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Foreword

T is the purpose of Calerpillar Tractor Co., lo build into its products the

capability of a long hfe ol useful work. The records of tens of thou-
sands of users leslily 1o success in the achievement of that purpose. It is
naiural, however, that length of hle and cosl ol operation and mainte-
nance will vary 1o 1ecords are the reward ol the owners and oper-
ators who are diligent and conscientious in the care, operation and
“maintenance ol thewr maclhines '

The Opeorator's Instruchion Book, a copy of which is supplied with each
machine, tells what 1o do, and how and when to do ii, with regard 1o
the day-to-day lubrication, operation and maintenance ol the machine.
I'is urged thatl these instruclions be studied carefully and reread fre-
qguenlly until the operator is thoroughly {amiliar with them. By following
the instructions, the operalor is best assured of oblaining maximum life
and performance {rom his machine and of minimizing the frequency,
. number and cost of repairs. .

Even the best of care will not eliminate the necessity, in course of time,
ol mdking minor repairs or complete reconditioning.

Your “"Caterpillar” dealer has exceptionally complete facilities for such
work. He carries a stock of genuine replacement parts and has in his
employ competent lactory irainéd servicemen. For work that cannot be
done in the field, dealers have well equipped shops. Both the shop and
the field servicemen have many special tools, designed and developed
by "Caterpillar”, that make easier and quicker the disassembly and as-
" sembly operations. ' '

Though most "Caterpillar’”’ owners prefer to make use of the excellent
service and shop facilities of their dedalers, some are themselves skilled
mechanics or have such mechanics in their employ for reconditioning
their equipment. To those owners this book, issued as a guide for-"Cater-
pillar” dealer servicemen, will be of equal value.

The special tools pictured in various operctions throughout are among
the many which can be purchased from declers. These tools are illus-
traied and. listed in the Catalog for Service Tools, a copy of which is
available on request. '
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) SPECIFICATIONS
DIESEL ENGINE

Bore and siroke-—-number of cylinders. ... .. - A4 xS —4 eyl
Fiing order oo e 123442
Camshaft
Bearing, journal diameter ......... ... .. : - 2495 - 2496 -in.
Bearing clearance . ....... ... .. ... . ... ... . 003 - .006 -in.
Maximum permissible clearance .. ... ... - .... .010 -in.
End clearance ............. ... 006 - .010 -in.
Maximum permissible end clearance " e
(thrust plate and washer) ..... ... .. . - ... .B25 -in.
Camshaft gear backlash ......... .. . 003 - .004 -in.
Maximum backlash ........ e o ... ... 010 -in.
Minimum backlash ............... ... ... .003 -in.
Crankshatft .
Main journal, diameter . ..... ... .. . . 3.499 - 3.500 -in.
Main bearing clearance (aluminum) . 0055- .0085-in.
Main bearing clearance (steel backed
aluminum) ... ... ... - . .0048- .0071-in.
Maximum permissible clearance ... .. . 015 -in.
End clearance . .. L . .009 - .015 -in.
Maximum perm1551ble end clearance ... ... 030 -in.
Main bearing stud nuts, torque ... .. ... . ... ... 120 1b. ft.
Connecting rod, journal diameter . .... ... ... .. 2.999 - 3.000 -in.
Maximum permissible out-of-roundness . ... .. ... .006 -in.
Maximum permissible journal wear .. ... ... oL 007 -in.
Connecting Rod
Connecting rod bearing clearance (aluminum) ... .005 - .0075-in.
Connecting rod bearing clearance
(steel backed aluminum} ........ ... ... ... ... .0035- .0055-in.
Maximum permissible clearance ...... ... ... ... ... 013 -in
Connecting rod bolt nuts, torque, minimum . ............... 58 1b. ft
- Center-to-center distance between connecting rod :
bearing and piston pin bushing ............. .. 10.249 -10.251 -in.
Cylinder Liner :
Dicmeter . ...l 4500 - 4.50] -in
Maximum perm1531ble liner wear ‘
(attop ofring travel) ... .. .. .. . . . L015 -in.
Piston Pins : .
Clearance inrod bushing . ............... . ... ... .001 - .0018-in.
Maximum permissible clearance inrod ... .. ... ... .. ... 006 -in.
Maximum permissible clearance in piston ............ ... .006 -in,
Piston Rings
Piston ring side clearance
Top TING .. e .003 - .004 -in.
ndand 3rd ring ... .0025- .0035-in.
Oil conlrol ring ... ... . e .0015- .0035-in..
- Maximum permissible side clearance in groove
(lop compression ring, new) . ... .................... . 010 -in.




021 -in.

Ring gap, 10D ... oo .010 -
Ringgap, 2ndend 3rd ... .. .o 010 - .026 -in
Ring gap, 4th and 5th ... ... ... ... 013 - 027 -n
Valves
Clearance (hot) ......... . .. ... .. P 010 -in.
Exhaust Valves
Stemn clearance in bushing . ... ... 005 - .007 -in.
Maximum permissible clearance in bushing ......... .. 012 -in.
Valve seai angle . . e 45°
Valve face angle PPN 11/
lnlet Valves ' .
" Siem clearance in bushing .. .. ... .004 - .006 -in.
Maximum permissible clearance in bushmg ........... 012 -in.
Valve seatl angle - NI 1 b
" Valve lace angle ALYy
Valve Timing (Zero Lift)
Exhaust opens : P ..88° BBC
Exhaust closes . . . e 55° ATC -
Inlet opens ... . . ' o e 50° BTC
Inlet closes ... .. e 62° ABC
Valve Spring—Quter (Later Engines)
Lbs. pressure ............. ... ..... SR 53

When compressed to [ IO 7/, ¢ 8

Valve Spring—Quter (Earlier Engines)

Lbs. pressure ..............c...oomoo-- S 57.50-62.50

When compressed 10 .. ...t 27/3-in.
Valve Spring—Inner {Later Engmes)

LS. PIESSUTE ...\ vvntcttae it e e 18

When compressed 10 .. ...t 11/5-in.
Valve Spring—Inner (Earlier Engines)

LS. PIESSUIE . o ov et veee e ona e e e e 9-11

When compressed 1o ... ... 2 13/32-in.
Rocker Arm Bushings _

Clearance between shaft and bushings .......... 001 - .003 -in.
Oil Pump |

Clearance between gears and separator plc:ies. .. 002 - .004 -in.
Fuel Injection Pump Lifter Setting. ......................... 1.736-in.
Fuel Pump Plunger

Length . .. 2.6575- 2.6577-in.

MAXimMUIM WEOT .. ..ottt 005 -in.
Fuel Injection Pump Timing . ........ ... ... .. oot 15° BTC
Flywheel Housing

BOE TUN-OUL vttt et e e e e e 010 -in.

Face TUN-OUL . .ottt e e e e e 010 -in.

Nut torque . ... e 150 Ib. ft.
Flywheel Run-Out

Ouiside diameter (Maximum) . ... ..o o 006 -in.

Face (Maximum) ... ... ettt e e 006 -in.



Cylinder Head Earlier
Tighten nuts (see text for sequence):
Vo'muts. . ... ... 58 1b. 1.
Se'nuts. . ... 130 1b. ft.

Accessory Shaft
End clearance . . ... ..
MOIIMUITL o e e e e e e e e

Compression Release Clearance (nonadjustable)
Between rocker arm bution, and
, compression release shalt ... .. ...

Timing Gear Housing
Capscrew tOrque . ..... ...

Hour Meter

Bearing clearance (Maximum) ... ... ... ... ..o

Pre-combustion Chamber
TOLQUE .« oot o e e e e e e e

Hardened washers
and hardened nuts

70 1b. ft.
140 1b. ft.

003 - .010 -in.
....... .025 -in.

J20 - 125 -in.

... 35lb.ft
012 -in.

e 200 1b. 1.

The following illustration shows the numbering of the cylinders and of

fuel injection pumps.

—

oHCHONCIR
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FLYWHEEL
ROTATION ™\

e e,

THGBLQ_\___J

STARTING ENGINE

Bore and stroke .. .. ...
Brake hoTSepDOWEr .. .. ... et

Spark PIUG QAP « - oot o e

Camshait
Bearings, journal diameter, front and rear........
Bearing clearance ............. s
End cleardnce . ... ..

Maximum permissible end clearance ............

6

. .23,"x3"—2 cyl.

.. .10 ot 3000 RPM
....... .025 -in.
1.496 - 1.497 -in.
0025 - .004 -in.

007 - 015 -in.
....... 025 -in.




Crankshaft

Main journal, diameter ... 1.8120- 1.8125-in.
Main bearing clearance e 005 - .0085-in.
Maximum permissible clearance .. .. ... e 015 -in.
End ciearance, front main beanng ... ... ... 010 - 015 -in.
Maximum permigsible end cleactance ... ... oL L 025 -in.
Connectinag red, journal diameter L 1.7495- 1.7500-in.
Maximum permisgible out-ol-roundness (journal) ........ .003 -in.
Maximum permiggible wear on journal ..o oo 005 -in.
Connecting Rod '
Connecling rod bearing clearance (Babbit) .. .. .002 - .0035-in.
Maximum permissible clearance . 009 -in.
Center-lo-center distance L 5.748 - 5.750 -in.
Cylinder Bore ‘
Diameter 2.751 « 2.752 -in.
Cylinder bore wear limit (out-olround) ... .. 004 -in.
Cylinder bore wear limil {laper) , ~..... .006 -in.
Pision clearance (akirt) . . .004 - .006 -in.
Piston Pins
Clearance in rod Lumhnm : . .0008- .0013-in.
Maximum permissible clearance between
bushing and pin A o .003 -in.
Clearance in pislon - . .0004- .001 4n.
Maximum permisgible ¢learance bolween
piston and pin .. ... ...... .0025in.
Piston Rings
Compreesion ring gap R 015 - 028 -in.
Gil ring qop .015 - .026 -in.
Compm{a won ring groove clearance ... ... ... .0015- .003 -in.
Oil ring groeve clearance 001 - .0025-in.
Maximum pernmiesible groove clearance (new rmg)
comprestion and oil rings oL .009 -in.
Valves
Clearance (cold  nonadjustable) .. .. ... L. .007 - .010 -in.
Exhous! vaives
Stem clearance in bushing ......... ........ 003 - .005 -in.
Maximum permissible clearance in _
bushing (with new valve) ... . . .. . ... ... ... 007 -in.
Valve seat angle . ... ... ... . . ... 45°
Valve face angle .. .. .. EE 4414°
Inlet valves _
Stem clearance in bushing ......... ... ... ... L0015~ .008 -in.
Maximum permissible clearance in :
bushing (withnew valve) ......... . ... .. .. ..... 005 -in.
Valve seat angle . . . 45°
Valve face angle ... .. ... . .. .... e 4414°
Valve Timing (Zero Llit) : ,
Exhaust opens .. .. L 40° BBC
Exhausi closes .. .. . .. .. 5° ATC
Inlet opens . ... . ... 10° BTC
Inlet closes . ...... ... . . . .. .. 35° ABC



Valve Spring '
Lbs. pressure . .. .. .35-38
When compressed 10 . ... ..o iine i 1-29/32-in.
Carburetor .

Float level . ... 11/g+3/64-in.




Hardened washers

Cvylinder Head Eaorlier and hardened nuis
Tighien nuts (see tex! for sequence):
Yo' nuts .. ... ... e 58 1b. 1. 70 1b. it.
S nuts. . ... .. o ........ 130Ilb. t. 140 Ib. fi.
Accessory Shatft
End clearance ... .. ... ... P 003 - .010 -in.
Maximum ........... . e 025 -in.
Compression Release Clearance {nonadjusiable)
Between rocker arm buiton, and
. compression release shail 120 - 125 -in.
Timing Gear Housing |
Capscrew torque . . .. e 351b. ft.
Hour Meter
Bearing clearance (Maximum) e 012 -in.
Pre-combustion Chamber
TOTQUE . o et e et e e 200 1b. ft.

The foliowing illustration shows the numbering of the cylinders and of

fuel injection pumps.

FLYWHEE L
ROTATION ™

F
Ti1689
STARTING ENGINE
Bore and sircke . ... .. 23" %3 —2 oyl
Brake horsepower .. ... ... 10 at 3000 RPM
Spark plug gap . ... 025 -in.
Camshaft
Bearings, journal diameter, froni and rear. .. ..... 1.486 - 1.497 -in.
Bearing clearance . ...... . ... .. .. ... 0625 - .004 -in.
End clearance . ... ... . ... 007 - 015 -im.
Maximum permissible end clearance .. .. ... ... oL 025 -in.






General Instructions

These general instructions will be extremely helpful in following the
detailed instructions in the main sections of the book. They should be
read and then kept in mind while assembling or disassembling the
engine.

KEEP DIRT OUT

This most important single item in preserving the long life of the engine

is to keep dirt out of vital working parts. Caterpillar Tractor Co. has

taken precautions to sateguard against dirt entering working parts. En-
closed compoartments, seals and liliers have been provided to keep the
supply of air, fuel, and lubricants clean. Tt is highly important that the
effectiveness of these safeguards be maintained. Filters should be re-
placed or cleaned regularly. Worn seals or broken gaskets should be
replaced immediately. '

Anti-friction bearings, propetly lubricated with clean lubricant, will
last indefinitely. Abrasives in the lubricant will cause rapid wear on the
extremely hard races and balls or rollers. Dirt in an anti-friction bearing
can cause the bearing to lock, with the result that the shaft will turn in
the inner race or the outer race will turn within the cage. Dirt and abra-
sives in lubricants will embed in bushing-type bearings and act like fine
sandpaper against the shaft, causing extremely rapid wear.

DIRT LOCKS
BEARING

EFFECT OF DIRT IN BEARING
.

SHAFT TURNS
INSIDE RACE

Lubricant must be chonged at recommended intervals. Use clean con-

tainers. Before removing the filler cap, brush away the dirt with the brush

provided in the tool kit.

Wear on fuel injection pumps and other parts of the fuel system will be
almost negligible it the fuel is perfectly clean. Adequate fuel filters have
been provided to saleguard fuel injection equipment. However, dirty
fuel caused by careless handling or improper storage facilities will
cause wear on the fuel transfer pump, prematurely clog the fuel filter, and
eventually result in improper operation of the Diesel engine.

9



MAINTAIN ADJUSTMENTS

Operating adjustments have been kept to a minimum on “Caterpillar-
built engines but they are important and should be carefully maintained.

Keep the fon belt adjusted to the proper tension to obtain maximum
belt lile and proper cooling. ‘

Follow the recommendations in the Operaior’s Instruction Book.

INSPECT FREQUENTLY AND CORRECT MINOR TROUBLES

A bearing changed in time will save a crankshaift. A water ledk cor-
rected prevents loss of coolant and an overheated engine. A nut tight-
ened in time will prevent the loss or breakage of an associgted part.

r

RECONDITIONING PROCEDURE

This book has been arranged for the disassembly and reconditioning
of the individual assemblies of the engine. If the engine is to be disassem-
bled for complete inspection and reconditioning, let the following pro-
cedure be your guide, after the engine has been removed from its par-
ticular point of installation. ‘

If possible, determine which assemblies will not be disassembled, in
order to remove o group of assemblies as a unit at one time. This will
save time and labor if an assembly is not to be reconditioned and if it
can be removed from the engine without disturbing the assembly.

1. Remove radiator or heat exchanger and all water lines.

2. Remove oil cooler (if installed separately), il filters and oil manifold.

w

Remove fon group (if installed), water pump or pumps and regu-
lator housing or adapter housing. ‘

Remove air cleaner.
Remove starting engine.
Remove fuel lines.

Remove manifolds, cylinder head arid valve mechanism.

Remove governor, fuel injection pump housing, fuel filter housing
and fuel transfer pump.

9. Remove oil pan, crankcase inspeciion covers and valve lifters.
10. Remove flywheel, flywheel housing and starter pinion. .

1. Remove charging generator (if insialled), timing gear cover, timing
gears, camshalt, accessory shaft and timing gear housing.

10



12. Remove suction bells, cil lines, oil pump and oil pump drive.
13. Remove connecting rods and pistons.
14. Remove crankshatt.

15. Remove cylinder liners.

Instructions for removing and disassembling these parts are contained
in this Reference Book, although not necessarily in the above order.

‘ SAFETY AND WORKMANSHIP SUGGESTIONS
There are cerlain practices which should be followed in the interest of
safety and good workmanship when working around machinery.

Always show proper respect for weight. Do not attempt to-lift heavy
parts where a hoist should be used. Never leave heavy parts in an un-
stable position. When raising a machine mcke sure that it is blocked
securely. Then block it up so that the weight will be supported by the
blocks rather than the lifting equipment.

Tools

All service tools should be kept in first class condition. Use the proper
tool for the job at hand. Special service tools are available for specific
jobs and they should be used when recommended. The use of these tools
will save time and prevent damage to parts. '

In the following pages puller arrangements are illustrated for separat-
ing tightly fltted parts. However, if the machine is being reconditioned in
a shop, it may in many cases be easier and faster to use a press. When
pulling a bearing or gear from a shatt, always use a centering spacer
between the forcing screw and the end of the shatft. '

Disassembly

If a part offers unexpected resistance to removal, check carefully to
see that all nuts and capscrews have been removed before using force.
Possibly some other part is interfering and should be removed first. Parts
which are fitted together with tapered splines are always very tight. 1t
they are not tight when disassembled, inspect the tapered splines and
discard the part it the splines are worn.

Identical parts, such as pistons and valves, should be kept in order or
marked so they can be reinstalled in the same position from which they
were removed.

11



Where shims are used, be sure 1o remove them all. Tie the shims to-
gether and identify them as to their location. Then keep them clean and
flat until they are reinstalled. -

Whenever fuel injection lines are disconnected, the ends of the lines
should be capped with the fittings supplied in the tool kit. Also cap the
pumps and valves. This will prevent dirt ond other foreign matter from
entering the fuel injection system. '

CLEANING AND INSPECTION

Clean all parts thoroughly after they are removed and inspect them.
Be sure all lubricant passages and oil holes are open. Badly worn or
damaged parts should not be put back in the machine. Cover all paris
1o keep them clean until they are installed.

Anti-friction bearings should receive special handling. As soon as @
bearing is removed, cover it to keep out dirt and abrasives. Wash bear-
ings in non-inflammable cleaning solution and inspect the races and balls
or rollers. Discard the bearings if they are pitted, scored, or burned. If the
bearing is serviceable, coat it with light cil and wrap it in clean paper.
Do not unwrap new bearings until ready to install them.

ASSEMBLY

Clean the rust preventive compound from all machined surfaces of
new parts before installing them. Be sure to install parts in the proper
location and position.

When one part is pressed into another, use white lead or a suitable
prepared compound to lubricate the mating surfaces. Tapered parts,
however, should be assembled dry. Before assembling parts with iapered
splines, be sure the splines are clean, dry and free from burrs. Then press
the parts together tightly.

PROTECTING SEAL DURING
INSTALLATION

*

YT S




Lubricant should be applied lo the lip of all shaft-type rubber seals be-
fore installation. This will prevent damage to the sedl during the initial
running until the oil being sealed has conlacted the sealing face.

When possible, soak new rawhide seals in warm oil for a half hour
belore installing. Install the seal with the wiping edge turned in the
direction recommended. Be careful not to cut the leather seal as it is
installed or when installing @ shalt through the seal. Use shim stock if

 necessary lo protect the seal lrom shoulders or sharp edges during in-

stallation. Packing-lype seals should always be renewed if the contacting

-part is removed.

HOW TO INSTALL BPACER
AGAINST SHOULDER ON BHAFT

*

uB3e RIGHT WRONG

When insialling a bearing, spacer, or washer against a shoulder on a
shalt, be sure the chamlered side is toward the shoulder. Il the washer
is turned in the wrong direclion the radius may interlere and prevent the
washer {rom seating against the shoulder. '

Do not install bushings by driving them in with a hammer. Use a press
if possible and be sure io apply the pressure directly in line with the
bore. If a bushing must be driven in, use a bushing driver or a bar with
a smooth flat end. If the bushing has an oil hole, be sure it is aligned
with the oil hole in the part into which it is assembled.

SHARP BENDS
Y | |
_ | 1T T3
f I I
9837 RIGHT RIGHT WRONG

HOW TO INSTALL FLAT METAL LOCKS
' 13




METBOD FOR LOCK
PORITIONING AND

rktg]j] BENDING

<

1707 RIGHT | ' WRONG

Install gaskets where required and use new ones if necessary. Never
use cork or felt gaskets or seals a second time. Be sure the holes in the
gaskets correspond with the lubricant passages in the mating parts. If it
is necessary to make gaskets, select stock of the proper type and thick-
ness and be sure o cut sufficient holes in the right places. Blank gaskets
can cause serious damage.

Use capscrews of the correct length. A capscrew which is too long may
“hottom" before the head is tight against the part it is to hold, and in
addition the threads may be damaged when the capscrew is removed.

If a capscrew is too short, there will not be enough threads to hold the
part securely.

Lockwashers, cotter pins, or flat metal locks should be used 1o lock
each nut and capscrew. Flat metal locks must be installed properly to be
effective. Bend one end of the lock sharply around the edge of the part.
Bend the other end sharply against one flat surface of the nut or cap-
screw head. Do not bend the lock against more than one side of the nut.

When assembling a machine complete each step in turn. Do not leave
one part partially assembled and start assembling some other part. Make
all adjustments as recommended. Always check the job after it is com-
pleted to see that nothing has been overlooked.

PREPARATION FOR STARTING

Afler assembling a machine, lubricate it thoroughly. Fill the various
compartments with the type and grade of lubricant recommended in the
Operator’s Instruction Book. Fill the crankcases of both the Diesel engine
and starting engine with the grade of oil recommended for the prevailing
temperature. Fill the cooling system with water or anti-ireeze solution.

14 '




Recheck the various adjusimenis by operating the machine belore

returning it to the job. i a machine has been completely rebuilt, it should

. be run-in gradually before subjecting it to a full load. See the topic,
RUNNING-IN SCHEDULE.

15
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Introduction

This book contains illustrations and reconditioning information for the
41/," bore, 4-cylinder Diesel Engines.

The following models which are included, are the engines for the D4
Tractor, the No. 112 Motor Grader, the D315 Industrial, the D315 Electric
Set and the D315 Marine.

An abbreviation of each model is used: D4 for the engine as used in a
D4 Tractor; No. 112, the No. 112 Motor Grader version; D315, the indus-
trial version; D315E, the engine used in the electric set; and the D315M,
the marine version.

Certain items which are standard equipment on some models and are
optional or attachments on others, are covered in the appropriate places
along with standard parts with no differentiation noted.

17
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SECTIONAL VIEW OF ENGINE (FRONT)
{D4 Ilustrated)

1-Rocker arm assembly. 2-Fuel injection valve. 8-Exhaust manifold. 4-Tnlet manifold.

5-Compression release shaft. 6-Pre-combustion chamber. 7-Push rod. 8-Waier direc-

tor. 9-0il pump drive gear. 10-Fuel injection pump. 11-Lubricating oil filter element.

12-Fuel pump lifter assembly, 13-Oil manifold. 14-Fuel pump camshaft. 15-0il filter
base. 16-Conneciing rod.




TI5117 13 14 15 e 17

18 19 20

CUTAWAY VIEW OF ENGINE (RIGHT SIDE)
{Earlier D4 Nlustrated)

1-Connecting rod, 2-Piston pin. 3-Valve. 4-Piston. 5-Cylinder liner, 6—Cylinder head.

7-Valve rocker arm assembly. 8-Valve cover. 9-Temperature regulator. 10-Pressure

overflow assembly. 11-Flywheel. 12-Crankshaii. }3-Pressure relief valve. 14-0il pump.

15-Center thrust main bearing. 16-Connecting rod bearing., 17-Valve lifter. 18-Cam-
shaft. 19-Crankshalt gear. 20-Camshaft gear. 21-0il cooler.

19
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TISI8 2%) 19 18 17 16 15

FLOW OF FRESH WATER COOLANT
1-Starting . engine cylinder head. 2-Starting engine manifold. 3-Elbow. 4-Cylinder
liner. 5-Water director. 6-Cylinder head. 7-Water temperature regulator. 8-By-pass
passage. 9-Pressure relief valve. 10-Hadiator top tank. ll-Radialor core. 1Z2-Fan
assembly. 13-Fresh water pump. 14-Fan belt. 15-Radiator lower tank, 16-Water line,
17-Crankshait pulley. 18-Cylinder block inlet passage. 19-Regulator housing. 20-Liner
seal, 21~Cylinder block. 22-Starting engine cylinder block.

20




DIESEL ENGINE

Cooling Systems

FRESH WATER COOLING SYSTEM
(Radiator-Cocled)

The centrifugal-type fresh water pump (13) circulates the coolant
through the cooling system. The water pump and the fan assembly (12)
are driven by the fan belt (14) and the crankshaft pulley (17). '

The iresh waler pump delivers the coolant into the cylinder block inlet
passage (18) of the cylinder block (21). The coolant passes through the
water jackets which extend practically the full length of the cylinder
liners (4). The liner seals (20) prevent leakage.

A portion of the coolant is tronsmitted into the starting engine and
cools the starting engine cylinder block (22), the cylinder heads (1), and
. the maniiold (2). The coolant then passes through the elbow (38) into the
cylinder head (6) of the Diesel engine.

When the starting engine is running, the starting engine discharges the
warm water into the Diesel engine to aid starting of the Diesel engine.
The cooling systems are interconnected.

The greater portion of the coolant passes directly from the cylinder
block through the water sedls, ferrules and water directors (5) into the
cylinder head.

The coolant passes from the cylinder head into the regulator housing
(19) and contacts the water temperature regulator (7).

