction

Probable Cause

Corrective Action

€.

Improper fuel injection pump
operating lever travel or engine
linkage adjustment.

. One or more cylinders not firing.

Fuel injector nozzles not func-
tioning properly.

Fuel injection pump not properly
timed.

. Low cylinder compression. (Worn

piston rings or burned valves.)

Failed turbosupercharger. (in
checking for a faled tur-
bosupercharger, a quick check
should be made to see that tur-
bosupercharger vanes turn freely.
Vanes which have excessive drag
will have low output.)

. Leaking engine exhauet system

causing reduced pressure to
turbosuperchargers.

. Fud injection pump advance unit

not functioning properly.

e. Adjust fuel injection pump linkage to get
complete travel. Refer to TM 9-2910-212-
34 for procedures on adjusting pump and

and 4-85 for adjustment of
linkage.

f. Refer to item 3, above, for corrective action.

g. Time fuel injection pump[{para_Z4-%). Also
refer to TM 9-2910-212-34.

h. Check valve clearanc%). Check
cylinder compression ) and take
appropriate corrective action tabulated in
item 2h, above.

j. Remove turbosupercharger [Table 5-1).
Overhaul turbosupercharger, refer to TM 9-

2990-200-34. Install serviceable tur-
bosupercharger [para_7-17b).

k. Repair exhaust system. Refer to pertinent
vehicle Technical Manual,CAppendix_Al.
Remove engine exhaust manifold [f@ble5-1
5). Repair exhaust manifolds. Install
exhaust manifolds [(fable 7-9).

l. Remove rear fan and accessory drive
housing assembly [(fable 5-8). Rebuild fuel
injection pump advance unit[ {table 6-79).
Install rear fan and accessory drive housing

assembly [(table 7-5).

5. Excess engine power:

Cooling fans not operating.

Improper fuel injection pump high
idle screw or bridge setting.

. Improper fuel injection pump

timing.

a. Refer td_paragraph 3-10 for corrective

action.
b. Adjust fuel injection pump high idle screw.
Refer to TM 9-2910-212-34 for procedures.
c. Time fud injection pump[{para 4-4). Also
refer to TM 9-2910-212-34.

6. Engine overspeeds beyond
2640 rpm at on load:

Fuel injection pump governor not

properly adjusted.

Adjust fuel injection pump governor. Refer to
TM 9-2910-212-34 for procedures.

7. Engine will not idle, but
runs well under load.

Some cylinders not firing (low
ambient temperatures).

Improper adjustment of engine
idle screw or linkage sticking.
Fuel injector nozzles not func-
tioning properly.

Fuel injection pump governor not
properly adjusted.
Fuel injection pump not func-
tioning properly.

a. Operate engine at part load to increase
cylinder head temperature or use intake
manifold hesater.

b. Reset idle screw and check for sticking
linkage.

c. Remove fuel injector nozzles. Refer to table
[4=7 for references on removing, repairing,
checking, and installing nozzle and holder
assembly.

d. Adjust fuel injection pump governor. Refer
to TM 9-2910-212-34 for procedures.

e. Remove fuel injection pump_(iable 4-1).
Overhaul fuel injection pump. Refer to TM
9-2910-212-34 for instructions. Install
injection pumep[(iable 4-1).

8. Engine smokes:
(@) White or grey smoke
indicating unburned fuel.

3-4

Engine cylinders and intake air
too cold for efficient combustion.

a. Operate engine under load to increase
cylinder head temperatures. Increase idle
speed, use manifold heater.



Malfunction

Probable Cause

Corrective Action

(b) Blue smoke indicating
presence of engine ail in
combustion chamber.

(c) Black smoke indicating
a rich fuel mixture.
Note: Black smoke
during acceleration is
normal.

9. Engine noise.
(a) Abnormal knocking
noise.

(b) Tapping noise.

(c) Grinding or squeaking
noise.

. Defective fuel injector nozzle

gaskets.

. Water in fuel.

. Low compression.

One or more cylinders not firing.

. Worn or stuck piston rings or

worn cylinder.

. Worn valve guides.
. Worn turboeupercharger oil seals.

Restriction in air supply system.

. Failed turbosupercharger (ex-

cessive smoke for afflicted engine
bank).

. Fuel injector nozzles not func-

tioning, dripping, or retaining

. Operating with improper fuel.
. Fuel injection pump improperly

adjusted.

. Fuel injection pump not properly

timed.

. Fud injection pump advance unit

not functioning properly.
Loose piston pin or pins or broken
piston rings.

. Worn engine bearings.

. Scored piston or cylinder.

Excessive valve clearances.

. Worn or damaged valve rocker

arm

Accessories  damaged.
1. Fue injection pump.

2. Generator.

b. Replace fuel injector nozzle gaskets (para 7-1
11a). Refer to item 7c, above, for other
corrective action.

c. Service fuel filters and drain fuel tanks.
Refer to 4a, above.

d. Check cylinder compression, refer to 2j,
above. Replace defective parts.

a Refer to 3, above, for corrective action.
(Replace engine)

b. Remove cylinders and pistons and replace
rings and worn parts. Refer to 2h, above.

¢. Remove cylinder and replace valve guides.

d. Remove turbosupercharger [(Table 5-1).
Overhaul turbosupercharger refer to TM 9-
2990-200-34 for procedures. Install tur-

bosupercharger [para_7-17b).

a. Refer to[para 3-1

b. Remove turbosupercharger [(Table 5-1).
Overhaul turbosupercharger refer to TM 9-

2990-200-34 for procedures. Install tur-
bosupercharger [para_7-17b).

c. Overhaul fuel injector nozzle and holder
assemblies. Refer to 7c, above, for corrective
action. Replace springs.

d. Check fuel. Refer to 4a, above.

e. Adiust fuel iniection pump. Refer to TM 9-
2910-212-34 for adjustment procedures.

f. Time fuel injection pumpl[{para 41). Also
refer to TM 9-2910-212-34.

g. Refer to 41, above, for corrective action.

a. Remove cylinders and pistond_(fable 5-b).
Rebuild pistons, rings, and pins
12). Ingtall pistons and cylinders (fable_74
4).

b. Disassemble engine [{chapfer 5). Rebuild
crankshaft, connecting rod assemblies, and
bearings [(fable_6-8). Assemble engine

[chapfer 7).
¢. Remove cylinder and piston[{fable 5-).
Overhaul cylinder [(fable_6-1#). Install

piston and cylinder [(fable_7=4).

a Adjust valve clearances (Tpara 4-2B).
b. Remove valve rocker arm covers. (Refer to

) Disassemble rocker arm covers.
Replace valve rocker arm assemblies.
Assemble rocker arm covers. Install vave
rocker arm covers.

a Replace damaged engine accessories.

1. Remove fuel injection pump(iable 4-11).
Refer to TM 9-2910-212-34 and overhaul
fuel injection pump. Install injection pump

).

2. Remove generator [(fable 4-1). Refer to
TM 9-2920-224-35 and overhaul
generator. Install generator [(fable 24-1).
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Malfunction

Probable Cause

Corrective Action

b.

3. Turbosupercharger.

4. Fuel pump

Failed engine bearings or gears.

Dry vave rocker arm shafts and
rocker arm bushing-type bearings.

Cooling fans rubbing housing.

3. Remove turboeupercharger [(fable 4-1).
Refer to TM 9-2990-200-34 and overhaul

turbosupercharger. Install tur-
bosupercharger [fable_—Z-1).

4. Remove fuel pump(iable 4-1). Refer to
TM 9-2910-213-34 and overhaul pump.
Install fuel pump[(fable_Z0).

b. Use wrench - 5120-793-7895 and turn
engine over by hand. If engine turns hard
and grinding or squealing noiee persists,
disassemble engine[(chapter 8) and inspect.
Replace damaged parta. Assemble engine
(chapter 7).

¢. New or dry engine must be run at fast idle to
get oil up to rocker arm bushing-type
bearings.

d. Adjust cooling fan clearance [{fig._4-8B).

10. Rough or poor idling.

11. Engine surges at all
speeds.

Some cylinders not firing.

. Nozzles not functioning properly.

Air leak in intake manifold system.

a. Refer to 7, above for corrective action.
b. Refer to 7c, above, for corrective action.
c. Refer to[ para 3-7 for corrective action.

d. Time fuel injection pump[{paraZ4-4). Also
refer to TM 9-2910-212-34.

a. Adjust fuel injection pump governor. Refer
to TM 9-2910-212-34 for procedure.

b. Clean linkage and inspect for binding or
sticking condition. Refer to pertinent vehicle
Technical Manual, CAppendix Al Lubricate

linkage.

12. Poor fuel economy.

d. Fuel injection pump not properly
timed.

a. Fuel injection pump governor
improperly adjusted.

b. Injection pump linkage sticking or
binding.

a. Engine operating at below normal

temperature.

. Operating with improper fuel.

Air intake system restricted.

. Exhaust system restricted.

Loss of power or low power.

a. Refer to 7 and 8, above, for corrective
action. Increase engine operating tem-
perature.

b. Drain fuel tanks and refill with proper fuel.
Refer to pertinent vehicle Technical
Manual, for proper fuel.

. Refer to_para_3-¥ for corrective action.

. Repair exhaust system. Refer_to pertinent
vehicle Technical Manual,mm.
Remove engine exhaust manifold
5). Repair exhaust manifolds. Install

exhaust manifolds [{fable _7-D).

e. Refer to 4, above, for corrective action.

o0

13. Engine stops suddenly.

14. Engine will not stop when
shut off.

3-6

Plugged or damaged fuel supply
system or fuel pump fails to

operate properly.

Failed fuel injection pump
coupling.
. Fuel injection pump fails to

operate properly.

. Seizure of internal engine com-

ponents.

Fuel cutoff in fuel injection pump
inoperative.

. Binding fuel injection pump

control linkage.

a. Refer to[para_3-8 for corrective action.

b. Replace coupling. Refer to[fable 4-1] for
replacement instructions.
c. Refer to 2g, above, for corrective action.

d. Disassemble engine[(chapter %) and inspect.
Replace damaged parts. Assemble engine
[chapter 7).

a. Check electrical lead. Refer to 2g, above, for
corrective action.

b. Refer to 2g, above, for corrective action.



3-5. Troubleshooting Starting System

Malfunction

Probable Cause

Corrective Action

1. Starter will not operate.

a. Improper starting procedure being
used.

b. Starter not receiving electrical
current.

a. Refer

to pertinent vehicle Technical
Manual, [Appendix_Alfor proper starting
procedures.

Refer to pertinent vehicle Technical
Manual, [Appendix A lfor procedures
covering troubleshooting vehicle electrical
system.

c. Failed starter. c. Refer to 1b,

d. Failed starter relay. d. Refer to 1b, [para_3-71

2. Starter runs but will not a. Failed starter drive gear. a. Refer to 1c, [para_3-4

crank engine. b. Failed starter drive clutch. b. Refer to 1b, [para_3-41
3. Starter operates but fails to a. Improper grade engine oil. a. Drain and refill with proper grade oil for

crank engine at
cranking speed.

proper

b. Defective starter.
c. Partially seized engine caused by
tight engine bearings.

prevailing temperature.

b. Refer to 1b, [para 3-41

c. Turn engine manually. If engine does not

turn freely, disassemble engine and replace
or repair damaged parts.

3-6. Troubleshooting Ge

nerating System

1. Generator runs but will not
produce electrical current.

a. Generator regulator not operating.

b. Improperly connected generator
cables.

c. Generator not producing electrical
current.

c

2. Generator does not turn or
operate.

a. Failed generator shaft.
b. Generator drive gear failed.

. Refer to pertinent vehicle Technical

Manual, (Appendix_Adfor troubleshooting

generator regulator.

. Refer to pertinent vehicle Technical

Manual, [Appendix A lfor correct cable

connections and procedures.
Remove generator [fable 4-T). Refer to TM
9-2920-224-35 and overhaul generator.
Install generator [[fable 4-1).

. Replace generator, Refer to 1c, above.

. Remove generator [[fable_4-1).

Remove
generator drive adapter and drive gearshaft
[fable 5-10). Rebuild adapters and drive
gearshaft [{fable_6-1). Check generator idler
gears in crankcase for damaged teeth. If
damaged, disassemble engine and remove
idler gear. Install new gear [[fable_7-1) and
assemble engine. Install generator
1).

3-7. Troubleshooting Air

Intake System

1. Restricted air to turbosup-
erchargers (engine will not
develop full power).

a. Plugged air cleaner.

b. Collapsed air induction hose.

c. Turbosuperchargers worn or fail
to operate.

d. Restrictions in air intake

manifolds.

C.

Service air cleaner. Refer to pertinent
vehicle Technical Manual, [Appendix_Alfor
procedures.

. Repair or replace air induction hose. Refer

to pertinent vehicle Technical
[Appendix_Alfor procedures.
Remove turbosuperchargers[{Iable 4-1).
Refer to TM 9-2990-200-34 for overhaul
instructions.  Install turbosuperchargers
[fable4-1).

Remove intake manifolds[(fable _4-4).
Remove restrictions. Install intake

manifolds[{fable_4-}).

Manual,



Malfunction

Probable Cause

Corrective Action

2. Loss of engine power. a. Air leak in intake manifold. a. Remove turbosuperchargers [fable 4-1).
Remove intake manifolds QIabhle—Z-}).
Repair air leak. Install intake manifolds
[fable_4-4) and install turbosuperchargers
[fEhre—z=1).
b. Turbosuperchargers worn, | b. Refer to 1c, above for corrective action.
plugged, or failed.
c. Leak in exhaust pipes or | c. Repair or replace exhaust pipes and mani-
manifolds. folds [(fahle 5-b).
3-8. Troubleshooting Fuel System

1. No fuel being delivered a. Plugged primary fuel filter, a. Service primary fuel filter, secondary fuel
from fuel injector nozzles. secondary fuel filter, or filter, or fuel/water separator filter. Refer
fuel/water separator filter or fuel to pertinent vehicle Technical Manual,

system not free of air. [Eppendix_Adfor procedures.

b. Defect in vehicle fuel system. b. Troubleshoot vehicle fuel system. Refer to
pertinent vehicle Technical Mahuall_Ap-
pendix [A] for procedures.

c. Damaged fuel hoses (fuel pump to | c. Remove damaged fuel hoses[(fable Z-1).

filter or filter to fuel injection Install new fuel hoses[{fable _4-1).
pump).

d. Defective fuel pump d. Troubleshoot fuel pump. Refer to TM 9-
2910-213-34 for procedures. If trouble
cannot be corrected remove pump(fable 44
1). Refer to TM 9-2910-213-34 for
overhaul. Install pump (tdable—Z-1).

a. Failed fuel injection pump. e. Remove fuel injection pump{iable—Z-1).
Refer to TM 9-2910-212-34 and overhaul
pump. Install injection pump[{fable 4-1).

f. Failed fuel injection pump | f. Remove fuel injection pump{fable Z-1).

coupling. Replace coupling[{fables 6-219 or 6-45).
Install injection pump[{fabhle—Z-1).
2. Fuel being delivered at a. Operating with contaminated fuel a. Drain fuel tank and refill with proper fuel.

nozzles but engine will not
stare run, or runs rough on
one or more cylinders.

or partially plugged fuel filters,
refer to la, above.

. Flame heater not operating (low
ambient temperature).
. Fuel injector nozzle and holder not

functioning properly.

. Fuel injection pump not timed
properly.
Fuel injection pump not func-

tioning properly.

Refer to pertinent vehicle Technical
Manual, (Appendix_A] for proper fuel.

b. Refer td_para 3-M (2 and 3) for corrective
action.

c. Remove fuel injector nozzle and holders
[fanfe—2-7). Rebuild nozzle and holders
[fable—Z4-7). Install nozzle and holder [(fabldl
[Z1).

d. Time fuel injection pump[{para—Z=#). Also
refer to TM 9-2910-212-34.

e. Remove fuel injection pumpl{fable _4-1).
Refer to TM 9-2910-212-34 for overhaul

procedures. Install pump[{fable 4-11).

3. Engine runs hot, misfires, or
runs rough.

3-8

Restricted induction air supply.

Low fuel pressure from fuel supply
pump or leaking hoses and con-
nections.

. Fan clutch slipping.
. Leaking fuel tubes at nozzle and

holder assemblies.

a Service air cleaner. Refer to pertinent veh-

icle Technical Manual,[Appendix Al for

proper fuel.

b. Remove fuel supply pump[(fable_Z:-1).
Refer to TM 9-2910-213-34 for overhaul

procedures. Install pump [(para_/-1J7a).
Tighten all connections and replace

damaged hoses.

C. Remove engine fan [(iable 4-3).

d. Tighten connections. Remove fuel injector

tubes[{fable 4-1). Replace damaged tubes.
Install injector tubes[{fable Z-1).



Malfunction Probable Cause Corrective Action
e. Improperly adjusted fuel injection e. Adjust fuel injection pump. Refer to TM 9-
pump. 2910-212-34 for procedures.
f. Fuel bleeder valve in injection f. Remove fuel injection pump[{fable Z4-1).
pump not functioning properly. Refer to TM 9-2910-212-34 for overhaul
procedures. Install fuel injection pump
[fable2-1).
4. Excessive exhaust smoke. a.Fuel injection pump improperly a. Adjust fuel injection pump. Refer to TM 9-
adjusted causing excessive fuel 2910-212-34 for procedures.
delivery.
b. Fuel injector nozzle and holder b. Refer to item 2c, above, for corrective
assemblies not functioning action.
properly. Nozzles dripping or
nozzle holder spring broken.
c. Turbosupercharger failed or c. Refer to [para 3-7, above, for
restricted induction system. troubleshooting procedures.
d. Fuel injection pump not properly d. Time fuel injection pumpl{fable_Z-11). Also

timed.
Worn or scored pistons, cylinder,
or rings.

refer to TM 9-2910-212-34.

e. Remove cylinders and pistond {fable 5-B)
and replace defective parts and
6-14). Install pistons and cylinders[{fable 54
9).

3-9. Troubleshooting Lubricating System
1. Low engine oil pressure. a. Improper grade oil for prevailing a. Drain oil pan and refill with proper grade
temperature. oil for prevailing temperature. Refer to
pertinent vehicle Technical Manual, Ap
[pendix—A]
b. Engine idle speed too low. b. Check engine idle speed and reset to 700 to
750 rpm.
c. Insufficient oil in oil pan. c. Fill oil pan to proper level. Refer to per-
tinent vehicle Technical Manual [Appendixl
Al
d. Engine oil pressure sending unit d. Remove oil pressure sending unii—{fable 5-]
not functioning properly. 10). Install new unit [fable 5-10).
e. High engine oil temperature or e. Refer to 4, below, for corrective action.
diluted oil.
f. Oil pressure regulator valve not | f. Remove oil pressure regulator valvd {fable Z-]
operating properly. 2). Replace damaged parts [[para_6-38d).
Install oil pressure regulator valve[ {fable 47
2).
g. Oil filters partially obstructed. g. Refer to pertinent vehicle Technical
Manual, [Appendix_A Ifor service procedures.
h. Crankcase oil passages obstructed. h. Disassemble engine [[chapfer H). Clean oil
passages[{para 6-9c). Assemble engine
(chapier—T).
j. Oil pump pickup tube screen j. Remove oil [pan_(1able 4-5). Clean ob-
obstructed. structions from pickup tube screen. Install
oil pan[{iable Z-b).
k. Oil pump not functioning k. Remove oil pan[{fable _4-3). Remove oil
properly. pump [fab[e—h-T0). Rebuild oil pump CIablda
[B=T7). Install oil pan [(fabhle—Z-5).
I. Engine bearings worn. |. Disassemble engine [{chapter _%). Replace
worn bearings and necessary parts.
Assemble engine[{chapier T).
2. High engine oil pressure. a Qil pressure sending unit not a. Refer to 1d, above, for corrective action.
functioning properly.
b. Oil pressure regulator valve not b. Refer to 1f, above, for corrective action.

functioning properly.




Malfunction

Probable Cause

Corrective Action

(9]

Improper grade of oil for
prevailing ambient temperatures.

. Obstructed crankcase oil passages.

c. Drain crankcase oil and fill with proper
grade oil. Refer to pertinent vehicle

Technical Manual, [Appendix_Al

d. Refer to 1h, above, for corrective action.

3. No engine oil pressure.

Low oil level.

. Oil pressure sending unit not

functioning properly.

. Obstructed crankcase oil passages.
. Oil pressure regulator valve not

functioning properly.

. Oil pump or drive gears failed.

a Fill ol pan to proper level Refer to per-
tinent vehicle Technica Manual,[Appendix|
[A for proper grade oil for prevailing tem-
perature.

b. Refer to 1 d, above, for corrective action.

c. Refer to 1 h, above, for corrective action.
d. Refer to 1 f, above, for corrective action.

e. Refer to 1 k, above, for corrective action.

4. High engine oil tem-
perature.

Restricted air flow through oil
coolers.

. Oil temperature sending unit not

functioning properly.

. High oil temperature warning light

sending switch not functioning
properly ).

. Oil cooler thermostatic bypass

valve not functioning properly.

. Restricted engine oil cooler.

. Cooling fan clutch slipping or

inoperative. Engine runs hot.

. Excessive fuel, engine runs hot.

. Defective pieton cooling nozzles.

a Remove ail cooler air restrictions or replace

damaged screens, deflectors, and baffles
and 5-7 ).

b. Replace aending unit[{fables 5-10 and 7-3).

c. Replace switch[{tables 5-10 and 7-3).

d. Replace vave (Cpara 6-3B).

e. Remove engine oil coolef{table 5-2). Clean
and repair oil cooler[{fable 6-317). Install oil
cooler [fahle 7-172).

f. Refer td_para 3-10 for corrective action.

g. Refer to fuel system troubleshooting,[pard
[38] for corrective action.

h. Remove oil pa_(fable 4-b). Inspect pump
and nozzle. Replace defective parts. Install

oil pani {table 4-5).

5. Excessive oil consumption.

High oil temperature or oil leaks.

. Improper grade oil for prevailing

temperature.

. Restricted crankcase breather

system.

. Worn or scored pistons, cylinders,

or rings.

. Worn valve stems or valve guides.

Worn or leaking turbosup-
ercharger oil scae.

a. Refer to 4, above, for corrective action.
Repair oil leaks.

b. Refer to pertinent vehicle Technical
Manual, [Appendix_A] for proper grade for
prevailing temperature.

c. Removel{iable 5-5), clean [(para 6-P) and
install [para_7-9) breather tubes

d. Refer td_para 318, 4e.

e. Remove cylinders and replace defective
parts. Assemble cylinders.
f. Refer t@_para 317, 1c for corrective action.

3-10. Troublesho

ing Cooling

System

1. Cooling fans not operating.

. Fan drive clutch slipping or

inoperative.

. Fan drive gear train not func-

tioning.

a Rebuild front fan drive clutcH _(fable 6-24).
Rebuild rear fan drive clutch[{ianle 6-24).

b. Disassemble engine [(chaper 5). Replace
damaged parts. Assemble engine [(Chapter

2, Cooling fam operate but
engine does not cool.

3-10

. Oil cooler thermostatic bypass

valve not functioning properly.

. Defective oil cooler bypass valve.

a Refer to 4d, above.
b. Replace valvel (table 6-37).



Malfunction Probable Cause Corrective Action

c. Obstructed oil cooler core |c. Remove oil coolErs_{fable 3-2) and remove

passages. obstructions from oil cooler core passages
[fable 6-37). Install oil coolers[{iable 7-12).

d. Low engine oil pressure. d. Refer toCpara_—3-B, above, for corrective

action.

e. Damaged baffles or deflectors. e. Refer ta_para 319, 4a.

f. Plugged baffles and air deflectors. f. Remove engine[{chapfer 5) and clean

thoroughly. Replace engine [{chapier V).
3. Engine fails to reach normal a. Engine warm-up rpm too low for a. Increase engine warm-up speed from 1100
operating temperature. prevailing temperature. rpm to 1400 rpm.

b. Damaged baffles or deflectors. b. Refer to 2e, above, for corrective action.

3-11. Troubleshooting Intake Manifold Flame Heater Fuel System
1. No fuel to intake manifold a. Purge pump inoperative. a. Refer to pertinent vehicle Technical
flame heater. Manual, [Appendix_A] for corrective action.

b. Flame heater fuel filter plugged. b. Remove filter and clean or replace element

(fadle 6-43).

c. Fuel inlet solenoid valve not |c Remove fuel inlet solenoid valve (iable 5-B).
operating due to electrical or Replace damaged or inoperative valve.
mechanical failure. Install solenoid valve[Iable—7-T1).

d. Manifold heater spray nozzle d. Remove, overhaul, and install manifold
restricted or plugged. heater [(fable 6-40).

e. Restricted or plugged fuel supply e. Clean tubes.
tubes.

f. Fuel check valve inoperative. f. Remove fuel check valve.

2. Fuel to intake manifold, but | a Insufficient air for combustion in | a Always crank engine as heater is operated.

flame heater will not ignite chamber.
fuel. b. No electrical current to ignition |b. Refer to pertinent vehicle Technical
unit. Manual, [Appendix_A] for corrective action.

c. Spark plug not operating. c. Replace spark plud_(fable 6-4D).

d. Electrica lead to ignition unit d. Remove electrical lead and install new
damaged. electrical |ead[(fable 6-4%).

e. Improper heater spray nozzle e. Replace heater spray nozzle[(Iable 6-4D).

pattern.
3. Intake manifold heater on | a Electricd lead to ignition unit |& Remove electrical lead or unit and install
one side of engine fails to damaged, unit defective or spark new lead or unitC{fable 6-ah).
operate. plug not operating.

b. Spray nozzle line plugged or b. Remove and replace line[{fable 6-4D).
damaged.

c. Spray nozzle plugged. c. Remove and replace nozzle[Tfable 6-4D).
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CHAPTER 4
REPLACEMENT OF ENGINE ACCESSORIES, COMPONENTS
AND RELATED SERVICE OPERATIONS

Section |.

4-1. Purpose

a. This chapter of the manual
replacement of engine accessories, and
and replacement of components related to in-
spection, adjustment and service operations
allocated to Direct Support maintenance per-
sonnel. Some accessories, engine components or
service operations can be accomplished while
engine is installed in vehicle, but is dependent
upon how accessible the item is. Engines which
have been removed from the vehicle for ac-
cessory replacement should be thoroughly
cleaned before replacement of accessory is at-
tempted. Refer to pertinent technical manuals
for instructions on the removal or installation of
the power plant and separation of the trans-
mission from the engine.

4-2. Removal
structions

a. lllustrations. The illustration sequences
provided in the following subparagraphs depict
the procedure for removal or installation of a
particular item or an adjustment and service
operation. When necessary, illustrations
covering variations between engine models are
included to clarify any differences in disassembly
or assembly procedures.

b. Tables. This chapter has been grouped into
sections. Each section has a contents table for
easy reference for removing, cleaning, testing,
installing and adjustment procedures required
for a given operation and are listed by figure
number under an appropriate heading in the
table.

c. Instructions.
be followed for
justment, or service operation is
mediately following each illustration.

d. Parts ldentification. Callouts will be used
to point out related parts involved in the removal
operation being performed. Callouts not
mentioned in the related to
subsequent installation procedures or are used as

covers
removal

and Installation In-

The step-by-step procedure to
removal, installation, ad-
listed im-

instructions are

GENERAL
reference to other pertinent operations per-
formed in this technical manual.

Note. Parts mentioned in the instructions that

accompany the operational sequence letters will
be called out separately on the illustration only
when required to further clarify the instructions,

e. Special Instructions.

(1) *“Notes and Cautions”. Instructional
“Notes” or “Cautions” accompany some of the
illustrations and are used to further define the
instructions, eliminate procedures that might
result in the equipment being damaged, or injury
to personnel.

(2) Cleanliness. Extreme care must be
exercised to insure that dust and dirt, even in
minute quantities, does not enter the engine.
Plug or cover all fuel and oil line connections to
prevent entry of dirt. Clean parts thoroughly and
coat all surfaces of bearings, shafts and contact
surfaces with engine oil (OE). Surface must be
protected from dirt after oiling.

(3) Gaskets. Always use new gaskets and
preformed packings when reinstalling engine
components.

(4) Torque tightening attaching hardware.
All hardware must be torque tightened to
specified limits. When a torque value is not
specified in the text or on an illustration, refer to
Standard Torque Values, pata_6-71 Special
torque values are specified in the text and / or
illustrations. Refer also to Special Torque
Values, pAhra—6-71

Note. Do not vary from torque specified.
Under-torquing will result in premature failure
of studs and bolts. Over-torquing can result in
yielding of bolts and studs.

(5) Safety devices. All bolts and nuts must

be secured with lock washers, lock nuts, tab
washers, locking wire or cotter pins, as specified.
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Section II. REMOVAL OR INSTALLATION OF
ENGINE ACCESSORIES

4-3. General

This section covers the replacement

of
engine accessories. Proper procedures and
structions for the removal and installation of any
one of the engine accessories can easily be

determined by referring to Tab[e—4-TTrhis table

the lists the illustrations applicable for removing or
in- installing an Engine Accessory Reference

figures are listed under the appropriate heading
in the table.

Table 4-1. Engine Accessories

Accessory Removal Installation

Fuel Pump 4-1 through 4-3 4-3 through 4-1

Starter 4-4 through 4-8 4.8, 4-7, 49, 4-4

Generator 4-10 through 4-16 4-16 through 4-13, 4-17, 4-11, 4-10

Turbosupercharger 4-18 through 4-33 4-33 through 4-18

Fuel Injection Pump 4-34 through 4-62 4-63 through 4-77, 4-55, 4-56, 4-718 through 4-82, 4-50
through 4-45, 4-86, 4-87, 4-42, 4-41, 4-83 through 4-85,
4-40 through 4-36, 4-88, 4-35, 4-34

4-4, Removal or Installation Instructions

Disconnect

1. Disconnect fuel hose (A) from fuel pump outlet
adapter. Collect fuel in a suitable container and discard.

2. Disconnect fuel pump inlet tube nuts (B).

3. Remove two screws (C), lock washers, one flat
washer, and one clip. Pull check valve away from
mounting bracket as necessary, and remove fuel inlet
tube.

Connect

1. Position fuel inlet tube on check valve and fuel pump.
Loosely install two cap screws (C), lock washers, one
flat washer, and one clip securing check valve to
mounting bracket.

2. Connect fuel inlet tube nuts (B).

3. Tighten cap screws (C).

4. Connect fuel hose (A) to fuel pump outlet adapter.

Figure 4-1. Disconnecting or connecting fuel
hose at fuel pump outlet adapter and fuel
pump inlet tube at fuel pump.



Disconnect
1. Remove adapter (A) from pump outlet.
2. Remove connector (B) from pump inlet.
3. Remove four self-locking nuts (C) and flat washers
securing fuel pump to adapter.

Connect
1. Install four self-locking nuts (C) and flat washers

securing fuel pump to adapter.
2. Install connector (B) in pump inlet.
3. Install adapter (A) in pump outlet.
Figure 4-2. Disconnecting or connecting

fuel pump.

Remove
1. Remove fuel pump (A) from pump adapter.
2. Remove and discard mounting gasket (B).

Install
1. Position new mounting gasket (B) on studs.
2. Position fuel pump (A) on pump adapter.

Note. When installing fuel pump make sure
fuel pump shaft splines are properly alined with
drive coupling before securing pump to adapter.

Figure 4-3. Removing or installing
fuel pump.

Remove
1. Remove hexagon head cap screw (A) and clip securing

starter jumper lead to solenoid.
2. Remove large starter jumper lead clip from terminal
(B).
Install
1. Position large starter jumper lead clip on terminal (B).

2. Position jumper lead on solenoid lug and secure with
clip and hexagon head cap screw (A).
Figure 4-4. Removing or installing starter
solenoid jumper lead.
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1. Remove two self-locking nuts (A). Remove
2. Remove two clamping bars (B). 1. lostali «uitable blocks {A} under starter asserniy fur

3. Remove starter retaining “U” bolt (C). suppaort.
2. Remove two self-lucking nuts (B) from boits au.d one

Figure 4-5. RerPO\‘{Ing starter retaining self-locking nui from stud (behind swarter) using open
u” bolt. end wrench 5120-678-5288.
Install
I. Install two self-locking nuts (Bi on twe bolte and one
self-locking nut on stud (behind starter) using open end
wrench - 5120-678-5288.
2. Remove supporting blocks (A} under stgrier.

Figure 4-7. Removing or installing starter
mounting nuts using open end
wrench-5120-678-5288.

CHE E41403

G PAN

1. Cut and remove locking wire (A).

2. Remove four bolts (B) and flat washers securing
starter support to oil pan.

3. Remove starter support and starter cradle as an
assembly (C).

Figure 4-6. Removing starter retaining
and cradle.
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Remove
1. Remove starter assembly (A) from starter adapter.
2. Remove and discard mounting gasket (B).

Install
1. Position new mounting gasket (B) on starter adapter.
2. Position starter assembly (A) on starter adapter.
3. Position suitable blocks (ALIIg._4+7) under starter
assembly for support.

Figure 4-8. Removing or installing
starter assembly.

Note. It is of utmost importance that the
starter support, cradle, and "U" bolt be installed
in a manner that will not disturb starter
mounting alinement and still furnish adequate
support to minimize vibration. Misalignment of
0.010-in. in any direction is sufficient to cause a
leak (pressure loss) between the starter mounting
flange and the starter housing. Refer to

[paragraph 8-2|for procedure to determine if

there is a pressure loss.

1. Position the assembled support and cradle on oil pan
and install four hexagon head bolts (A) and plain
washers. Tighten only until bolt heads engage the
washers (finger-tight).

2. Loosen four self-locking nuts (B) securing cradle to
support allowing cradle studs to move freely in
elongated holes in support.

3. Position the “U” bolt over the starter and secure to
cradle with two clamping bars and self-locking nuts
(C). Torque tighten nuts evenly.

4. Torque tighten the four self-locking nuts (B) securing
cradle to support, then torque tighten the four hexagon
head bolts (A) securing support to oil pan. Secure oil

pan bolts with locking wire (A[Tig._Z-6).

Figure 4-9. Installing starter support, cradle,
and "U" bolt.
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Figure 4-10. Disconnecting or connecting
time-totalizing meter electrical lead
at generator.

Kemove install
1. Remove two cap screws (A), lock washers, and flat 1. Position generator air intake tube (B) on generator
washers securing generator air iniake tube to front and blower motor housing.
rear support brackets. 2. Install two cap screws (A!, .lock washers, and flat
2. Remove generator air intake tube (B} from generator washers securing generator air intake tube to front and
blower motor housing. rear support brackets.

Figure 4-11. Removing or installing generator air intake tube.
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Remove one self-locking nut (A).

Remove clamping bar (B).

Loosen two self-locking nuts (C).

Cut locking wire and remove four bolts (D) and flat
washers.
5. Remove generator support and cradle (E) and “U”
bolt as an assembly.

AN

Figure 4-12. Removing generator support,
cradle, and “U” bolt.

Disconnect
1. Remove two bolts (A) and lock washers.
2. Remove and discard oil drain tube gasket (B).
3. Loosen generator boot to exhaust tube hose clamp
(©).
4. Remove two generator boot hose clamps (D).
5. Rotate generator boot (E) to position shown infigurg
[Z=TZ] then remove hose clamp (C).