The flow of the coolant from the water regulator to the water pump
is as lollows: On initial starting (in most cases) the temperature of the
. coolant is not sufficient to open the water temperature regulator, which
remains closed until the engine coolant is approximately 160°F. In this
case none of the coolant is admitted io the radiator to be cooled, thus
assuring rapid warmup. The coolant flows into the by-pass water pas-
sage (B), which is connected io the inlet side of the water pump and re-
urns the coolant o the water pump. Thus, the circuit is completed for
the flow of coolant with the regulator in a closed position.

The flow with the water temperature regulator in the open position is
as follows: When the engine coolant is at approximately 160°F., the regu-
lator opens and the coolant passes through 1o the radiator top tonk (10).
As the coolani passes through the radiator core (11), it is cided in cooling
by the fan and is admitted io the radiator bottom tank (15). The water
line (18) is atiached to the suction side of the water pump, and returns
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the coolant to the water pump. A small portion of the coolant flows
through the by-pass passage (8) even when the regulaior is in the open
position.

The fuel filter housing (not shown) is mounted on the left side of the
engine. The fuel compartment of the fuel filter housing is warmed by the
coolant as it passes through the water passage of an elbow which is
attached io the fuel filter housing.

A sealed pressure overflow assembly (9), which is part of the radiator .
cap, prevents the loss of coolant when the engine is operated on steep
inclines. By maintaining a pressure of about six PSI in the cooling system,
the sealed pressure overflow reduces the natural loss of coolant by evap-
oration.

Use soft water or clean rain water in the cooling system whenever
possible. If it is necessary to use hard water, it should first be treated
with water softener. The use of "Caterpillar’” Rust Inhibitor in cooling
systems is recommended. This soluble oil will increase the life and effi-
ciency of the cooling system by retarding mineral deposits when hard
water is used and by preventing the formation of rust.

FRESH WATER AND RAW WATER COOLING SYSTEMS
(Heat Exchanger-Cooled)

The flow of fresh water coolant is as follows:

The centrifugal-type fresh water pump (16) circulates the coolant
through the fresh water cooling system. The water pump is mounted on
the auxiliary drive housing (15), which is attached to the timing gear
housing and cover.

The fresh water pump is driven by the auxiliory drive idler gear which
in turn is driven by the camshalt gear.

The fresh water pump delivers the coolant into the cylinder block inlet
passage (6) and the water-cooled exhaust manifold (4). :

The coolant passes through the water jackets which extend practically
the full length of the cylinder liners (17). The liner secls (18) prevent
leckage.

The engine exhaust gases are cooled as they pass through an inner
manifold, which is cast within the water-cooled manifold.

A portion of the coolant is transmitied inio the starting engine and
cools the starting engine cylinder block (1), and the starting engine cylin
der heads (2). This coolant is then delivered through the elbow (19) inio
the cylinder head (3) of the Diesel engine.
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20 19 18 7

- FLOW OF COOLANT

PUMP REGULATOR E _

TO REGULATOR|HOUSING TO PUMP |HOUSING TO PUMP
HOUSING REGULATORS CLOSED |REGULATORS OPEN

HEAT EXCHANGER COOLING SYSTEM

1-Starting engine cylinder block. 2-Starting engine cylinder head. 3-Diesel engine
cylinder head. 4~-Water-cooled exhaust manifold. 5-Water director. 6~Cylinder block
inlet passage. 7-Adapter housing. 8-Water temperature regulator. 9-Raw water outlet
pipe. 10-Heat exchanger core assembly. 11-By-pass passage. 12-0il cocler. 13-Raw
water pump. 14-Passage. 15-Auxiliary drive housing. 16-Fresh water pump. 17-Cylin-
der liner. 18-Liner seal. 19-Water elbow. 20-Pipe. 21-Reverse and reduction gear.

When the starting engine is running, the starting engine discharges
warimn water into the Diesel engine to aid starting of the Diesel engine.
The cooling systems ore interconnected. |

The greater portion of the coolant passes directly from the cylinder
block through the water seals, ferrules and water directors (5) into the
cylinder head.

The coolant passes from the cylinder head into the adapter housing
(7) and contacts the water temperature regulator (8).

The flow of the coolant from the water regulator o the water pump
is as follows: On initial starting, the temperaiure of the coolant is not
sulficient to open the water temperature regulator, which remains closed
until the engine coolant is approximately 160°F. In this case none of the
coolant is admitted to the heat exchanger to be cooled, thus assuring
rapid warm up. The coolant flows into the by-pass passage (11) within
- the adapter housing, which is connected to the inlet side of the water
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pump and returns the coolant to the fresh water pump. Thus, the circuit
is completed for the flow of ‘cooclant with the regulator in closed posi-
fion.

The flow of fresh water coolant with the water iemperature regulator
in the open position is as follows: When the engine coolant is at approxi-
mately 160°F., the regulator opens and the coolant passes around ‘the
heat exchanger core assembly (10) to be cooled. The passage (14) re-
turns the coolant to the water pump. A small portion of the coolant flows
through the by-pass passage (11) even when the regulator is in the
open position.

The fuel filter housing (not shown) is mounted on the leit side of the
engine. The fuel compartment of the fuel filter housing is warmed by the
coolant as it passes through the water passage of an elbow which is
attached to the fuel filier housing.

Use soft water or clean rain water in the cooling system whenever
possible. If it is necessary to use hard water, it should first be treated
with water softener. The use of “"Caterpillar” Rust Inhibitor in cooling
systems is recommended. This soluble oil will increase the life and effi-
ciency of the cooling system by retarding mineral deposits when hard
water is used and by preventing the formation of rust.

The flow of raw water coolant is as follows:

The raw water pump (13) is mounted on the auxilicry drive housing,
and is driven in the same manner cs the fresh water pump.

The raw water pump draws the raw water from the source of supply
through the inlet pipe into the water compartment of the reverse and
reduction gear (21). As the raw water passes through the water com-
partment, it cools the lubricating oil in the reverse and reduction gear.

The pipe (20) transmits the raw water to the raw water pump, which
delivers the raw water into the water compartment of the oil cooler (12).

See the topic, FLOW OF RAW WATER THROUGH THE OIL COOLER
AND THE HEAT EXCHANGER.

The raw water flows from the cil cooler into the heat exchanger core
assembly (10) where it cools the fresh water. The raw water is then dis-
charged by the outlet pipe (9) into the source of supply.

FLOW OF COOLANT THROUGH TEMPERATURE REGULATOR
HOUSING
(All Models)

The flow of the coolant through the regulator housing or the adapler
housing is similar for all models. The regulators used in the heat ex-
changer system differ only in the method of installation.
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y—23
Tisl48 4 Ti5149
WATER TEMPERATURE REGULATOR WATER TEMPERATURE REGULATOR
- CLOSED : ‘ OPEN
1-Regulator {closed). 2-Regulator 3-By-pass passage. S-Regulator (open).

housing. 3-By-pass passage.
4-Water pump impeller.

The cooclant passes into the regulator housing (2) and flows into con-
tact with. the water temperature regulators as shown in the schematic
illustrations.

When the temperature of the coolant is less than 160°F., the regulators
are in a closed position as illustrated by the regulator (1). The coolant
passes into the by-pass passage (3) and then returns to the suction side
of the water pump, where it is again picked up by the water pump im-
peller (4).

When the temperature of the coolant has reached approximately
183°F., the regulators are in the open position as illustrated by the regu-
lator (5). The coolant passes through the regulators and then to the
radiator or heat exchanger to be cooled, before it returns to the suction
side of the water pump. A small portion of the coclant passes.through the
by-pass passage (3) to the water pump at all times. See the topic, COOL-
ING SYSTEMS.

FLOW OF RAW WATER THROUGH THE OIL
COOLER AND THE HEAT EXCHANGER

The flow of raw water is as follows: The raw water is drawn into the
system at the inlet pipe (8) and flows to the suction side of the raw wcater
pump (6).

The impeller (7) delivers the raw water into the oil cooler (5). The raw
water passes around the oil cooler core (4) to cool the oil as it passes
through the core.
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FLOW OF RAW WATER

1-Baffle. 2-Heat exchanger. 3-Heat exchanger core. 4-0il cooler core.
5-0il cooler. -Raw water pump. 7-Impeller. 8-Inlet pipe.

The raw water then is delivered to the heat exchanger (2) and is direci-
ed by the baffle (1) through the heat exchanger core (8) and then it is
returned to the source of supply.

The fresh water is cooled as it passes around the heat exchanger core.

OVERHEATING
(All Models)

If difficulty is experienced with the engine overheating, check the fol-
lowing possible causes:

1. Coolant Level.

Insufficient coolant in cooling system. If the coolant level has been
allowed to fall so low that the coolant is no longer circulating, the
engine should be stopped immediately ond allowed to cool before
adding coolant. If there is still good circulation, add make-up-coolant
slowly while the engine is running. These precoutions will minimize
the possibility of cracking the cylinder head.

2. Fan, (il radiator cooling is used).

lL.oose fan bell.
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. Radiator Clogging — External.

Accumulation of leaves, mud and debris could be between the oil
cooler or the radiator core and the radiator guard. In some cases,
these accumulations can be removed by {lushing with water or com-
pressed air. It may become necessary eventuadlly to remove the
radiator guard to clean the cores effectively.

. Waler Temperature Regulatoer.

Failure of water temperature regulator to open. Check the regulator
for opening temperature as described in the topic, TESTING TEM-
PERATURE REGULATOR (ALL MODELS). Observe the amount of
scale deposited on the regulator. Too much scale will obstruct its
operation. The engine should not be operated with the regulator
removed.

. Water Pump.

Badly corroded or worn water pump impeller or impeller loose on
shatt. ' '

. Interncﬂ’ Clegging.

Excessive scale or sediment deposits in radiator or heat exchanger,
cylinder head and block. Such deposits can cause serious damage
to the engine by reiarding the tramsfer of heat from the head and
cylinders to the coolant. In such cases, the water temperature may
not be above normal. However, loose scale and sediment may de-
posit in water passages to such cn extent that circulation will be
retarded, in which case the water temperature may go above
normal. ‘

To check for lime and scale in the cooling. system, remove one of the
pre-combustion chambers and inspect the surface which comes in
coniact with the coolant. To remove hard scale follow the directions

under the topic, CLEANING THE COOLING SYSTEM (ALL MODELS).

Heat Exchanger — Clogging.

The heat exchanger should be cleaned as recommended in the Oper-
ator's Instruction Book when the water temperature is continuously
205°F., or more during normal operation.

. Continuous Overload.

Operating « machine ai full throtile under a coniinuout overload
which lugs the engine speed down below its raled speed may also
cause overheating. As a correction, the machine should be oper-
ated under a lighter load.
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8. Altitude.

The dltitude at which the machine is operating should be considered
when overheating is encountered. The horsepower of the engine is

. decreased as the altitude increases. Also, the boiling point of water
is lower at higher altitudes.

9. Water Temperature Indicator.

It may be that the indicator is not registering correctly. If the indi-
cator is suspected of giving a false reading, install a new one and
check the reading.

CLEANING THE COOLING SYSTEM
(A1l Models)

I hard water coolant is used in the cooling system, it will eventually
become necessary io remove the lime and scale deposits which gradual-
ly build up.

To remove the scale, fill the cooling system with a mixture consisting
o five parts of commercial hydrochloric (muriatic) acid, one part for-
“* maldehyde, and forty-eight parts water. Mix the formaldehyde and water
and then add the acid. .

Operate the engine for three hours and then drain the cleaning solu-
tion. Flush the system thoroughly to remove all traces of the acid and
refill with clean, soft water coolant. -

SEALED PRESSURE OVERFLOW
(Radiator-cooled)

A sealed pressure overflow assembly is used to prevent loss of coolant
through the radiator overflow tube when operating at an angle.

Due to expansion of the coolant by rising temperature, a pressure will
be built up in the cooling system each time the engine is started. When

SEALED PRESSURE OVERFLOW
1-Pressure relief valve.

*
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the pressure rises above 6 PSIl, the pressure relief valve (1) opens to
relieve the pressure, or, if the cooling system has been overfilled, allow
ing some coolant fo escape through the radiator overiflow tube. The valve
closes when the temperature of the coolant levels off and remains closed
unless there is a further increase in pressure.

WATER LINES REMOVAL
(All Models)

When it becomes necessary lo remove any of the water lines, they
can be removed in most cases without dislurbing other assemblies or
attachments.

There are -various drain plugs installed throughout the cooling system.
Drain out only the amount ol coolant necessary 1o permii the removal
of the desired assembly without loss of the coolani. (When anti-freeze is
drained out it can be drained inio a coniainer and reused, if desired).

WATER TEMPERATURE REGULATOR
(All Models)

Water temperature regulators .are used to restrict the flow of wate
through the radiator or heat exchanger until the engine is warmed up;
after this the function of the regulators is to maintain the most efficient
engine opefc:ting temperature.

Temperaiure Regulator Removal c.md Installation (Radiator-cooled)

Drain enough coolant from the system to lower the coolant level to «
point slightly below the regulator.

ELBOW REMOVKL REMOVING REGULATOR
1-Elbow. 2-Regulator.
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Remove the elbow {1).
Lift oul the temperature regulator (2) on later engines.
Earlier engines have the regulator held in place by a retainer.

Remove the regulator relainer by using a 3R7184 Regulator Retainer
Fuller. X

The hook ends of the puller il into the notches cut in the retainer ring
for that purpose.

The temperature regulaior can be lilted from the regulator housing
alter the retainer has been removed.

Belore installing the regulotor, be sure that all collections of rust or
corrosion are removed from ihe bore in the regulator housing. See that
the requlator seals in the bore evenly.

The relainer musl be ingtalied with the nolches enlering the bore of
the regulator housing. Tap 1he relamsr into the housing until i seals
firmly agains! the regulator

Temperature Regulator Removal and ]nﬁiailulion (Heat Exchanger-
Cooled)
Remove the heat exchanger (1) as described in the covering topic
Remove the relainer (4).
Remove any scale or sediment that may have collected in the houning

Lilt out the regulaior (3).

HEAT EXCHANGER REMOVAL REGULATOR REMOVAL
1-Heat exchanger. 2_Passage. 3-Regulator. 4-Retainer,
S5-Passage.
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The regulators can be tesied as described in the topic, TESTING
TEMPERATURE REGULATORS (ALL MODELS), and cleaned as described
. in the topic, CLEANING TEMPERATURE REGULATORS.

When installing the retainer, align the passages (2) and (3).

Testing Temperature Regulator (All Models)

The opening tempercdure of the regulaior should be approximqtely
166°-170°F., and the regulator should be fully open at 183°F. The regula-
. tor can be tested in the following manner:

L Remove the regulator from the regulator housing.
2. Suspend the regulator in a pan of water as shown.
3. Apply heat to the pan and stir the water 1o maintain uniformity.
4

Observe the opening temperature of 1hé regulator.

. TESTING WATER TEMPERATURE
REGULATOR

*

1i ihe regulaior does not operate correcily, due to accumulated rust,
scale or sludge, il can be cleaned. See the covering topic.

- Cleaning Temperature Regulator (All Models)

Accumulations of rust, scale and sludge may restrict the action of the
regulator. This type regulator can be easily disassembled for cleaning the
piston, which in many instances is all that is required 1o restore the regu-

lator to service.

Using a 1ool as illusirated in the line drawing, a regulator can be dis-
. assembled in the following manner:

1. Place the iocl over the power element and compress the spring with
the aid of a vise.
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Remove the retdining straps.

Femove the unit from the vise, lift off the valve plate and pull out the
piaton.

NOTE

Later regulators have a boot type seal around the piston.
A small washer, which is staked in the counterbore at the
top of the piston, must be removed before removing the
piston and seal. This will prevent damage to the seal.

Be careful not to lose the small disc on the inner end of the piston.

Clean off the piston with crocus cloth and lubricate it with water
pump grease.

Replace the disc and the piston and reassemble.

FAN, WATER PUMP AND REGULATOR HOUSING

Removal and Installation

i the radiator is removed, most parts of the fan assembly can be re-
placed without removing the water pump housing from the engine. The
following procedure is given with the radiator removed for better illus-
iration. However, the water pump or the water pump and regulator hous-
ing, can be removed as a unit without removing the radiator.

Remove the radiator, as described in the topic, RADIATOR RE-
MOVAL.

Remove the locks (2).

Unscrew the adjusting ring (1) off the pulley hub enough to permit
removal of the fan belt.

Afler the lan bell has been removed, screw the adjusting ring for-
ward and remove the capscrews which secure the waler pump (3)
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PREPARING TO REMOVE FAN _ REMOVING FAN AND PUMP
' ~ AND PUMP 3-Water pump. 4-Regulator
1-Adjusting ring. 2-Lock. o housing.

to the regulator housing (4) and remove the fan and water pump
as a unit.

. ; 5. Remove the capscrews which secure the regulator housing to the
cylinder head (5), cylinder block (7) and the elbow (6) and lift the
housing oft.

Clean all mating surfaces and use new gaskets at time of installation.

REGULATOR HOUSING REMOVAL

5~-Cylinder head. 6-Elbow.
7-Cylinder block.

*

TisIas
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RADIATOR

Radiator Removal

1. Drain the cooling system and the oil cooler.

2. Disconnect the flange (1) from the radiator top tank.

DISCONNECTIONS FOR RADIATOR REMOVAL

1-Flange. 2-Hose. 3-Upper elbow. 4-Lower elbow. 5-Metal shield.
6-Guard. 7-0il tubes. 8-Capscrew.

3. Disconnect the elbow (3) from the regulator housing and remove the
upper elbow, the hose (2) and the flange as a unit.

4. Remove ihe lower elbow (4).
5. Remove the guard (6) and the metal shields (5).
6. Disconnect the oil tubes (7).

7. Remove the mouniing capscrews (B) al each side of the radiator

boltom iank and lifi the radiaior off the radiator mounting brackeis
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Radiator Disassembly

1.

2.

B.

Remove the radiator front guard.

Disconnect and remove the overflow drain tube (2) from the radiator
top tank (1). '

Remove all the capscrews (12) and (15) and the metdl strips (3) and
(10) at the front and rear of the radiator.

Remove the capscrews (5) at each side of the top tank and lift the
top tank off. '

Remdve the capscrews (9) at each side of the radiator bottom tank
(11) and take off the left side plate (13).

RADIATOR DISASSEMBLY (D4 lllustrated)

1-Radiator top iank. 2-Overflow drain tube. 3-Metal strip. 4-Capscrew. 5—-Capscrew.
§—04il cooler. 7-Right side plate. 8-Capscrew. 9-Capscrew. 10-Metal strip. 11-Radiator
bottom tank. 12-Capscrew. 13-Left side plate. 14~-Water radiator core, 15-Capscrew.

Lift the right side plate (7) and the oil cooler (6) off the botiom tank
as a unit. :

In the event the oil cooler is to be separaled rom the right side plate
(7), remove the capscrews (4) and (8), then pull the plate off the
cooler.



8. Inspect and if not in good condition, replace the gasket located be-
tween the lower inside surface of the side plate and the related pad
on the oil cooler.

9. Lift the water radiator core (14) off the bottom tank (11).

Radiator Inspection, Cleaning and Assembly

Before assembling the radiator, inspect all gaskets and sealing sur-
faces.

Clean the radiator water core (8) and the oil cooler (8) of all accumu-
lations of debris between the fins and tubes, by flushing with water or
blowing with compressed air from the engine side of the core. Such ac-
cumlations decrease the efficiency of the cooling system and may cause
the engine to overheat. '

Clean the inside portion of both the radiator top tank (2) and the bot-
tom tank (5) of any accumulation of sediment, with a solution of sal-soda.

With the gasket in place on the bottom tank, set the radiator water
core in place on the tank.

iI g FATow ;
. %
o e T3

RADIATOR ASSEMBLY

1-Right side plate. 2-Radialor top tank. 3-Overflow tube. 4-Left side plate. 5-Radiator
bottom tank. 6-Radiator water core. 7-Metal strip. 8-0il cooler.
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Place the left side plate (4) in position and start the two capscrews at
the bottom to hold it in place.

Assemble the oil cooler (8) to the right side plate (1), then place the
plate and cooler into position on the bottom tank (5).

Place the gasket on lop of the water core (6) and set the radiator top
tank (2) in position on the core and side plates.

Position the metal sirips (7) at the front and rear of the radiator and

start all capscrews, including those which hold the top tank io the side

plates.

" Tighten all capscrews evenly to assure a good water seal between the
water core (6) and the top tank (2) and bottom tank (5).

Test. the radiator for possible leaks before installing the radiator on the
engine. This can be accomplished by plugging both the radiator inlet
and outlet opening and filling with water.

Leave the water in the radiator for a long enough period of time to
detect any seepage that might occur.

Install the overflow tube (3).

HEAT EXCHANGER

Heat exchangers are used to cool the fresh water coolant.

The heat exchanger (3) is attached to the adapter housing (2) at the
front of the engine.

HEAT EXCHANGER

1-Wuater cooled exhaust manifold. 2-Adap-

ter housing. 3-Heat exchanger. 4-Clean-

out cover. 5-0il cooler. 6~-Raw water pump.
7-Fresh water pump.

*
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The raw water pump (6) delivers raw water into the oil cooler (5)
and then into the heatl exchanger, where it passes through the passage-
ways of the heat exchanger core.

The fresh water which is used for engine cooling is admitted to the
heat exchanger through the adapter housing from the water-cooled
exhaqust manilold (1) end cylinder head and flows around the outside
of the heat exchanger core and is cooled. Then it is returned to the fresh
water pump (7).

Zinc plates and/or plugs (which are replaceable) are installed in the
raw water comporiment for the purpose of localizing any electrolytic
action which may be set up. S

The zinc plates are mounted on the clean-out cover (4) and can be in-
spected by closing the sea valve, draining the raw water system and re-
moving the clean-out cover.

The zinc plaies should be inspected at least once a month to determine
their condition. ‘
Heat Exchanger Removal and Installation

The heat exchanger (2) can be removed in the following manner:

1. Close the sea valve, drain the raw water system and disconnect the
heat exchanger outlet pipe.

2. Drain the fresh water sysiem.

9 Remove the ocil cooler (3) as described in its respective topic, and
cover the oil lines. The oil cooler is mounted below the heat ex-

‘T10664

PREPARING FOR HEAT EXCHANGER REMOVAL
1-Adapter housing. 2~-Heat exchanger. 3-0Qil cooler. 4-Nut and lockwasher.
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changer and should be removed first in order to facilitate the re-
movql of several nuis and lockwashers at the botiom of the heat
exchanger. '

4, Remove the capscrews, nuts and lockwashers connecting the heat
exchanger to the adapter housing (1).

5. Support the heat exchanger with a suitable hoist and remove the
nuts cnd lockwashers (4) at the bottom, holding the heat exchanger
to the adapter housing.

6. Lift off the heat exchanger as illustrated.

Before reinstalling the heat exchanger, inspect'the regulators and clean
out any scale or rust.

REMOVING HEAT EXCHANGER-

Heat Exchanger Disassembly and Assembly

The heat exchanger core should be cleaned when the water tempera-
ture is continuously 205°F. or more during operation.

The core can be cleaned or removed with the heat exchanger instalied
on the engine in the {ollowing manner:

Drain the ifresh water cooling system to a level below the heat ex-
changer. '

Close the sea valve, and drain the raw water.
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REMOVING CLEAN OUT COVERS ZINC PLATES
1-Clean ocut covers. 1-Clean out cover. 2-Zinc plates.

Remove the clean out covers_(l), and then remove the end cover on
the core assembly. A rod not larger than 9/32 inches in diameter can be
used to push through the tubes of the core to remove accumulations.

Four zinc plates (2) are bolted to the inside of the small clean out cover
for the purpose of localizing any electrolytic action which may be set up.
They should be inspected at least once a month to determine the amount
ol corrosion in the raw water system.

T10667

PREPARING TO REMOVE HEAT REMOVING HEAT
EXCHANGER CORE EXCHANGER CORE

3-Cover, 4~Screw. 5-Heat
exchanger core.
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CAUTION

Do nol be deceived by the outside appearance of the zinc
plates. Strike them lightly with a small hammer and replace
'if they crack or crumble.

It they are not deteriorated badly, but appear to be corroded, they
can be cleaned by scraping.

The core assembly (5) can be removed by reméving the .screws (4)
and the cover (3).

Remove ihe‘ heat exchonger core as illustrated.

H it is desired to remove the water temperature regulators, see the
topic, TEMPERATURE REGULATOR REMOVAL AND INSTALLATION
(HEAT EXCHANGER-COOLED). '

ADAPTER HOUSING

The adapter housing (8) transmits the fresh water coolant from the
fresh water pump (6) into the cylinder block through the passage (7).
After the coolant passes through the cylinder block and into the cylinder
head, the coolant re-enters the adapter housing at the passage (10). The
coolant then flows o the top of the adapter housing where it comes in
contact with the temperature regulators (2) which are located in the heat
- exchanger (1).

A portion of the coolant is also delivered from the fresh water pump
through a passage into the water-cooled exhaust manifold (§). After
this coolant passes through the manifold it flows through the passage (4)
and then it also contacts the temperature regulators. When the regulators
are closed, due to insufficient heat of the coolant, all the coolant flows
through the by-pass passage (3) to the suction side of the fresh water
pump and recirculates.

When the regulators are open the coolant passes around the heat
exchanger core and re-enters the adapter housing at the passage (9)
then returns to the suction side of the fresh water pump.

The outlet hole (11) trcmsm‘its the coolant into an elbow which is at-
tached to the fuel filter housing. See the topic, FRESH WATER AND
RAW WATER COOLING SYSTEMS (HEAT EXCHANGER-COOLED).
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} FLOW OF FRESH WATER THROUGH ADAFTER HOUSING
1-Heat®exchanger. 2-Regulators. 3-By-pass passage. 4-Passage (to regulators).
5-Water-cooled exhaust manifold. B-Fresh water pump. 7-Passage (outlet).

8-Adapier housing. 9-Passage (from heat exchanger). 10-Passage (inlet).
11-Passage (to water elbow).