Connect
1. Position generator boot (E) to install exhaust tube
hose clamp (C) on boot and rotate boot to position
shown.
2. Install two generator boot hose clamps (D).

3. Tighten hose clamp (C).

4. Position new oil drain tube gasket (B) on oil drain
tube.

5. Install two bolts (A) and lock washers securing oil
drain tube to oil pan.

Figure 4-13. Disconnecting or connecting
cylinder head right rear oil drain tube and
generator boot hose clamps.
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Loosen

1. Slide boot back on generator far enough to expose the
mounting nut access openings (A).

2. Loosen, but do not remove, six self-locking nuts (B),
using box wrench -5120-789-4881 to permit rotation of
generator to align the large openings in the elongated
mounting slots.

Note. In cases where boot is rigid, it may be
necessary to slide one side of boot back and
loosen three mounting nuts, then repeat the
procedure for the other three nuts. Do not cut or
otherwise mutilate boot.

Tighten

1. Position boot on generator just far enough so that the

mounting nut access openings (A) are exposed.

2. Tighten six self-locking nuts (B) using box wrench-

5120-789-4881.

Figure 4-14. Loosening or tightening
generator mounting nuts using box
wrench-5120-789-4881.
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_ GENERATOR BOOT

NOTE. ROTATE GENERATOR
COUNTERCLOCKWISE TO REMOVE
AND/OR CLOCKWISE TO INSTALL.

f AT 31129

Remove
1. Rotate generator (A) counterclockwise until large
elongated openings in flange are alined with mounting
nuts, and remove generator and boot.
2. Remove boot (B) from generator.
Install
1. Position boot (B) on generator.
2. Position generator (A) so that large elongated
openings in flange are alined with mounting nuts, and
install generator and boot.

Figure 4-15.
generator

Removing or installing
and boot.



Remove
1. Remove six self-locking nuts (A).

2. Remove and discard generator mounting gasket (B).
Install

1. Position new generator mounting gasket (B) on studs.
2. Install, but do not tighten, six self-locking nuts (A).

Figure 4-16. Removing or installing

generator gasket.

Note. It is important that the generator
cradle, support, and “U” bolt be installed in a
manner that will not disturb generator alinement
and still furnish adequate support to minimize
vibration.

1. Position the assembled generator cradle, support, and
“U” bolt and install four bolts (A) and flat washers.
Tighten bolts only until bolt heads engage washers
(finger-tight).

2. Install “U” bolt over generator and secure with one
clamping bar and self-locking nut (B) and torque
tighten. Torque tighten two self-locking nuts (C).

3. Torque tighten four bolts (A) and secure with locking

wire as shown in[figure 4-T2]

Figure 4-17. Installing generator support,
cradle, and “U” bolt.
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Similar procedures are required to

Note.
remove the left and right turbosupercharges.
For instructional purposes, removal of the left
turbo supercharger is described. Removal
procedures for the right turbosupercharger are
the same, except for the relocated oil filler tube
installation and the generator air exhaust tube

and cap.

Figure 4-18. Loosening or tightening oil filler
upper and lower tube hose connection
(relocated oil filler tube installation).

Remove
1. Remove one bolt (A) attaching upper oil filler tube
support bracket to turbosupercharger tie rod.
2. Remove one bolt (B) and lock washer attaching upper
oil filler tube support clamp to tie rod.
3. Remove one bolt (C) and self-locking nut attaching
upper oil filler tube support clamp to support bracket.
4. Remove upper oil filler tube (D) from lower left rear
shroud plate.
Install
1. Position upper oil filler tube (D) through aperture in
lower left rear shroud plate. Make cure lower end of
tube enters hose connection [(fig—4-18B).
2. Install one bolt (C) and self-locking nut securing
upper oil filler tube support clamp to support bracket.
3. Install one bolt (B) and lock washer securing upper oil
filler tube support clamp to turbosupercharger tie rod.
4. Install one bolt (A) securing upper oil filler tube
support bracket to tie rod.

Figure 4-19. Removing or installing upper
oil filler tube (relocated oil filler tube
installation).



Remove Install

1. Loosen hose clamp (A) and remove breather tube and 1. Position lower left rear shroud plate on lower left rear
clamp. side of engine and install eight bolts (C).

"2. Remove one self-locking nut and bolt {B). 2. Install one self-locking nut and bolt (B).

3. Remove eight bolts (C) and remove lower left rear 3. Position breather tube and hose clamp (A) and tighten
shroud plate. clamp.

Figure 4-20. Removing or installing crankcase rear breather
tube and lower left rear shroud plate.
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Remove
1. Remove two self-locking nuts and bolts (A).
2. Remove upper oil filler tube support bracket (B) from
bolt (relocated oil filler tube installation only).
3. Remove turbosupercharger end shroud (C).
Install
1. Position turbosupercharger end shroud (C) over
turbosupercharger.
2. Position upper oil filler tube support bracket (B) on
one bolt (A) relocated oil filler tube installation only).
3. Install two bolts (A) and self-locking nuts securing
end shroud. Bolt with support bracket must be installed
at top of shroud.

Figure 4-21. Removing or installing upper
oil filler tube support bracket and
turbosupercharger end shroud.

4-12

Disconnect

1. Disconnect turbosupercharger oil inlet hose elbow
from nipple using open end wrench - 5120-448-0404
(A).

2. Remove self-locking nut and bolt (B) attaching inner
shroud plate to transmission oil cooler end shroud.

Connect

1. Install self-locking nut and bolt (B) securing inner
shroud plate to transmission oil cooler end shroud.
2. Connect turbosupercharger oil inlet hose elbow to
nipple using open end wrench - 5120-448-0404 (A).

Figure 4-22. Disconnecting or connecting
turbosupercharger oil inlet hose elbow from
nipple using open end wrench-
5120-448-0404.



Remove
1. Remove two bolts (A) attaching outer shroud plate.

2. Remove outer shroud plate (B).

Install
1. Position outer shroud plate (B) on turbosupercharger.

2.

Install two bolts (A) securing outer shroud plate.

Figure 4-23.
turbo supercharger

outer

Removing or installing

shroud plate.

Remove
1. Remove grommet (A) from inner shroud plate.

2. Remove elbow (B) from oil inlet hose.

3. Pull oil inlet hose (C) through grommet hole opening
in inner shroud plate.

4. Remove nipple (D).

Install
1. Install nipple (D) in turbosupercharger.

2. Push oil inlet hose (C) through grommet hole opening
in inner shroud plate.

3. Install elbow (B) in oil inlet hose.

4. Install grommet (A) in inner shroud plate.
Figure 4-24. Removing or installing oil inlet
hose, elbow, and nipple.



Remove
1. Remove hose clamp (A).

Remove
2. Remove generator exhaust tube cap (B). 1. Remove two bolts (A), lock washers, and flat washers
Install . securing generator exhaust tube.
. Position hose clamp (A) on generator exhaust tube
cap (B) and then position cap on generator exhaust
tube. .
2. Tighten hose clamp (A) securing cap on exhaust tube. 15;2?;';”exsﬁaplfs(:rttuﬁgmp (B) and support around
Figure 4-25. Removing or installing generator 2. Install two bolts (A), lock washers, and flat washers
exhaust tube cap (right side only). securing clamp and support to inner shroud plate.

Figure 4-26. Removing or installing generator
exhaust tube support clamp (right side only).
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Remove
1. Remove two cap screws (A), lock washers, and plain
washers securing generator exhaust tube to tur-
bosupercharger tie rod.
2. Remove exhaust tube (B) through bottom of right
inner shroud.
Install
1. Position generator exhaust tube (B) through bottom
of right inner shroud.
2. Install two cap screws (A), lock washers, and plain
washers securing exhaust tube to turbosupercharger tie
rod.

Figure 4-27. Removing or installing generator
exhaust tube (right side only).

Note. Do not remove inner shroud plate until
transmission oil cooler end shroud is removed

{fig™=429).

Figure 4-28. Disconnecting or connecting
inner shroud plate (rear view).
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2. Remove long bolt (B) and lock washer.
3. Separate oil drain tube (C) from turbosupercharger.
Remove and discard gasket.

Connect
1. Position new gasket between turbosupercharger and

oil drain tube (C).
2. Install long bolt (B) and lock washer.
3. Install short cap screw (A) and lock washer.

Figure 4-30. Disconnecting or connecting

turbosupercharger oil drain tube at
turbosupercharger.

Remove
1. Remove two bolts (A) attaching the transmission oil
cooler end shroud.
2. Remove end shroud and inner shroud plate (B).

Install
1. Position inner shroud plate and transmission oil cooler

end shroud (B) on engine.
2. Install two bolts (A) securing end shroud.

Figure 4-29. Removing or installing trans-
mission oil cooler end shroud and inner
shroud plate.

Disconnect

1. Loosen hose clamps (A) on air outlet elbow hose.

2. Remove six self-locking nuts (B) attaching elbow to
turbosupercharger compressor housing and remove
elbow.

3. Remove and discard elbow gasket (C).

4. Remove outer self-locking nut (D) and flat washer
attaching turbosupercharger to mounting base.

5. Loosen hose clamps (E) and remove oil drain tube.

Connect

1. Position oil drain tube and tighten hose clamps (E).
2. Install outer self-locking nut (D) and flat washer
securing turbosupercharger to mounting base.

3. Position new elbow gasket (C) on studs.

4. Position air outlet elbow on turbosupercharger
compressor housing and install six self-locking nuts (B)
securing elbow to housing.

5. Tighten hose clamps (A) on air outlet elbow.

Disconnect Figure 4-31. Disconnecting or connecting
1. Remove short cap screw (A) and lock washer. turbosupercharger air outlet elbow
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Figure 4-32. Disconnecting or connecting

turbosupercharger

at

mounting base.
Disconnect and remove
1. Remove eight self-locking nuts (A), flat washers, and
cap screws attaching exhaust pipes to turbine housing.
2. Separate exhaust pipes from turbine housing and
remove and discard two gaskets (B).
3. Remote turbosupercharger assembly (C) from
mounting base.
Connect and install
1 Position turbosupercharger assembly (C) on
mounting base.
2. Position new gaskets (B) between exhaust pipes and
turbine housing.
3. Install eight cap screws, flat washers, and self-locking
nuts (A) securing exhaust pipes to housing.

Figure 4-33. Disconnecting or connecting

exhaust pipes at turbine housing and
removing or installing turbosupercharger.
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Remove
1. Remove two bolts (A) and lock washers.
2. Remove two cap screws (B) and lock washers and
remove cooling fan vane from front fan housing.
3. Remove two bolts (C) and lock washers.
4. Remove two cap screws (D) and lock washers and
remove cooling fan vane from rear fan housing.
Install
Note. When installing the cooling fan vanes, it
is important that the proper cooling fan vane is
installed on the correct fan housing. The rear fan
housing (flywheel end) mounts noticeably higher
than the front fan housing and takes the wide lip

cooling fan vane (item 3, |fig. B-25)] The front

Figure 4-34. Removing or
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fan housing mounts lower into the cooling fan
shroud and takes the narrow lip cooling fan
vane. Be sure the wide lip is not installed on the
front fan housing as this will interfere with the
fan and cause damage to both fan and vane
housing.

1. Position cooling fan vane in rear fan housing and
install two cap screws (D) and lock washers.

2. Install two bolts (C) and lock washers.

3. Position cooling fan vane in front fan housing and
install two cap screws (B) and lock washers.

4. Install two bolts (A) and lock washers.

installing cooling fan vanes.

Remove
1. Remove cotter pin, slotted nut (A), and flat washer.
Discard cotter pin.
2. Remove front cooling fan and hub assembly (B) from
vertical drive shaft.
3. Remove rear cooling fan and hub assembly (C) in the
same manner.
Install
1. Position front cooling fan and hub assembly (B) on
vertical drive shaft.
2. Install flat washer, slotted nut (A), and new cotter pin
securing fan and hub assembly.
3. Install rear cooling fan and hub assembly (C) in the
same manner.

Figure 4-35.
cooling fans.

Removing or installing



Discounect f lonnect

1. Remove three screws (A) attaching cooling fan shroud 1. Install two screws (B) securing cooling fan shroud to
to right front shroud. left front shroud.

2. Remove remaining two screws (B) attaching cool- 2. Install three screws (A) securing cooling fan shroud to
ing fan shroud to left front shroud. right front shroud.

Figure 4-36. Disconnecting or connecting front end
of cooling fan shroud.
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Disconnect
1. Remove six self-locking nuts (A) attaching right side
of cooling fan shroud to top frame.
2. Remove six self-locking nuts (B) attaching left side of
shroud to top frame.

Figure 4-37. Disconnecting

shroud on

Figure 4-38.
rear

Disconnecting or connecting
end of cooling fan shroud and

or

removing
installing cooling fan shroud and
fan housings.
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Connect
1. Install six self-locking nuts (B) securing left side of
cooling fan shroud to top frame.
2. Install six self-locking nuts (A) securing right side of
shroud tn frame.

or connecting cooling fan

top frame.

Disconnect and remove
1. Remove four screws (A) attaching right rear shroud
and right rear center shroud to cooling fan shroud.
2. Remove three screws (B) attaching left rear shroud
and left rear center shroud to cooling fan shroud.
3. Remove cooling fan shroud (C) and fan housings from
engine.
Connect and install
1. Position cooling fan shroud (C) and fan housings on
engine. Be sure raised fan housing is to the rear of the
engine.
2. Install three screws (B) securing left rear shroud and
left rear center shroud to cooling fan shroud.
3. Install four screws (A) securing right rear shroud and
right rear center shroud to cooling fan shroud.



i
£

Remove Lnstall
1. Remove fuel filter drain hose (A} from bracket. 1. Position left rear upper cover and fuel filter drain hose -
2. Remove 11 boltis (B) attaching left rear upper cover bracket on beam.
and fuel filter drain hose bracket to beam.

2. Install 11 bolts (B} securing upper cover and hose
3. Remove upper cover and hose bracket (C).

bracket to beam.
3. Position fuel filter drain hose {A) around bracket.
Figure 1-40. Removing or installing left rear upper cover.
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Remove
1. Loosen two bolts (A) attaching fuel injector tube

supports to valve adjusting screw cover plates to gain

clearance for bolt removal.
2. Remove 12 self-locking nuts (B), bolts, and clamps

from the left bank injector tubes.

Figure 4-41. R

Install
Note. Space floating clamps, as shown.
1. Install 12 clamps, bolts, and self-locking nuts (B) on
the left bank injector tubes.

eCurin
securing

fuel

injector tube

2. Tighten two
supports to valve adjusting screw cover plates,



Remove Install
1. Remove eight self-locking nuts (A), bolts, and clamps
from the right bank injector tubes.
2. Loosen but do not remove the four bolts (B) attaching
injector tube clamps to supports.

Note. Space floating clamps, as shown.

1. Tighten the four bolts (B) securing injector tube
clamps to supports.

2. Install eight clamps, bolts, and self-locking nuts (A)
on the right bank injector tubes.

Figure 4-42. Removing or installing fuel injector right
tube clamps.
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Figure 4-43. Fuel injector tubes-installed
view.

AT 307,

1. Slip 12 dust caps (A) from fuel tube fittings and 2. Cap or plug tube openings (B) in fuel injection pump
disconnect tubes from fuel injection pump, and tubes (C).

Figure 4-44. Disconnecting fued injector tubes
from fuel injection pump.
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Disconnect

1. Disconnect electrical lead (A).

2. Disconnect fuel return hose (B).

3. Remove nut and screw attaching clamp (C) to
cushioned loop clam p.

4. Remove self-locking nut and bolt (D) attaching loop
clamp to bracket.

5. Loosen hoee clamps (E), separate crankcase breather
tubes, and remove hose and clamps.

6. Remove cotter pin, nut (F), flat washer, and bolt.
Discard cotter pin. Disconnect throttle rod from in-
jection pump.

Connect

1. Connect throttle control rod to fuel injection pump
operating lever with bolt, flat washer, nut (F), and new
cotter pin.

2. Connect crankcase breather tubes with hose and
install hose clamps (E). Tighten clamps.

3. Install self-locking nut and bolt (D) securing loop
clamp to bracket

4. Install nut and screw securing clamp (C) to cushioned
loop clamp.

5. Connect fuel return hose (B).

.6. Connect electrical lead (A).

Figure 4-45. Disconnecting or connecting
crankcase breather tube, electrical lead,
throttle control, and fuel return hose-engines
prior to relocated crankcase breather tube.

AT 30942

Disconnect
1. Remove cotter pin, nut (A), flat washer, and bolt.
Discard cotter pin. Disconnect throttle rod from in-
jection pump.
2. Disconnect electrical lead (B).
3. Disconnect fuel return hose (C).
Connect
1. Connect fuel return hose (C).
2. Connect electrical lead [If).
3. Connect throttle control rod to fuel injection pump
operating lever with bolt, flat washer, nut (A), and new
cotter pin.

Figure 4-46. Disconnecting or connecting
throttle control, fuel return hose, and
electrical lead-engines with relocated

crankcase breather tube.
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Note. Screws and lock washers are part of
injection pump assembly and must be re-
installed after the angle bracket has been

. . . ) removed.
Figure 4-47. Disconnecting or connecting ) ) ) .
crankcase breather tube at front of engine. Figure 4-49. Removmg; o.r lr'lstallmg angle
bracket from fuel injection pump.

Disconnect
1. Loosen hose clamps (A) and separate rear in-

termediate crankcase breather tube (B) from breather

tube tee. ]
2. Move breather tube (B) aside so fuel injection angle Disconnect
bracket can be removed. 1. Disconnect fuel inlet hose (A) from adapter.
Connect 2. Disconnect oil inlet hose (B) from nipple.
1. Connect rear intermediate crankcase breather tube Connect o )
(B) to bresther tube tee. 1. Connect oil inlet hose (B) to nipple.
2. Tighten hose clamps (A). 2. Connect fuel inlet hose (A) to adapter.
Figure 4-48. Disconnecting or connecting rear . . . .
. . Figure 4-50. Disconnecting or connecting
intermediate crankcase breather tube at tube o ) ) )
fuel injection pump oil and fuel inlet hoses.

tee-engines prior to relocated crankcase
breather tube.
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Note. The fuel injection pump splined coupler
sleeves and hubs must be identified with
identical marks to prevent mismating of parts.
The sleeves and hubs are matched for each
assembly and must not be interchanged between
assemblies.

Figure 4-52. Removing fuel injection pump
splined coupler bolts.

TURN FLYWHEEL AS f
NECESSARY TO DISCONNECT
FUEL INJECTION PUMP
COUPLER

Figure 4-51. Positioning fuel injection pump
coupler by turning flywheel using splined
wrench -5120-793-7895.

1. Separate coupler sleeves (.4).
2. Remove and discard preformed packing (B) from fuel
injection pump coupler sleeve.

Figure 4-53. Separating fuel injection pump
coupler sleeves.

1. Torn engine using splined wrench -5120-793-7895 as
shown in[figure _4-5T] until fuel injection pump coupler
bolts are accessible.

2. Stamp identification marks (B) on both injection
coupler sleeves.

3. Remove four bolts (C), lock washers, and lock plates.
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1. Turn engine using splined wrench -5120-793-7895 as
shown in[figure 4Z-5T luntil one pair of bolts (A) on the
diaphragm coupler is exposed for removal.

2. Remove two bolts and lock washers. Turn engine until
remaining pair of bolts are accessible and remove them.

Figure 4-54. Removing fuel injection pump
diaphragm coupler bolts.



Remove

1. Cut lockingwire and remove two screws (A) attaching
breather tube bracket to pump. Remove bracket.
Install the two screws in the pump (early pump only).

2. Cut locking wire and remove two bolts (B) and
washers.

3. Remove bolt (C) and washer.

4. Loosen bolt (D) until threads are free. Bolt cannot be
removed until after fuel injection pump is removed from
engine.

Install
Note. Be sure lower right hand fuel injection

pump long mounting bolt (D) and washer are

inserted in injection pump before pump is seated
on mounting base. It cannot be installed with

pump in position.

1. Tighten bolt (D).

2. Install long bolt (C) and washer.

3. Install two short bolts (B) and washers. Install locking
wire on bolts (B and C) and on bolts (B and D).

4. Remove two screws (A) from pump (early pump
only). Position breather tube bracket on pump and
install two screws (A). Install locking wire.

Figure 4-55. Removing or installing fuel injection pump mounting
bolts and breather tube bracket-engines with
breather tube routed around injection pump.
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Remove
1. Separate fuel injection pump diaphragm coupler

halves (A).
2. Cut locking wire and remove two bolts (B) and

washers.
3. Remove bolt (C) and washer. 1. Remove fuel injection pump (A) from mounting base.
4. Loosen bolt (D) until threads are free. Bolt cannot be 2. Remove and discard preformed packing (B) from
removed until after fuel injection pump is removed from mounting base.

engine. 3. Remove bolt (C) and washer.

Install

Note. Plug or cap fuel and oil openings in
Note. Be sure lower right hand fuel injection pump.

pump long mounting bolt (D) and washer are
inserted in injection pump before pump is seated
on mounting base. It cannot be installed with
pump in position.

1. Tighten bolt (D).

2. Install long bolt (C) and washer.

3. Install two short bolts (B) and washers. Install locking
wire on bolts (B and C) and on bolts (B and D).

Figure 4-57. Removing fuel injection pump
and preformed packing-splined coupler.

Figure 4-56. Separating fuel injection pump
diaphragm coupler and removing or installing
fuel injection pump mounting bolts.



1. Remove fuel injection pump (A) from mounting base.

2. Remove and discard preformed packing (B) from
mounting base.

3. Remove bolt (C) and washer.

Note. Plug or cap fuel and oil openings in

pump.

Figure 4-58. Removing fuel injection pump

and preformed packing-diaphragm coupler.

FUEL INJECTION
PUMP ASSY

1. Place a metal rod in one of the sleeve alinement
holes (A) as shown iffigure 4-631 Coupler sleeve must
be in rigid position to remove nut.

2. Remove plain nut (B) and lock washer.

Note. The nut, lock washer, and key are part
of the pump assembly and must be installed on
pump after hub is removed.

Caution: The splined coupler halves are a
matched set. Damage or wear to the sleeve or
hub of either coupling half requires the
replacement of a complete coupler assembly.

Figure 4-59. Removing fuel injection pump

front splined coupler sleeve nut and
lock washer.
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1. Place a metal rod in one of the injection pump coupler

alinement holes (A) as shown ififigure 4-64. Injection
pump coupling must be in a rigid position to remove
nut.

2. Remove plain nut (B) and lock washer.

Note. The nut, lock washer, and key are part
of the pump assembly and must be installed on
the pump after the coupler sleeve is removed.

Figure 4-60. Removing fuel injection pump
diaphragm coupler nut and lock washer.
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PULL FUEL INJECTION PUMP FRONT ©
COUPLER SLEEVE AND HUB FROM
INJECTION PUMP SHAFT USING A

SUITABLE PULLER

Figure 4-61. Removing fuel injection pump
splined coupler sleeve and hub.



1. Position improvised puller [fig._272) on diaphragm 2. Hold improvised puller with a 1 in. open end wrench

coupler and install two 5 / 16-24 UNF-2A x 2-1 / 2 in. (B).
hex head cap screws (A) into puller screw holes 3. Tighten 1 / 2-13 UNC-2A x 2 in. hex head cap screw
provided in the diaphragm coupler. (C) to remove diaphragm coupler from injection pump

tapered shaft.
Figure 4-62. Removing fuel injection pump diaphragm coupler.
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1. Install new preformed packing (A) in groove in face of
coupler sleeve. Use a light coating of grease to hold
preformed packing in position.

2. Position Woodruff key and injection pump coupler
half (B) on pump shaft and install lock washer and
plain nut (B,[fIg._4-5P).

3. Insert a metal rod (C) in one of the alinement holes in
the injection pump coupler.

4. Tighten plain nut to 900 pound-inches using a torque
wrench (D).

Figure 4-63. Installing coupler half and
torque tightening fuel injection pump
splined coupler nut.
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1. Position Woodruff key and injection pump coupler
half (A) on pump shaft and install lock washer and
plain nut (B[fig—4-60).

2. Insert a metal rod (B) in one of the alinement holes in
the injection pump coupler.

3. Tighten plain nut to 900 pound-inches using a torque
wrench (C).

Figure 4-64. Installing coupler half and
torque tightening fuel injection pump
diaphragm coupler nut.



Figure 4-65. Removing or installing fuel

Figure 4-66. Fuel injection pump timing hole

cover

injection pump timing hole plug.

removed showing marked gear
in timed position.

tooth

Note. It is possible to have timing marks on
both splined coupler and diaphragm coupler
alined with mark on injection pump and not
have the marked gear tooth visible in timing
hole. Make sure marked tooth (fid_4-66] is
visible when timing marks are alined. If the
marked tooth is not visible, rotate the coupler
360 degrees, in either direction. Aline the timing
marks and the marked tooth will be visible.
Install timing plug.

Figure 4-67. Timing marks on fuel injection
bearing retaining plate and splined coupler
hub alined.
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Remove

Note. Before the fuel injection pump is in-
stalled on the engine, the engine must be
CAT 30960 properly timed with number one right bank
cylinder in the firing position. In order to set
engine timing, it is necessary to remove the
primary fuel filter bracket and throttle linkage to

check position of camshaft. lobes (flg_24-73).

1. Remove three screws (A) and lock washers attaching
primary fuel filter bracket and throttle linkage plate to
number 1R cylinder assembly.

2. Remove two bolts (B) attaching throttle linkage
bracket to crankshaft damper and oil fiber housing.

3. Remove cotter pin, nut (C), flat washer, and bolt and
disconnect rod from lever. Discard cotter pin.

4. Move filter, bracket and plate (D), and throttle
linkage to expose camshaft lobes. Discard gasket.

Install

1. Position filter, bracket and plate (D), and throttle
linkage on engine using new gasket.

2. Install three screws (A) and lock washers securing
primary fuel filter bracket and throttle linkage plate to
number 1R cylinder assembly.

3. Install two bolts (B) securing throttle linkage bracket
to camshaft damper and oil filter housing.

4. Install bolt, flat washer, nut (C), and new cotter pin
connecting rod to lever.

Figure 4-70. Removing or installing primary

fuel filter bracket and throttle linkage.

Figure 4-68. Timing marks on fuel injection
pump bearing retaining plate and diaphragm
coupler hub alined.

'AND DRAIN FUEL INTO
A SUITABLE CONTAINER

Figure 4-69. Disconnecting or connecting
primary fuel filter drain line.
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1. Turn flywheel (A) using splined wrench - 5120-793-

7895 (fig—4:51).
2. A line 1R INJ PORT CLOSE timing mark on

flywheel with timing pointer (B).

Caution: Be sure pointer alines with correct
timing mark on flywheel. Refer to[figure 6-40] to
check timing mark location.

Figure 4-71. Flywheel in position for fuel

injection pump timing (Models
AVDS-1790-2-M and AVDS-1790-2-AM only).

1. Turn flywheel (A) using splined wrench -5120-793-

7895 (fig—4:R1).
2. Aline 1R INJ PORT CLOSE modified timing mark

on flywheel with timing pointer (B).
Caution: Be sure pointer alines with correct

timing mark location on flywheel.
[6-41] to check timing mark locat

Refer to figure
ion.

Figure 4-72. Flywheel in position for fuel

injection pump timing (Model
only).

AVDS-1790-2A
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EXHAUST VALVE (CLOSE

e RA PD 395571

- 1. Push drive coupler sleeve (A) toward rear fan and
accessory drive housing, until sleeve clears splined hub.
2. Rotate coupler sleeve (B) until identification numbers

Note. Camshaft lobes must be in position . ..
approximate the correct position to mate with fuel

Shown for proper injection pump timing. injection pump drive coupler sleeve identification
Figure 4-73. Position of camshaft lobes for qgm?ers.
injection pump timing. Figure 1-75. Lorrect position of fuel injection
pump drive coupler on hub before pump

installation.

1. Check length of bolts (A) securing fuel injection pump
mounting base to crankcase. Discard bolts that are 1-

7 / 32 in. long and replace with the correct 1-3 / 8 in.
long bolts (5305-725-0154) and lock washers (5310-
584-5272). Torque tighten bolts to 720 to 780 pounds-
inch.

2. Position new preformed packing (B) on mounting

base oil transfer tube.
Figure 4-74. Installing preformed packing

on fuel injection pump mounting base oil
transfer tube.
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Note. The fuel
coupler parts are not matched sets, and parts are
interchangeable between assemblies. The
coupler hub and pilot ring on the drive shaft
need not be removed or replaced unless they are
damaged. Check torque tightness of nut securing
coupler to drive shaft (900 Ib-in.).

Figure 4-76. Fuel injection pump diaphragm
coupling and pilot ring on hub before pump
installation.

injection pump diaphragm

Note. Be sure lower right fuel injection pump
mounting bolt is inserted in
before pump
cannot be installed with pump in position. Refer
to[drgures 4-55] and 4-56 to secure pump to base.

Figure 4-77.
assembly on engine.

injection pump
is seated on mounting base. It

Installing fuel injection pump

—m
LOCK PLAJE §

Note. Be sure preformed packing (flg—24-63) is
installed in coupler sleeve.

1. Postion fuel injection pump coupler sleeves (A)
making sure timing marks on bearing retaining plate
and coupler hub remain alined as shown. These marks
must be alined before attempting to assemble the
coupler.

2. Loosely position four lock plates, lock washers, and
bolts (B) in drive shaft coupler sleeves. These bolts will
not be tightened until gear backlash has been removed,
with timing marks on pump alined as instructed in
[figure2-79

Figure 4-78.
coupler

Positioning fuel injection pump
sleeve s-splined coupler.
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1. Using two 5 / 16-in. steel rods (A), hold fuel injection
pump drive coupler sleeve (nearest the pump)
stationary and rotate the other drive coupler sleeve
counterclockwise to remove backlash from the pump
drive shaft.

2. When backlash is removed and flat sides of drive
coupler mate, tighten four drive coupler bolts (B)
securely.

3. When flat sides of drive coupler sleeves (C) do not
mate when backlash is removed, the coupler sleeves
must be separated and reset. Separate coupler and push
sleeve of drive coupler on rear fan and accessory drive
housing [[fia._4-7b) shaft toward drive shaft and from
hub splines. Adjust sleeve on splines so flat sides of
coupler half are alined. Torque tighten coupler bolts.

Lubricate drive coupler [(fig—4-8D).
Figure 4-79. Removing fuel injection pump
drive gear train backlash and setting
advanced unit retard position-splined
coupler.
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Figure 4-80. Fuel injection pump splined
drive coupler with lubrication fitting
installed.

DIAPHR&%AQ PILOY RING
REAR FAN AND
ACCESSORY DRIVE
rg. F HOUSING
)fﬂ
COUPLER

HALF

N i

O

8 bl ﬁ {\
L]

FUEL J J _J V ’

PUMP ‘l r— 0.050 MAX.

Note. For proper assembly of coupler half to
diaphragm pack, place a pry bar between rear

S~ e —

AT 30968

fan and accessory drive housing and coupler half
and apply pressure to take up the end thrust of
drive gear. Measure clearance between coupler

half and diaphragm pack. This clearance cannot

exceed 0.050-inch or it will put undue stress on

the diaphragm pack causing early failure. If the
0.050-inch dimension cannot be achieved, it will
be necessary to remove fuel injection pump and

replace coupler hall or complete coupling

assembly. Torque coupler half retaining nut to

900 inch-pounds when installing new coupler

half.

Figure 4-81. Checking diaphragm coupler
assembly clearance.



1. Using two 5 / 16-in. steel rods (A) hold fuel injection

pump drive coupling flange (nearest the pump)
stationary and rotate the other coupling half coun-

terclockwise to remove backlash from the pump drive
shaft.

AT 31730

Figure 4-83. Installing gasket on cylinder IR
2. Making certain timing marks (B) are a lined and before installing primary fuel filter and
backlash is removed, position pilot ring (C) on coupler throttle linkage.
half and install four lock washers and bolts.
Figure 4-82. Removing fuel
drive gear
unit

injection pump
train backlash and setting advance

retard position-diaphragm coupler.

BTSRRIt S

1. Check throttle linkage (A) for free movement.

2. Check lever operation (B) and adjust linkage s=
shown on fi

Figure 4-84. Checking throttle linkage for free movement.
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FULL THROTTLE
POSITION

IDLE POSITION

LEFT HAND
THREAD

Y. » c

§ (\ G%. ADJUSTABLE
((‘(( Y 2 ROD
Y
, IDLE
ADJUSTING SCREw D
o:'
STOP PIN

1. With throttle linkage in full throttle position (A),
clearance between lever stop pin and stop on bracket
must be 1/8 to 3 / 16 inch.

2. With throttle linkage in idle position (B), clearance
between lever stop pin and stop on bracket must be
3/ 16 inch.

3. When the foregoing clearances are not met, loosen
lock nuts on adjustable rod (C) and adjust rod as
necessary to obtain required clearance. Tighten lock
nuts after adjustment.

4. The idle adjusting screw (D) must not be set until
engine is installed and tested.

= "
(4
RIGHT HAND A
THREAD A )
=
<

FUEL RETURN
OUTLET

FUEL INJECTION
PUMP ASSY

THROTTLE
OPERATING LEVER

A

1/8-IN. TO
3/16=IN.

FULL THROTTLE
POSITION

AT 30970

5. Check the fuel supply as follows:

a. Connect the necessary fuel and oil hoses and
electrical harnesses to the engine to permit slave
operation from the vehicle to check for fuel and / or oil
leaks. Activate the vehicle in-tank fuel pumps to make
certain fuel is supplied to and through the fuel injection
pump. Fuel should flow from the fuel return outlet (fig.

b. Crank the engine with the starter until fuel flows
from all outlet ports in the fuel injection pump
hydraulic head.

Figure 4-85. Throttle linkage adjustment-schematic diagram.
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REAR HYDRAULIC HEAD

ENGINE CYLINDER
LEFT HAND BANK

ENGINE CYLINDER
RIGHT HAND BANK

. AT 30972
B FRONT HYDRAULIC HEAD
Note. The hydraulic head outlet ports are Note. Tighten fuel injector tube fittings until
numbered on late fuel injection pumps. a sharp increase in torque becomes apparent.
1. Connect the left bank fuel injector tubes to the rear This will indicate that the fitting sleeve is seated.
injection pump hydraulic head (A) in the following When this point is reached, draw the nut up

order: No. 5, 3, 1, 6, 2, and 4. . o

TR f t t

2. Connect the right bank fuel injector tubes to the front approximately 1/ 6 of ‘a turn (mlm.mum) bu

injection pump hydraulic head (B) in the following not more than 1 / 3 of a turn (maximum), to
order: No. 2, 4, 1, 6, 5, and 3. complete tightening operation.

Caution: Overtightening will damage tube
ferrule causing fuel leaks.

Figure 4-86. Connecting fuel injector tubes-schematic diagram.
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Note. The fuel
fuel tube connections must be checked for fuel
leaks with the engine running before the cooling

injection pump, fuel tubes, and

fans are installed.

Caution: Do not run engine above idle and

not longer than ten minutes without cooling fans.