Adapter Housing Removal and Installation

In order to remove the adapter housing (1), first remove the cil cooler
and the heat exchanger, as described in their respective topics.

PREPARING FOR ADAPTER HOUSING ADAPTER HOUSING REMOVED
REMOVAL 9 Fresh water pump. 3-Water-cooled
1-Adapter housing. exhaust manifold. 4-Cylinder head.

5-Water elbow. 6-Cylinder block.
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Remove the capscrews holding the adapter housing to the fresh water
pump (2), the water-cooled exhaust manifold (3), the cylinder head (4),
the water elbow (5) and the cylinder block (8).

Clean the mating surfaces, and install new gaskets at the time of
assembly, being sure to install the gaskets correctly, otherwise a water
passage may be resiricted.

FAN AND FRESH WATER PUMP

- On dll engines (except those cooled by the heat exchdn'ger. system),
the fan and the fresh water pump are attached to the regulator housing,
“which in turn is attached to the cylinder block and the cylinder head.

The. water temperature regulator (1) is installed into the regulator
housing (3). :

The water pump shaft (5) carries both the fan hub (11) and the water
pump impeller (4) and operates in two ball bearings. The front ball bear-
ing is held in place by the bearing retainer ring (10) and the %earing
retainer, which is secured by the lock ring (12). Two leather lip-type.
seals prevents lubricant leckage from the bearings.

“1 iz [
[l
[l

TIS|IS

FAN AND WATER PUMP CROSS-SECTION

1-Water temperature regulator. 2-By-pass passage. 3-Regulator housing. 4-Impeller.
5 Pump shafl. 6-Water seal assembly. 7-Fan spider assembly. 8-Pump housing. 9-Fan
belt adjusting ring. 10-Bearing retainer ring. 11-Fan hub. 12-Lock rinag.

A carbon-laced, self-adjusting seal (6) in contact with a machined
iace on the impeller (4) prevenis waler leakage. A drain to the outside
of the housing (8) is provided for both water or lubricant leakage.
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d Water Pum;:a Disassembly and Assembly o

3

REMOVING THE FAN ASSEMBLY
OM THE FAN HUB . THE PULLE

l-—ch ‘u ssembly. 2-Capscrew. 3-Nut. 5-Fan hub. 6-Pulley hub
4-Lock. 5-Fan hub. drive shaft. 8-Water p

3. Remove the flat metal washer located direcily back of the nut (3).

4. Remove the fan hub (5) from the water pump drive shaft (7) with the
8B7546 Puller and the 8B7560 Step Plate

5. Lift the pulley hub and ring (6) off the water pump housmg (8).

6. Remove the retainer ring {12) and the bearing retainer (11) from the
water-pump housing. |

7. Remove the fan hub key (10) from the water pump drive shaft.

If the grease seal (9) located in the bearing retainer (11) is damaged or
badly worn, it should be replaced with a new seal.

When installing the sedl in the retainer, have the lip of the seal turned
inward in the retainer.

£
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REMOVING BEARING RETAINER

9-Grease -seal. 10-Key. 11-Bearing
refainer. 12-Retainer ring.

*

If a new retainer (11) is installed in the water pump housing, a retainer
ring hole must be drilled in the retainer.

The hole should be drilled as follows:

Tighten the retainer in the housing, use the ring hole in the housing as
a pilot and drill withic 9/64" drill to a depth of 7/16" from the outer sur-

b

fcce of the pump housing.

"'_,_7;. :Impeﬂer Removal

Lay the pump housing on its side, straighten the lock (2) and remove
the nut (3), lock (2), washer (4) and the cork seal directly back of the
washer.

REMOVING THE IMPELLER
1-Impeller. 2-Lock, 3-Nut. 4-Washer.
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Remove the impeller (1) by using the 5F7465 Puller, the 8B7560 Step
Plate, two 14"-20 (NC) capscrews, 32" long and two flat metal washers
as illustrated.

Pump Drive Shaft and Bearing Removal
Place the pump housing under a press as illustrated.

Using a length of 14" ID pipe 32" long, placed over the end of the
pump drive shait for a pressing tocl, press the drive shaft from the hous-
ing just far enough 1o gain access to the outer drive shaft bearing.

NOTE

The drive shaft must not be pressed from the housing at this
time, more than the distance required to expose the shadft
outer bearing. Pushing the shaft farther would result in
damage 16 the retainer ring located within the pump hous-
ing directly back of the outer bearing.

PRESSING THE PUMP DRIVE SHAFT
PARTIALLY FROM THE PUMP HOUSING

L 4

Pull the pump drive shaft outer bearing (1) from the drive shaft (2)
with the 8B7547 Puller and the 8B7560 Step Plate.

After the bearing (1) has been pulled from the drive shalft, rémove the
retainer ring (3) and the bearing spacer (4).

Place the pump housing under a press in the same manner used belore.

Use the pipe pressing tool used before and press the drive shaft and
the shatft inner bearing from the housing.

The shalt inner bearing can be removed from the drive shalt, by press- .
ing the shaft out of the bearing if so desired. ‘
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PULLING DRIVE SHAFT
OUTER BEARING

1-Outer bearing. 2-Pump drive shait.
L

The pump can be reassembled in reverse order of disassembly. Be sure
the pump is properly lubricated belore being placed into operation.

SPACER AND RETAINER RING
REMOVAL

3-Retainer ring. 4-Bearing spacer.

*

Water Pump Water Seal and Inner Grease Seal Replacement
(Radiator-cooled)

Water leaking from the drain opening in the underside.of the pump in-
dicates that the water seal should be replaced.

The seal (5) is an assembly of a carbon thrust washer (3) and « spring
enclosed by a neoprene bellows (2). These two parts which make up
the replaceable unit are contained in a brass case (1) which is pressed
in the water pump housing.

Inspect the impeller bearing surface which contacts the carbon thrust
washer. The contact surface must be o smooth lapped finish, free of
roughness, nicks or burrs.
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- SEAL ASSEMELY LOCATION OF THE BELLOWS-TYPE
1-Case. Z—Neoprene bellows. WATER SEAL AND INNER GREASE
3-Carbon thrust washer. SEAL

4-Water pump housing. §-Bellows-iype
water seal. 6-Inner grease seal.

It is not necessary to remove the brass case (1) from the water pump
housing (4) for seal replacement. The carbon thrust washer and the
bellows seal are removed from the brass case by bending back the three
ears holding them in place. :

When replacing the carbon thrust washer be careful not to crack or
scratch it. After the bellows seal and thrust washer are installed in the
brass cose, see that the washer moves freely under finger pressure.

If the brass case has been damaged, it is necessary 1o completely dis-
assemble the water pump before it can be removed.

When insialling a new brass case, coat the case and housing bore
with a suitable compound or lubricant to avoid shearing the brass case
and also to provide a positive seal against water leakage.

Make sure the brass case bottoms squarely in the bore so the carbon
washer will bear evenly against the impeller contact surface.

CAUTION

The flange on the case con be bent if excessive pressure is
applied aiter the case bottoms.

1f it becomes necessary to replace the inner grease seal (6), the pump
must also be disassembled.

Press the old seal out and install a new one having the lip of the seal
toward the fan end of the water pump housing when pressing it into
place.
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FRESH WATER PUMP LUBRICATION
(Radiator-Cooled)

The lubrication of a fresh lwater pump lor a radiator-cooled engine is
described in the topic, FAN AND FRESH WATEB PUMP.

FRESH WATER AND RAW WATER PUMP LUBRICATION

The oil is supplied to the hole (5) and the oil tube (7) in the auxiliary
- drive housing (8) from the cil manifold.

A p;cxssage in the raw water pump (9) is in alignment with the oil tube
(7). The bushings and shaft are lubricated and the excess oil returns
‘through passages to the botiom of the auxiliary drive housing. '

LUBRICATION OF WATER PUMPS (Earlier Model lllustrated)

I-Cover. 2-Buxiliary drive idler gear. 3-Fresh water pump. 4-Cover. 5-0il hole.
6-Pipe. 7-0il tube. 8-Auxiliary drive housing. 9-Raw water pump.

The oil tube also supplies oil for the idler gear (2) and idler gear shait.
A portion of the cil goes from the idler gear shaft to passages which
lubricale the fresh water pump (3).

Atlachments, such as auxiliary power iake-offs, generators, and the
like, are installed in place of covers (1) and (4) and are driven by the
geors on the end of the pump shafts. Some of these attachments are
Jubricaled through oil holes that are exposed after the covers are re-

moved,
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All excess oil collecis in the bottom of the auxiliary drive housing and
drains out a hole into the pipe (8), which is attached to the timing gear
housing. On laier models the pipe (B) is attached to the side cover on
the right side of the cil pan.

RAW WATER PUMP

The raw water pump (3) is of the centrifugal-type and it circulates the
raw water throughout the heat exchanger cooling system.

The raw water pump is mounted on the auxiliary drive housmg (1)
which in turn is mounted on the timing gear housing and cover (2).

The camshait gear drives the auxiliary drive gear which in turn drives
the raw water pump.

RAW WATER PUMP

1-Auxiliery drive hovsing. 2-Timing
gear housing and cover. 3-Haw
waler pump.

*

Raw Water Pump Removal and Installation

Remove the capscrews holding the raw water inlet line (1) to the raw
water pump (4).

Remove the nuts ond lockwashers holding the water pump and the
cover (2) io the auxiliary drive housing (3).

Remove the capscrews and lockwashers connecting the raw water
pump to the cil cooler water elbow (5) and remove the raw water pump
as illustrated.

Clean the mating surfaces and install new gaskets being careiul not
to cover the oil hole (6) which supplies oil to the raw water pump.
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PREPARING TO REMOVE RAW REMOVING PUMP
| WATER PUMP : 5-Water elbow. 6-Oil hole.
1-Inlet line. 2-Cover. 3-Auxiliary drive
housing. 4~-Raw water pump.

Raw Water Pump Disassembly arid Assembly

Water leaking from the drain opening on the underside of the raw
water pump indicates that parts of the water seal should be replaced.
The water seal consists of the spring (14), the bellows assembly (8), the
plate (13) and the seal (7).

(ray

IS

CROSS-SECTION OF RAW WATER PUMP
_ (SCHEMATIC)
1-Housing assembly. 2-Gear. 3-Thrust washer. 4-0il seal. 5-Thrower. 6-Bellows
assembly, 7-Seal. 8-Cork seal. 9-Nut and lock. 10-Cover and gasket. 11-Washer.
12-Impeller. 13-Plate. 14-5pring. 15-Retainer. 16-Baffle. 17-Bushing.
18-Shaft assembly.

51

TI5167



IMPELLER REMOVED

1-Housing assembly. 7-Seal. 12-Im-
peller. 13-Plate. 18-Shait assembly.

*

When oil is leaking through this opening, the oil seal (4) should be
replaced.

The raw water pump can be disassembled in the following manner.
Remove the cover (10) and gasket.
Remove the nut (9), the washer (11) and the cork seal (8).

Remove the impeller (12) using two 5/16"-18 (NC) capscrews approxi-
mately 6” long and the SF7465 Puller.

CAUTICN

The water seal assembly which is directly in back of the im-
peller can be damaged, if the puller capscrews are inserted
too far through the impeller.

Remove the key from the shaft assembly, which prevents the impeller
from rotating on the shatt.

Remove the seal (7) and the plate (13) and inspect them for wear.

BELLOWS ASSEMELY
REMOVED

A-Location to hook bolis while pull-
ing bellows assembly. 6-Bellows
assembly. 14-Spring.
15-Retainer.

L 4
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PULLING BELLOWS ASSEMBLY
6-Bellows assembly.

; Remove the bellows assembly (6) by using the 5F7465 Puller, and the
same capscrews as used to pull the impeller, with 5/16”-18 (NC) nuts.
The capscrews cen be hooked in back of the bellows assembly as indi-
cated by the arrows (A). These capscrews must be aligned diametrically
with each other, in order to pull evenly. (The bellows assembly can be
removed, either before or after the shaft assembly (18) has been re-
moved.) '

INSTALLING RELLOWS USING A SLEEVE TO INSTALL'
ASSEMBLY BELLOWS ASSEMBLY
19-Sleeve. 20~Outside shoulder 19-Sleeve.

(of bellows assembly).
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The bellows assembly can be installed by using o sleeve (19) similar
to the one shown in the illustration. With a sleeve of the same diameter
as the outside shoulder (20) of the bellows assembly, drive or press on
the sleeve to install the bellows assembly. '

Support the pump housing (1) on two pieces of bar stock and.press
out the shaft assembly (18). Remove the gear (2) and the thrust washer
(3). The end thrust is iaken by the thrust washer. If excessive wear is
shown, the washer should be replaced with a new orie.

PRESSING OUT SHAFY ASSEMBLY

2-Gear. 3-Thrast washer.
18-Shait assembly.

+

Remove the spring (14), the retainer (15) and the thrower (3).
Remove the bqiﬂe (16) and the cil seal (4).

When installing the cil seal, coat the outside circumference with a
sealing compound 1o prevent leakage and install the lip of the sedl
toward the gear. '

The bushings (17) are replaceable and can be removed and installed
by the use of an arbor press.

OIL SEAL REMOVED
4-0Qil seal. 16-Baffle.

*
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After installing the shaft assembly, check the end clearance. The cor-
rect end_clearcmce should be .002"-.006"” with a maximum clearance ol
0157,

FRESH WATER PUMP
(Heat Exchanger-Cooled)

The fresh water pump (5) iz located on the right forward side of the
engine and is mounied on the auxiliary drive housing (6).

The pump is driven by the camshaft gear through the cuxiliary drive
. idler gear.

LOCATION OF FRESH WATER PUMP

1-Water cooled exhaust manifold. 2-Heat exchanger. 3-Starting engine. 4-Cylinder
block. 5-Fresh water pump. 6~-Auxiliary drive housing.

The fresh water pump circulates the fresh water throughout the cylin-
der block (4) and the cylinder head, the starting engine (3), the water-
cooled exhaust manifold (1) and the heat exchanger (2).

The water seal on a fresh water pump can be removed and installed
without having the water pump removed from the engine. See the topic,
FRESH WATER PUMP WATER SEAL REPLACEMENT (HEAT EXCHANG-
ER-COOLED).
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Fresh Water Pump Removal and Installation (Heat Exchanger-Cooled)
The iresh waler pump can be removed in the following manner.
" Drain the resh water coolant by removing the drain plug (3).

Remove all the capscrews holding the fresh water pump (1) to the
auxiliary drive housing (2) and the adapter housing and remove the

PREPARING TO REMOVE WATER PUMP REMOVED
WATER PUMP 4-Water passages, 5-Auxiliary drive
1-Fresh water pump. 2-Auxiliary idler gear. 6-0il supply hoele.

drive housing. 3-Drain plug.

When installing the waler pump, clean all the mating surfaces and use
new gaskets. Be careful when installing gaskets so as not to restrict the
water passages (4) or the oil supply hole (6).

INSTALLING WATER PUMP
7-Water pump gear.
L 4




The water pump gear (7) may need to be rotated slightly in either
direction, in order to permit it io mesh properly with the auxiliary drive
idler gear (5). :

Fresh Water Pump Disassembly and As.s'embly (Heat Exchanger-Cooled)

The fresh water pump can be disassembled far enough while installed
on the engine to replace or recendition the water seal. For this reason
the procedure of disassembly is described with the pump installed on the
. engine until the water seal can be removed, then the removal of the re-
maining parts is described aiter the pump hos been removed from the
engine. ' '

Remove the cover (17)_ and the gaskel (186).

11023 15 i4

FRESH WATER PUMP
{Heat Exchanger-Cooled)

1-Impeller. 2-Water seal assembly. 3-Snap ring. 4-Bushing. 5-Housing assembly.
6-Key. 7-Key. B-Pin. 9-Shaft assembly. 10-Bushing. 11-Thrust washer. 12-Gear.
13-Qil seal. 14-Cork seal. 15-Washer. 16-Gasket. 17-Cover. 18-Nut. 19-Lock.

Bend the loék (19) and remove the nut (18) and lock, the washer (13)
and the cork seal (14). '

Using the 5F7465 Puller and two 14 "-20 (NC) capscrews approximately
4" long and a ceniering spacer, remove the impeller (1) as iIlusirqted.

CAUTION

The waler seal 'csse'mbly (2) which is directly in back of the
impeller, can be damaged if the puller capscrews are in-
serled loo lar through the impeller.
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PULLING IMPELLER LOCATION OF WATER SEAL
1-Impellor. 2-Water seal assembly.

The water seal assembly (2) can be replaced or reconditioned as de-
scribed in the topic, FRESH WATER PUMP WATER SEAL REPLACEMENT
(HEAT EXCHANGER-COOLED).

Install a new carbon thrust washer and neoprene bellows if necessary.
Inspect the impeller bearing face for wear, since it is in contact with the
carbon thrust washer. The impeller bearing face must have a smooth
lapped finish.

If further disassembly is necessary, remove the pump from the engine.

Remove the key (6) and remove the water seal assembly (if the oil
seal (13) is to be removed).

Place the water pump on an arbor press and support the pump housing

(3.

Press out the shaft assembly (9) as illustrated and remove the gear
(12) and the thrust washer (11). The end thrust is taken by the thrust
washer, if excessive wear is shown, it should be replaced with a new
one.

Remove the snap ring (8) and the oil seal (13).
The bushings (4) and (10) are replaceable.

When installing the oil seal, coat the outside circumference with a
sealing compound to prevent leakage, and insiall the lip of the seal to-
ward the gear.

Inspect the key (7), the shaft assembly and the gear for burrs or rough-
ness al the time of assembly.
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PRESSING OUT SHAFT ASSEMBLY REMOVING OIL SEAL

5-Housing assembly. 9-Shaft assembly. : 3-Snap ring. 13-0il seal.
12-Gear. ) '

The pin (8) is part of the shaft assembly. The shatt is drilled to provide
a methed of lubricating the bushings and the pin is used to plug this
hole atter the shatit is drilled. '

After installing the shaft assembly, check the end clearance. The cor-
rect end clearance should be .002”-.006" with a maximum clearance of
015", '

Fresh Water Pump Water Seal Replacement (Heat Exchanger-Cooled)

The water seal assembly (4) in‘ a fresh water pump can be removed
and installed without removing the water pump from the engine. (The .
water pump has been removed for better illusiration only).

Water leaking from the drain opening in the underside of the waler
pump indicates that the water seal should be replaced.

See the topic, FRESH WATER PUMP DISASSEMBLY AND ASSEMBLY
{(HEAT EXCHANGER-COQLED), for the procedure of removing the parts
necessary to make the water seal accessible.

The water seal assembly consists of a carbon thrusi washer (3) ond o
spring enclosed by a neoprene bellows (2). These two parils which make
up the replaceable unit are contained in a brass case (1) which is prensed
in the water pump housing (6).

It i1s not necessary to remove the brass case (1) from the water pormp

for seal replacement.
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WATER SEAL DISASSEMBLED LOCATION OF WATER SEAL

1-Case. 2-Bellows assembly. ASSEMBLY .
9-Carbon thrust washer. {Shaft removed for better illustration
only)

4-Waler seal assembly. 5-Locking
ears. 6-Water pump housing.

The carbon thrust washer and the bellows seal are removed irom the
brass case by bending back the ihree locking ears (5) holding them in
place.

Install & new carbon thrust washer and neoprene bellows if necessary.
Inspect the impeller bearing face for wear, since it is in contact with the
carbon thrust washer. The impeller bearing face must have a smooth
lapped finish.

When replacing the carbon thrust washer be careful not to crack or
scratch it. After the bellows seal and thrust washer are installed in the
brass case, bend the locking ears and see that the washer moves ifreely
under finger pressure.

If the brass case has been damaged, it can be removed and instailed
without removing the water pump. However, in most cases it would be
more practical to remove the pump and further disassemble it to make
the brass case more accessible.

When installing a new brass case, coat the case and the housing bore
with a suitable compound or lubricant to avoid shearing the brass case
and also io provide a positive seal against water leckage.

" Make sure the brass case bottoms squarely in the bore so the carbon
washer will bear evenly against the impeller contact surface.

Complete the assembly of the water pump.
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AUXILIARY WATER. PUMP

The auxiliary watler pump (3) is of the centrifugal type and it circulates
. the coolant ihroughout the heat exchanger or expansion tank.

The water pump is mounted on the aumhary drive housing (1) which
in turn is mounted on the timing gear housing and cover (2).

The camshatt gear drives the auxiliary drive gectr which in turn drives
the water pump.

-AUXILIARY WATER PUMP

1-Auxiliary drive housing. 2-Timing gear
cover. 3-Auxiliary waler pump.

*

Auxiliary Water Pump Removal and Installation

Remove fhe nuts and lockwashers holding the pump (4) and the cover
(3) to the auxiliary drive housing (1).

ey

. PREPARING TO REMOVE PUMP FPUMP REMOVAL
1-Drive housing. 2-Elbow. 3-Cover. 5-0il hole.
4-Pump.
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Remove the capscrew and lockwashers connecting the water pump to
the oil cooler water elbow (2) and remove the pump as illustrated.

‘At the time of installation, clean the mating surfaces and install new
gaskets being carelul not to cover the oil hole (5) which supplies oil to
the auxiliary water pump.

Impeller Removal

The pump can be disassembled in the following manner.

Remove the cover (4), the “O" ring seals (1) from around each stud,
then remove the gasket.

Remove the nut (3), lock (2), washer (6) and the seal.
Remove the impeller (5) using two 5/16"-18 (NC) capscrews approxi-

mately 6” long and the 5F7465 Puller.

CAUTION

The water seal assembly which is directly in back of the im-
peller can be damaged if the puller capscrews are inserted

too far through the impeller.

TI5281

IMPELLER REMOVAL
1-*0" ring seal, 2-Lock. 3-Nui. 4-Cover. 5-Impeller. 6-Washer.

Remove the key from the shalt assembly, which prevents the impeller
from rotating on the shaft.
62



Water Seal Replacement

Water leaking from the opening on the underside of the pump indicates
that the water seal should be replaced.

To service the water seal only, it ia nol necessary to remove the pump
from the engine. Remove the cover and impeller and the sedl is then ac-
cessible. ' ‘

The seal is an assembly of a carbon thrust washer (3) and a spring en-
closed by a neoprene bellows (2). These two parts which macke up the
replaceable unit are-contained in a brass case (1) which is pressed into
an adapter (4) in the waler pump housing.

SEAL ASSEMBLY PREPARING TO REMOVE SEAL
1-Case. 2-Neoprene bellows. AND THRUST WASHER
3-Carbon thrust washer. 4-Adapter. 5-Ear.

Inspect the impeller bearing surface which contacts the carbon thrust
washer. The coniact surface must be a smooth lapped finish.

It is not necessary to remove the brass case from the adapter in the
housing for seal replacement. The carbon thrust washer and the bellows
seal can be removed from the brass case by bending back the three ears
(5) holding them in place.

When replacing the carbon thrust washer be careful not to crack or
scratch it. After ihe bellows seal and thrust washer are installed in the
brass case, see that the washer moves freely under finger pressure.

If the brass case has been damaged, it is necessary to completely dis-
assemble the water pump before it can be removed. '
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Water Pump Shaft Removal

Suppor! the pump boumng (1) on two jleces ol bar slock and press
out the shall assembly (2)

Remove the atud 10 permil remeval ol the gear

The end irust 1 laken by the thrust washer. Il excessive wear is shown,
the washer ghould be replaced with a new one,

SHAFT REMOVAL
1-Pump housing. 2-Shaft assembly.
L ]

Water Seal and Adapter Removal

To remove the adapter (1) and the water seal assembly (2) the shatt
must first be removed. ‘

TIE2Q3

REMOVING ADAPTER AND SEAL ADAPTER AND SEAL ASSEMBLY

ASSEMBLY REMOVAL
1-Adapter. 2-Seal assembly.
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Place the pump on blocks as shown and place a washer of suitable
size over the adapter. With a piece of bar stock of suitable size placed
upon the washer, press the adapter and the water seal out as an as-
sembly.

The seal can then be pressed out of the adapler.

Balfle, Oil Seal And Bushing Removal

Press the baifle (1) and the oil seal (3) Irom the housing. When install-
ing the oil seal, coal the ouiside circumlference with a sealing compound
to'prevent leakage. |

- The sedl can be pressed from the bafile.

The bushings (2) are replaceable and can be removed with the aid of
an arber press.

BAFFLE., OIL SEAL AND
BUSHING REMOVAL

1-Baffle. 2-Bushings.
3-0il seal.

*

Ruxiliary Water Pump Assembly

1. Press the bushings (18) into the housing (1).

2. Place the gear (2) and the thrust washer (3) in their proper locations
in the housing assembly.

3. Install the key which prevents the gear {from turning on the shaft
(19) and press the shaft through the housing, gear and thrust washer.
After installing ihe shalt assembly, check the end clearance. The

end clearance should be .002"-.006" with a moximum clearance of
015",

4. Press the oil seal (4) into the batfile (17) with the lip of the oil seal
pointing away irom the balffle, then press the batile into the bore in
the housing with the lip of the oil seal toward the gear. A piece of

85



Ti5164 16

10.

\ \ \ CUTAWAY VIEW OF
. — ! AUXILIARY WATER PUMP

9 ]1-Housing assembly. 2-Gear.

. 3-Thrust washer. 4-0il sedl
' 5-Thrower, E-Bellows assem-
| 'i bly. 7-Carbon thrust washer.

10 8-"0" ring seal. 9-Seal
\/ 10-Nut. 11-Cover, 12-Washer.
13 ~ Impellexr. 14 - Spring.
15-Adapter. 16-~Case. 17-Baf-
fle, 18-Bushings. 19-Shatt
I assembly.

+

13 12

shim stock will facilitate installation of the oil seal around the shatft
and prevent damage to the seal.

Install the thrower (5) on the shaft, using a piece of pipe as a driver.