1. Install a fan rotor hub sleeve spacer -4910-795-7952
(A) on each fan drive vertical drive shaft to prevent oil
seepage at fan drive oil seals while operating engine.

2. Secure the sleeve spacer (A) to each drive shaft with
the same nut (B) used to secure the cooling fan. Start
engine and check for fuel leaks. If leaks are evident
loosen the tube fittings and retighten. Replace fuel
injection tubes if leak persists.

3. Slide the 12 fuel injector tube dust caps (C) over tube
fittings at fuel injection pump hydraulic head.

Figure 4-87. Front fan drive housing fan
hub sleeve spacer-4910-795-7952
installed for leakage test.

rotor

Section 1. REPLACEMENT OF
VALVE, OIL PRESSURE
FUEL |/ WATER
4-5. General

This section covers the replacement of the
main and auxiliary oil filter bypass valves, the oil
pressure regulating valve, and the fuel / water
separator filter. The valves are not periodic
maintenance items, and should only be removed

for inspection or replaced in case of malfunction.
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1. With cooling fan shroud and fan housing installed,
check clearance between end of each cooling fan blade

Clearance must be 0.062 inch minimum.

2. When clearance is not within limits loosen screws (B}
and shift housing as necessary until clearance is ob-
tained.

Figure 4-88. Checking cooling fan
blade clearance.

MAIN AND AUXILIARY OIL FILTER BYPASS
REGULATOR VALVE AND
SEPARATOR

FILTER

the fuel / water

separator filter are periodic maintenance items

The two outer elements in

and are allocated to the organizational main-
tenance personnel. These are coalescer elements
designated to separate water from the fuel

system. The center element is a final fuel filter



element and is replaced annually or at time of figures are listed under appropriate headings in
engine overhaul. Refer to Tabhle 4-2 Jfor the table.
replacement and service instructions. Reference

Table 4-2. Main and Auxiliary Oil Filter Bypass Valves, Oil Pressure
Regulating Valve, and Fuel / Water Separator Filter Assembly

Component Removal Installation
Main Oil Filter Bypass Valve 4-89, 4-90 4-90, 4-89
Auxiliary Oil Filter Bypass Valve 4-91, 4-92 4-92, 4-91
Oil Pressure Regulating Valve 4-93 4-93
Fuel / Water Separator Filter Assembly 4-94 through 4-96 4-96 through 4-94
Fuel / Water Separator Filter Elements 4-94, 4-97, 4-98 4-98, 4-97, 4-94

4-6. Replacement Instructions

Remove Figure 4-90. Removing or installing main
1. Remove main oil filter bypass valve plug (A). oil filter bypass valve.
2. Remove and discard plug gasket (B).
3. Remove bypass valve spring (C).
Install
1. Install bypass valve spring (C).
2. Install new gasket (B) on valve plug (A).
3. Install main oil filter bypass valve plug (A).

Figure 4-89. Removing or installing main oil
filter bypass valve plug, gasket and spring.
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Remove

1. Remove auxiliary oil filter bypass valve plug (A).
2. Remove and discard plug gasket (B).
3. Remove bypass valve spring (C).

Install

1. Install bypass valve spring (C).
2. Install new gasket (B) on valve plug (A).

3. Install auxiliary oil filter bypass valve plug (A).
Figure 4-91. Removing or installing auxiliary
oil-filter bypass valve plug, gasket,
and spring.
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" Figure 4-92. Removing or installing auxiliary
oil filter bypass valve.



Warning: The valve cover is spring loaded.

Excercise care when removing cover.
Remove
1. Remove two self-locking nuts and flat washers at-
taching cover to crankshaft damper and oil filter
housing.
2. Remove cover shim washers, and gasket. Discard
gasket.
3. Remove stop, spring, and valve.
4. Remove valve sleeve.
Note. The valve sleeve may be difficult to
remove because of the presence of varnish from

the oil. An improvised tool (f[g—2-3) used with
mechanical puller-5120-310-4668 may be used

Figure 4-93. Removing or

to assist in removing valve sleeve. Insert hook
end of tool into hole in sleeve and gently tap until

sleeve is free.
Install

1. Install valve sleeve.

2. Install valve, spring, and stop.

3. Install new gasket, shim washers, and cover.

4. Install two self-locking nuts and flat washers securing
cover to crankshaft damper and oil filter housing.
Note. To increase engine oil pressure, one or

more shim washers can be installed between the
cover and the spring. To decrease oil pressure

remove shim washers. Refer to pdragraph T-24

for recommended ail pressures.

installing engine oil pressure

regulating valve.
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Disconnect
1. Remove vent plug (A) from fuel / water separator
filter cover.
2. Disconnect fuel / water separator filter inlet hose (B)
at fuel pump outlet and drain fuel into a suitable
container.

Connect

1. Connect fuel / water separator filter inlet hose (B) to
fuel pump outlet.

2. Instnll vent plug (A) in fuel / water separator filter
cover.

Figure 4-94. Disconnecting or connecting
fuel water separator filter inlet hose at

fuel pump.
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Disconnect

1. Disconnect fuel outlet hose (A) and remove fuel-
outlet elbow.
2. Disconnect fuel drain tube (B) and remove fuel drain
elbow.
3. Disconnect fuel inlet hose (C) and remove fuel inlet
elbow.
Connect
1. Install fuel inlet elbow and connect fuel inlet hose (C).
2. Install fuel drain elbow and connect fuel drain tube
(B).
3. Install fuel outlet elbow and connect fuel outlet hose
(A).
Figure 4-95. Disconnecting or connecting
fuel hoses and drain line at fuel / water

Separater filter.
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Remove
1. Remove lower two cap screws (A), lock washers, and
plain washers.
2. Remove upper two cap screws (B) and lock washers
and remove filter assembly from bracket.

Note. Fuel inlet, outlet, and drain elbows are
not part of the filter assembly and must be in-
stalled in the replacement filter.

Install

1. Position filter assembly on bracket and install
two cap screws (B) and lock washers.

upper

2. Install lower two cap screws (A), lock washers, and
plain washers.
Figure 4-96. Removing or installing
fuel / water separator filter assembly.

/| water

the fuel
should be thoroughly cleaned to

Note. Entire area around

separator filter

prevent the entry of dirt or foreign objects

other

before removing the cover.
Figure 4-97. Removing or installing
fuel / water separator filter cover bolts.

Remove

1. Remove cover (A).
2. Remove and discard preformed packing (B).
Install

Note. Replacement coalescer elements and
preformed packing are available in parts kit -
2910-801-1152. Purge fuel system, refer to
pertinent operator’s manual.

1. Install new preformed packing (B).

2. Install cover (A).

Figure 4-98 Removing or installing
fuel / water separator filter cover.
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Section

IV. REPLACEMENT OF COOLING FAN CLUTCH ASSEMBLY

AND FAN DRIVE HOUSING OUTER FLANGE BEARING

4-7. General

This section covers the removal and in-
stallation of the cooling fan clutch assembly and
the replacement of the outer flange bearing. The
front and rear cooling fan clutch assemblies are
interchangeable. Replace both clutch assemblies

following the same procedure. For
purposes in this section, the rear fan clutch
assembly has been used for typical procedure.
Refer to Mahre—Z-3 for applicable illustrations
and instructions required for removing or in-
stalling cooling fan clutch and flange bearing.

instructional

Table 4-3. Cooling Fan Clutch Assembly

Component Removal Instal']ation
Cooling Fan Clutch Assembly 4-34, 4-35, 4-99 through 4- | 4-101 through 4-99, 4.35,
101 4-34
Fan Drive Housing Outer Flange Bearing 4-34, 4-35, 4-99 through 4- 4-105, 4-101 through 4-99,
101, 4-103, 4-104 4-35, 4-34

Remove

1. Cut locking wire (A).

2. Remove 12 slotted nuts (B).

3. Install jack screws (5 / 16-24NF thread) (C) into
three threaded holes in the fan drive housing cover.
Alternately tighten jack screws until fan drive housing
and clutch assembly are separated from housing.
Remove jack screws.

Install

1. Install 12 slotted nuts (B) securing fan drive housing
and clutch assembly.

2. Install locking wire (A).

Figure 4-99.

drive housing cover

Removing or installing rear fan

attaching parts.
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Remove

1. Remove housing cover and clutch assembly (A).

2. Cut locking wire (B).

3. Remove six bolts (C) and flat washers attaching the
oil seal housing to the cover.

4. Install two mechanical pullers -5120-473-7222 in oil
seal housing puller screw holes (D). Turn pullers
alternately to remove housing.

Install

1. Position oil seal housing on cover and install six bolts
(C) and flat washers securing housing on cover.

2. Install locking wire (B).

3. Install housing cover and clutch assembly (A).

Figure 4-100. Removing or
drive housing cover

installing rear fan
and clutch assembly.
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installing fan

101. Removing or
preformed packing.

Figure 4

drive housing cover

- /WMNW.N ey

S

o
S

piston actuated and mechanical

between

fan drive housing and cover

Comparison

Figure 4-102.

assemblies.
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4-8. Difference Between Piston Actuated
and Mechanical Fan Drive Clutch

The basic difference between the piston
actuated and mechanical fan drive clutch is the
redesign of the late clutch to eliminate the
hydraulic disengagement feature. The
mechanical design provides complete in-
terchangeability between piston actuated and
mechanical housing and cover assemblies.
However, individual parts contained within the

assemblies are not interchangeable.

Figure 4-104. Removing fan drive clutch

Figure 4-103. Removing housing cover and upper ball hearing from housing cover.

bearing from vertical drive shaft.

o

1. Position fan drive housing cover (A) on arbor press
using suitable support blocks.

2. Press ball bearing (B) in cover.

3. Install housing cover and bearing on vertical drive
shaft.

Figure 4-105. Pressing fan drive clutch

upper ball bearing into housing cover.
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Section V. REPLACEMENT OF INTAKE MANIFOLD TUBES
AND INTAKE MANIFOLD ASSEMBLY

4-9. General unless the complete intake manifold system is

This section covers the replacement of intake removed from the engine. In order to remove any
manifold tubes and the intake manifold cylinder intake manifold tube, it is necessary to
assembly. Intake manifold tubes for cylinder 1, remove the oil drain tube on that cylinder. Refer
2, 5, and 6, on each side of the engine can be to [Table 4-4] for illustrations and instructions on
replaced without removing the complete intake removal and installation of the manifold tubes or
manifold. Intake manifold tubes for cylinder 3 manifold assemblies. Figure references are listed
and 4 on each side of engine cannot be replaced under appropriate headings in the table.

Table 4-4. Intake Manifold Tubes and Intake Manifold Assembly

) Component Removal Instailation
Intake Manifold Tubes 4-106 through 4-110 4-110 through 4-106
Intake Manifold Assembly 4-111 through 4-118, 4-110 4-110, 4-118 through 4-111

4-10. Intake Manifold Tubes

For instructional purposes replacement of
intake manifold tube for cylinder 2L is described
in this section. Tubes for cylinders IL, 5L, 6L,
IR, 2R, 5R, and 6R are replaced in the same
manner.

Figure 4-107. Disconnecting or connecting
intermediate cylinder head oil drain
tubes-cylinder 2L.

) REMOVE DRAIN TUBE AND BOLT,
Disconnect W REMOVE AND DISCARD GASKE

1. Loosen four hose clamps (A) and side hoses from o " X Fae
intermediate cylinder head oil drain tube.

2. Remove screw and nut attaching flame heater fuel
inlet line cushioned clamp (B) to loop clamp on cylinder
head oil drain tube, if necessary.

Connect

1. Install screw and nut securing flame heater fuel inlet
line cushioned clamp (B) to loop clamp on cylinder
head oil drain tube.

2. Slide hoses on intermediate cylinder head OR drain
tube and tighten four hose clamps (A).

Figure 4-106. Disconnecting or connecting

cylinder head oil drain tube hoses-cylinders

IL and 2L.

Figure 4-108. Removing or installing inter-
mediate cylinder head oil drain tube-
cylinder 2L.



Disconnect

1. Remove three nuts (A) and lock washers attaching
flange of intake manifold tube to cylinder.
2. Remove four self-locking nuts (B) attaching flange
which secures tube to intake manifold.
Connect
1. Install four self-locking nuts (B) to attach flange
which secures tube to intake manifold.
2. Install three nuts (A) and lock washers securing flange
of intake manifold tube to cylinder.

Figure 4-109. Disconnecting or connecting
intake manifold tube from intake manifold
and cylinder 2L.
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Remove

1. Separate manifold flange, spring washer, flat washer,
and preformed packing from intake manifold.

2. Remove intake manifold tube from studs at cylinder.
Remove and discard gasket.

3. Remove intake manifold tube from intake manifold
and discard preformed packing.

4. Remove flat washer, spring washers, manifold flange,
and cylinder flange in order listed and reinstall on

replacement tube.

Note. Replacement

flanges.
Install

tubes do not

include

1. With cylinder flange, manifold flange, spring washer,
and flat washer installed on intake manifold tube,
install new preformed packing against flat washer.

2. Install new gasket on studs at cylinder.

3. Install assembled intake manifold tube on intake
manifold and studs at cylinder.

Figure 4-110. Removing or

manifold

tube-cylinder

installing

2L.

intake



4-11. Intake Manifold Assembly The right intake manifold assembly is replaced
For instructional purposes, replacement of the in the same manner.
left intake manifold is described in this section.

Disconnect

1. Disconnect manifold heater fuel inlet tube (A) from
manifold heater fuel solenoid valve tee.

2. Remove self-locking nut and screw (B) attaching
cushioned loop clamp to loop clamp on oil cooler outlet
hose.

Connect

1. Install self-locking nut and screw (B) securing cush-
ioned loop clamp to loop clamp on oil cooler outlet
hose.

2. Connect manifold heater fuel inlet tube (A) to
manifold heater fuel solenoid valve tee.

Figure 4-112. Disconnecting or connecting
manifold heater fuel inlet tube.
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Disconnect
1. Remove screw and nut attaching flame heater fuel
inlet line cushioned clamp (A) to loop type clamp on
cylinder head oil drain tube.
2. Loosen two hose clamps (B) and slide hose down on
lower front drain tube.
Connect
1. Position hose between cylinder head oil drain tube and
lower front drain tube and tighten two hose clamps (B).
2. Install screw and nut securing flame heater fuel inlet
line cushioned clamp (A) to loop type clamp on cylinder
head oil drain tube.

Figure 4-113. Disconnecting or connecting
cylinder head oil drain tube-left front.

LOOSEN HOSE CL

Figure 4-114. Disconnecting or connecting
cylinder head oil drain tube-left rear.
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Disconnect

1. Disconnect manifold heater fuel inlet line (A).

2. Disconnect heater fuel outlet tube (B).

3. Cut locking wire and remove six body bolts (C) and
remove oil drain tubes as an assembly. Remove and
discard 12 gaskets.

Connect

1. Position oil drain tubes as an assembly on engine.
Install new solid copper gaskets on six body bolts (C),
insert bolts through oil drain tubes and install second
new annular copper asbestos gasket on each bolt.
Tighten bolts securing drain tube and install locking
wire.

2. Connect heater fuel outlet tube (B).

3. Connect manifold heater fuel inlet line (A).

Figure 4-115. Disconnecting or connecting
heater fuel inlet and outlet tubes from

intake manifold heater.



e -
TURBOSUPERCHARGER
AIR OUTLET ELBOW

Disconnect

1. Loosen four hose clamps (A).

2. Separate hoses (B), diding one hose on the heater tube
and the other hose on the turbosupercharger air outlet
elbow.

3. Remove turbosupercharger outlet elbow tube sleeve
(©).

Connect

1. Position turbosupercharger outlet elbow tube sleeve
(C) between elbow tube and heater tube.

2. Slide one hose (B) from elbow tube on sleeve (C).
Slide second hose (B) from heater tube on sleeve (C).

3. Tighten four hose clamps (A).

Figure 4-116. Disconnecting or connecting
turbosupercharger air outlet elbow and
heater tube.

Remove Install
1. Remove 12 nuts (A) and lock washers attaching 1. Install six new intake manifold gaskets (C).
intake manifold tubes to cylinders 1L, 2L, 5L, and 6L. 2. Position manifold assembly on cylinder studs. Install
2. Remove six nuts (B), lock washers, and flat washers six nuts (B), lock washers, and flat washers securing
attaching intake manifold tubes to cylinders 3L and 4L. intake manifold tubes to cylinders 3L and 4L.
Remove manifold assembly. 3. Install 12 nuts (A) and lock washers securing intake
3. Remove and discard six intake manifold gaskets (C). manifold tubes to cylinders 1L, 2L, 5L, and 6L.

Figure 4-117. Removing or installing intake manifold assembly-left side.
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INTAKE MANIFOLD
. TUBE=-CYL— 4L

NTAKE MANIFOLD. _ N
T oo e ' 2 INTAKE MANIFOLD
' TUBE — CYL — 1L

Disassemble Assemble
1. Install intake manifold tubes for cylinders 1L, 2L, 5L,

1. Remove six nuts (A) and flat washers attaching intake
manifold elbow to intake manifold. Remove elbow and
heater tube as a unit. Remove and discard gasket.

2. Remove four nuts (B) attaching intake manifold tubes
3L and 4L to intake manifold and remove tubes,
Remove and discard gaskets.

3. Remove intake manifold tubes for cylinders 1L, 2L,
5L, and 6L following instructions accompanying_figurg 3. Install new intake manifold elbow gasket on manifold
4-110. studs. Position intake manifold elbow and heater tube

as a unit on manifold. Install six nuts (A) and flat
washers securing elbow to manifold.

and 6L following instructions accompanyilng_figure 4

110.
2. Install new gaskets on studs on intake manifold for

cylinders 3L and 4L intake manifold tubes. Position
tubes on manifold and install four nuts (B) securing
each tube to manifold.