When installing the seal assembly, which consists of the brass case
(18), neoprene bellows (8), spring (14) and thrust washer (7) into
the adapter (15), coat the case and adapter bore with a suitable
compound to avoid shearing the brass case. This will also provide
a positive seal against water leakage.

NOTE

When installing the seal assembly, be careful not to crack
or scraich the carbon thrust washer. After the seal assembly
is installed, see that the washer moves freely under finger
pressure.

Press the case into the adapter until it bottoms squarely against the
flange of the adapter. To prevent damage to the case, avoid exces-
sive pressure after it bottoms.

Coat the outer surface of the adapter with a sealing compound; and
with the aid of a suitable sleeve for a driver, install the adapter and
seal assembly in the housing bore.

Install the key which secures the impeller (13) on the shaft and install
the impeller.

Install the seal (9), washer (12), lock and nut (10). Tighten the nut
and bend the lock.
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11. Install the gasket, "O" ring sedls (8), cover (11) and the lockwashers
and nuts which secure the cover. '

12. Replace the stud which was removed to permit removal of the gear.

RAW WATER PUMP
(Gear-Type—Earlier Engines)

The raw water pump is mounted at the lower front side of the auxiliary
drive housing and is driven by a drive gear assembly located within the
housing.

Raw Water Pump Bemoval

Disconnect the pipe at the raw water pump.

Remove the capscrews and lift the purAnp‘oif the anxiliary drive housing.

Drive Gear Removal

The drive gear (1) and driven gear (2) are keyed and pinned to the
pump shatis.

The pin is of the tapered-type and must be driven out as shown, with
a drift placed against the small end of the pin.

REMOVING TAPERED PINS FROM
THE GEARS '

1-Drive gear. 2-Driven geat.

*

Ti1993

ARet the 1opered pins have been removed, pry the gears off the shafts
Iy wadging 1wo ncrewdrivers between the gears and the metal plate di-

revtly Back of the gears,

2% pst jary againel the pump housing directly.
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REMOVING THE DRIVE GEARS
4

THIS94

If it should become necessary to position the screwdrivers where they
will contact the pump housing, place flat metal spacers between the
pump housing and the screwdrivers to prevent damage to the housing.

Retainer Plate, Ring and Washer Removal

Straighten the locks and remove the capscrews (2), retainer plate (4),
(the two small spacer washers between the retainer plate and the pump
housing) and the washers (1).

Remove the keys (3).

Remove the retainer rings (§).

TI®208 _ 4 TI5299. :
PLATE AND WASHER REMOVAL RETAINER RING REMOVAL
I-Washer. 2-Capscrew. 3-Key. S5-Retainer ring.

4-Retainer picate.
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Removing the Body Assembly
Remove the nuts (3) and the lockwarhers.

Separate the body assembly (1) irom the bracket assembly (2) and
pull the body assembly olf the pump shalts.

BODY ASSEMBLY REMOVAL

1-Body assembly. 2-Bracket
-assembly. 3-Nut,

+

The body assembly (1) is serviced as an assembly only.

The assembly consists of the body (5) and two bushings (4) which
provide a bearing surface for the pump shatis,

The two seal assemblies (6) are serviced separately and are pressed
into the body opposite the bushings (4). '

Rarely will it become necessary to replace the seal assemblies. How-
ever, the seals can be removed and installed as follows if it becomes
necessary to do so:

1. Place the body assembly under a press having the seal side of the
body up.

4 5 6

BODY DISASSEMELED
4-Bushing. 5~Body. 6-Seal assembly.
L

TIHioe8
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PRESSING BUSHING FROM BODY
*

THSO9

Use a short length of pipe or rod, having an outside diameter of 7/8"
for a pressing tool and press the bushings from the body.

Turn the body over so the seals will be down and press the seals out
ol the body, using « length of pipe having an outside diameter of
approximately 114" for a pressing tool.

NOTE

When installing the bushings in the body, see that the end
of the bushing having the counterbore provided for the
retainer ring, is tumed outward. Align the oil holes in the
bushing with the matching holes in the body and press the
bushing into the body until the outer face of the bushing is
flush with the surface of the body.

PRESSING SEEL FROM BODY
L 2

TI2000
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4, Install the oil seal assembly in the body haw}ing the lip of the seal
toward the bushing..

5. Press the sedal into the héusing until the shoulder on the large diame-
ter of the seal case is flush with the body.

Removing the Pump End Cover

Remove the nuts (4) and the lockwashers.

Remove the pump end cover (3)..The pump housing (2) can be sep-
arated from the bracket (1) if desired, by pulling it off the studs of the
bracket. : ' ' ‘

REMOVING THE PUMP END COVER

1-Bracket. 2-Pump housing. 3-End cover.
4-Nut.

&

' T12003

-Shaft Removal

Tap or pull the slinger (2) and the sleeve (1) off the pump shatt (6).

Ti2004

DRIVE SHAFT REMOVAL

1-Sleeve. 2-Slinger. 3-Packing. 4-Packing. 5-Bracket. 6~Pump shait.
7-Brass gear. 8-Gland. 9-Bushing.
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REMOVING BRASS GEAR
FROM SHAFT

*

Ti2005

Remove the capscrews and packing glond (8).

Pull the shaft (6) and brass gear (7) out of the bracket (5).

Pull the packing (3), bushing (9) and packing (4) from the bore in the
bracket, by using a piece of wire having a small hook bent at one end.

The remaining shait and gear can be removed in the same manner.
Remove the gear (7) by pressing the shaft (6) from the gear as illus-
trated.
Assembling Raw Water Pump

Assemble the raw water pump in the reverse order of disassembly to
the point of installing the gears.

Observing the pump from the. brass gear end, with the pump drive
shaft to the right side, the {ollowing steps should be followed:

1. Position the keyways on both shafts in a vertical position.

2. Press the brass drive gear (4) onto fhe drive shaft (3), having the
puller holes toward the end of the shait.

3. Rotate the driven shait (1) so that the keyway of the shaft is one and
one-half gear teeth of the brass driven gear (2) is off the vertical cen-
terline as illustrated at (A).
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INSTALLING BRASS GEARS

1-Drivén shait. 2-Brass driven gear.
" 3-Drive shaft. 4-Brass drive' gear.
A-Keyway one and one-hall teeth
off vertical centerline of driven shait.

*

) ' TIa569 a
4. Press the brass driven gear onto the driven shaft, with the shaft in
' this position.

5. Without changing the position of the drive and driven shaits, press
the steel drive and driven gears onto their respective shafts.

6. Install the pins in the gears and shafts.

7. Adjust the running clearance on the face of the brass gears.

EXPANSION TANK

Expcnsion tanks are used on closed fresh water cooling systems to hold
a reserve supply of coolamt and eliminate the possibility of air locking.

The expcnsion tamk is attached to the adapter housing at the front of
the engine..

Expansion tanks are used with marine engines when on outboard cool-
-ing system, commonly known as keel cooling, is employed. The following
illustration shows a keel cooling system without an auxiliary water pump.

2\ 3\' 4\‘
N—

1

5 6 7

s o

Tis204

KEEL COOLING SYSTEM WITHOUT AUXILIARY WATER PUMP (SCHEMATIC)

I-Marine gear housing. 2-0jl cooler. 3-Fresh water pump. 4-Vent.
S-Expansion iank. 6—-Vent tube. 7-Cooling pipe.

When small diameter pipe and greater lengths are used, the coolant
friction through the pipes will increase. It may then be desirable to use
on_auxiliary water pump as shown in the following illustration.
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EKEEL COOLING SYSTEM WITH AUXILIARY WATER PUMP {(SCHEMATIC)

1-Marine gear housing. 2-0il cooler. 3-Fresh water pump. 4-~Vent. 5-Expansion tank.
t-Restricted opening. 7-ARuxiliary water pump. 8-Cocoling pnipe.

Flow Of Coolant Using Expansion Tank

The coolant flows from the outlet of the fresh water pump at (1), then
through passages into the adapter housing cnd enters the lower portion
of the Diesel block and water-cooled exhaust manifold at (2).

After the coolant passes through the cylinder block and into the cylin-
der head, the coolant re-enters the adapter housing at (3). The coolant
then flows to the top of the adapter housing where it comes in contact
at (4) with the temperature regulators, which are located in the upper
compartment of the expcmsion tank.

The portion of coolant delivered from the pump into the water-cooled
exhaust manifold flows through the jacket in the ‘manifold and returns
to the adapter housing at (3) where it merges with the coolant flowing
from the cylinder head.

FLOW OF COOLANT (REGULATORS CLOSED)
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FLOW OF COOLANT (REGULATORS OPEN)

When the temperature regulators are in the closed position, the coolant
flows through the by-pass passages at (5), which are located under the
regulators, into the lower compartment of the expansion tank.

The coolant then flows from the expansion tank at (6) into a passage
in the adapter housing, and returns to the inlet side of the pump at (7). -

When the temperature regulators are in the open position, the flow of
coolant through the by-pass passages is almost eliminated by the regu-
- lators. The coolant flows through the regulators at (5) and out of the el-
bow on the front of the expansion tank at (6). The coolant then flows
through the cooling tubes, which are immersed in water. The coolemt
flows through the cooling jacket of the marine gear housing, if so equip-
ped, and through a pipe into the oil cocler at (7). The coolant flows
around the oil cooler core at (8) and then enters the lower. compartment
of the expansion tank. The flow continues through the expansion tank at
(9) and then into a passage in the adapter housing at (10). The coolant
then returns to the inlet side of the pump at {11).

~

Expansion Tank Removal and Installation
The expansion tank (1) can be removed in the following memner:
1. Drain the coolant from the engine.

2. Remove the oil cooler (2) in the following manner to facilitate the
. removal of several nuis and lockwashers at the bottom of the expan-
sion tank.

3. Drain the lubricating oil from the oil {ilter base and the oil tubes.
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EXPANSION TANK REMOVAL AND
INSTALLATION

1-Expansion tank. 2-0il cooler. 3-0il
fubes. 4-Pipe.

*

Disconnect the oil tubes (3) and cover the tubes to prevent dirt en-
tering the lubrication system.

Remove the capscrews holding the water pipe (4) to the oil cooler.

Remove the bolis which sécure the oil cooler to the expansion tank
(1) and lift off the oil cooler.

Remove the capscrews, nuts and lockwashers connecting the expan-
sion tank to the adapter housing.

Remove the capscrews which secures the clip on the overflow drain
tube.

Support the expansion tank with a suitable hoist and remove the
nuts and lockwashers at the bottom of the tenk and remove it.

Clean all mating surfoces and install new gaskets at the time of
assembly.

Regulator Removal

It is not necessary to remove the expansion tank from the engine to re-
move the regulators,

Remove the elbow from the front of the tank.

Remove the retainers (1) by pulling alternately on the extended por-
tions of the retainers.

After the retainers have been removed, remove the springs (2) and lift
out the regulators (3).

The regulaiors can be tested as described in the topic, TESTING TEM-
PEFRATURE REGULATORS, and cleaned as described in the topic,
CLEANING TEMPERATURE REGULATORS.
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REGULATOR REMOVAL
1-Retainer. 2-Spring. 3-Regulator.

Lubricating System

FLOW OF LUBRICATING OIL
(All Models)

The oil pump assembly (25) is atiached to the bottom of the cylinder
block {28) and is located within the _engine oil pan (24).

The pump is driven by a drive gear cut on the engine camshatt.

The oil pump assembly (25) on the D4 Tractor consists of a main sec-
tion. (21) ond an auxiliary section (22).

The main section of the pump draws oil through the main suction bell
(20) and supplies it to the proper lubricant points throughout the engine.

The aquxiliary section (22) draws oil through the front suction bell and
tube assembly (16) from the oil pan front sump (15) and returns it to the
main sump (23) of the oil pan, when the D4 Tractor is being operated on
an incline. '

The No. 112 Motor Grader is also subjected to incline operation, but
does not require the quxiliary section of the pump, since the oil pan is so
designed that the oil flows back by gravity to the main sump of the cil
pan.

Other models require only the main oil pump section (21).

‘Two types of fillering systems have been used, namely the full-low
filter sysiem and the by-pass filter system.

The by-pass system was used on earlier models and filtered only a
certain portion of the cil.

The full-flow system became effective on later models and provides for
filtering all the engine oil.
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THEER 22 21 19 8 17 16 15

LUBRICATING SYSTEM (Earlier Model D4 Tractor lllustrated)

1-0il pressure gauge. 2-Tube. 3-0il filter. 4-Tube. 5-Rocker arm assembly. 6-Piston.
7-Piston pin. 8-0il cooler. 8-Connecting rod. 10-Drilled passage. 11-Camshaft bush-
ing, 12-Oil manifold. 13-0Oil tube irom filter base to oil cooler. 14-0il tube from oil
cooler to filler base. 15-Front sump of oil pan. 16-Front suction bell and iube assem-
bly. 17-Connecting rod bearing. 18-Main bearing. 19-0il return tube. 20-Main suction
bell. 21-Main section of oil pump. 22-Auxiliary section of oil pump. 23-Main sump.
24-0il pan. 25-0il pump. 26-0il filier base. 27-Crankshaft. 28-Cylinder block.

NOTE

The oil filter base of either type filter system contains an oil
cooler by-pass valve and a filter by-pass valve. These valves
permit oil to by-pass either the cooler or the filter or both,
‘and flow to the oil manifold, in case the cooler and the filter
becomes restricted or clogged. '

See the topics, FLOW OF OIL THROUGH THE OIL FILTER AND THE
OIL FILTER BASE (BY-PASS FILTER SYSTEM) and FLOW OF OIL
THROUGH THE OIL FILTER AND THE OIL FILTER BASE (FULL-FLOW
FILTER SYSTEM}, for description of each system.

The flow of oil throughout the engine is the same for all engine models
with the exception of slight differences within the filter and filter base
of each type lilter system. '
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The flow of cil is as iollows: The main section (21) of the oil,pump,
draws its supply of cil from the main sump (23) of the engine oil pan (24),
through the main suction bell (20).

The oil is delivered from the il pump assembly to the oil cooler (8),
through « drilled passage in the filter base (26) and the tube (13)..

The cooled oil is returned to another passage in the filter base through
the tube (14).

- From the filier base the oil enters the oil filter (3) where it is thoroughly
filiered.

From the filter the oil returns to a passage in the filter base which de-
livers the filtered oil to the oil manifold (12). ‘

The . oil manifold distributes the oil throughout the engine as follows:

Through dfilled passages in the block, oil is delivered to the main bear-
ings (18) and the camshaft bushings (11).

Oil flows from the main bedrings through drilled passages in the

VCI‘CInkShCIﬁ (27}, to the connecting rod bearings (17).

From the connecting rod bearings the oil flows upward through «a
drilled passage in the connecting rods (9) to lubricate the pision pins
and cool the heads of the pistons (6).

Qil is supplied to the rocker arm assembly (5) through the tube (4).

A drilled passage (10} at the front of the cylinder block delivers a por-
tion of the oil supplied to the oil groove cut on the back of the camshaft
front bushing, to the front main bearing and an oil ferrule in the timing
gear housing to lubricate the timing gears. See the topic, TIMING GEAR
LUBRICATION (ALL MODELS), for a full description of timing gear lubri-
- cation. .

The tube (19) returns pressure oil from the center main bearing to the
oil pump pressure regulating valve which controls the oil pressure at the
main bedrings. On later models, the tube (19) connects to a drilled pas-
sage which connects the oil manifold to the crankshaft rear main bearing.

See the topic, PRESSURE REGULATING VALVE (ALL MODELS), for in-

formation on this valve.

On engines equipped with a balancer, an oil line connects to the tube
(19) to supply lubricant to the bushings, shalts and gears of the balancer.

The cil pump also contains a pressure relief valve which prevents the
oil pressure from becoming too great due to cold oil or restriction in the
system. See the topic, OIL PUMP DISASSEMBLY (ALL MODELS EXCEPT
D4 TRACTORS).
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The tube (2) delivers cil from the oil manifold (12) to the oil pressure
gauge (1) which registers the oil pressure within the lubricating system.

TIMING GEAR LUBRICATION
"~ (All Models)

For the complete lubrication system, see the topic, FLOW OF LUBRI-
CATING OIL (ALL MODELS).

After the lubricating oil is forced from the oil manifold (1) to drilled
passages in the cylinder block, to the main bearings and the camshait
bearings, the flow of oil is as follows: '

e
-

nuszse  TIS525!

TIMING GEAR LUBRICATION

1-0il manifold. 2-Camshaft gear. 3-Accessory drive gear. 4-1dler gear. 5-Crankshaft
gear. 6-Passage to auxiliary drive housing. 7-Balancer idler gear.
. B-Balancer drive gear (later engines).

The accessory shaft idler gear (4) is drilled and acts as an oil slinger
io throw oil onto the teeth of the camshaft gear (2) and the accessory
shait gear (3).

The camshait gear teeth are in turn, in mesh with the teeth of the crank-
shaft gear (5) and the balancer idler gear (7). Thus, oil is distributed
on these gears,

The balancer drive gear (8) is partly submerged in the oil that has
collected in a pocket in the front of the oil pan and lubricates the mating
teeth of the balancer idler gear.

" The bushing for the balancer drive gear (8) is lubricated by the oil
that collects in the oil pocket in the balancer drive gear bracket.
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An oil tube delivers the oil to the accessory shaft bearing assembly..
This same tube also delivers oil 1o the passage (6) in the cylinder block to
Jubricate atiachments that may be installed to the timing gear housing
" oand that are driven by the camshait gear.

OIL PRESSURE GAUGE
(All Models)

- When the engine is warm and running at rated engine speed, the
‘gauge should register in the “operating range.” A lower pressure reading
is normal at low idling speeds. :

LUBRICATING OIL PRESSURE GAUGE
+

ire23R:

If for any reason the oil gauge ceases to register, the engine should be
stopped immediately until the difficulty can be determined cnd corrected.

LOW OIL PRESSURE
(All Models)

A small orifice in the gauge connection prevents rapid gauge fluctua-
tion. This orifice should be checked for dirt in event the gauge becomes
inoperative, :

If the oil pressure gauge indicates a low oil pressure or none at all
check for the following:

I. Low oil levei.
. Clogged oil filters.

2 .
3. Defective oil gauge or clogged or broken tube to the gauge.
4. Clogged oil pump screen.

5

. Leaking connections.
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6, Loose bearings.
7. Pressure regulating valve worn or stuck, restricting the flow of oil.
8. Worn cil pump gears.

9. Pressure relief valve worn or not operating correctly.

OIL PAN REMOVAL AND INSTALLATION
(All Models)

The oil pon removal cnd installation as described in this topic is aiter
the engine has been removed from its installation.

Drain the lubricating oil and remove all the capscrews holding the oil
pan (5)_ to the {lywheel housing (8).

Remove the inspectioh covers from both sides of the oil pan.

1 a hoist and suitable cables are available, place the cables around
the oil pan as illustrated to support the oil pan.

Remove all the capscrews holding the oil pan to the cylinder block
(4), the timing gear housing (2) and the timing -gear cover (1) and re-
move the oil pan.

The’ oil pan can also be installed using this method with the use of
gulde pins (3) to align the cil pan holes with the capscrew holég in the

cyhnder block, ai the time of installation.

Y HOIST
i1k —Guxde pm.
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Oil Pan Removal and Insiallation (Alternate Method)

If cables and hoist are not available, the oil pan can also be removed
5 by using a suitable length of wood (1) and blocks (2) as follows:

o .1. Place the engine on blocks of suﬂ1c1ent he1ght {o permit 011 pan
removal

2. Place the length of wood under the deep portion of the cﬁl pan.

3. Raise the leng‘{i'l of wood until it is in contact with the bottom of the
pan, then wedge the wood blocks (2) under the length of wood to
hold the pan in that position.

-

Remove the inspection covers from both sides of the pan.

3. Remove two capscrews at each side of the oil pan and install four
guide pins as illustraied, to prevent the pon from slipping sideways
when being lowered from the engine.

6. Remove all capscrews that secure the oil pan to the engine cylinder |
block, flywheel housing, timing gear housing and timing gear hous-
ing cover.

™

Lift up on the outer end of the length of wood and remove the Wood

blocks (2).

REMOVING CIL PAN USING LENGTH OF WOOD AND BLOCES
1-Length of wood. 2-Blocks.

8 Lower the pqn untlu]ge length of wood (1) rests {lat on the floor, then
© using th;—: wood,;as a slide rail pull "ih?‘%pmn ,from under the engine.

‘The pan can be\‘mﬁtalled by usmg the same equ1pment and rever
-the procedure,
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OIL PUMP
(All Models)

This illustration shows the operation of a controlled inlet-type oil pump.
The basic pdmp is a gear-type positive displacement pump. By control-
ling the inlet, the oil pressure at the bearings is limited to approximately
30 PSI at rated engine speeds, in the {ollowing manner.

The passage (2) is drilled into the passage which connecis the oil mani-
fold (1) io the crankshaft rear main bearing. The passage (2) connects to
the tube (5) which returns pressure oil to a spring-loaded piston (6) that
‘acts as a valve. On earlier models, a tube from the crankshaft center
main bearing returns pressure oil to the piston (6). As the cil pressure
on the piston increases, the piston is moved over the inlet (3) to the pump,
reducing the amount of oil entering the pump, and thereby preventing a
further rise in pressure.

i the pressure ifrom the il manifold falls below normal, the spring
moves the piston back, allowing a greater amount of oil to enter the
pump, which resulis in an increase in pressure.

A spring-loaded ball-type relief valve (4) is located on the discharge
side of the pump to prevent excessive pressure when the oil is cold or
restricted. This valve is set to open at 90 PSI, and is non-adjustable.

E Y4 |
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FLOW OF OIL THROUGH OIL PUMP (SCHEMATIC)

1-0il manifold. 2-Passage. 3-Inlet, 4-Pressure relief valve. 5~-Tube.
E-Spring-loaded piston.

Oil Pump Removal

3

The oil ﬁﬁ&pp can be removed in the following manner:

. Drain the oil.
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REMOVING THE OIL PUMP
1-Tube. 2-Capscrews, 3-0il pump. 4-Capscrews. 5-0il line.

Remove the cil pon. See the topic, OIL PAN REMOVAL AND IN-
STALLATION (ALL MODELS).

Remove the oil tube (1) on all models so equipped and disconnect the
front suction bell tube on tractor models.

Remove the cil line (5)
Remove the capscrews (2) and (4).

Pull the oil pump (3) off the oil pump drive.

Oil Pump Disassembly (All Models except D4 Tractors)

1.
2.

Remove the suction bell (1) from the oil pump case (8).

‘Remove the spring (2) and pressure regulating valve (5) from the

bore in the oil pump case.
Remove the bolis and nuts (3) and the nuts (4).
Separate the pump case (6) from the spacer (9).

Remove the spring (11), washer (12) and ball (13), which make up
the pressure relief valve when installed in the spacer (9).

NOTE

The pressure relief valve limits the ouiput of the pump to 90
PSL. This valve functions only when there is excessive oil
pressure. Excess oil is returned to the main sump. The pres-
sure relie! valve is not adjustable and it does not affect the
oil pressure in the system other than to limit the maximum
possible pressure to 90 PSI.
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SUCTION BELL AND PRESSURE REGULATING VALVE REMOVA'L

1-Suction bell, 2-Spring. 3-Bolt and nut. 4-Nui.
E-Pressure regulating valve. 6-Pump case.

6. Remove the drive shait (10) and drive gear (8) as a unit.
7. Remove the idler gear _(7);

Ordmanly, oil pump gears should not have to be replaced unless
x considerable drop in oil pressure

they have worn sufficiently to Ccanis
or unless they have been damcged.. { it is necessary to replace the drive
gear (8), it can be removed irom the drive shaft (10) in the lollowing

manner:

Using a Yg" drill, clean up the hole (B) that has been peened to reiain
the pin (C). Drill the gear at point (&) to gain access to pin (C).

Using a drift pin thrdugh the hole drilled at {A), drive out the straight
pin (C) from the gear and shaft and remove the gear and the key from
the shait.

K ‘T1525B

DISASSEMBLING THE OIL PUMP

7-1dler gear. 8-Drive gear. 9-Spacer. 10-Drive shait.
11-Spring. 12-Washer. 13-Ball.
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z REMOVING PIN FROM DRIVE
 GEAR

A-Point to be drilled. B-Hole 1o be g
opened up. C-Pin. g

*

. Assembling the Oil Pump (All Models excépt D4 Tractors)
Replace any parts that show excessive wear.

When a new pressure pump drive gear and shaft are to be installec,
“place the key in the shaft and press the gear on the shaft until the holes
in the gear and shaft are in alignment. Using these holes as a guide, drill
a 14" hole into the gear and shaft to a depth of 1 3/16”. Install a new pin
and peen the gear (B) over the end ot the pin. -

A

INSTALLING DRIVE GEAR PIN

A-Undrilled portion of gear at hot-
tom of hole. B-Portion of gear
peened to hold pin in
place.

2

TE45

CAUTION

The end of the pin should not protrude beyond the surface
of the gear. Any roughness at {B) or (B) caused by drilling
or peening should be removed.

Any nicks or burrs should be dressed off. Pull the nuts down evenly on
the studs which pass through the pump. Check that the shait turns freely
with no binding or drag on the gears. If the gears bind, loosen the nuts
slightly and relocate the pump case and spacer by tapping them lightly
until the shaft turns ireely. Retighten the nuts and bend the locks.

The clearances between the moving and stationary parts of the pump
are necessarily small and for this reason, ground joinis instead of gaskets
are used between the pump case and the spacer. The correct clearance
between the gears and these parts is .002"-.004". |
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‘@il Pump Disassembly ‘(D4 Tractor)

The oil pump used on the D4 Tractor engine is different than the pump
used on other models, since it has an auxiliary pump section in addition
to the regular engine oil pump.

The auxiliary section of the pump picks up oil that collects in the oil
pan forward sump and returns it 1o the main sump of the oil pan. This
assures a sulficien! supply of oil to the main oil pump when the tractor is
 being operated on an incline.

The pump can be disassembled as follows:

1. Remove the nuis irom the studs and bolis which hold the oil ;ﬁump
together.

2. Separate the body (3) and the spacer (7), by tapping gently against
the edge of the spacer with a soft hammer or piece of brass. This is
necessary due to the pilot tube (4) being a light press fit in the
spacer. '

3. Remove the spring (12), washer (6) and the ball (13) which make up
the pressure reliel valve. See the lopic, OIL PUMP DISASSEMBLY
(ALL MODELS EXCEPT D4 TRACTORS) for information on this valve.

4. Remove the auxiliary idler gear (5).

5. Pull the auxiliory drive gear (11), which is'cx slip fit on the drive
shaft (9) and remove the key (10).

6. Separate the case (1) from the body (3).

TI5258.

DISASSEMBLING THE OIL PUMP (Dd TRACTOR)

1-Case. 2-0il pump idler gear. 3-Body. 4-Pilot tube. 5-Auxiliary idler gear. 6-Washer.
7-Spacer. 8-Main pump drive gear. 9 Drive shaft. 10-Key. 11-Ruxiliary drive gear
12-Spring. 13-Ball
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7. Remove the main oil pump idler gear (2).

. 8. Pull the drive shatt -(9) and the main pump drive gear (8) from the
' body (3). -

If the drive gear (8) is 1o be removed and a new one insialled, use
the procedure described in the previously mentioned topic.

Assemble the pump in reverse order of disassembly:

Main Suction Bell Disassembly (All Models)

Remove the capscrews and locks which attach-the cover (3) to the bell
(1) and remove the cover.

Remove the gasket (4), screen cxssem'bly (2) and gasket (5).

Clean all parts and inspect the gaskets before assembling the suction’
bell. |

DISASSEMBLING THE MAIN
SUCTION BELL

1-Bell. 2-Screen assembly.
3-Cover. 4-Gasket.
5-Gasket.

*

Front Suction Bell B_emovctl (D4 Tractor)

Drain the oil and remove the oil pan. See the topic, OIL PAN REMOVAL
AND INSTALLATION (ALL MODELS). '

Remove the capscrew (2) which holds the suction bell (1). to the block.
. ' Remove the capscrews which secure the tube (3) to the oil pump.

Remove the tube and the suction bell as a unit.
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FRONT SUCTION BELL REMOVAL
1-Bell. 2-Capscrew. 3-Tube.

i
}1

Pressure Regulating Valve (All Models)

‘iae pressure regulating valve (4) operates within an crifice () Wthh
1s.~pressed into the pump case (3).

st%Fhe operation of the pressure regulating valve is described in the
toplc, OIL PUMP (ALL MODELS).

The valve and the spring (2) are accessible after the main suction bell
(1) has been removed. ’

Ti5296

N PRESSURE REGULATING VALVE,
1-Main suction bell. 2-Spring. 3-Pump case. 4—Vd1_ve. 5-Orifice.

Clean dll parts thoroughly before assembling.

Be sure the regulating valve moves freely without binding in the orii‘i_.c_e, L
10 assure proper pressure.
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?’Ii the reguiatinggvalve or the orifice are worn in excess or damage is _
‘;%ppa_rﬂ they should be replaced.

1
a

Oil Pump Drive Removal (All Models)

The oil pump drive is located at the right underside of the cylinder
block and is driven by a gear cut on the engine camshait. '

~ The oil must be drained and the oil pan and oil pump must be re- |
moved to permit removal of the pump drive.

_The drive (2) is attached to the cylinder block (1) by « single cap-
screw (3) and can be removed by removing the capscrew and pullingg
the drive downward and out of the cylinder block. :

o

Be ceriain the gasket between tlge cylinder block and drive is in"good
condition before installing the drive. "

OIL PUMP DRIVE REMOVAL

1-Cylinder block. 2-0il pump
drive. 3-Capscrew. '

IS *
= . .

Oil Pump Drive Disassembly (All Models) 7
The d:_qivé gear (2) is pinned to the drive shait (1) with a brass shear
pin (3). :

The pin (3), in case the oil pump should develop .cx severe bind, which

will rarety occur, will shear and prevent damage to the engine camshafi.

“The pin can be removed by filing away the peened portion at one end,
placing the drive gear on a brass or hard wood block and driving the
pin out with a suitable drift. '

When installing & new shear pin, peen over both ends of the pin where
it extends through the shoulder of the drive gear (2).

The drive gear and drive shaft con be removed from the drive bracket
(4) by pressing the shaft from the gear as illustrated, then pulling the




REMOVING DRIVE GEAR SHEAR PIN PRESSING THE DRIVE SHAFT FROM .
1-Drive shaft. 2-Drive gear. THE DRIVE GEAR
3-Shear pin. 4-Drive bracket.

N Oll. COOLER REMOVAL AND INSTALLATION
= (Radiator-cooled)

‘The oil cooler (9) is located in the right side of the radiator dssembly
and is connected with the base of the ¢l filter, by two cil tubes.

The oil cooler can be removed without removing the complete radiator

assembly from the engine if desired, but for all practical purposes it is
advisable to remove the radiator from the engine first. See the topic,
RADIATOR REMOVAL.

1.

Loosen the capscrews (2) at the front and rear of the radiator top
tank (1) slightly.

Remove the capscrews (3) and (8) at the front and rear of the oil
cooler (9).

Remove the capscrews (5) and (6).

Remove the capscrews (4) at the right side of the top tank and
loosen the corresponding capscrews at the left side of the tank.

Remove the two capscrews (7) which hold the right side plate (10)
to the radiator bottom tank.

Lift the top tank up slightly and remove the right side plate (10) and
the oil cooler (9).

When installing the oil cooler and side plate, guide them into place

carefully io prevent domage to the extended portions of the radiator
water core.
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REMOVING THE OlI. COOLER
I—Hc:dmtor top iunk 2 thru 8-Capscrews. 9-0il cooler. '10-Right side plute.

e ' B
All capscrews should be started belore any are tightened, then pull
them down eveﬁly until they are tight.

OIL COOLER REMOVAL AND INSTALLATION
(Heat Exchanger-Cooled)

1. Dfain the.zl'dw water cooling system by removing the plug (5).
2. Drain the lubricating oil irom the oil filter base and the oil tubes (3).

3. Disconnect the oil tubes (3) and cover the tubes to prevent dirt from
entering the lubricating system.

4. Remove the capscrews holding the water elbow (6) to the oil cooler

(4).

PREPARING FOR OIL COOLER
REMOVAL

1-Heat exchanger. 2-Capscrews. 3-0il
tubes. 4-Qil cooler. 5-Plug. 6-Water
elbow. 7-Raw water pump.

L 4
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5. Loosen the capscrews holding the water elbow (6) o the raw 'W'Jvcter

pump (7).

6. Remove the capscrews (2) connecting the oil cooler to the heat ex-
changer (1) and lift off the oil cooler. '

OIL COOLER CORE REMOVAL AND INSTALLATION
(Heat Exchanger-Cooled)

1. The oil cooler core assembly (7) can be removed from an cil cooler
on a heal exchanger-cooled engine in the following manner. .

2. Drain the lubricating oil f:om the oil filter base (3) and the oil tubes

(1).

TNo3g
PREPARING FOR CORE REMOVAL
1-0il tube. 2-0il cooler assembly. 3--Oil filter base.

3. Drain the raw water system to a point below the oil cooler.

4. Remove the capscrews holding the oil tubes (1) to the cil cooler as-

sembly (2).

OIL COOLER CORE REMOVED
4-Gasket. 5~-Gasket. 6-Housing. 7-Qil cooler core assembly. 8—-Cover.
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5. Remove the capscrews, nuts and lockwashers holding the cover (8)
to the housing (6).

6. Reméve the cover, the gasket (5), the core assembly (7) and the
gasket (4). '

7. Clean dll parts and inspect the core assembly and install new gas-
kets at the time of assembly.

- FLOW OF OIL THROUGH OIL FILTER BASE AND OIL FjLTERS
: (By-Pass Filter System) ' o

The filter has a meiallic strainer element (1) surrounding a by-pass
filter element (2). As shown in the sketch, the cil filtered by the metallic
strainer or outer element goes to the bearings while the oil filtered by the
by-pass filter or inner element returns to the sump. '

If the oil is too cold to flow readily through the oil cooler, a cooler by-
pass valve (5) in the filter base (4) opens to permit the oil to flow directly
from the pump to the filter.

Also located in the filier base is « filter by-pass valve (3), which opens
if the filters should become clogged, thereby allowing the oil from the
cooler to flow directly to the bearings.

The by-pass valves in the filter base should be checked when the en-
gine is reconditioned to insure that they will function if required.

OIL FLOW THROUGH FILTERS
{SCHEMATIC)

1-Melallic strainer elément. 2-By-pass

fiter element. 3-0il filler by-pass

valve. 4-Filter base. 5-0il cooler by-
pass valve.

*

Trao3lé
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The outer element may be clogged internally even when the outside
surface has been carefully cleaned. Occasionally the gums and lacquers
that clog the inside of the element cannot be removed with any solvent
or cleaner. Under these conditions the element should be discarded.

To check the internal condition, plug the holes in the bottom of the
element in question and a new element, and then immerse both elements
to the top rim in non-inflammable fluid or Diesel fuel. Compare the rate
at which the fluid level rises in each element.

If the used element is not at least three-fourths full in the time required
to fill @ new element, the used element should be discarded.

FLOW OF OIL THROUGH OIL FILTER BASE AND OIL FILTERS
(Full-Flow Filter System)

The lubricating oil flows under pressure into the oil filter base (6) from
the oil pump. '

The cil ris transmitied to the oil cooler (5) where it is cooled and to the
filter base from which it goes into the cil filter assembly (2).

NORMAL FLOW OF OIL THROUGH
OIL FILTER BASE AND OIL FILTERS
WITH BY-PASS VALVES CLOSED
(SCHEMATIC)

1-Full flow oil filter element. 2-0il filter
-a@ssembly. 3-Passage. 4-Passage. §5-0il
cooler. 6-0il {ilter base.

L 4

The oil passes through the full flow filter element (1) to the passages
(3) and (4), which carry the filtered oil to the cil manifold. See the topic,
QIL MANIFOLD (ALL MODELS).

If the oil cooler should become clogged or restricted in any manner, the
increased oil pressure will unseat the oil cocler by-pass valve (9) and

permit the oil to by-pass the oil cooler.
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. RESTRICTED FLOW WITH OIL FILTER
7 4 AND OIl COOLER BY-PASS VALVES
t OPEN (SCHEMATIC)

4-Passage. 7-Qil filter by-pass valve.
8-Passage. 9-0il cooler by-pass
valve.

*

._ ==-

//,//,
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If the lilter should become clogged or restricted, the increased oil pres-
sure will unseal the oil filter by-pass valve (7) and permit the cil to pass
through the passage (8) and then into the passage (4).

The by-pass valves assure pdssage of a supply of lubricating oil any
time the filter or cooler or both, may become clogged.

OIL FILTER AND BASE REMOVAL AND INSTALLATION
(All Models)

The oil filter (1) and the oil filter base (3) can be removed as a unit
in the following manner:

1. Drain the lubricating oil from the oil filter base.

2. Disconnect and remove the oil tubes (4), which carry the oil to and
_from the oil cooler.

REMOVING OIL FILTER AND BASE

1-0il filter. 2-0il manifold. 3-Qil filier
base, 4-0il tubes.

L 4
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3. Remove the nuts which connect the oil filter base to the oil manifold
(2) and the cylinder block. 7

4. Remove the oil filter and base as a unit.

5. Check all passages 1o see that they are open and install new gaskets
at the time of assembly.

OIL COOLER AND OIL FILTER BY-PASS VALVES

The oil filter base (2) contains an oil cooler by-pass valve (5) to serve
the oil cooler (8) and an oil filter by-pass valve (4) to serve the oil filter
assembly (1). '

These by-pass valves are installed to assure the engine of lubricating
oi]l even when the oil is heavy or cold or when the oil cooler or the oil
filter is restricted or clogged. Therefore, the bearings always receive a
supply of oil. '

For the removal of these valves, see the topic, DISASSEMBLING AND
ASSEMBLING OIL FILTER BASE (ALL MQPELS).

e The operation of the by-pass valves is é%‘scribed in the topic, FLOW OF
¢ 0OIL THROUGH OIL FILTER BASE AND OIL FILTER (BY-PASS FILTER
- SYSTEM). '

OIL COOLER AND OIL FILTER
BY-PASS VALVES {SCHEMATIC)

1-0il filter. 2-0il filter base. 3-0il
cooler. 4-0il filier by-pass vaive,
ler by-pass valve.

THO43

Oil Filter Disassembly and Assembly (By-pass Filter System)

The screw assembly (1), springs (3) and (18) and plate (12) are held in
place in the top cover (2) by a snap ring (4) that fits in a groove in the
screw assembly (1). They in turn hold the filter elements (§) and (11) in
position. A copper gasket (14) on the screw assembly prevents oil from
leaking where the screw passes through the cover.
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DISASSEMBLING THE OIL FILTER (BY-PASS SYSTEM)
1-8crew assembly. 2-Cover. 3-Spring. 4-Ring. 5-By-pass element. 6-Adapter. 7-Case.
8-Filter base. 9-Stud. 10-Claump. 11-Metallic sirainer element. 12-Plate. 13-Spring.
14-Gasket.

With the top cover assembly and filter elements removed, an 8B2444
Socket Wrench can be used to remove the adapter (8) at the bottom of -
the filter stud (9). This nut holds ihe retainer‘clamp (10) that secures the
filter elem_ent case (7) to the base (8). Remove the stud (9), taking care
not to damage the metering hole in the stud.

. ~ Qil Filter Disassembly and Assembly (Full-ﬂo_w Filter System)

1. Place a screwdriver or flat piece of metal in the slot of the bar (1)
and loosen the bar encugh to remove the cover (10).

2. Remove the spring (3) and plate (11) from the bar (1) by removing
the ring (4).

3. Do not lose the washer (2) and seal (9) when removing the bar from
the cover (10).

T12039.

. DISASSEMBLING THE FILTER (FULL-FLOW SYSTEM)

1-Bar. 2-Washer, 3-Spring. 4-Ring. 5~Screw. 6-Sleeve. 7-Case. 8-Filter base,
9-Seal. 10-Cover. 11-Plate. 12-Element. 13-—Plnte._ 14-Clamp. 15-Stud.
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4. Remove the element (12) from the case (7).
5. Remove the screw (5) with the 9F9963 Special Socket Wrench.

6. Remove _ihe plate (13), sleeve (6), clamp (14) and the case (7) from
the filter base (8).

7 The stud (15) can be removed from the filter base by using a small
pipe wrench.

Before assembling the filter, see that the gasket in the cover and filier
base are in good condition and are properly positioned in their respec-
tive grooves to assure a good oil seal. '

Disassembling and Assembling Oil Filter Base (All Models)

Remove the cover (1) and gasket (2). The spring (12) and plunger (11)
which make up the oil cooler by-pass valve;%cn then be removed from
the base (5). i

Remove the drain plug (3) and gasket (4).

The spring (6) and the ball (9) which form the filter by-pass valve, can
be removed from the base by prying the plug (7) out of the base first.

If it becomes necessary to remove the stud (8) from the base (§), a
small pipe wrench will serve satisiactorily for the purpose. Remove any
burrs raised by the pipe wrench after installing the stud in the base.

Inspect the gaskets (2) and (4) when assembling the base.

DISASSEMELING FILTER BASE

1-Cover. 2-Gasket. 3-Plug. 4-Gasket. 5-Base. 6-Spring. 7-Plug. 8-Stud.
g-Ball. 10-Gasket. 11-Plunger. 12-Spring.
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A new plug (7) will be required in most cases, since the original plug
is usually damaged beyond further use at the time of removal.

Check the condition of the gasket (10) belore installing the base (3) on

- the engine.

OIL MANIFOLD
(All Models)

The oil manifold is mounted along the right side of the cylinder block.

Unfiltered oil from the oil pump passes through a passage in the mani-
fold and into the filter base. From the filter base the oil is delivered to the
oil cooler and returned to the filter base through connecting oil tubes.

From the filter base the oil enters the oil filler. The oil leaves the ilter
and is rdelivered to the oil manifold through a connecting passage in the
filter base. '

The oil manifold distributes the cooled and cleaned oil to the proper
working parts of the engine.

. Oil Manifold Removal and In_stu_llation (All Models)

Drain the oil from the filter base (2) and disconnect the oil tubes (3').

Remove the oil filter (1) and the filter base (2) as o unit.

REMOVING THE FILTER AND FILTER BASE
1-0il filter. 2-Filter base. 3-0il tubes.

Disconnect the tube (4) and remove the nut (5) and capscrews (7).
Do not lose the washers located under the nut and the heads of the cap-
screws. The washers act as gaskets and oil leakage will occur if the
washers are not in place, when installing the oil manifold (6) on the cylin-
der block, '
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REMOVING OIL MANIFOLD
4-Tube. 5-Nut. 6-0il manifold. 7-Capscrew.

Clean and check all passages in the manifold and inspect the gaskets
located between the cylinder block and 1he‘;:ﬁ§ganifold at time of installa-

tion.

SUMP PUMP

Normally, marine engine installations are made in surroundings that
offer only limited clearance around the underside of the engine cil pan.
This makes it difficult in most cases, and absolutely impossible in some
cases, to drain the oil by removing the drain plug in the bottom of the
oil pan.

A sump punip which is mounted at the left side of the oil pan on marine
engines, provides a method for removing the oil from the oil pan.

Removing the Sump Pump

The sump pump {2) and the cover (3) can be removed together if de-
‘sired, by removing the capscrews (4). However, it is usually not neces-
sary for the cover to be removed, since only the ball check valve is lo-
cated in the cover and it requires very litile attention. Periodic inspection
of the ball check valve is sufficient.

Separate the sump pump from the cover (8) by removing the cap-
screws (1).

Cover the opening in the cover with fape or cloth to prevent the entry
of dirt.
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REMOVING SUMP PUMP

1-Capscrew. 2-Sump pump.
3-Cover. 4-Capscrew.

*

Sump Pump Disassembly
Remove the handle (8) and the packing nut (8).

Pull the shaft (7), spring (B), nut (5), washer (4), cup (38), washer (2)
and the nut (1) out as an assembly from the lower end of the cylinder (11). .

Unless leakage has occurred, it is not necessary to remove the packing

(13).

If the spring (6), nut (5), washer (4), cup (3), washer (2) and nut (1)
are removed from the shaft (7), care must be observed to place the open
side of the cup (8) toward the washer (4), when installing it on the shaft.

The gauge (12) provides.a method for checking the engine oil level.

Always inspect the condition of the gasket (10) at time of installation.

S

DISASSEMBLING THE SUMP PUMP

1-Nut. 2-Washer. 3-Cup. 4-Washer, 5-Nut. 6-Spring. 7-Shaft. 8-Packing nut,
9-Handle. 10-Gasket, 11-Cylinder. 12-Gauge. 13-Packing.
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Fuel System
(A1l Models)

On the supply side of the fuel system, the fuel flows from the Diesel fuel
tank to the transfer pump which delivers the tuel into the lower chamber
of the fuel filter housing, then through the fuel lilter elements and into
the upper chamber.

A veriical passage within the housing carries the fuel from the upper
chamber down to a short drilled passage near the bottom of the lower
chamber, thence to a horizontal manifold in the fuel injection pump
housing. From this manifold, the fuel is delivered by separate passages
to the individual fuel injection pumps.

A tue] pressure gauge is connected so as to register pressure on the
fuel delivered to the injection pumps. It also serves to indicate the condi-
tion of the fuel filter elements and transfer pump. The fuel by-pass valve
is located in the side of the housing or in the fuel transfer pump adapter
to return excess fuel to the tank or into the suction side of the pump. See

the topic, FLOW OF FUEL (ALL MODELS).

On the injection side of the system, the fuel injection pumps deliver the
fuel to the injection valves. The injection valves conirol the injection pres-
sure and atomize the fuel delivered to the cylinders.

Lack of pressure on the gauge indicates difficulty in the supply side of
the system. This could be caused by an empty Diesel {uel iank, a closed
shut-off valve at the tonk, clogged filler, dirt under the by-pass valve,
open vent valves, a fqulty transter pump or gauge. '

If a clogged filter is responsible for the lack of pressure, there should
still be pressure in the lower chamber of the fuel filter housing. To check,
open the lower chamber vent valve.

Air in the system or water in the fuel can also be responsible for the
engine firing irregularly or failing to start.

If, after eliminating the above possibilities, there still seems to be
something wrong with the fuel system, check the injection side of the
system. Fuel injection pumps and fuel injection valves can be checked as
described later.

Many times the fuel system is blamed when the fault lies elsewhere.
A smoky exhaust may be caused by faulty fuel injection valves. But it
can dlso be caused by a dirty air cleaner, overloading at high altitudes
or badly worn piston rings.

Trregular firing con be caused by faulty fuel injection valves. It can
also be caused by the burning of excessive lubricating oil which gets
past worn piston rings, or new rings which have not become fully seated.
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FLOW OF FUEL
(All Models)

The tuel is supplied to the Diesel engine in the {following manner.

Fuel from the fuel tank (9) is carried by the fuel line (16) to the adapter
(20) and the fuel transfer pump (21). It is delivered under pressure into
the lower chamber (22) of the fuel filter housing (24). The fuel is filtered
as it passes through the fuel filter elements (23) into the upper chamber
(2) of }he fuel filter housing. ' '

The by-pass valve (5) seats in the passage (4) which is connected to
the lower chamber (22). This passagé is shown schematically and is
drilled to the highest point in the lower chamber, an air pocket (3). This
permits the air that may collect in the lower chamber to escape with the
fuel that is by-passed. ' A

23" /p

.

2

/ e

22

THe90 21 20 19 18 17 16

FUEL SYSTEM (SCHEMATIC)

1-Upper vent valve. 2-Upper fuel chamber. 3-Air pocket. 4-Drilled passage.
5-By-pass valve. 6-Fuel gauge. 7-Fuel injection valve. 8-Fuel line. 9-Fuel
supply tank, 10-Fuel sirainer. 11-Drain cock. 12-By-pass valve. 13-Fuel trans-
fer pump and adapter. 14-Fuel injection pump. [5-Fuel passage. 16-Fuel-
supply line. 17-Fuel injection pump hecusing. 18-Fuel manifeld. 19-Drilled
passage. 20-Adapter. 21-Fuel transfer pump. 22-Lower chamber. 23-Fuel filter
element. 24-Fuel filter housing. 25-Lower vent valve. 26-Filter element plate.
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The D4 Tractor and the No. 112 Motor Grader have the fuel by-pass
valve (12) installed in the fuel transfer pump and adapter (13). The by-
pass assembly for the D4 Tractor and the No. 112 Motor Grader is shown
in the inset. .

The transfer pump supplies an amount of tuel in excess of the fuel
required for engine operation. The by-pass valve beconies unseated if
the pressure becomes too great in the lower chamber. This permits the
excess fuel to pass through the fuel return tube and return preferably to
the supply tank, (or to the suction side of the fuel transfer pump through
passage (15) if the supply tank is above the engine).

The drilled passage (19) in the fuel filter housing delivers the filtered
{fuel to the fuel manifold (18) in the fuel injection pump housing (17). The
fuel pressure gauge (B) is also connected to the drilled passage (19) to
register the pressure of filiered fuel in the upper chamber.

From the fuel manifold, the fuel is supplied by separate passages to
the individual fuel injection pumps (14).

The fuel injection pumps deliver the fuel to the individual fuel injec-
tion valves (7) at the proper time through the luel lines (8). The fuel is
discharged into the precombustion chambers where it starts to burn.

Air can be eliminated from the fuel filter housing by opening the vent
valves (1) and (25). The vent valve (25) is connected to the lower cham
ber, and the vent valve (1) is connecied to the upper chamber. When
a solid stream of fuel is discharged, it indicates the air has been eliminat-
ed. Close the valves after a solid stream of fuel has been obtained.

Air trapped in the fuel injection pump housing can be eliminated by
opening the individual vents on each fuel pump. A solid stream of fuel
indicates the system is free of air.

The fuel strainer (10) should be cleaned occasionally and sediment
can be drained out by opening the drain cock (11).

FUEL TRANSFER PUMP
(All Models)

The fuel transfer pump is mounted on the fuel filier housing assem-
bly and is driven by a gear which is cut integrally on the accessory shatt.

The fuel flows from the fuel tank to the suction side of the fuel transler
pump.

The transfer pump delivers the fuel under about 15 PSI through the
fuel filter elements and then into the fuel manifold in the fuel injection.
pump housing.
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Fuel is delivered by the individual injection pumps into the fuel injec-
tion valves and the precombustion chambers at the proper time.

Fuel Transfer Pump BRemoval and Installation (All Modéls)

- The transfer pump (2) and adapter (3) can be removed as a unit, or,
either the cover (6) or the body (5) and one gear can be removed without
taking out the entire unit.

To remove the complete unit, disconnect the r‘ndin‘fuel line (4) and the
small,overflow line (1).

FUEL TRANSFER PUMP REMOVAL

1-Overflow line. 2-Pump. 3-Adapler.
4-Main fuel line. 5~Pump body. .
6-Cover.

L

Remove the nuts from the two short studs next to the engine and the
nut from the long stud in the outside rear position.

Remove the long capscrew from the outside front position. The unit can

then be removed.

Remove the ferrule (7) and the rubber ring seal (8) from the fuel filter
housing, if they did not come out of the housing when the transier pump
was removed.

Inspect the ring seal and the gasket at the time of assembly.

Place the ring seal and the ferrule into its bore in the transfer pump
before installing the transfer pump on the engine, for the easiest method
of installing the ferrule and ring seal. :

Later transfer pumps have a counterbore in alignment with each of the
three studs which pass through the housing.