Figure 4-118. Disassembling or assembling intake manifold assembly.

Section VI. REPLACEMENT OF ENGINE OIL PAN

4-12. General

This section covers the replacement of the removal and installation of the oil pan. Figure

engine oil pan. Refer to [Table 47 for references are listed under appropriate headings
illustrations and instructions covering the in the table.

Table 4-5. Engine Oil Pan

Component Removal | Installation
0il Pan 45, 46, 4-11 through 4-16. 4119 | 4195 through 4110, 4-11. 4-16
through 4-125 through 4-13, 4-17, 4-11, 4-10
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4-13. Replacement Instructions

Disconnect

Note. The left front
disconnected in the same manner.

drain tube may be

1. Remove two cap screws (A) and lock washers at-
taching right front cylinder head oil drain tube (B) to
oil pan.

2. Separate drain tube from oil pan and remove and
discard gasket.

Connect

Note. The left front drain tube may be con-

nected in the same manner.

1. Install new gasket between right front cylinder head
oil drain tube (B) and oil pan.

2. Install two cap screws (A) and lock washers securing
drain tube to oil pan.

Disconnecting or connecting

head oil drain tube.

Figure 4-119.
right front cylinder

Disconnect
1. Remove two cap screws (A) and lock washers at-
taching left rear cylinder head oil drain tube to oil pan.
2. Separate drain tube front oil pan and remove and
discard gasket (B).
Connect
1. Install new gasket (B) between left rear cylinder head

oil drain tube and oil pan.
2. Install two cap screws (A) and lock washers securing

drain tube to oil pan.

Figure 4-120. Disconnecting or connecting
left rear cylinder head oil drain tube.
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Disconnect
1. Remove two cap screws (A) and lock washers at-
taching right rear cylinder head oil drain tube to oil

pan.

2. Separate drain tube from oil pan and remove and
discard gasket (B).

Connect

1. Install new gasket (B) between right rear cylinder
head oil drain tube and oil pan.

2. Install two cap screws (A) and lock washers securing
drain tubes to oil pan.

Figure 4-121. Disconnecting or
right rear cylinder head oil drain tube.

connecting

Disconnect
1. Remove three assembled washer screws (A) and seal
washers attaching oil filler tube to oil pan. Discard seal
washers.

2. Remove and discard filler tube gasket (B).

3. Remove three self-locking nuts (C) attaching oil level
indicator tube to oil pan.

4. Remove and discard indicator tube gasket (D).

Connect

1. Position new oil filler indicator tube gasket (D) on oil
pan.

2. Install three self-locking nuts (C) securing indicator
tube to oil pan.

3. Position new oil filler tube gasket (B) on oil pan.

4. Assemble new seal washers on washer screws (A).
Install assembled washer screws securing filler tube to
oil pan.

Figure 4-122. Disconnecting or

oil-filler and oil level indicator tubes
from oilpan.

connecting



Remove
1. Cut locking wire (A) securing eight bolts.
2. Remove eight drilled head bolts (B) and flat washers.
Install
1. Install eight drilled head bolts (B) and flat washers.
2. Install locking wire (A) securing eight bolts.

Figure 4-123. Removing or installing oil
pan rear bolts.

Remove
1. Cut locking wire and remove 12 drilled head bolts (A)
and flat washers attaching the oil pan to crankshaft
damper and oil filter housing.
2. Remove 27 of the 28 self-locking nuts (B) and flat
washers attaching oil pan to each side of the crankcase
assembly.

Note. One nut and washer are left installed on
each side of the oil pan, near the center, to
prevent oil pan from falling and being damaged.

Figure 4-124. Removing or

AT 30997

Support oil pan adequately before removing
remaining two nuts and washers then remove oil

pan.
Install
1. Install 28 self-locking nuts (B) and flat washers
securing oil pan to each aide of the crankcase assembly.
2. Install 12 drilled head bolts (A) and flat washers
securing oil pan to crankshaft damper and oil filter
housing.

installing engine oilpan.
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Remove Install

Remove oil pan sealing thread and clean oil pan mating
surfaces thoroughly.

Figure 4-125. Removing or

installing oil

Apply a thin coat of gasket cement, Specification MIL-C-
10523 (ORD), on the oil pan flange and install sealing
thread.

pan sealing thread.

Section VII. REPLACEMENT OF VALVE ROCKER ARMS,
ROCKER ARMSHAFTS, AND VALVE CLEARANCE
ADJUSTING SCREWS
4-14. General structions on removal and installation
This section contains instructions for the procedures. Figure references are listed under
replacement of valve rocker arms, rocker arm appropriate headings in the table. Instructions

shafts and valve clearance adjusting screws.
Refer to[Tabhle 436 for illustrations and in-

apply to either left or right side of the engine.

Table 4-6. Valve Rocker Arms, Rocker Arm Shafts and Valve Clearance

Adjusting

Screws

Component

Removal

Installation

Valve Rocker Arms,
'Rocker Arm Shafts or
Valve Clearance Adjusting Screws

4-34 through 4138,
4-126 through 4-135,
4-141 through 4-160

4-161 through 4-158,

4-162 through 4-164,

4-157 through 4-153, 4-165, 4-151
through 4-126, 4-38 through 4-35,
4-88, 4-34
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4-15. Replacement instructicns

Figure 4-126. Removing or installing right
front upper cover.

Figure 4-127. Removing or installing right
rear upper cover.

Remove

1. Remove six bolts (A) and remove oail filler tube shroud
plate.

2. Remove six bolts (B) and remove oil level indicator
tube shroud plate.
Install

1. Position oil level indicator tube shroud plate and
install six bolts (B).

2. Position oil filler tube shroud plate and install six bolts
(A).
Figure 4-128. Removing or installing oil
filier and oil level indicator tube shroud
plates-one piece type oil filler and
indicator tubes installation.
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MODIFICATION
PLATE

Ol LEVEL
INDICATOR TUBE

Remove

1. Remove six bolts (A) and remove oil level indicator

tube shroud plate.

2. Remove three bolts (B) attaching modification cover

plate and upper cover to frame.

Note. Do not remove remaining three bolts
attaching  modification cover plate to  upper
Maintain upper cover as an assembly.
Install

1. Install three bolts (B) securing modification cover

plate and upper cover to frame.

2. Position oil level indicator tube shroud plate and

install six bolts (A).

Figure 4-129. Removing or installing oil
level indicator tube shroud plate-modified

shroud plate installation.

cover.

REMOIVE EIGH
REMOVE LEFT

Figure 4-130. Removing or installing left

front upper cover-modified upper-
cover installation.
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Disconnect
1. Remove two self-locking nuts (B), cap screws, and
retaining straps attaching oil filler tube to frame.

Note. Some early engines used weld nuts in
lieu of self-locking nuts,

2. Remove two self-locking nuts (A), cap screws, and
retaining straps attaching oil level indicator tube to

frame.
Connect

Note. On installations that have been
modified, oil filler tube will be relocated behind
turbosupercharger and retaining straps will be
discarded.

1. Position retaining straps and install two self-locking
nuts (A) and cap screws, securing straps and oil level
indicator tube to frame.

2. Position retaining straps and install two self-locking
nuts (B) and cap screws securing straps and oil level
indicator tube to frame.

Figure 4-131. connecting
oil filler and oil level indicator tube
retaining straps-one piece type oil filler and
indicator tubes installation shown.

Disconnecting or



Figure 4-132. Oil level indicator and oil
tube upper shroud-tubes with splash pan

installation

installed view.

filler

Disconnect
1. Disconnect primary fuel filter drain line (A) from
drain valve.
2. Disconnect fuel / water separator filter drain line (B)
from drain valve.

Connect
1. Connect fuel / water separator filter drain line (B) to
drain valve.
2. Connect primary fuel filter drain line (A) to drain
valve.

Figure 4-133 Disconnecting or connecting
fuel drain tubes-tubes with splash
pan installation.
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Remove
1. Lift cover and remove oil level indicator (A).
2. Remove drain hose (B) from retaining brackets.
3. Remove seven cap screws (C) attaching valve and
hose brackets to shroud plate.
4. Remove five cap screws (D) attaching plate to frame.
Install
1. Install five cap screws (D) securing plate to frame.
2. Install seven cap screws (C) securing valve and hose
brackets to shroud plate.
3. Install drain hose (B) on retaining brackets.
4. Install oil level indicator (A) 1and close cover.

Figure 4-134. Removing or installing oil level
indicator and oil filler and oil level
indicator tube shroud plate bolts-tubes

with splash pan installation.
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Remove
1. Raise cover plate (A) until oil drain hose clamp (B) is
accessable.
2. Loosen hose clamp (B) and disconnect oil drain hose
from cover plate.
3. Remove cover plate (A) and remove and discard four
preformed packings (C).
Install
1. Install four new preformed packings (C) and position
cover plate (A) on frame.
2. With cover plate partially raised, connect oil drain
hose to cover plate and tighten hose clamp (B).
3. Position cover plate (A) on frame.
Figure 4-135. Removing or installing oil level

indicator filter tube upper
cover-with splash pan installation.

and oil

Figure 4-136. Oil
plate-relocated oil
modified installed view.

level indicator tube upper
filler

cover tube



tube upper

Figure 4-137. Oil
plate-relocated oil
installed view.

Disconnect
1. Disconnect primary fuel drain tube (A) from drain

valve.
2. Disconnect fuel / water separator filter drain tube (B)

from drain valve.

Connect
1. Connect Fuel / water separator filter drain tube (B) to
drain valve.
2. Connect primary fuel filter drain tube (A) to drain
valve.

Figure 4-138. Disconnecting or connecting
fuel drain tubes-relocated oil filler tube
installation.

4-67



Remove Install
1. Lift cover and remove oil level indicator (A). 1. Install five cap screws (D) securing cover plate to

2. Remove drain hose (B) from retaining brackets. frame.

3. Remove seven cap screws (C) attaching valve and 2. Install seven cap screws (C) securing valve and hose
hose brackets to cover plate and frame. brackets to cover plate and frame.

4. Remove five cap screws (D) attaching cover plate to 3. Install drain hose (B} on retaining brackets.
{rame. 4. Install oil level indicator (A) and close cover.

Figure 4-139. Removing or installing oil level indicator tube upper
cover plate—relocated oil filler tube installation.

REMOVE AND DISCARD
PREFORMED PACKINGS

Figure 4-141. Removing or installing left
rear upper cover.

Figure 4-140. Removing or installing oil level
indicator upper cover plate-relocated
oil filler tube installation.
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Remove
1. Disconnect manifold heater spark plug cable (A).
2. Remove two screws (B), spacers, and flat washers
attaching ignition unit bracket to oil coolers. Remove
ignition unit, bracket and cable.

3. Remove grommets (C) from brackets. Replace

damaged grommets.
Install

1. Install grommets (C) in ignition unit bracket.

2. Position ignition unit, bracket, and cable on oil coolers
and install two screws (B), spacers, and flat washers
securing bracket to oil coolers.

3. Connect manifold heater spark plug cable (A).

Figure 4-143. Removing or installing
manifold heater ignition unit-right side.

AT 33007‘

Disconnect
1. Disconnect oil cooler outlet hose (A) and drain oil into
a suitable container.
2. Disconnect oil cooler inlet hose (B).

Connect
1. Connect oil cooler inlet hose (B). Di t
2. Connect oil cooler outlet hose (A). Isconnec

1. Loosen, but do not remove, bolt (A) and self-locking
nut attaching brace to turbosupercharger tie rod.

2. Remove self-locking nut (B), flat washer, and cap
screw attaching brace to support beam.

3. Remove six self-locking nuts (C) and flat washers
attaching support beam to cylinders.

Figure 4-142. Disconnecting or connecting
oil cooler hoses-left side.

Note. The flat washers are located at cylinder
Nos. 2, 4, and 5 on both banks.
Connect
1. Install six self-locking nuts (C) and flat washers
securing support beam to cylinders.
2. Install self-locking nut (B), flat washer, and cap screw
securing brace to support beam.
3. Tighten bolt (A) and self-locking nut attaching brace
to turbosupercharger tie rod.
Figure 4-144. Disconnecting or connecting

oil cooler support beam-right side.
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, s P
REMOVE TWO BOLTS ATTACHING S
RIGHT SHROUD TO FRAME

,

connecting
front side.

Disconnecting or
frame-right

Figure 4-145.
shroud from top

Disconnect
1. Remove one pan head screw (A) attaching right oil
cooler end shroud.
2. Remove one self-locking nut and bolt (B) and remove
right upper transmission shroud.
Connect
1. Position right upper transmission shroud and install

one bolt (B) and self-locking nut.

2. Install one pan head screw (A) securing right oil
cooler end shroud.

Figure 4-146. Disconnecting or connecting
right oil cooler end shroud and upper

transmission shroud.
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TURBOSUPERCHARGER
SHROUD PLATE

Disconnect
1. Remove two screws (A) attaching frame to right rear
shroud.
2. Remove two screws (B) attaching turbosupercharger
shroud to right rear shroud.
Connect
1. Install two screws (B) securing turbosupercharger
shroud to right rear shroud.
2. Install two screws (A) securing frame to right rear

shroud.
Figure 4-147. Disconnecting or connecting
right rear shroud from top frame.

W
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Remove oil cooler assembly.
1. Attach a straight-link chain (A) around top frame. 2. Position assembly on side of engine making sure six
2. Remove oil cooler and top frame (B) as an assembly. mounting holes in top frame are located on studs on top
Install frame retaining brackets.

1. Attach a straight-link chain (A) around top frame and

Figure 4-148. Removing or installing oil
coolers and top frame as an assembly.
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Remove Install

1. Remove 24 self-locking nuts (A). 1. Position 12 top frame retaining brackets (B) on

2. Remove 12 top frame retaining brackets (B). cylinder mounting studs.
2. Install 24 self-locking nuts (A).

Figure 4-149. Removing or installing top frame retaining brackets.
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Disconnect
1. Disconnect fuel injector nozzle fuel inlet tube (A).
2. Disconnect fuel injector nozzle fuel return tubes (B) at
nozzle adapter.
Connect
1. Connect fuel injector nozzle fuel return tubes (B) at
nozzle adapter.
2. Connect fuel injector nozzle fuel inlet tube (A).

Figure 4-150. Disconnecting or connecting
fuel injector nozzle holder fuel inlet and
return tubes.

Remove
1. Remove nozzle adapter bolt (A).
2. Remove nozzle adapter and discard two gaskets (B).
Install
1. Install one gasket (B) on nozzle adapter bolt (A),
install bolt through adapter, and install second gasket
(B).
2. Install nozzle adapter and tighten bolt (A).

Figure 4-151. Removing or installing fuel
injector nozzle fuel tube adapters.

4-73



OPEN END, FIXED WRENCH -
5120-871-7198

Note. In stubborn cases, when the nozzle is
frozen, it will be necessary to remove the fuel
inlet connector from the nozzle and turn the
nozzle using wrench socket - 5120-875-9556.
When the nozzle is free of cylinder threads,
install mechanical puller - 5120-873-6943 in the
7 | 16-20 tapped hole in the end of the nozzle

holder. Remove nozzle and holder using puller.
Figure 4-152. Loosening fuel injector nozzle
and holder retainer using

wrench-5120-871-7198.
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Remove
1. Remove fuel injector nozzle and holder assembly.
Remove and discard gasket (A).
2. Remove and discard fuel injector nozzle holder
preformed packing (B).
Install

Note. Use only the dead soft copper gasket -
5310-861-1406 for replacement seal whenever
the fuel injector nozzle and holder assembly has
been removed from the cylinder. The dead  soft
copper gasket conforms to the specific contours
of the nozzle cylinder head seat in an individual
installation. Because of this, it is the only ap-
proved gasket for this function and should never
Before installing new gasket in
cylinder nozzle seat, always check to be sure that
original gasket has been removed as an inad-
vertent installation of two seating gaskets would
damage the fuel injector nozzle retaining spring.
Check to be sure cylinder nozzle seat is free from
excessive carbon deposit and that the seat face is
free from surface roughness. Remove carbon
deposits and / or surface roughness using nozzle

carbon cutter - 4910-795-7958.

1. Install new preformed packing (B) on fuel injector
nozzle holder.

2. Install new gasket (A) and install fuel injector nozzle
and holder assembly.

Figure 4-153. Removing or installing fuel
injector nozzle and holder assembly.

be reused.



Remove
1. Remove fuel injector nozzle fuel return hose (A).

2. Remove four screws (B) and external tooth lock
washers attaching each cylinder head shroud plate.
3. Remove two cylinder head plates (C).

Install
1. Position each cylinder head shroud plate (C) between

cylinders.
2. Install four screws (B) and external tooth lock

washers securing each plate.
3. Install fuel injector nozzle fuel return hose (A).

Figure 4-154. Removing or installing
cylinder head shroud plate.

INNER CYLINDER AR«
_DEF(ECTOR

e

Disconnect
1. Remove sdlf-locking nuts (A) from hooks attaching

inner cylinder air deflectors.
2. Lift air deflector (B) from cylinder fins and rocker

arm covers. It is not necessary to remove deflectors.

Connect
1. Position inner cylinder air deflectors (B) between

cylinder fins and rocker arm covers
2. Install self-locking nuts (A) on hooks securing

deflectors.
Figure 4-155. Disconnecting or connecting

inner cylinder air deflector.
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Disconnect

1. Remove the outer screw (A) attaching the in-
tercylinder connector flanges to the rocker arm cover.

2. Loosen the inner two connector flange attaching
screws (B).

3. Remove two self-locking nuts and screws (C) at-
taching plate and fuel tube clamps to the support.

4. Remove two bolts (D) attaching support and exhaust
valve adjusting screw cover plate. Remove support
cover plate and gasket. Discard gasket.

5. Remove two bolts (E) and flat washers. Remove the
intake valve adjusting screw cover plate and gasket.
Discard gasket.

6. Disconnect fuel tubes (F) from the two adjacent
injector nozzles.

Connect

1. Connect fuel tubes (F) to the two adjacent injector
nozzles.

2. Position new gasket on cylinder and install intake
valve adjusting screw cover plate. Instal two bolts (E)
and flat washers.

3. Position new gasket on cylinder and install exhaust
valve adjusting screw cover plate. Install two bolts (D).

4. Position plate and fuel tube clamp support. Install two
self-locking nuts and screws (C).

5. Tighten the inner two connector flange attaching
screws (B).

6. Install the outer screw (A) securing intercylinder
connector flanges to the rocker arm cover.

Figure 4-156. Disconnecting or connecting

intercylinder connector

flange and valve

adjusting screw covers.
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Remove

Note. All valve rocker arm covers are removed
in the same manner.

1. Separate intercylinder connector flanges (A) from

valve rocker arm cover.

Note. Use a piece of shim stock to loosen
flanges of intercylinder preformed hose.
Caution; Do not damage sealing surface on
flange of intercylinder preformed hose as it will
cause oil leaks and replacement of hose will be
required.

2. Remove four bolts (B) and flat washers.

3. Remove seven bolts (C) and flat washers.

4. Remove two screws (D) and flat washers.

Note. Before removing rocker arm cover bolts

(E), instruction 5, below,
valve rocker arms, caused by the valve springs.
must be released. Turn engine, fidure 4-51, until
valve rocker arm rollers are on camshaft base

the tension on the

circle, or until both valves are closed, to relieve
spring tension before removing cover. Check
rocker arms to see that they move up and down.
If movement (clearance) cannot be felt, turn
engine until clearance is evident. When clearance

is obtained between both adjusting screw pads

RA PD 395694 W

and valve stems, the rocker arm rollers are on the
camshaft base circle, and the valves are com-
pletely closed.

5. Remove four bolts (E) and packings with retainer and
remove valve rocker arm cover.
Install
Note. The cylinder and valve rocker arm cover

are machined as an assembly. The number on
the rocker cover must be kept with its mating
number on cylinder to insure camshaft bearing

alinement and running clearance.

Note. The bolts and screws securing valve
rocker arm cover to cylinder must be torqued
carefully to prevent stripping of heli-coil inserts.

1. Position valve rocker arm cover on cylinder and install
four bolts (E) and packings with retainer and tighten to
275-325 pounds inch torque.

2. Install two screws (D) and flat washers and tighten to
100 pounds inch torque.

3. Install seven bolts (C) and flat washers and tighten to
100 pounds-inch torque.

4. Install four bolts (B) and flat washers and tighten to
100 pounds inch torque.

5. Position intercylinder connector flanges (A) on valve
rocker arm cover.

Figure 4-157. Removing or installing valve
rocker arm cover bolts and removing valve

rocker

arm cover.
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Note. Valve rockers do not have to be removed
to replace adjusting screws.
Figure 4-158. Removing or installing valve
adjusting screw.

INTAKE VALVE
ADJUSTING SCREW PAD

EMOVE SHAFT PLUGS

EXHAUST VALVE
ADJUSTING SCREW PAD

AT 31017

Figure 4-159. Removing or installing valve
rocker arm shaft plugs.
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INTAXE VALVE
ROCXER ARM

NOTE: THE SHAFT IS A SUDING
FIT IN BORE OF COVER.

/ o
EXHAMST VALVE REMOVE ROCKER ¥
ROCKER ARM 4

ARM SHAFTS %
ORD €41609

Figure 4-160. Removing valve rocker arm
shafts and valve rocker arms.

N
ROCKER ARM
SHAFT

ORD E41615

1. Position valve rocker arms in reeker arm cover. Insert
valve rocker arm shaft ( A ') through bore in rocker arm

cover and rocker arm.
2. Use one rocker arm cover bolt (B) to a line hole in
shaft with bolt hole in cover. Push shaft into position,

without twisting, to retain alinement.
Note. Under normal circumstances, if rocker
arm cover is damaged, the entire cylinder and
cover must be replaced. In cases of emergency.
the rocker arm covers can be changed hut it will
require special attention to insure alinement of
the two halves of the camshaft base.
Figure 4-161. Installing valve rocker arms
and valve rocker arm shafts.



Note.Be sure adjusting screws allow adequate
clearance between the rocker arm roller and the

camshaft lobe. )
1. Coat face of valve rocker arm cover with sealer, MIL-

C-10523 (ORD).

2. Install cover (A), being careful not to damage lip of
intercylinder preformed hose (B) on each side of
cylinder.

Figure 4-162. Installing valve rocker

arm cover.

1. Tap valve rocker arm cover (A) gently into position on
locating dowel pins being sure cover is flush with
mating surface of cylinder.

2. Properly position lip of intercylinder preformed hose
using shim stock (B).

Figure 4-163. Positioning lip of intercylinder

preformed hose.
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Note. Make certain adjusting screw pad is
positioned squarely on end of valve stem. Refer
to Section X,[figures 4-18§ and 4-189 for valve
adjustment.

Figure 4-164. Positioning valve adjusting
screw pad on end of valve stem.

Section VIII. OVER HAUL OF

OPEN END FIXED WRENCH -
5120-871-7198

Figure 4-165. Torque tightening fuel
injector nozzle.

FUEL INJECTOR NOZZLE AND

HOLDER ASSEMBLY

4-16. General

This section covers the overhaul of the fuel
injector nozzle and holder assembly. Refer to
Table 4-7 |for illustrations and instructions on

Figure references are listed under appropriate
headings in the table.

Note. Table 4-7 Jprovides illustrations for
removal and installation of all upper covers to

removal, testing, disassembly, cleaning, in-  9ain access to the fuel injector nozzle and holder
spection, repair, assembly, and installation. assemblies. It is not necessary to remove all
covers unless all assemblies are to be rebuilt.
Table 4-7. Fuel Injector Nozzle and Holder Assembly
Cleaning

Removal and Assembly

and Testing Disassembly Inspection Repair and Test Install
Para 4-17 Figa 4! | Para 4-18a Figsl | Para_4-18] b | [Para 4-18d |[Para 4-18¢ [Figs] |[Figs. 4-151
126 through 4- 4-167, 4-168 and c 4-166 through 4- | through 4-150, 4-
130, 4-133 168 135 through 4-
through 4-135, 4. 133, 4-130
141, 4-150 through 4-126
through 4-153
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4-17. Removal and Testing

a. General. The fuel injector nozzle and holder
assemblies are generally removed while
troubleshooting the fuel system, particularly
when a fuel injection pump has failed. The
nozzles should be tested on a nozzle tester for
opening pressure, spray pattern, leakage and
nozzle chatter before reinstalling in engine.

RETAINER

T~

Check the nozzle retaining spring to dimensions
shown in[figure 4-166] as springs that have been
installed over a period of time tend to take a
permanent “set”. The nozzles are to be replaced
100% at time of overhaul. Nozzle pressure
adjusting shims are furnished in shim set FSN
5365-235-1941.

3.305
3.319

all

/T ==

—
==

S—

|

§

1P

i1

QLU L
SPRING—/ |

CAP NUT
AT 31019

____ 2B

Figure 4-166. Fuel injector nozzie and hoider assemoiy.
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b. Removal. Refer to Table 4-7 for figure
references and instructions pertinent to the
removal of the fuel injector nozzle and holder
assembly.

c. Testing.

Note. Before installing injector nozzle on
nozzle tester, thoroughly clean external area to
remove carbon and dirt. Do not allow dirt to
enter nozzle fuel inlet opening. For nozzles that
do not perform properly on nozzle tester refer to
[paragraph 4-18 |for disassembly sequence and
necessary procedures ‘required to assure a
properly functioning nozzle and holder
assembly.

(1) Nozzle installation. Mount the fuel
injector nozzle and holder assembly on the fuel
injector nozzle tester using nozzle attaching tube

SPRING ADJUSTING SPACERS

-4910-795-7953. The tube should be connected
to the lower connection on the injector nozzle
tester. Close the pressure gage valve and actuate
the pump handle rapidly (approximately 2S
strokes per minute) to expel air from nozzle and
holder and to settle spring and nozzle holding
column.

(2) Nozzle opening pressure. Fill reservoir
with sufficient fuel to perform test. Open
pressure gage valve and actuate tester slowly to
raise pressure. When nozzle opens, gage pressure
must be between 3050 psi (minimum), 3150 psi
(maximum). If this gage reading is not achieved,
nozzle and holder assembly must be
disassembled and spring adjusting spacers [(fig.]
[4-167) added or removed to obtain the proper
pressure reading.

NOZZLE BODY

NOZZLE
VALVE

AT 31020

Figure 4-167. Fuel injector nozzle and holder assembly—sectional view.
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(3) Nozzle spray pattern. Close pressure
gage valve and operate tester at approximately
15 strokes per minute. The spray pattern should
be sharp, with a rather solid pattern, and the
angles formed by the eight individual spray
openings should be uniform. If spray pattern is
irregular and does not improve with continued
operation of the tester, check opening pressure.

oy pattern ot secentahle renlace n

i Spray patiern isnota
assembly.

ccepilanie, repiace nozzie

e RESERVOIR

LOWER CONNECTION |

PUMP HANDLE

(4) Nozzle leakage. Disconnect tube and
nozzle from lower connector and move to upper
connector (fig—4-T68). With pressure gage valve

open, actuate tester slowly to build up pressure.

As correct pressure is approached (3050 psi
minimum to 3150 psi maximum) observe spray
orifices. If drops of fuel form, or if fuel issues as a
stream at pressures below 3050 psi, the nozzle is

leaxmg and must be replaced.

/ NOZZLE ATTACHING TUBE — 4910-795-7953

FUEL INJECTOR NOZZLE
AND HOLDER ASSY

AT 31021

Figure 4-168. Testing fuel injector nozzle and holder assembly.

(5) Nozzle chatter. The chatter test
requires that one stroke of the tester handle takes
approximately two seconds, with pressure gage
valve closed. Chatter must be distinct and
regular. A sharp pitch sound is not mandatory,

and an occasional skip or variation in chatter
pitch is acceptable. When nozzle chatter is not

satisfactory, and does not improve with continued

operation of the tester, the nozzle must be
replaced.
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4-18. Overhaul of Fuel Injector Nozzle
and Holder Assembly
a. Disassembly. Refer t figures 4-169 and 4-
170 for disassembly of the fuel injector nozzle
and holder assembly.

Disassemble

1. Remove fuel injector nozzle tube connector (A).

2. Clamp holder body in a soft jawed vise and remove
nozzle cap nut (B).

3. Remove holder spring (C).

4. Remove nozzle retginer (D).

Assemble

1. Assemble nozzle retainer (D).

2. Assemble holder spring (C).

3. Clamp holder body in a soft jawed vise and assemble
nozzle cap nut (B) torquing to 65 pound feet. Be sure
nozzle body is centered in opening of cap nut.

4. Install fuel injector nozzle tube connector (A).

Figure 4-169. Partial disassembly or
assembling fuel injector nozzle and
holder assembly.
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Disassemble

1. Remove fuel injector nozzle assembly (K), with nozzle
body (K-1) and nozzle valve (K-2) from valve stop
spacer (L).

2. Remove valve stop spacer (L) and nozzle opening
pressure adjusting spring (N) with spring upper and
lower seats (D and M) from holder body (A). Do not
remove the spring adjusting upper and lower spacers ( B
and C) from spring upper seat (D) unless ajustment of
the nozzle opening pressure is necessary during testing
of the fuel injector nozzle and holder assembly ([para_4-]
17).

3. Remove and discard preformed packing (E) from
holder body (A).

4. Disassemble fuel injector nozzle assembly (K) by
removing nozzle body (K-1). It may be necessary to
soak the nozzle assembly in carbon removing solvent to
aid in disassembly. It may be necessary to tap nozzle
body downward on the edge of a wooden bench or other
similarly soft surface to remove valve.

Note. The nozzle body and nozzle valve are
fitted individually during manufacture to form a
mated assembly. Individual parts are not in-
terchangeable. Therefore, extreme care must be
taken during the cleaning, inspection, and repair
operations to keep these parts mated.

Assemble
Note. During assembly, the addition or
removal of spring adjusting spacers to obtain the

correct gage pressure reading on the nozzle tester
may require various combinations of spacers
available in shim set -5365-235-1941. Although
each nozzle assembly pressure reading may vary,
experience will indicate the approximate spacer
thickness or combination of spacer thickness
required to make up pressure differences. The
nozzle assembly must be completely assembled,
torque tightened and checked again on the
nozzle tester to assure proper spacer combination
and pressure reading. This procedure may have
to be repeated several times before achieving a
satisfactory reading.

1. Assemble nozzle valve (K-2) in nozzle body (K-1) to
form fuel injector nozzle assembly.

2. Install a new preformed packing (E) in holder body
(A).

3. Install spring upper seat (D), with spring adjusting
upper and lower spacers (D and M) in end of nozzle
opening pressure adjusting spring (N). Install spring
lower seat (M) in opposite end of spring (N) and install
assembled spring and valve stop spacer (L) in holder
body (A).

4. Install fuel injector nozzle assembly (K-1 and K-2) in
valve stop spacer (L).

Figure 4-170. Disassembling or assembling fuel injector nozzle components.
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b. Cleaning.

Note. Do not remove carbon from the valve,
(K-2, figure 4-170),] or inner surface of nozzle
body (K-1 )with a sharp tool, abrasive material, or
steel wire brush, as these implements and
materials will severely damage the highly
polished surfaces.

(1) Fuel injector nozzle assembly. Soak
nozzle body in carbon removing solvent to
remove major carbon deposits. Remaining
carbon deposits should be removed using a soft
cloth or felt pad and mutton tallow. A piece of
soft wood, soaked in oil may also be used as a
carbon remover.

(2) Nozzle body spray orifices. Clean
carbon from the orifices of the nozzle body by
soaking nozzle body in a carbon removing
solvent only. Do not attempt to clean orifices
with cleaning wire as this method will distort
nozzle orifices and also may block opening due to
wire breakage. It is difficult and often impossible
to remove broken pieces of wire.

(8) Fuel injector holder and associated
parts. Clean all parts thoroughly. Be sure hands
are kept free from accumulation of grease which
will cause collection of dust and grit on parts.
Cover or wrap al parts after cleaning to protect
them from dirt accumulation.

c. Inspection.

(1) Nozzle body and valve. Inspect seat of
nozzle valve (K-2. fig._4-17Q) for evidence of
wear, distortion of the valve seat due to pound-
ing, discoloration due to overheating, and
pitting. Inspect the valve stem between seal and
shoulder for scratches and discoloration. Check
fit of valve in nozzle body by lifting the valve
about one-third of its length out of the body. The
valve should slide back to its seat without aid
when the assembly is held at a 45 degree angle.
Mark sticking assemblies for repair. Inspect the
eight spray orifices in the nozzle body tip and the
drilled passage in the body for freedom of ob-
structions, Inspect lapped sealing surface of
valve body for scratches, discoloration, and
cracks. Inspect nozzle body valve seat, using a
strong light and a magnifying glass (5 to 7 power
magnification minimum) for scratches,
discoloration, wear, pitting, and evidence of
pounding.

Note. An otoscope, such as used by
physicians for examination of the inner ear, is
well suited for this purpose.
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(2) Valve stop spacers. Inspect the lapped
sealing surfaces on the ends of the valve stop
spacer (L) for scratches, discoloration, and
cracks. Inspect the area around the center hole
on the nozzle end for evidence of wear and
pounding by the nozzle valve. Maximum
allowable depth of wear or pounding at this area
is 0.003-inch. Inspect drilled passages in spacer
for obstructions.

(3) Adjusting spring and spring seats.
Inspect the nozzle opening pressure adjusting
spring (N) and spring upper and lower seats (D
and M) for cracks and evidence of wear.

(4) Holder spring. Inspect holder spring (P)
for cracks, and for evidence of discoloration due
to excessive heat. Inspect free length of holder
spring. Limit should be from 1.403 to 1.409-inch
when the new copper gasket, FSN 5310-861-
1406, is used. If the old copper-asbestos gasket is
used the limit should be 1.407 to 1.409-inch.

(5) Holder body. Inspect the holder body
(A) for cracks, burs, nicks, and raised metal.
Inspect lapped sealing surface for scratches and
discoloration. Inspect the threaded area and
tapped openings for stripped or damaged
threads.

(6) Nozzle cap nut. Inspect the nozzle cap
nut (J) for nicks, burs, raised metal surfaces, and
for cracks due to overheating. Inspect threaded
area inside nut for stripped or damaged threads.
Inspect the gasket area on end of nut for deep
scratches.

(7) Nozzle retainer. Inspect the nozzle
retainer (F) for cracks, nicks, burs, and raised
metal, and for rounding of the hexagon nut area.
Inspect threaded area for stripped or damaged
threads,

(8) Fuel injector tube connector. Inspect the
fuel injector tube connector(Q) for cracks and for
stripped or damaged threads.

d. Repair.

(1) Nozzle body and valve.

(a) Replace nozzle body (K-1, figure 4-]
170) and nozzle valve (K-2) when body seat or
valve seat is badly worn, pounded, or pitted, or
when nozzle does not conform to spray pattern
limits specified [(n_paragraph 4417¢(3). Minor
discoloration or imperfections of body and valve
seat can be cleaned up by lapping the valve into
the body. Clamp valve by its stem in jaws of
rotating chuck. Place a very minute quantity of
fine lapping compound on tip of valve. Slide




nozzle body over valve and lap valve to seat with
a very light pressure for 15 to 20 seconds at 500
to 600 rpm chuck speed. Wash body and valve
very thoroughly in clean fuel before assembly.