The gasket is cut out to permit the installation of the small rubber seals
(9). These seals prevent fuel leakage around the studs.
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INSTALLING TRANSFER PUMP LATER TRAﬁSFER PUMPS
7-Ferrule. 8-Rubber ring sedl. - 9-Small rubber seals.

Fuel Transfer Purhp Disassembly (All Models)

... Remove the fuel transier pump adapter, which is connected to the fuel
tramsfer pump and receives the supply of fuel from the main fuel supply

line.
CAUTION - .

The adapters for the D4 Tracior and the No. 112 Motor Grad-
er contain the fuel by-pass valve. See the topic, FUEL BY-
PASS (ALL MODELS).

FUEL TRANSFER PUMP .

1-Cover. 2-Body. 3-Gear. 4-Shaft. 5-1dler gear. 6-Spring. 7-Seal. 8-Bracket.
8-Seal, 10-Retainers. 11-Seat assembly. 12-Gear.
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The seals (7) and (9) are seated by the pressure of spring (6) acting
against them.

When replacing the seals, take off the nut that holds the gear (12) in
place and remove the key. Then remove the gear (12), seat assembly
(11), spring (6), and retainers (10). The secls (7) and (9) can then be
taken out.

When installing gear (12) and tightening the retaining nut, make sure
the gasket does not get caught between the seat assembly (11) and the
bracket (8). Tighten the nut securely and install a cotter pin.

Worn pump gears are caused by dirty fuel. A worn pump can be made
serviceable by installing new gears if the bracket and cover are not worn.

Rémove the capscrews that hold together the cover (1), body (2),'c1nd
bracket (8). Remove the cover (1) and idler gear (5). Remove the bedy
(2) from the dowel pins in the bracket (8). '

Remove the shaft (4) and gear (3) as a unit.

The gear (3) is keyed and pinned to the shaft (4). To remove the pin,
drill a hole through from the opposite side of the gear so a punch can be
inserted to drive out the pin. The gear can then be pressed from the
shaft and the key removed. See the topic, OIL PUMP DISASSEMBLY
(ALL MODELS except D4 Tractors) for the procedure of removing a pin
which is similar.

| Assembling the Fuel Transfer Pump (Al Models)

When installing a new drive shaft (4) and gear (15), install the key
(17) and press the gear on the shaft until the end of the shatt is flush
with the lower face of the gear. Using the partly drilled hole in the gear.
.as a guide, drill a 14” hole, 3" deep through the shaft and into the oppo-
site side of the gear. Install a new pin (16) and peen the gear over the
end of the pin.

CAUTION

The end of the pin should not protrude beyond the surface of

- the gear. Any roughness caused by drilling or peening
should be removed. See the topic, ASSEMBLING THE OIL
PUMP (ALL MODELS except D4 Tractors) for illustration.

Check the bushings (7) and (14) and «ail other parts for wear. The
bushings con be removed and installed by using a press.

Install the drive shaft and gear into the bracket assembly (22).

Slide the body (21) onto the bracket assembly mating the dowels and
the dowel holes,
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FUEL TRANSFER PUMP
(CROSS-SECTION)

1-Gear. 2-Key. 3-Nui and cotier pin.
4-Drive shaft. 5-Adapter. 6-Plunger.
7-Bushing. 8-Spring. 9-Siop. 10-Seals.
11 - Spring. 12- Gasket, 13- Adapter.
14-Bushing. 15-Gear. 16-Pin. 17-Key.
18-Idler gear. 19-Cover. 20-Idler gear
shaft. 21-Body. 22-Bracket. 23-Gasket.
24-Retainers. 25-Seat.

*

TH3 g 17 16 15 14

Install the idler gear (18) on the idler gear shait (20).

Install the cover (19), and rdtate the drive shaft and gears to see they

turn freely.

Install the gasket (23), a seal (10), a retainer (24), the spring (11), the
remaining retainer (24) and the remdaining seal (10). (The gasket (23)
must be installed before the seat (25) because of the size of the hole in

the gasket).

Install the seat (25), the key (2), the gear (1) the nut and cotter pin (3).

Install the gasket (12) and the adapter (13) for all models that use this
type adapter, with the fuel by-pass valve installed in the fuel filter hous-

ing. See the topic, FUEL BY-PASS (ALL MODELS).

The D4 Tractor and the No. 112 Motor Grader use the adapter (5} with
the by-pass valve assembly installed between the adapter and the

bracket assembly.

The by-pass valve assembly consists of the plunger (8), the spring (8)

and the stop (9).

FUEL BY-PASS
(All Models)

Since the fuel transfer pump normally supplies more fuel than is re-

quired by the engine, a by-pass for the excess fuel is provided.

The fuel by-pass assembly on all models except the D4 Tractor and the
No. 112 Motor Grader, consisting of the housing (2), spring (1), a siop (4)
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FUEL BY-PASS VALVE

1-Spring. 2-Housing.
3-Plunger. 4-Stop.

*

and the plunger (3), is located on the side of the fuel filter. housmg cmd
returns fuel to the tcmk or the suction side of the fuel transter pump.

The fuel by-pass assembly of the D4 Tractor and the No. 112 Motor
Grader is located in the adapter (6) and is atiached o the fuel iransfer
pump (5). The assembly also consists of the spring (1), the stop (4) and

the plunger (3), and they return the excess fuel to the suction 31de of the
fuel transfer pump

The fuel by-pass assemblies regulate the fuel pressure to the fuel in-

jection pumps. The plunger opens when the fuel injection pumps do not
use all the fuel.

The spring pressure is such that the excess fuel is by-passed to the

tank without causing damage to the fuel filter housing or fuel filter pres-
sure gauge mechanism.

4
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D4 TRACTOR AND NO. 112 MOTOR GRADER FUEL BY-PASS VALVE
1-Spring. 3-Plunger. 4-Stop. 5-Fuel transfer pump. 6-Adapter.
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The plunger may fail to function properly if dirt gets between it and
ihe seat. This may cause the fuel filter pressure gauge to show a wide
variation between low idle and high idle speed. .

After cleaning the contact surlaces, see that the seat is smooth and
flat and that the sealing surface of the plunger is in good condition.

" 1f this plunger is functioning properly, the gauge should vary only
slightly.

FUEL INJECTION EQUIPMENT
(All Models)

The most likely causes for faulty fuel injection are:
1. Air in the fuel system.
Low fuel supply.
Water in the fuel.

Clogged fuel filters.

S

Insufficient fuel transfer pump pressure.

1f these conditions are checked and corrected and the engine still doe
not operate as it should, it is well to check the fuel injection equipmenti

Checking Fuel Injection Equipment (All Models)

TH305

CHECKING FUEL INJECTION EQUIPMENT

1-Fuel injection valve. 2-Fuel line nut. 3-Pre-combustion chamber.
4-Fuel injection pump. 5-Bleeder screw. 6-Fuel manifeld.
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Belore removing a fuel injection valve (1) or fuel injection pump (4)
from an engine that is operating irregularly, a simple check may be
made to determine which cylinder is not firing properly.

With the engine running at a speed that mcakes the irregularity most
pronounced, momentarily loosen the fuel line nut (2) just above the fuel
injection pump sufficiently to “cut-out” that cylinder. Check each cylinder
in the same manner. If one is found where loosening makes no difference
in the operation of the engine, probably the valve and pump for that
cyhnder only need be tested.

Air can be eIlmlnccted from the fuel manifold (6) and the fuel pumps by
opening the bleed screw (5). See the topic, FLOW OF FUEL (ALL
MODELS).

FUEL INJECTION VALVE
(All Models)

The function of the fuel injection valves is to inject and atomize the
fuel from the fuel injection pumps inio the precombustion chambers.
Irregular engine operation and smoking may be caused by an improper-
ly operating injection valve.

The fuel injection valve is installed in the precombustion chambers (5).

The precombustion chamber is threaded into the cylinder head and
torqued. to 200 pound feet. Leakage is prevented by the gasket (6) and
the rubber ring-type seals (7) which are installed into the retainer (8).

FUEL INJECTION VALVE
CROSS-SECTION

1-Fuel line assembly. 2-Nut.
3-Body. 4-Nozzle assembly.
5-Pre-¢combustion chamber.
6-Gasket. 7-Seals.
8-Retainer.

*
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The fuel injection valve consists of the body (3) and the capsule-type
nozzle assembly (4).

Only the nozzle assembly need be replaced whenever the fuel injec-.
tion valves require reconditioning work.

-

The fuel injection valve is held in place by the nut (2), and can be
removed by loosening the fuel line assembly (1) ond removing the nut
and seal. .

The body and the nozzle assembly can then be lifted out. The nozzle
assembly is only finger-tight onto the body.

When installing a fuel injection valve, always check the seats of both
the nozzle and the precombustion chamber. '

Torque the nut (2), to 100 pound leet to assure proper seating of the
nozzle assembly. Excessive tighiness will damage the nozzle and exces-
sive looseness will allow the nozzle to leak and in some insiances cause
the nozzle case to split.

Cleaning Fuel Injection Valve (All Models)

The operation of the engine will be alfected if the discharge hole in the
nozzle becomes partially filled with carbon. To correct this, remove th’
nozzle assembly from the valve body and clean the fuel discharge hole
using a 5B2178 Drill cnd 5B1254 Chuck which are port of the 5B1401
Cleaning Tool Group. If after cleaning, the valve does not cperate prop-
erly the nozzle should be checked for leakage.

CLEANING FUEL INJECTION VALVE

Checking Fuel Injection Valve (All Modelis)

The condition of a capsule type fuel injection valve can be checked
out of the engine by the use of the special pressure gauge on the "Cater,
pillar” Diesel Fuel Injection Test Apparatus. This determines its rate o.
leckage, which indicates how rapidly the nozzle will carbon up.
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FUEL INJECTION PUMPS
(All Models)

Worn fuel injection pumps will result in loss of power and hard start-
ing. These same conditions may be present if the piston rings and cylin-

der liners are badly worn or if the condition of the engine in general is
bad.

However, in the case of worn piston rings-and liners, the hard starting
and loss of power will be accompanied by o smoky exhaust, excessive
blow-by gases from the crankcase breather and high oil consumption.

Ordinarily, if one fuel injection pump is worn and not supplying suffi-

cient fuel, it will be found that all of the injection pumps are worn and
- need replacing.

Failure fo replace all of the worn injection pumps can result in erratic
and irregular engine operation.

Functions of Fuel Injection Pumps (All Models)

The fuel transfer pump maintains a full supply of fuel in the fuel mani-
fold (9) at ail times.

FUEL PUMP AND LIFTER ASSEMBLY

1-Inlet porl. 2-Fuel line. 3-Check

valve. 4-Barrel. 5~Rack. 6-Lifter as-

sembly. 7-Cam. 8-Gear segment.

9-Fuel manifold. 10-Injection
pump plunger.

*

Tlizae
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Each fuel pump measures the amount of fuel to be injected into its
particular cylinder and produces the pressure for injection. The injection
pump plunger (10) and the lifter assembly () are lifted by a cam (7) ctnd.
always make a full stroke.

The amount of fuel pumped during any one siroke s varied by rotat-
ing the plunger in the barrel (4). The plunger is rotated by the governor
action through the rack (5) which meshes with a gear segment (8) on the
bottom of the pump plunger. '

Figures A, B and C illusirate the functioning of an injection pump as
the plunger makes a stroke.

In Fig. A, the plunger is down and the inlet port (1) is uncovered. Fuel
flows into the space above the plunger through the slot and into the

recess around the plunger. .

PUMP PLUNGER STROKE

FIG. A FIG. B. FIG. C
PORT UNCOVERED PORT COVERED PORT UNCOVERED
FUEL ENTERS BARREL INJECTION BEGINS INJECTION ENDS

In Fig. B, the plunger has started up and the port is covered. The fuel
is trapped and will be forced through the check valve (3), fuel line (2) .
and injection valve as the plunger moves upward.

In Fig. C, the plunger has risen until the port is uncovered by the re-
cess in the plunger. The fuel can now escape back through the port into
the fuel manifold and injection will cease.

It will be noted that the recess in the pump plunger forms a heli“
around the upper end of the plunger. Figures D, E and F illustrate ho
rotating the pump plunger alfects the quantity of fuel injected.
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CROSS-SECTION OF FUEL PUMP CAMSHAFT AND LIFTER ASSEMBLY

-(SCHEMATIC)
FIG. A FIG. B ___FIG. C
PORT UNCOVERED PORT COVERED PORT UNCOVERED
FUEL ENTERS BARREL INJECTION BEGINS INJECTION ENDS

5-Rack. 7-Cam. 8-Gear segment. 10-Injection pump plunger.

In Fig. D, the plunger has been rotated into the shut-off position. The
slot connecting the top of the plunger with the recess is in line with the
port, therefore, no fuel can be trapped and injected.

-EFFECTIVE STROKE -

SSHON\
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PLUNGER ROTATION (SIDE VIEW)

FIG. D FIG. E FIG. F
SHUT-OFF IDLING FULL LOAD
POSITION POSITION POSITION

In Fig. E, the plunger has been rotated into the idling position. The
narrow part of the plunger formed by the helix will cover the port for
only a short part of the stroke. This permits only a small amount of fuel
o be injected per siroke.
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CROSS-SECTION SHOWING PLUNGER ROTATION

(TOP VIEW)
FIG. D FIG, E FI1G. F
SHUT-OFF IDLING FULL LOAD
POSITION POSITION POSITION

5-Rack. 8-Gear segment. 9-Fuel manifold. 10-Injection pump plunger.

In Fig. F, the plunger has been rotdted inio the full load position. The
wide part of the plunger formed by the helix covers the port for a longer
part of the stroke. This permits « larger amount of fuel to be injected per

stroke.

FUEL INJECTION PUMP HOUSING REMOVAL AND INSTALLATION

S

(All Models)

Drain the fuel filter housing and the injection pump housing.

Remove the fuel injection lines and disconnect the fuel drain tube (3)..
Disconnect the control rod from the governor.
Plug the lines and put covers (1) on the pumps.

Remove the nuts holding the pump housing to the fuel filter housing.
The injection pump housing and governor housing can then be re-
moved as a unit by lifting it away from the filter housing.

The ring seal (2) which prevents fuel leakage between the filter
housing and the pump housing manifold should be replaced if de-
teriorated or damaged. _

Remove the governor by disconnecting the linkage and the nuis
holding the governor to the fuel injection pump housing.

NOTE

When installing the fuel injection pump housing on the filter
housing, be sure the off-center tang of the accessory shatft
fits into the off-center slot in the end of the fuel pump cam-

shaift, before tightening the mounting nuts.
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FUEL INJECTION PUMP HOUSING
REMOVAL

1-Cover. 2-Sedal, 3-Fuel
drain tube.

*

FUEL PUMP HOUSING DISASSEMBLY
(All Models)

Fuel Rack Removal (All Models)

With the fuel injection pump -housing (2) oif the engine, remove the
fuel pumps. The fuel rack (3) can then be pulled from the forward end
of the housing.

The fuel rack has a stop (1) attached near its forward end, which con-
tacts the fuel injection pump housmg and prevents the rack from moving
beyond the shut-off position.

The fuel rack can also be removed without separating the governor
from the housing (2), by removing the cover from the rear of the gov-
ernor and disconnecting the linkage between the rack and governor lever.

REMOVING FUEL INJECTION PUMP RACK
1-Stop. 2-Fuel injection pump housing. 3-Fuel rack.
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Governor Drive Gear and Camshaft Thrust Washer Removal and Installa-
tion (All Models).

The governor drive gear can be pulled as illustrated, after removing .
the nut and lock from the end of the fuel pump camshaft. Use two suit-
able capscrews 3” long with the SF7465 Puller, the 8B7560. Step Plate and

two flat metal washers.

PULLING GOVERNOR DRIVE GEAR
' .

NOTE

The governcr gear has two tapped holes to accommodate .
puller capscrews. On the gears of earlier models these two

holes had a %”-16 (NC) thread. On later models the two

holes have a ¥;"-24 (NF) thread.

Remove the nuts holding the thrust plate (3). Remove the thrust plate.

Slide the thrust washer (1) off the fuel pump camshatt (2).

THRUST WASHER REMOVAL
1-Thrust washer. 2~-Camshait. 3-Thrust plate.
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The fuel pump camshait end clearance is conirolled by the distance the
thrust washer can move between the rear bushing in the fuel pump hous-
ing and the inside machined surface of the thrust plate.

Check all surfaces for roughness at the time of assembly. The end
clearance should be .003" to .015" with a maximum of .025"..

Fuel Pump Cumsha.ft Removal and Installation (All Models)

The fuel pump camshait (4) can be removed, with or without the gov-
ernor’drive gear (6) removed.

T e e

—en

&
4

RAISING FUEL PUMP INSTALLING FUEL PUMP

LIFTERS CAMSHAFT
1-Flat washer, 2-Capscrew. 4-Camshaft. 5-Thrust plate.
8-Fuel pump housing. 6-Governor drive gear.

If the lifter yokes are removed, the litters can be raised with 6F7031
Capscrews, ¥g”-24 (NF) 3" long (2), and 4F3714 Washers (1).

Remove the nuts holding the thrust plate to the injection pump housing

(3).

Slide out the camshaft, the gear, the thrust plate (5) and the thrust
washer as a unit.

See the topic, GOVERNOR DRIVE GEAR AND CAMSHAFT THRUST
WASHER REMOVAL AND INSTALLATION (ALL MODELS).

Pump Lifter Removal (All Models)

With the camshaft removed, the pump lifters (2), springs and yokes
can be removed from the housing. '
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REMOVING PUMP LIFTER
1-Capscrew, 2-Lifier.

*

Remove the capscrews (1) which were used to raise ihe lifters for cam-

shaft removal.

Remove the inspection cover from the bottom of the pump housing
" and remove the lifter and sprihg from the bottom of the housing. A new
cork gasket should be used between the shield and lifter in reassembly.

Fuel Pump Housing Oil Sedl (All Models)

The bushing (3) located in the forward end of the fuel injection pump
housing, serves as a forward bearing for the fuel pump camshaft and as
a rear bearing for the engine accessory shatt.

The oil seal (2) is located in the fuel pump housing and prevents leak-
age of the lubricating oil from the fuel pump housing into the Diesel en-

gine crankcase.

SEAL REMOVAL
1-Camshatft. 2-Seal. 3-Bushing.

L 4

75312
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The seal can be removed and installed without removing the fuel
pump camshaft (1). A small bar may be used to pry out the seal as illus-
trated. Care should be taken not to damage the bushing (3).

When installing the seal, coat the outside dicameter with a sedling
compound and install the seal with the sedaling edge toward the injection
pump housing. ‘

The seal should be tapped into the bushing until the outer face of the
seal is flush with the outer end of the bushing.

Fuel Pump Lifter Yoke and Pump Plunger Inspection (All Models)

Adjusting the fuel pump lifters is necessary whenever they have been
removed from the housing. The adjustment should also be checked peri-
odically to compensate for wear in the timing gears, lifters or the ends
of the pump plungers to assure that the point of fuel injection is correct.
It the lifter is too high, injection will begin early, and, i too low, injection
will be late. '

When pump plunger wear becomes excessive, the lifter yoke may also
" be worn in such a manner that it will not make full contact with the end
of a new plunger. To avoid rapid wear on the end of the new plunger,
lifter yokes showing visible wear should always be replaced.

FIG. A FIG. B

T489%
' WEAR BETWEEN YOKE AND PLUNGER

L

Fig. A illustrates the contact surfaces of a new pump plunger and a
new lifter yoke. In Fig. B, the pump plunger and lifter yoke have worn
considerably. Fig. C shows how the flat end of a new plunger makes poor
contact with o worn lifter yoke, resulting in rapid wear o both parts.

A pump can mainitain a satisfactory discharge rate and vet be un-
serviceable because of delayed timing resulting from wear on the lower
end of the plunger. When testing a pump which has been in use for a
Jdong time, the length of the plunger should be checked and the pump
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CHECKING LENGTH OF PLUNGER

discarded if the plunger wear exceeds .005". The length of new plungers
is 2.6575"-2.6577". The length should be checked with ‘a micrometer as

shown.,

Fuel Pump Lifter Setting (All Models)

1f the injection pump lifters have been removed, or disturbed from their
original setting, it is necessary to reset them.

Periodically the lifter seiting should be checked and reset if necessary,
{o compensate for worn timing gears. See the topic, FUEL INJECTION
PUMP LIFTER YOKE AND PUMP PLUNGER INSPECTION (ALL MODELS).

Injection pump lifters can be set most accurately with the injection
pump housing in place on the engine, since all timing gear wedar can
compensated for by this method.

The lifter setting can be made in the jollowing manner:

1. Remove the {lywheel poinier cover on the flywheel housing and the
injection pump of the respective lifter to be set.

FLYWHEEL TIMING MARKS .
L 4
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2. Turn the cronkshaft in the direction of the engine rotation to “Top
Center” (TC) on the compression stroke of the cylinder for which lifter
is to be set. See the topic, CHECKING THE FLYWHEEL TOP CENTER
MARKS (ALL MODELS), if there is reason to believe that the fop
center marks on the flywheel are not correct.

3. If the crankshaft is accidently turned too far, turn it backwards ap-
proximately 60°, then repeat step 2.

Check the pump lifter at this crankshaft position (top center of the
cylinci:er for which the lifter is being set). Using the 6F6922 Micrometer
Depth Gauge check the distance (A) and reset if necessary, using the

' 7F4581 Wrench and the 7F4582 Wrench. |

The correct éetting (A) is 1.736”. This is measured from the machined

surface (1) at the top of the pump housing to the machined surface of the
lifter yoke (4).

ADJUSTING INJECTION PUMP LIFTERS ADJUSTING LIFTER SETTING
A-Setting of 1.736". 1-Machined sur-
face at top of pump housing, 2-Mi-
crometer depth gaunge. 3-Lock nut.
4-Lifter yoke.

The surface (1) must be clean and free of paint. Raise or lower the
lifter yoke with the 7F4581 Wrench on lock nut (3) and 7F4582 Wrench on
lifter yoke (4). '

If all the lifters are to be checked or reset, continue the procedure in
the normal firing order of the engine, which is 1-3-4-2. The fuel pumps cre
numbered 1 through 4 consecutively, with the No. 1 pump located nearest
the front of the engine.
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As there are two evenly spaced T.C. marks on the flywheel, T.C. 1 &
4, and T.C. 2 & 3, care must be taken to be sure that the proper T.C. mark
is lined up with the pointer.

It is imporiant when checking and setting the lifters that the crankshctf.
be turned in the direction of engine rotation.

After a lifter has been checked or set according to the specifications,
turn the crankshaft a few degrees in the direction of engine rotation.
Again measure the distance (A). This distance should be less than the
measurement when checked with the crankshaft at top center thus indi-
cating the lifter is rising and was checked at the correct position. '

FUEL FILTER HOUSING
(All Models)

The fuel filter housing (2) is mounted to the timing gear housing (6)
and is located on the forward left side of the engine.

The fuel filter housing has the following assemblies attached to, or
mounted on it the fuel transfer pump (8), the hour meter (7), the fuel in-

jection pump housing (4), the governor housing assembly (5) and the

saiety shut-off (3).

FUEL FILTER HOUSING .
1-Waler elbow. 2-Fuel iilter housing. 3-Salety shut-off. 4-Fuel injection pump hou

ing. 5~Governor housing assembly. 6-Timing gear housing. 7-Hour meter. i
8-Fuel transier pump.
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In the event that a safety shut-off is not used, a cover can be installed
over the opening on the fuel {ilter housing.

The engine coolant passes through the water elbow (1) and warms the
fuel compartment of the fuel filter housing.

The fuel transier pump delivers the fuel through the fuel filier housing
to be filtered and cleaned belore the fuel is delivered to the fuel injection
pump housing. , ;

Fuel Filter Housing Removal and Installation (All Models)

The fuel filter housing (3) can be removed along with -.the governor
housing assembly (2), the fuel injection pump housing (6), the fuel trans-
fer pump and the hour meter (7) as a unit.

When these individual assemblies need io be removed, see the cover-
ing topics.

The fuel filter housing can be removed in the following manner:

Drain the fuel from the fuel filter housing and the oil from the fuel in-
jection pump housing.

Drain the cooling system to a point below the water elbow (1) and re-
move the elbow.

PREPARING TO REMOVE FUEL FILTER HOUSING
1-Water elbow, 2-Governor housing assembly. 3-Fuel filiter housing. 4-Inlet manifold.
5-Timing gear housing. B-Fuel injection pump housing. 7-Fuel transfer pump
and hour meier.
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Remove the inlet manifold (4).

Disconnect and remove the various fuel lines and the governor control

| linkage.

Remove the nuts and lockwashers from the studs connecting the filter
housing to the timing gear housing (5), noting the hidden auts and studs
located in back of the housing near the cylinder block.

Lift the combined assemblies off with a suitable hoist and sling.
Always install new gaskets. Be sure to dlign the off-center tcng on the

end of the accessory shaft with the ofi-center slot in the fuel pump cam-

shait at the time of installation.

Governor

The governor, as used for all versions of the 41" bore 4-cylinder en-

gines, is similar in appearance and construction.

A basic governor is used with different levers, linkage, gears and
governor springs to adapt the governor to the specifications required for

ecch model.

_ GOVERNOR CUTAWAY
1-Low idle adjusting screw. 2-High jdle adjusting screw. 3-Spring-loaded stop
assembly. 4-Low idle stop lever. 5_Fuel rack. 6-Governor spring. 7-Shut-off spring.
8_Gears. 9-Governor weight. 10-Thrust bearing and sliding sleeve. 11-Terminal
lever.
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The governor is connected to the fuel rack through levers and linkage.
The governor regulates the amount of fuel supplied to the engine during
engine operation in the following manner:

The governor spring constantly sirives to move the fuel rack in a direc-
tion to increase the amount of fuel injected, while the force generated by
the rotating governor weights is transmitted to the rack in a direction to
decrease the amount of fuel injected. Since the governor weights are
. rotated by a gear which meshes with a gear that is attached to the fuel
injection pump camshalt, any change in engine speed correspondingly
results in a change in governor weight force. The opposing force of the
governer spring varies accordingly with the governor control setting.

When the engine load is lightened, the engine speed increases, due to
the amount of fuel it is receiving at the moment, then the governor moves
the fuel rack in the direction to decrease the amount of fuel supplied. As
a result the engine speed tends {o remain constant even when the load
is lightened. '

If the engine speed decreases, due to an increase of load, the gover-
nor moves the fuel rack in the direction to increase the amount of fuel
supplied.

The horizontally mounted governor shaft is driven from the rear end of
the fuel injection pump camshaft through the gears (8). The force of the
governor Weights (9) acting through the thrust bearing and sliding sleeve
(10) and the terminal lever (11) opposes the force created by the tension
of the governor spring (6) which is conirolled by the governor conirol
setting. The terminal lever is connected to the fuel rack (5). The balanced
forces hold the fuel rack in position to supply the engine with the correct
amount of fuel.

The fuel shut-off mechanism consists of the spring-loaded stop assem-
bly (3), the low idle stop lever (4) and the spring (7).

In low idle position the low idle stop lever is against the stop assembly
and can be adjusted by the low idle screw (1). As the governor control
is put in the shut-off position the stop lever forces the stop held in place
by the spring, over center. This allows the governor control to be posi-'
tioned and held in the shut-off position.

The high idle speed can be adjusted by the screw (2).
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GOVERNOR OPERATION
(All Models)

GOVERNOR SPRING VS. GOVERNOR
WEIGHTS

Fig. B. Two forces act on the fuel rack (3).
The governor spring (2} constantly strives to
move the rack in the direction to increase
fuel. This force is applied by the setting of
the governor control lever (1), The force gen-
erated by the rotating governor weights (4)
strives to move the rack in the opposite di-
rection tc decrease fuel.

GOVERNOR SPRING AND WEIGHT
FORCES

Fig. B & C. The lorce generaied by the rotat-
ing governor weights is illustrated by the fig-
ures B and C. Figure B shows half speed and
figure C shows high speed. As the engine
speed increases the weight force increases.
The spring force varies, depending on how
much it is streiched.

FORCES BEFORE STARTING THE ENGINE

Fig. D. When the governor control is moved to
the “fuel on” position. the governor spring is
stretched, and the lever {5) pushes the fue
rack toward the increased fuel position, since
the weighis are not rotating. As the engine is
starled, the speed will increase and the gov-
ernor weights move outward to supply the
opposing fcrce.

FORCES BALANCED AT HIGH IDLE

Fig. E. As the governor spring force moves
the fuel rack to increase the fuel, the engine
speed increases and the weight force in-
creases, The forces oppose each other and
rapidly assume a balance, whereby the cor-
rect amount of Iuel is injected to balance the
forces at high speed.

LOAD BEING AFPLIED

Fig. F. When the engine is running at high
idle speed and a load is applied, the engine
speed decreases momentarily, with a corre-
sponding decrease of governor weight feorce.
The governor spring takes immediate ad-

vantage of this to move the rack to increuse.

fuel.
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ENGINE UNDER FULL LOAD

Fig. G. A further increase in load resulis in
additional movement of the rack io provide
additional fuel. The stop pin (7) is in contact
with the lorque spring (6) or siop. Rs long
as the load remains constant the fuel remains
constant. :

ENGINE OVERLOADED

Fig. H. If additional load is imposed. the en-
gine speed will siart to drop, reducing the
force of the weights, and allowing the gov-
ernor spring force to compress the torque
spring to give a further increase in the
amount of fuel being injected.

HIGH AND LOW IDLE ADJUSTMENTS

Fig. I. When the low idle stop lever (8) is in
contact with the spring-loaded stop (8) as
illustrated, the engine operates at low idle,
The screw assembly (10) conirols the low idle
setting. When the lever (12) contacts the high
idle screw (11) which is also adjusiable, the
engine operaies at the high idle speed.

GOVERNOR SHUT-OFF POSITION

Fig. ]. When the governor conirol is in the
shut-off position, it causes the stop lever (8)
io pivot the spring-loaded stop (9) and it will
hold the fuel rack in the “fuel off” position.
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GOVERNOR LUBRICATION
(All Models)

The governor for all models is lubricated primarily by « splash system. .

The governor and the fuel pump housing cxssemblyl(ll]) have a com-
mon lubricating system. B

The systém can be filled after removing the filler cap located at the
side of the fuel pump housing (10) and can be drained by removing the
drcin plug (11). : '

The fuel pump camshatt gear (8) is attached to the fuel pump camshatt
(12) which is driven by the engine timing gears.

During operation the gear (8) dips into the lubricating cil in the sump
(9) of the governor housing (7).

Oil is picked up by the governor gear (2) and is thrown onto the gov-
ernor weights (8) and to all parts of the governor inside the housing.

Later model governor weights are slotied to supply a larger gquantity
of lubricant to the bushings in the weights.

A portion of the oil settles into the oil reservoir (5). This reservoir feeds
oil into the bushing and into a drilled passage (6) in the spindle and then
- o the thrust bearing and sliding sleeve (4).

Various other oil holes are drilled in appropriate places to collect oil
for lubrication of the remaining working parts of the governor. ‘

| 2 -3 4 - 5

. GOVERNOR LUBRICATION

1-0il seal. 2-Governecr gear. 3-Governor
e f, weight. 4-Thrust bearing and sliding

B2 L sleeve. 5-0il reservoir, 6-Drilled pas-

|° ) sage in the spindle. 7-Governor hous-

2 A ing. 8-Fuel pump camshalt gear

9-Sump. 10-Fuel pump housing. 11-Drain
plug. 12-Fuel pump camshait.

*
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Earlier models used the oil seal (1), because the spindlé was drilled
from the gear end.

Later models do not use this oil seal.

GOVERNOR REMOVAL AND INSTALLATION
(All Models)

The governor (1) can be removed in the lollowing manner:

E

1. Drain the lubricating oil from the governor by removing drain plug
(6). This will also drain the oil from the fuel injection pump housing
(7) since they have a common system.

2. Disconnect the governor control linkage.
3. Remove the inspection cover (2).

4. Disconnect the link (3) which serves as a connection between the fuel
rack (5) and the terminal lever (4).

5. Remove the series of nuts and capscrews holding the governor hous-
ing to the fuel injection pump housing. (One long capscrew goes
‘completely through the governor cover and housing and is threaded
into the fuel injection pump housing).

6. Remove the governor.

PREPARING FOR GOVERNOR REMOVAL GOVERNOR REMOVED
1-Governor, 2-Cover. 3-Link. 4-Terminal §-Fuel pump camshait gear.
lever. 5-Fuel rack. 6-Drain plug. 7-Fuel 9-Governor gear.

injection pump housing.
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NOTE

The governor and the fuel injection pump housing can be .
removed as a unit. See the topic, FUEL INJECTION PUMP .
HOUSING REMOVAL AND INSTALLATION (ALL MODELS).

7. Use new gaskets at the time of installation and engage the teeth of
the governor gear (9) with the teeth of the fuel pump camshaft gear ~
(8) before tightening down the governor housing.

GOVERNOR LOCKING CONTROL

Operation

The governor ]ocking control consists of the following parts: The cover
(1), ring (5), seal (2), hub (4), shaft (3), guide (7), springs (6) and the
pawls (8). '

The hub (4) is rolated by the external conirol lever. When the hub is
rotated in the ring (5), the bosses on the hub apply pressure inward on
the pawls (8). This action compresses the springs (6), thus reducing the
contact pressure between the serrated ends of the pawls and the serrated
inner face of the ring (5), permitting the pawls to travel around the inner

surface of the ring.

| \____.--——--:,-5
> N -
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N /'
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GOVERNOR LOCKING CONTROL
1-Cover. 2-Seal. 3-Shaft. 4-Hub,

: 3 = 5-Ring. 6-Spring. 7-Guide.
ML MR E 8-Pawl.
Ne. 5 N — .
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The rotating motion of the pawls is transferred to the governor mecha-
nism through the guide (7) and the shait (3).

When the locking control has been moved to the desired position and
the hub (4) is no longer being moved, the springs (8) force the pawls (8)
out against the serrated inner surface of the ring (5), with sufficient pres-
sure to hold the hub at that position.

Governor action being applied to the shalt (3) tends to pivot the shaift
between the pawls, forcing the pawls outward. This increases the contact
pressure between the pawls and the serrated inner surface of the ring (8),
proviéling a more positive lock beiween the ring and the pawls.

I the governor control lever is moved to a desired position and fails to
stay fixed ot that position, it is advisable to inspect the serrated surfaces
of the pawls and ring for wear.

GOVERNOR DISASSEMBLY
(All Models)

Several parts and assemblies can be removed from the governor, with-
out removing the governor from the engine. However, for extensive disas-
sembly, it is more practical and advisable to remove the governor from

the engine first. See the topic, GOVERNOR REMOVAL AND INSTALLA-
TION.

Removal and Disassembly

Remove the lever (1).

REMOVING THE CONTRCL COVER - COVER SEAL
I-Lever. 2-Ring. 3-Cover. 4-Cup-type seal. 5-Projecting

shoulder on cover.
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Take out the capscrews which secure the cover (3) to the ring (2) and
remove the cover.

The cover has a cup-type oil seal (4), which fits over the projecting .
shoulder (5) on the inr_uer surface of the cover.

When the cover is in place on the ring, the seal is held with sufficient
pressure against the outer face of the hub (6) to form am oil seal. This -
- prevents oil from escaping through the cover around the shatft (9).

When installing the seal (4) on the projecting shoulder of the cover,
coat the shoulder with a good grade of cement, such as Goodrich No.
A-178-B, Armstrong No. N-171 or equivalent.

The sealing on earlier models at this point was accomplished by a ring
seal fitted into a recess in the cover (3).

Pull the hub (6), pawls (7}, shait (9), gulde (8) and the springs (not visi-
ble in the illustration) from the ring (2).

Remove the capscrews (12) and the machine screw (10), then pull the
side plate (11) and the ring (2) from the governor housing as a unit.

The ring can be separated from the side plate by removing the machine
screws at the back of the plate.

REMOVING SIDE PLATE AND RING

6-Hub, 7-Pawl. 8-Guide. 9-Shait. 10-Machine screw,
' 11-8ide plate. 12-Capscrews.

Governor Spring and Stop Lever Removal

Remove the rear cover from the governor, which will expose the work-.
ing parts of the governor. Remove the capscrews holding the low idle
stop lever assembly (4) to the shaft (1).
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GOVERNOR REAR COVER REMOVED GOVERNOR SPRING REMOVAL

1-Shaft. 2-Spring. 3-Terminal lever
assembly. 4-Stop lever assembly.

Remove the lever assembly and shait from the housing being careful
not to lose the spacer located between the upper end of the governor
spring (2) and the governor housing.

Take out the capscrew ond remove the spring (2) from the terminal
lever assembly (3).

Terminal Lever Removal

Pull the shaft (1) and remove the terminal lever assembly (2). The end

of the shatft is drilled and tapped for a 5/16%-18 (NC) capscrew to assist
in removal.

Fasrdoity
VBT ey

REMOVING TERMINAL 1LEVER ASSEMBLY
1-Shaft. 2-Terminal lever assembly. 3-Rollers. 4-Rubber seal, 5-Needle bearings.
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Examine the shaft for wear or roughness and replace it necessary.

This shaft is a free fit in the outside of the housing but a press fit in the
engine side of the housing. .

Remove the rubber seal (4) from the shaft and replace it when reas-

sembling the unit. ' .

The terminal lever assembly (2) can be serviced as an assembly or
separate parts can be replaced. Press the needle bearings (5) out of the
lever assembly if they are worn or damaged and install new bearings.

The rollers (3) and bushings can be removed by pressihg out the pins
with a small dicmeter punch. '

Governor Spindle Group Removal

Alter the terminal lever assembly has been removed, the governor

spindle group is easily removed from the housing.

The bearing (1) and gear (2) are removed together, using the 8B7547
Puller.

Slide the sleeve assembly (10) and becring assembly (11) from the.
spindle. The sleeve assembly fits in the bearing assembly with a light
press fit and can be removed by tapping it lightly.

Both the sleeve assembly and the bearing assembly are serviced as

separate assemblies.

REMOVING SPINDLE GROUP SPINDLE GROUP
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PULLING GEAR AND BEARING SPINDLE CROSS SECTION
1-Bearing. 2-Gear. ' (Earlier model illustraied)

3-Spindle. 4-Pin. 5-Governor weight.

6-Roller. 7-Pin. 8-Needle bearing.

g-Needle bearing. 10-Sleeve assem-
bly. 11-Bearing assembly.

The spindle assembly is made up of the spindle (3), governor weights
(5), needle bearings (8) and (9), rollers (6) and pins (4). These parts can
be serviced individually or as a unit.

On later D4 and No. 112 governor spindle assemblies, the needle bear-
ings (9) are replaced by bushings. The needle bearings {8) are omitted
and the thrust rollers turn directly on the hardened steel pins (7). -

Press the pins (4) and (7) out to replace the bearings and pins.

The needle bearings in the rollers and governor weights can be
pressed out using a suitable punch.

On later models, the pins (4) are secured by the roll pins (12). The
holes into which the roll pins are installed are counterbored.

SPINDLE ASSEMBLY (LATER MODEL)
4-Pin. 12-Roll pin. A-Opening.
]

TISE4Z
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To remove the pins, insert a suitable punch into the opening at (A)
cand drive them out.

When installing the roll pins (12), center punch the spindle in three .
places around each pin as shown.

Fuel Injection Pump Stop Removal

A spring-loaded stop arrangement, which has a positive action to hold
the governor in the shut-off position, is incorporated. The upper face of
the hotch in the stop (5) is the low idle stop.

Moving the governor conirol past the low idle position forces the stop to
rotate until the shut-off spring moves over center, at which time the
spring tension brings the lower face of the notch against the stop lever
with sufficient force to hold the lever and the fuel rack in the shut-oif
position.

Remove the two capscrews holding the slide retainer (1) to the hous-
ing. Unscrew the low idle adjusting screw counting the number of turns
required uniil the assembly is free for removal This will be helptul at
the time of assembly as a primary adjustment.

Remove the spring (7). The stop assembly can then be serviced as a
unit or the parts serviced separately.

Press out the pin (4) and remove the stop (5) from the slide assembly

(6).

The torque spring (3) can be removed by taking out two capscrews.

SHUT-OFF REMOVAL SHUT-OFF ASSEMBLY .
1-Slide retainer. 2-0il seal. 4-Pin. 5-Stop. 6-Slide assembly.
3-Torque spring. 7-Spring.
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The seal (2) is used on earlier models only.

Do not lose any spacers or shims that are part of the torque spring
assembly. These should be kept intact.

KNIFE EDGE BEARINGS (LATER 3% REGULATING GOVERNOR)

The spindle assembly on later 3% regulating governors is equipped
with knife edge bearings to support the governor weights. Each weight
has two hardened notches or seats which bear against a hard wedge or
knife edge. Centrifugal force keeps the bearing surfaces in contact and
the weights pivot through a small arc directly on the knife edge.

The thrust rollers turn directly on hardened steel pins.

CAUTION

1f the spindle assembly is aécidenﬂy dropped, it is possible
that the very hard knife edge will be broken or damaged
and require replacing.

Removing Knife Edge Bearings
Press the seats (1) froﬁ the spindle (2} and the governor weights (3).
Press the knife edges (4) from the spindle.
The thrust rollers (5) can be remé#ed by pressing out the pins (6).

- REMOVING ENIFE EDGE BEARING

1-Seat. 2-Spindle. 3-Governor weight.
4-Enife edge. 5~-Thrust roller. 6-Pin.

*

Assembling Knife Edge Bearings

Press the pins (7) through the weights (4) and the thrust rollers (8). The
rollers must turn ireely on the pins.
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5 , ASSEMBLING ENIFE EDGE BEARINGS

1-Mark. 2-Knife edge. 3-Seat. 4-Governor .
weight. 5-Spindle. 6-Cenierline. 7-Pin.
8-Thrust roller. 9-Stake hole. 10-Pocket.

O . |
, i

R

i
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When dssembling the weight assemblies to the spindle (5), the knife
edge (2) must be carefully and completely seated in the slot in the spin-
dle as illustrated, belore the seat (3) is pressed inio the spindle and
weights.

Be sure the pocket (10), which is drilled into the seat is turned toward
the stake hole (9) in the governor weight.

Align the seat with the mark (1) as shown; and, with the lace of tht_.
weights in a plane perpendicular to the centerline (6) of the spindle, press
the seais into the spindle and weights.

With a suitable punch, force the remaining metal at the bottom of the
stake hole (9) into the pocket (10) in the seat.

ASSEMEBLING THE GOVERNOR
(All Models) '

Assemble the governor in the reverse order of disassembly. Replace all.
seals and gaskets to insure against oil leaks.

All paris which are worn io the extent that motion is lost through the
linkage, should be replaced.

CAUTION

Make sure that all parts move freely before the governor is

put into operation. Make the adjustments given in the topic,
GOVERNOR ADJUSTMENTS (ALL MODELS).
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CROSS-SECTION OF GOVERNOR
{All Models)

1-Seal. 2-Governor spring. 3-Stop - lever shait. 4-Spacer. 5-Top cover. 6-Stop lever

assembly. 7-Fuel rack. 8~Link. 9-Torque spring assembly. 10-Terminal lever assem-

bly. 11-Rollers. 12-Governor housing. 13-Shaft. l4-Bearing. 15-Spindle assembly.

16~Cover. 17-Governor weight. 18-Oil reservoir. 19-Thrust bearing and sliding sleeve.
20-Drain plug.

GOVERNOR ADJUSTMENTS
(All Models)

Check the engine speed with a hand tachometer at the tachometer
drive, located on the hour meter. If the engine is not equipped with a
tachometer drive, one can be obtained and installed on the engine long
enough to make the correct governor high and low idle adjustments. The
tachometer drive registers actual engine speed.

The low idle and full engine speeds can be adjusted by removing the
cover (1) from the top of the governor. |

 GOVERNOR ADJUSTMENTS

1-Cover. Z-Low idle adjusting
screw. 3-High idle adjusting
' screw.

+




Remove the cover and turn the low idle adjusting screw (2) clockwise
io decrease the low idle speed or counterclockwise to increase the speed.

Place the governor control lever in the low idle position and check the
speed at the tachometer drive, The low idle speed is 550 RPM.

The high idle speed adjustment con be made by turning the high idle
adjusting screw (3) clockwise io decrease the speed or counterclockwise .
fo increase the speed. Push the control lever forward and then pull it
back and recheck the engine speed.

The proper full load speed will result from the correct high idle speed.
After the correct speed is obtained, install the cover making sure the -
adjusting screws (2) and (3) are seated properly in the cover (1).

When making the governor adjusiments with the top cover removed,
ihe adjusting screws may turn because of engine vibration. After an ad-
justment is made on one or the other adjusting screws, the housing should
be prick punched near the screw threads. This will hold the adjusting
screw while the second adjustment is made.

Air Cleaners

AIR CLEANER AND PRE-CLEANER
" (All Models)

All models except the D315 Marine Engine use a pre-clecner (1) and
an oil-bath type air cleaner (6).

Air enters the engine through the vanes (2) of the pre-cleaner, which
give it a swirling motion, throwing out the heavier particles into the jar

.

After passing down the inlet pipe (4) to the center oil cup (3), the air
is deflected upward through a series of screens, carrying drops of oil
up onto the screens (3).

The oil absorbs dirt from the air as it passes through these screens.
The screens are sloped so that the air sweeps the dirt-laden oil toward,
the outside of the cleaner where it falls down into the outside or settling
cup. _ -

The oil re-enters the center cup through small holes.
The air inlet pipe can be cleaned without removing the dir cleaner.

The lower screens are removable and can be serviced and cleaned,
without removing the air cleaner from the engine.

To service the upper or fixed screens, the air cleaner should be re‘
moved from the engine.
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AIR CLEANER

1-Pre-cleaner. 2-Vanes. 3-Screens.
4-Inlet pipe. 5-Center cil cup.
6-Air cleaner assembly.
7-Jar.

*

AIR SILENCER
(D315M)

In most cases, the marine engine does not require an oil-bath type air
cleaner, as used on other models;. since these engines do not usually
operate under dusty conditions.

A silencer (2) is used on marine engines as standard equipment.

The inlet holes (3) should be checked occasionally to assure there is
no restriction. They can be cleaned after the silencer has been removed.

AIR SILENCER

1-Inlet manifold. 2-Silencer. 3-Inlet
holes. 4—Fumes disposal iube.

*




The silencer can be removed by removing the nuts holding it to the in-
let manifold (1) and disconnecting the fumes disposal tube (4).

Earlier engines had the fumes disposal tube connected to the inlet
manifold, whereas later engines have the disposal tube connected to the
silencer.

Manifolds

All engines are equipped with an inlet manifold and an exhaust mani-
fold. '

Two types of exhaust manifolds are used and are referred to as water-
cooled and dry manifolds.

The water-cooled manifold is used on heat exchanger-cooled engines.

Cooling for the water-cooled manifold is cxccomphshed by direcling
the engine coolant through cored passages in the manifold, after the
coolant is cooled within the heat exchanger.

The dry manifold is used on radiator-cooled engines.

The exhaust manifold is mounted along the right side of the engine
cylinder head.

The inlet manifold is mounted along the left side of the cylinder head.

Later engines have inlet manifolds which have a pipe assembly in-
stalled through the center of the manifold, through which the siarting
engine exhaust gases pass.

The exhaust gases heat the pipe and bellows assembly, 'W’thh in turn
pre-heais the incoming air from the air cleaner, before the air enters the
cylinders.

Earlier engines have manifolds which do not contain the pipe and
bellows assembly, but which had an air inlet pipe assembly between the
inlet manifold and the air cleaner through which the starting engine ex-
haust gases pass. On these engines the incoming air for the Diesel engine
was pre-heated within the air inlet pipe, before reaching. the inlet mani-

fold.
INLET MANIFOLD
Inlet Manifold Removal (Later Models)
1. Disconnect the air inlet pipe (2) at the manifold (1).

9. Loosen the air inlet pipe supporting capscrews at the starting en-
gine end slightly, just enough to permit slight movement of the pipe.

3. Disconnect the starting engine exhaust pipe (4) at the rear end o.
the manifold.
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REMOVING INLET MANIFOLD
{Later Medels)

1-Inlet manifcld. 2-Bir inlet pipe. 3-Com-
pression release control rod. 4-Starting
engine exhaust pipe.

*

4. Disconnect the compression release control rod at (3).

5. Remove the copscrews which secure the manifold to the cylinder

head and remove the manifold. New gaskets should be used at the
time of installation.

Flow of Air and Exhaust Gases through the Inlet Manifold (Later Models)

Starting engine exhaust gases enter the bellows end of the pipe as-

sembly (6) located within the inlet maniiold (2), through the starting
engine exhaust pipe (4).

The exhaust gases which pass through the pipe assembly (6), heat

the pipe assembly and are then expelled through the pipe (1) at the for-
ward end of the manifold.

| > | 3 4
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FLOW OF AIR AND GASES THROUGH THE INLET MANIFOLD

1-Pipe. 2-Inlet manifold. 3-Air inlet pipe. 4-Starting engine exhaust pipe.
5-Air inlet port. 6-Pipe assembly.
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The bellows which is a part of the pipe assembly (6) permits the pipe
to expand when heated.

Incoming air from the air cleaner for initial starting of the Diesel engine,
enters the manifold at the air inlet pipe (3). The air flows around the
tube assembly (6) where it is warmed before entering the air inlet ports
(5) of the cylinder head.

" Inlet Manifold Disassembly (Later Models)

1.: To remove the pipe assembly (5) from the inlet manifold (3), the
manifold must be removed from the engine.-

2. Remove the exhaust pipe (1) and gasket (2), at the forward end of
the manifold.

3. Observing the manifold from the rear, place a blunt instrument
(which will just fit inside the bellows) against the end ol the pipe
assembly (5) at point (4) shown in inset of illustration.

4. Push the pipe forward in the manifold just enough to permit re-
moval of the retainer rings (6). Never push the tube farther than
absolutely necessary, otherwise the bellows will be damaged.

5. After the rings have been removed, pull the tube assembly from the
rear end of the manifold. ‘

6. Inspect the condition of the pipe and bellows.

REMOVING PIPE AND BELLOWS ASSEMBLY

l-Exhaust pipe. 2-Gasket. 3-Inlet manifold. 4-Point on pipe. 5-Pipe assembly.
6-Retainer rings.
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7. Install the pipe assembly in the reverse order of removal, using the
blunt instrument against the end of the pipe to assist in retainer
ring installation.

EXHAUST MANIFOLD (DRY)

‘The dry-type exhaust manifold is used on all radiator-cooled engines
and is mounted dlong the right side of the engine cylinder head.

Manifold Removal

The) exhaust mcmifo]d (2) can be removed after reinoving the nuts (1)
and the clamps (3).

New gaskets should be used at time of installation and should be
centrally located over the exhaust ports in the cylinder head.

REMOVING THE EXHAUST
MANIFOLD (DRY)

I-Nut. 2-Exhaust manifold. 3-Clamp.

*

EXHAUST MANIFOLD (WATER-COOLED)

The water-cooled manifold is used on heat exchanger-cooled engines,

or on engines equipped with cn expansion tank, usually marine installa-
tions.

The manifold is mounted along the right side of the cylmder head and
receives its coolant from the fresh water cooling system.

The ifresh waler coolant passes around the iniegrally cast passages,
within the manifold and this cools the Diesel engine exhaust gases as
they are expelled.