(b) A sticking valve can, in some in-
stances, be made to slide freely by cleaning the
valve stem with tallow and a felt pad with valve
clamped in rotating chuck. If the valve cannot be
made to slide freely, the fuel injector nozzle
assembly must be replaced.

(c) Replace nozzle body and valve
assembly when any of the spray holes or the
drilled fuel passage cannot be cleaned so that
they are free from obstructions.

(d) Replace nozzle body and valve
assembly when lapped sealing surface of body is
badly nicked, scratched, or cracked. Remove
minor scratches from sealing surface by lapping
with fine lapping compound on a smooth lapping
plate. The nozzle body must be held flat on the
lapping plate during this operation or the sealing
surface will become rounded on the edges.

(2) Valve stop spacer.

(a) Replace valve stop spacer (L) when
lapped sealing surfaces on either end are cracked,
deeply scratched, pitted, or when the area around
the center hole at nozzle end is worn or pounded
beyond 0.003-inch depth.

(b) Remove minor scratches and im-
perfections from lapped sealing areas on ends of
spacer by lapping with fine lapping compound
on a smooth lapping plate. The spacer must be
held flat against the lapping plate during this
operation or the sealing surface will become
rounded on edges.

(c) Replace valve stop spacer when
drilled fuel passages cannot be cleaned so that
they are completely free from obstructions.

(3) Adjusting spring and spring seats.
Replace nozzle opening pressure adjusting
spring (N) and spring upper and lower seats (D
and M ) when cracked or worn, or when nozzle
opening pressure does not meet the limits
specified ih_paragraph 4117c(2).

(4) Holder spring. Replace holder spring
(P) when cracked, broken, or when inspection
revealed discoloration due to overheating.
Replace the holder spring when it does not
conform to the dimensions detailed in[para_24-
18c(4).

(5) Holder body.

(a) Replace holder body (A) when
cracked, burred, nicked, or when threads are
stripped or damaged.

(b) Remove minor scratches and im-
perfections in lapped sealing surface of holder
body by lapping with fine lapping compound on
a smooth lapping plate. The holder and plate
must be held 90 degrees to each other. There
should be no rocking motion during lapping.

(6) Nozzle cap nut. Replace nozzle cap nut
(J) when badly nicked, burred, or when cracks
are evident due to overheating. Replace cap nut
when threads are stripped or damaged, and
when gasket area is scratched, nicked, or burred.

(7) Nozze retainer. Replace nozzle retainer
(F) when cracked, badly nicked or burred or
when hexagon nut area is damaged, Replace
retainer when threads are stripped or damaged.

(8) Fuel injector tube connector. Replace
fuel injector tube connector (Q) when cracked or
threads are stripped or damaged.

e. Assemble and Test.
(1) Assemble. Refer to and 4-

(2) Test. Refer to[paragraph 4-17c. The fuel

injector nozzle and holder assembly should be
tested whenever nozzle has been disassembled.

170.
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Section IX. REPLACEMENT OF FLY
4-19. General

WHEEL AND CRANKSHAFT OIL SEAL

This section covers the replacement of the and installation of the flywheel and crankshaft
flywheel and crankshaft oil seal. Refef_fo_Tablel oil seal. Figure references are listed under ap-

4-8 for illustrations and instructions for removal propriate headings in the table.
Table 4-8. Flywheel and Crankshaft Oil Seal
Component Removal Installation
Flywheel 4-171 through 4-174 4-174, 4-183, 4-171
Crankshaft Oil Seal 4-171 through 4-180 4-181, 4-182, 4-179, 4-178, 4-176
through 4-174, 4-183, 4-171

4-20. Replacement Instructions

1. Install three bolts (A) from transmission drive
gearshaft and flywheel into puller screw holes provided.
2. Pull transmission drive gearshaft from crankshaft
dowel pins by alternately tightening the three bolts (B).

Figure 4-172. Removing transmission drive

FrT— gearshaft using bolts as puller screws.
Remove

1. Using splined wrench - 5120-793-7895, as shown in
[figure 4-5T] position flywheel so that lifting eye bolt
hole (A) is located on top of flywheel.

2. Straighten tabs of lock plates (B) securing nine bolts.

3. Remove nine bolts (C) and three lock plates attaching

transmission drive gear shaft and flywheel to
crankshaft. Discard lock plates.
Install

1. Install three lock plates (B) and nine bolts (C)
securing transmission drive gear shaft and flywheel to
crankshaft. Tighten bolts to 1000 pounds-inch torque.

2. Bend tabs of lock plates (B) securing nine bolts.

Figure 4-171. Removing or installing trans-
mission drive gearshaft and flywheel
mounting bolts.
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EYE BOLT — e
5306-017-6 143

CRANKSHAFTIE
DOWEL PINK
- HOLE]

1. Install three bolts (A) from transmission drive
gearshaft and flywheel into puller screw holes provided.
Alternately tighten bolts until flywheel is far enough
from crankshaft dowel pins to permit installation of
lifting eye bolt. . . .

2. Install eye bolt -5306-017-6143 (B). Figure 4-174. Removing or installing

Figure 4-173. Installing eye bolt— flywheel.
5306-017-6143.
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RETAINER

m‘j 2

Remove
1. Cut locking wire and remove three bolts ( A | attaching
oil seal retainer to oil seal cap.
2. Cut locking wire and remove three bolts (B) attaching
oil seal retainer to oil seal housing.
Install
1. Install three bolts (B) securing oil seal retainer to oil
seal housing. Install locking wire.

2. Install three bolts (A) securing oil seal retainer to oil
seal cap. Install locking wire.

Figure 4-175. Removing or installing crank-
shaft oil seal retainer.
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Remove
1. Cut locking wire and remove four nuts (A) and flat
washers attaching oil seal cap to oil seal housing.
2. Cut locking wire and remove 20 bolts (B) and flat
washers attaching oil seal cap and housing to crankcase.
Install
1. Install 20 bolts {B) and flat washers securing oil seal
cap and housing to crankcase. Install locking wire.
2. Install four nuts (A) and flat washers securing oil
seal cap to oil seal housing. Install locking wire.

Figure 4-176. Removing or installing oil seal
cap and oil seal housing mounting bolts.



-~ 5120~473-7222

1. Install two mechanical pullers - 5120-473-7222 (A)
into oil seal cap and housing puller screw holes.
2. Pull cap and housing free of dowel pins. Remove

Figure 4-177. Removing oil seal housing 1. Remove spring (A) from lip in crankshaft oil seal.

using mechanical pullers—5120-473-7222. InS2'[.alll?emove the split oil seal (B) from crankshaft.

1. Install split oil seal (B) in crankshaft.
2. Install spring (A) in lip in crankshaft seal.
Figure 4-179. Removing or installing

crankshaft oil seal.

SEPARATE OIl SEAL CAP
FROM DOWEL PINS 1
X

%

MALE END ‘ge,;s
CIF SPRING ‘W’
%, %

ol \ X

FEMALE END
OF SPRING

RA PD 395711

Figure 4-178. Removing or installing oil seal
housing cap and housing.

1. Position oil seal spring (A) (male and female) to
facilitate removal.

2. Twist male end clockwise and female end (B)

counterclockwise, and remove crankshaft oil seal
spring.

Figure 4-180. Removing crankshaft oil
seal spring.
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1. Position oil seal spring (A) around crankshaft and
interlock ends (B).

2. Twist female end of spring clockwise and male end
counterclock wise to secure spring.

Note. Makes sure spring seats around lip of oil
seal and that lip is toward crankcase. Apply a
coating of lubricant around lip and outer surface
of seal.

Figure 4-181. Installing crankshaft oil

seal spring.
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Note. Crankshaft oil seal must be rotated on
crankshaft until ends of oil seal join 30 degrees
from centerline of crank shaft looking at the rear
of engine as shown. This is important in con-
trolling oil seepage past the split line of oil seal.

Figure 4-182. Correct position for crankshaft

oil seal split line before installing seal
retainer.



Note. Draw flywheel to crankshaft by in-
stalling three transmission drive shaftgear and
flywheel bolts and alternately tighten about one
turn at a time to draw flywheel into dowel pins

without binding. Remove bolts and install
transmission drive gearshaft following the above
procedure until both flywheel and transmission
drive gearshaft are properly alined on dowel
pins.

Figure 4-183. Installing flywheel, using bolts
to draw flywheel against crankshaft.

Section X. SERVICE OPERATIONS

4-21. General

This section covers service operations
allocated to the Direct Support Maintenance
Organization. Procedures outlined in this section
are for service operations requiring a minimum

of engine disassembly to perform. Refer to[ Tablg
[4-9] for illustrations and instructions on service
operations covered in this section. Figure and
paragraph references will be listed under ap-
propriate headings in the table.
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Table 4-9. Service Operations

Service Servic2

Operation Removal Procedure Installation
Checking cylinder compression {4-126 through 4-135, 4- |4-184, 4.185 [Fara 4-23 4-154, 4-141, 4-135
Adjusting Intake and 141, 4-153 4-188, 4-189 Fara 4-23 through 4-126
Exhaust Valve Clearance 4-34 through 4-38, 4-126 4-187, 4-186, 4-149
through 4-135, 4-141 through 4-126, 4-38

through 4-149, 4-186, 4- through 4-34

187
Intake and
Valve Timing

Checking
Exhaust

4-191 through 4-194, 4-198

4-195 through 4-197, 4-
200,4-201, 4189 Para 4]

24

4-22. Checking Cylinder Compression

a. General. For instructional purposes in
this section all fuel injector nozzle and holder
assemblies will be removed and a compression
test will be made on all cylinders. If
troubleshooting indicates that only one cylinder
requires a compression check, it may be done by
rem oving the nozzle from the questionable
cylinder.

Warning; When only one cylinder is checked,
there is the possibility of the engine firing on the
other cylinders when compression check is being
made. To prevent engine firing, remove all
nozzles then check cylinder compression. Unless
all nozzles are removed, the engine motoring rpm
will be below desired cylinder checking rpm.

b. Starting Engine. Check the vehicle
batteries to assure full charge and replace if
necessary. Refer to the pertinent operator’s
manual for engine starting procedures. Start
engine and allow engine to reach normal
operating temperature and then stop engine. Cut
off fuel supply so engine will not deliver fuel
while performing compression test.

c. Compression Test. Remove the fuel
injector nozzle and holder assemblies from each
cylinder [para_4-1%). Install the compression
checking adapter and compression gage
184 and 4-185) and motor engine with the
starter motor. Crank engine several seconds, or
until compression gage reaches maximum
reading. Cylinder compression pressure should
be between 330 and 480 psi. High cylinder
pressures are caused by combustion of lubrica-
ting oil in the engine combustion chamber. If this
occurs, allow combustion gases to escape prior to
taking compression reading.
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Install
1. Position new fuel injectc r nozzle gasket (A) on end of
compression adapter - 4I'10-795-7961. Apply a light
coating of grease on gasket so it adheres to adapter
when installed in cylinder.

Note. Be sure gasket is installed with open

face toward adapter.

2. Install adapter (B) into fuel injector nozzle holder
opening and tighten securely using fixed open end
wrench - 5120-871-7198

Remove

1. Remove adapter (B) frc m fuel injector nozzle holder
opening using fixed open end wrench -5120-871-7198
as shown if_figure 4-1p$.

2. Remove and discard gasket (A).

Figure 4-184. Installing or removing compres-
sion adapter—4910-795-7961 (cylinder
compress:ion test).



NOTE. THE ALLOWABLE

VARIATION N COM~

PRESSION BETWEEN
CYLINDERS 1S

70 POUNDS

GAGE ASSEMBLY
] — 4910-870-6283

A

AT 31028

1. Install gage assembly -4910-870-6283 (A) on adapter
- 4910-795-7961 and tighten securely.

2. Crank engine using starter motor and check cylinder
compression. It must be within 330 to 480 psi at engine
cranking speed.

3. Depress gage vent valve (B) to release pressure and
reset gage to zero after compression reading is taken.
Recheck reading. Test compression on all cylinders in
the same manner.

Figure 4-185. Checking cylinder compres-
sion using gage assembly-4910-870-6283
and compression adapter-4910-795-7961.

d. Compression Variation. After all 12
cylinders are checked, determine the pressure
difference between high and low cylinder
readings. This variation should not exceed 70
psi.

e. Engine Motoring RPM. If compression
data exceeds the above specifications. the
engine motoring rpm should be checked to be
sure that it is 140 to 180 rpm. Compression
should be checked again to confirm the previous
readings before submitting an engine for
overhaul.

4-23. Adjusting Intake and Exhaust
Valve Clearance

When checking and / or adjusting valve
clearance, it is necessary to first remov e the
cooling fan vanes, fans, fan shroud, top covers,
and oil coolers to gain access to valve adjusting
screw cover plates. Refdr _to Table 4-9 for in-
structions pertinent to the removal of the above
items, and the procedures involved in the ad-
justment of the intake and exhaust valve
clearances.
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Remove

1. Remove two nuts (A), bolts, one plate, and two
clamps attaching fuel tubes to support.

2. Remove two bolts (B) attaching support to valve
adjusting screw cover plate. Remove supports and cover
plates. Remove and discard gaskets.

3. Remove two bolts (C) and flat washers attaching
each of the remaining valve adjusting screw cover plates
and remove the plates. Remove and discard gaskets.

Install

1. Position new gaskets on exhaust valve openings.
Install valve adjusting screw cover plates and supports
and install two bolts (B) securing supporta and covers
to cylinders.

2. Install two clamps, one plate, two bolts, and nuts (A)
securing fuel tubes to support.

Figure 4-186. Removing or installing valve adjusting screw cover
plates-right side.
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Remove Install

1. Remove two nuts (A), bolts, one plate, and two 1. Position new gaskets on exhaust vave openings.
clamps attaching fuel tubes to supports. Install valve adjtusting screw cover plates and supports
2. Remove two bolts (B) attaching support to valve and install two bolts (B) securing supports and covers
adjusting screw cover plate. Remove supporta and cover to cylinders.
plates. Remove and discard gaskets. 2. Position new gaskets on remaining valve openings on
3. Remove two bolts (C) and flat washers attaching the cylinders. Install valve adjusting screw cover plates and
remaining valve adjusting screw cover plates, and install two bolts C) and flat washers securing each
rem ove the plates. Remove and discard gaskets. plate.

3. Install two clamps, one plate, two bolts, and nuts (A)
securing fuel tubes to support.

Figure 4-187. Removing or installing valve adjusting screw

cover plates-left side.
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4-24. Checking Intake and Exhaust Valve
Timing

a. General. Valve timing is checked with
cylinder No. 6R and 6L intake valve clearance
set at 0.100 inch. The flywheel is stamped
[4-190) with timing marks “6R INT CLOSE
0.100 CLR” for timing the right camshaft
with the crankshaft, and is also marked with
timing marks “6L INT CLOSE 0.100 CLR” for
timing left. For instructional purposes the timing
of the right camshaft is described. Right and left
camshaft timing is identical. Refer td_Table 4-9
for instructions pertinent to this operation.

EXHAUST VALVE |
CLEARANCE 0,025 N,

TIMING POINTER

Note. Before checking or adjusting exhaust
valve clearance [fig._4-188) and intake valve
clearance (fig.—_4-189), make sure both valves are
closed on cylinder being checked. Turn engine as
shown in [figure 4-51 Juntil valves are closed and ST

camshaft lobes are in position shown [In_figure 44 CLOSE

22-1/2 DEG—

73. 0.100
1. Loosen exhaust valve adjusting screw lock nut (A). CLR
2. Turn valve adjusting screw (B) until clearance be-

tween screw pad and valve stem is 0.025 inch. Torque
lock nut to 175 pounds inch after correct adjustment is
made. Make certain setting has not changed after
tightening lock nut.

e

CENTER LINE
OF CRANKSHAFT

Figure 4-188. Setting exhaust valve clearance
using thickness gage blade-5210-793-7899.

——
1R INJ
PORT
" CLOSE
NOTE, INTAKE VALVE ) i U ORD E41766
CLEARANCE 0,010 IN, |
AT 31032 Figure 4-190. Flywheel timing mark locations.

1. Loosen intake valve adjusting screw lock nut (A).

2. Turn valve adjusting screw (B) until clearance be-
tween screw pad and valve stem is 0.010 inch. Torque
lock nut to 175 pounds inch after correct adjustment is
made.

Figure 4-189. Setting intake valve clearance
using thickness gage blade-5210-793-7898.
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AT 31033

Note. It is necessary to remove engine oil
cooler before the transmission oil cooler can be
removed.

AT 31034 °
A

Remove
Figure 4-191. Disconnecting or connecting 1. Disconnect manifold heater spark plug electrical lead
oil cooler inlet and outlet hoses. (A) from spark plug.

2. Cut locking wire and remove two cap screws (B),
spacers, and flat washer-a attaching manifold heater
ignition unit bracket to oil coolers. Remove ignition unit
with bracket and lead.

3. Cut locking wire and remove two bolts (C) and fiat
washers attaching engine oil cooler to beam.

4. Cut locking wire and remove two bolts (D) and flat
washers attaching transmission oil cooler to beam.

5. Cut locking wire and remove four bolts (E) and flat
washers attaching oil coolers to top frame and remove
coolers.

6. Remove nine fasteners (F) and remove oil cooler
retainer and oil coolers.

Install

1. Position engine and transmission oil coolers on side of
engine and install four bolts (E) and flat washers
securing oil coolers to top frame. Install locking wire.

2. Install two bolts (D) and flat washers securing
transmission oil cooler to beam. Install locking wire.

3. Install two bolts (C) and flat washers securing engine
oil cooler to beam. Install locking wire.

4. Position oil cooler retainer on top of coolers and install
nine fasteners (F) securing r