Exhaust Manifold Removal (Water-cooled)

Drain the fresh water coolant irofﬁr-'-the manifold (2), then remove the
nuts holding the manifold to the cylinder head.
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EXHAUST MANIFOLD REMOVAL (WA_TER-COOLED)
1-Starting engine air cleaner. 92-Water-cooled exhaust manifold.

3-Adapter housing. 4-Heat exchanger.
Remove the starting engine air clecner (1).
Remove the four capscrews connecting the maomifold to the adapter
housing (3).
NOTE

Two of these capscrews are parily hidden from view and
they are located between the adapter housing and the heat
exchanger (4).

Remove the manifold.

At the time of assembly it would be wdvisable to start these
capscrews first.

Cylinder Head
(All Models)

A one-piece cylinder head is used on this engine. Copper water direc-
iors direct the flow of coolant toward the valve ports and pre-combustion
chambers.

Rubber seals and ferrules seal the water passages between the cylin-
der head and cylinder block.

The inlet and exhaust valves and the valve rocker arm mechanism are
a part of the cylinder head and valve mechanism.

Properly adjusted valves will operate for many hours before they neec.
io be reconditioned. Eventually, however, the valve faces and seats may
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become pitted which ultimaiely allows compression pressure losses.
Valve leakage can often be heard distinctly in the manitolds.

Worn piston rings, improperly adjusted valves or a damaged cylinder
head gasket will result in loss of compression; therelore, these items
should be checked before concluding that the valves are at fault.

The cylinder head can be removed separately or with the inlet and
exhaust manifolds installed.

At the time of removal, if possible it should first be determined what
work, is to be done and which method of removal is best suited for the
work to be done. '

Remove or disconnect any parts that are atiached to the cylinder head
that would restrict its removal or installation. See the topic, CYLINDER
HEAD REMOVAL.

CYLINDER HEAD REMOVAL
(All Models)

1. Drain the coolant from the cooling system.

2. Remove the starting engine air cleaner (1).

3. Remove the starting engine fuel tank bracket (4).

4. Remove the water elbow which connects the starting engine cooling
system to the Diesel head (6).

5. Remove the heat indicator cable (5} from the head.

6. Remowve the exhaust manifold (2).

7. Remove the capscrews which secure the regulator housing (7) to the
cylinder head. '

CYLINDER HEAD REMOVAL

1-Starting engine air cleaner. 2-Exhaust manifold, 3-Diesel cylinder block. 4-Fuel
iank bracket. 5-Heat indicator cable. 6-Cylinder head. 7-Regulator housing.
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8. Loosen the.capscrews which secure the regulator housing to the
Diesel cylinder block {8).

9. Remove the capscrews which secure the fuel filter heater elbow (8) .
‘to the regulaior housing. '

10. Remove the compression release control rod (14).

11. Disconnect the fumes disposal tube (13) at the air inlet pipe (12).

12. Remove the air inlet pipe (12) and air cleaner (15) as a unit. .
13. ‘'Remove the air inlet manifold (10).

14. Remove the valve cover (9).

15. Remove the fuel injection lines (11). Install plugs at the ends of the
lines and cap the openings to the pumps and valves.

CYLINDER HEAD REMOVAL

8_Flbow. 9-Valve cover. 10-Inlet manifold. 11-Fuel lines. 12-Air inlet pipe. 13-Tube.
_ 14-Compression release control rod. 15-Air cleaner.

16. Remove the valve rocker assembly. See the topic, VALVE ROCKER-
ARM REMOVAL (ALL MODELS). ‘

17. Remove the push rods.

0

18. Remove all the nuts and washers which hold the head to the cylinder |
block.

NOTE

The cylinder head can be removed by using the cross-bar
(16), which is part of the 8B7548 Push Puller, with washers,
nuis and a suitable eye-bolt, as illustrated.
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CYLINDER HEAD REMOVAL
16—Cross-bar.

19. With a pry bar positioned so not to damage the head, pry the head
up and away from the cylinder block, as a final check to see that
everything has been disconnected, before lifting off the head.

20. Using a suitable hoist, remove the head and place it on a clean
work bench. '

WATER DIRECTORS, SEALS AND FERRULES
(All Models)

There are eight water directors (2) pressed into the head (1)} io direct
the flow of coolant to certain points.

'On the inlet side, coolant is directed toward the pre-combustion cham-
bers; and on the exhaust side, toward the exhaust valve ports, as indi-
cated by the V-marks.

WATER DIRECTORS
1-Cylinder head. 2-Water direcior.
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Water directors are pressed into place in the heads after aligning the
notch on the director with the V-mark on the head.

The rubber seals and copper ferrules between the head and top of the.
~ block are replaceable. Coat the inner surface of the seal with soap and
place the groove in the rubber seal over the ridge on the ferrule belore
installing. '

Water Director Removal and Installation

The water directors can be removed from the cylinder head (5) as fol-
lows, using a tool similar to the tool illustrated. - )

1. Place the hook end of the rod (4) into the water diréctor discharge

hole (6).

/ i WATER DIRECTOR REMOVAL

\ : A-Inside diameter of water director
. plus 1/16". B-Director water discharge

1

' hole diameter minus approximately
; I"A'l "IB|‘ 17927, 1-Nut. 2-Flat washer. 3-Spacer.
]

i

'

W hH v

T T 0) 4-Rod. 5-Cylinder head. 6-Water dis-

3" ’l ,. charge hole.
76 b

i
i
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2. Place a piece of 3" pipe approximately 14" long as a spacer (3)
between the cylinder head (5) and the flat washer (2).

-N

3. Install and tighten the nut (1) to remove the water director from the
head.

4. To install the water directors in the cylinder head, align the notches'
in the direciors with the V-marks stamped on the cylinder head and*
with a suitable tool either drive or press the directors into the head,
until they are flush with the counterbored face around the director,
holes.

PRE-COMBUSTION CHAMBERS
(All Models)

The pre-combustion chamber (3) is threaded and screwed into th
cylinder head (5) and sealed in place with a retainer (1) in which rubbe
ring-type seals (2) are used.
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PHE-COMBUSTION CHAMBER

1-Retainer. 2~-Rubber seals. 3-Pre- ‘ g | 3
combustion chamber., 4-Gaskel, Wi
5-Cylinder head.

*

~ T,

The rubber seals prevent the leckage of coolant past the retainer.

TH285

The gasket (4) prevents combustion gases from entering the cooling
system as well as preventing the leakage of coolant into the cylinder.

For installing pre-combustion ¢hambers equipped with glow plugs see
the topic, REMOVAL AND INSTALLATION OF PRE- COMBUSTION
CHAMBERS EQUIPPED WITH GLOW PLUGS.

Pre-combustion Chamber Removal and Installation (All Models)

The 5F9217 Tool Group is available for removal and installation of the
pre-combustion chambers. After removing the fuel injection valve assem-
bly, remove the retainer (3) in the following manner:

Place the 5F9072 Spacer (2) in the pre-combustion chamber and turn
the 142208 Screw (1) in the retainer (3) and against the spacer until the
retainer comes out of the c¢ylinder head. See Fig. A.

The pre-combustion chamber (5) is then removed by placing the
SF8353 Wrench Adapter (4) in the serrations of the pre-combustion cham-
ber and turning it out of the cylinder head in a counterclockwise rotation,

see Fig. B.

1f the pre-combustion chamber has been removed while the cylinder
head is removed from the engine, clean out the water jacket of the head
thoroughly.

If the pre-combustion chamber is removed while the cylinder head is
still on the engine, carefully clean the water jacket of the head so as not
to drop anything into the cylinder.

This can be done by using a long screw driver with a coating of heavy
grease. The dirt will adhere to the grease and can be removed out
through the pre-combustion chamber bore at the top of the head.
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PRE-COMBUSTION CHAMBER TOOLS

1-1A2208 Screw. 2-5F9072 Spacer. 3-Retainer. 4-5F8353 Wrench Adapter. 5-Pre-
combustion chamber. 6-4B4285 Washer. 7-L1017 Nut. 8-6F5515 Screw.

If a cylinder head has collected an excessive amount of scale or rust
within the water jacket, remove the cylinder head and clean it thorough-
ly. This is also an indication that the entire cooling system should be
cleaned. See the covering topic.

Use a new gasket, coat it with a thin layer of grease on the bottom
side of the gasket and place the gasket into the gasket seat bore of the.
cylinder head. The grease will help retain the gasket in place while
installing the pre-combustion chamber.

Insert the pre-combustion chamber in the cylinder head and tighten
with the 5F8353 Wrench Adapter (4) to 200 pound {eet.

Coat the chamiered portion of the cylinder head and the new rubber
ceals with soap. ‘

Place the retainer over the pre-combustion chamber and start it inio
the cylinder head and on the pre-combustion chamber. Using the 4B4285
Washer (8), the 6F5515 Screw (8) and the L1017 Nut (7) as illustrated in
Fig. C, turn the nut clockwise until the retainer bottoms.

Removal and Installation of Pre-combustion Chambers Equipped with ‘
Glow Plugs ' .

Disconnect the electrical leads to the glow plugs (2).

Remove the glow plugs.

NOTE

The pre-combustion chambers (3) and the gasket (4) must
be marked so that they can be installed in their original
locations unless new gaskets are to be installed.
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PRE-COMBUSTION CHAMBER
EQUIPPED WITH GLOW PLUG

I—Reluinei. 2-Glow plug. 3-Pre-combustion
chamber. 4-Gasket.

*

Remove the retainers (1) and pre-combustion chambers as explained
in the topic, "PRE-COMBUSTION CHAMBER REMOVAL AND INSTALLA-
TION" (All Models).

The gasket (4) is supplied in six different thicknesses which are marked
“"A" thru “F“. With the proper thickness gasket and the recommended
torque of 200 pound feet to tighten the pre-combustion chambers into the
head, the glow plugs and the elecirical connections will be positioned
clear of the fuel lines or other points-of interference.

The following chart can be used to properly position the pre-combus-
tion chambers, if new gaskets are installed.

The segment (A) of the circle is the position on which the glow plug
will clear any points of interference, when installed in the pre-combus-
tion chamber.

Install the pre-combustion chamber, using one of the gaskets marked
for the segment (A) and tighten to a torque of 200 pound feet.

PRECOMBUSTION CHAMBER
POSITIONING CHART

A thru F-Segments.

. F B

TIS655
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1f the glow plug opening is not within the segment (A), note the seg-
ment on the chart that corresponds to the position of the glow plug open-
ing. For instruction purpose, assume that the obg:aning is within the seg-
ment (D).

Remove the pre-combustion chamber and discard the gasket "R,

Select a gasket that is marked for the segment that the glow plug
opening stopped within (In this case select a gasket marked D).

Using this gasket, reinstall the pre-combustion chamber and tighten to
200 pound {eet torque. ' '

The glow plug opening will now be within the segment (A).

The retainer is installed as described in the topic, “"PRE-COMBUSTION
CHAMBER REMOVAL AND INSTALLATION" (All Models) except that a
914649 Guide Screw is inserted into the recess for the glow plug in the
pre-combustion chamber. This will correctlf( position the retainer over
the hole for the glow plug.

Install the glow plugs and tighien to 10 to 12 pound feet torque.

CYLINDER HEAD INSTALLATION
(All Models)

A cylinder head gasket can be used more than once if it is not dam-
aged. If the gasket shows cracks or blow-by marks, a new gasket should
be installed.

Install the head gasket, the ferrules and new rubber seals. There are
eight large and two small ferrules and seals o transmit the coolant from
the cylinder block to the head. There is also one small ferrule and seod't
located on the lifter side, which transmits oil from the block to the rocker
arm assembly. ‘

When installing the head on the cylinder bleck, see that the ferrules
and rubber seals siart properly in the head. Rock the head gently until it
seats flat on the head gasket.

Install the cylinder head and the hold-down nuts (1) and (2) and tigh‘
en. See the topic, SPECIFICATIONS.
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CYLINDER HEAD NUT TIGHTENING PROCEDURE
. 1-54" nut. 2-14" nut.

Install the push rods and valve rocker arm mechanism. Securely
tighten the nuts which hold the valve rocker arm mechanism in place.
Set the valve clearances to .010” hot.

Valves and Valve Mechanism
(All Models)

The valves (7), which operate in valve bushings (5), admit and release
the air and gases to and from the cylinders.

This engine is of the four-stroke cycle, having four separate strokes
required for each cylinder to complete one cycle.

The camshaft (8) is timed to the crankshaft by the engine timing gears
and turns one-half crankshaft speed. See the topic, TIMING GEARS
AND TIMING MARKS (ALL MODELS). -

The operation of the valves and the valve mechanism is as {ollows.

The compression release for starting is accomplishéd by a lever-oper-
ated cam (4) which contacts the inlet valve rocker arm (1) and holds the
valve open. A spring-loaded plunger holds the cam in the “start” or "run”
position. '

When the compression release mechanism is positioned to "run”, the
inlet valves are permitted to seat in the head, thus permitting compres-
sion to build up within the cylinder.

As the camshalit turns in time with the crankshaft, the camshatlt oper-
ates the valve lifters (8), which in turn move the push rods (6) upward at

the correct time.
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VALVE MECHANISM

1-Rocker arm. 2-Valve inner spring. 3-Valve outer spring. 4-Compression release
cam. 5-Valve bushing (earlier type). §-Push rod. 7-Valve. 8_Vaive lifter (earlier type).

9-Engine camshait.

The push rods and the rocker arms open the inlet and exhaust valves
and the valve springs (2) and (3) close the valves as the valve lifters
come in contact with the base circle of the camshaitt.

INLET STROKE

The inlet valve opens when the crankshaft is ahead of its top center
position. The valve remains open until the crankshatt is past its bottom
center position. As the piston moves downward air is drawn into the
cylinder.

COMPRESSION STROKE

As the piston moves upward, the irapped air becomes greatly heated.
At a specified point belore the crankshaft is again at its top center posi:
tion, fuel is injected into the cylinder and ignited by the heat of air com-
pression.

POWER STROKE

The combustion of fuel creaies a greatly increased pressure above that
of compression which moves the piston downward for the power stroke.
The engine firing order is 1-3-4-2 and the crankshait turns in a count
clockwise rotation when facing the flywheel.
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FOUR-STROKE CYCLE

EXHAUST STROKE

The exhaust valve opens before the crankshaft reaches its bottom
center position, ql]owing the exhaust gases to be expelled on the ex-
haust stroke. The exhaust valve closes after the crankshait reaches its
top center position. The cycle is now completed.

For the proper method of checking valve timing, see the topic, CHECK-
ING VALVE TIMING (ALL MODELS).

REMOVING ROCKER ARM ASSEMBLY AND VALVE COVER BASE

1. Remove the valve cover (1).

2. Disconnect the inner end of the compression release control rod (2).

REMOQVING VALVE COVER

1-Valve cover. 2-Compression
release conirol rod.

L J
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PREPARING FOR REMOVAL OF VALVE COVER
BASE AND ROCKER ARM ASSEMBLY

3_Capscrew. 4-Nut. 5-Valve cover base. 6-Rocker arm assembly.
3. Disconnect the oil supply tube at the head.

4. Remove the capscrews (3) ond the nuts (4) which hold the valve
cover base (5) and the rocker arm assembly (6) to the cylinder head.

5 Lift the valve cover base and rocker arm assembly from the engine
as a unit as illustrated.

LIFTING VALVE COVER BASE AND ROCKER .
ARM ASSEMBLY FROM ENGINE

VALVE ROCKER ARM AND BRACKET REMOVAL .
AND INSTALLATION

Remove the compression release shait. See the topic, COMPRESSION

RELEASE MECHANISM.

Lift the rocker arm assembly from the valve cover base.

Remove the oil line fitting (8) from the bracket (2) and shait (1).
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REMOVING ROCKER ARM
AND BRACKET

1-Shaft. 2-Bracket. 3-Rocker arm.
4-Spring. 5-Cetler pin. §-Washer.
7-Washer. Bf-Fitiing.

*

Remove the cotter pin (5), then pull the washer (8), spring (4), washer
(7), rocker arm (3) and the bracket (2) off the shalft (1).

When installing the rocker arms, brackets and other parts on the shatt
(1), be certain the rocker arms which are equipped with compression
release cam contact buttons, are placed on the shaft so they will operate
the inlet valves,

This is important, otherwise the compression release mechanism will
not operate as it should. '

" Install all parts in the reverse order of disassembly.

COMPRESSION RELEASE MECHANISM
(All Models)

The compression release opens the inlet valves for all cylinders allow-
ing the Diesel engine to be easily cranked.

The compression release shatft is locked in the “"RUN" and “START"
positions by a spring-loaded plunger (1), which engages in a cam (2) on
the shaft. Each inlet valve rocker arm is fitted with a bution (4) which
rides on the shatt.

When the compression release is in the “RUN" position, {lat sections
(5) on the shaft allow normal operation of the inlet valves. :

When the shaft is turned to the "START" position, the high portions of
the shaft contact the inlet valve rocker arm buttons and hold them open.
The normal clearance between the inlet valve rocker arm button and
flat of the shatt is about .125".

Remove the capscrew holding the compression release lock cam (2)
and move the lock cam off the key.

Remove the key from the shaft and the retaining screw from the lever
end of the cover base. The shaft will now slide out. Care should be taken
not to damage the lip-type seal at the lever end of the valve cover base.
This sedl is installed with the lip inward.
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COMPRESSION RELEASE MECHANISM
1-Plunger. 2-Cam. 3-Inlet valve rocker arm. 4-Button. 5-Flat section on shaii.

INLET AND EXHAUST VALVE REMOVAL AND INSTALLATION
(All Models)

Two springs are used on each valve. The smaller or inner spring (5)
prevents a valve (4) from dropping onto the piston should the heavier
spring (1) break. Valves are held in the cylinder head by o retainer (2
and locks (3)..

Intermediate and later engines have shorier, stiffer valve springs
which provide longer service life for the valves and valve seats. A spacer
(9) is used below the shorter valve spring and a different retainer is
required. Later engines have the spacer and bushing integral.

IDENTIFICATION MARKS

A-Chalk marks used for identification and location of valves.
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VALVE GROUP (EARLIER ENGINES)

1-Ouler valve spring. 2-Valve spring retainer. 3-Valve locks,
4-Valve. 5-Inner valve spring.

After removing the cylinder head from the engine, make identification
marks (B) on the face of the head and the valves. This will be helpful if
the valves are inspected only and not reconditioned. Then the valves can
be installed in their original positions.

The illustration shows the 7F4292 Valve Spring Compressor Group (7)
and (10) being used. The adapter (7) threads onto a rocker arm stud (B).

Also shown is a simple tool (8) which can be made to hold valves in
place while installing valve springs.

If the valves were removed for inspection only, make sure they are in-
stalled in the same positions from which they were removed.

VALVE HOLDING TOOL COMPRESSING VALVE SPRING
: 6~-Hocker arm stud. 7-Adapter. 8—Valve
holding icol. 8-Spacer (intermediate
type. bushing later type). 10-Valve
compressor tool,
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Exhaust valves are marked "EX" and inlet valves are marked “'IN" for
identification and must be installed accordingly.

Inlet valves have a small groove around the top of the stem for identi- .
fication after the head has been installed.

‘Lubricate the stems and bushings for initial starting.

VALVE STEM BUSKINGS
(All Models) :

The inlet and exhaust valves operate in replaceable valve stem bush-
ings. On laier engines the valve stem bushing and the spacer under the
valve springs are integral. Aiter the valves have been removed, clean
the valve stems and the valve stem bushings.

The valve stem bushing wear should be checked with a gauge or by
using the pilots furnished with some makes of valve seat regrinding
equipment. Generally the pilots are supplied in graduated sizes. Use a
micrometer io measure the diameter of the largest pilot that will pass
through the bushing. This dimension will indicate the wear in the bush-
ing, excluding possible out-of-roundness.

Normal valve stem clearance in the valve stem bushings is from 004"
o 006" for inlet valves and .005” to .007" for exhaust valves. Maximum
permissible clearance is .012”.

The wear of the valve stems can be checked by the use of a 0" to 17
micrometer. The valve stem should be measured in three places. Use the
measurement near the top of the valve stem where the valve stem does
not touch the bushing as the criginal valve stem diameter.

~ The valve stem bushing (2) con be pressed or driven out by the use of
the 4H445 Valve Bushing Driver (1) from the inside of the head.

INSTALLING VALVE STEM
BUSHING .

1-4H445 Valve Bushing Driver.
2-Valve stem bushing.

*
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The bushings should be pressed or driven into place carefully with
the 4H445 Valve Bushing Driver shown in the accompanying illustration
to prevent damage to the bushing. A .440”-.441" reomer run through the
bushings after they are installed will insure correct valve stem clearance.

Valve Inspection and Reconditioning (All Models)

The valves should always be carefully inspected. If the valve faces are
pitted or making poor contact with the valve seat, they can be renewed

in a valve refacing machine. If the valves are deeply pitted, badly warped

or worn, they should be replaced. .

The 45° valve seats can be ground with a valve seat grinding tool.
Care should be exercised in iis use as too much material may be re-
moved quickly and unknowingly.

After the valve seais have been ground until they are smooth and con-
centric with the valve guides, all parts should be cleaned thoroughly.

Checking Valve Seats (All Models)

Coat the valve face (2) with Prussian blue and rotate the valve in the
valve seat. Remove the valve and examine the contact pattern on both
valve and seat. The entire circumierence of the valve seat (1) should
indicate contact with the valve.

A valve seat (1) width of .106”-.110” should be maintained. To narrow
the seat use a 30° stone or fly cutter.

The maximum depth a valve seat should be cut into the cylinder head
is 59/64". The measurement should be taken after (E) has been restored.
This measurement is taken from the face of the cylinder head to the top
of the valve seat at (E).

.
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VALVE FACE AND SEAT WIDTH VALVE SEAT SPECIFICATIONS
1-Valve seat. 2-Vailve face. X-Distance
from machined suriace of head to 167
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Complete valve seat specilications are also given.

INLET EXHAUST INLET EXHAUST
A 45° 45° E | 1.9625.1.9685 1775 - 1.778
B 4y, aY F 495..436 | . .434-.435
c s4y,° 441/,° G | .440-.441 440 - 441
D | 2023-208 1835-1845 || H 1.8125 1625

, K 0937 0937

When grinding the valve face (2). do not remove any ‘more material
than necessary. The measurement between the top of the valve and the
top of the valve face should never be less than 3/64", to prevent “dishing
out” of the top of the valve.

Valves can be checked for “dishing out” by placing a straight-edge
on the top of the valve. Valves that are dished out should be replaced.

After the valve seats have been ground until they are smooth and con-
ceniric with the valve guides, all parts should be clecned thoroughly.

VALVE TIMING
(All Models)

The inlet and exhaust valves are lifted off their seats by the rocker
arms which are operated by the push rods and the valve lifters.

The valve lifters in turn are moved upwards in the valve lifter guides
as the camshalt lobes come in contact with the valve lifters.

After the valves have been fully opened and the valves begin o re-
turn to their seais, the valve springs supply the force to seat the valves
in the cylinder head and the valve lifters are then returned to the base
circle of the caomshatit and the cam lobes no longer touch the valve lifters.

The camshalt and the camshaft gears are timed together by a key and,
keyway.

The camshalt gear is timed to the crankshait gear as described in the-
topic, TIMING GEARS AND TIMING MARKS (ALL MODELS).

The camshaft turns one-half crankshait speed, thus requiring the crank-
shalt gear to rotate 720° in order to permit the camshaft and the camshaft
gear to rotate 360°.

See the iopic, VALVES AND VALVE MECHANISM (ALL MODELS), io.
the liring order and the description of the four-stroke cycle of the engine.
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Seldom if ever will it be necessary to check the valve timing as there
is little chance that the timing gears or the flywheel are marked incor-
rectly or installed incorrectly. However, if for any reason it is desired to
do so, it can be done as described in the topic, CHECKING VALVE TIM-
ING (ALL MODELS).

CHECKING VALVE TIMING
(All Models)

Checking Valve Timing with Dial Indicator

Adjust the valves to the correct clearance. It is important that the
valves be set in the correct firing order. Reset to .010" hot after checking
valve timing.

The inlet valve of No. 1 cylinder must be adjusted to .010“ cold, to
produce the following timing data.

Reler to, SPECIFICATIONS, for the correct firing order and illustration
of the cylinder numbering.

STEP 1

Rotate the crankshait in the direction of engine rotation until the top
center mark for No. 2 and 3 cylinders which is stamped on the flywheel,
appear in alignment with the flywheel pointer when No. 3 cylinder is on
its compression stroke. At this point the No. 1 piston should be coming up-
ward on its exhaust siroke and the exhaust valve should be open, with

the inlet valve closed.

Install & dial indicator as illustrated on the inlet valve retainer of No. 1
cylinder. '

STEP 1

Dial indicator mounted on the inlet valve

retainer of No. 1 cylinder. Dial indicator

to read “0” with T.C. 2 and 3 in alignment

with the flywheel pointer, with Neo. 3 cylin-
der on its compression siroke.

*

!

I T1se8i
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There must be clearance between the checking tool and the valve
spring retainer atter the tool is in place. Measure this clearance with a
thickness gauge and record the amount of clearance.

STEP 2

Rotate the crankshaft in the direction of engine roiation until the top
center mark for cylinders 1 and 4 on the flywheel are aligned with the
{lywheel pointer.

With the crankshaft at this position, check the clearance between the
checking tool and the inlet valve spring retainer. From this measurement,
deduct the amount of clearance measured in Step 1. The difference be-
tween the two measurements should be .043" % 010" if the engine timing
is correct. '

Readings obtained by using the thickness gauge checking method,
should provide readings that will correspond favorably with those ob-
tained when checking is done with a dial indicator.

STEP 2

Thickness gouge measurement minus
original amount of checking tool clearance
1o be .043" = .010”, when the top center
mark on the flywheel for cylinders 1 and
4 are aligned with the flywheel poinier.

4

CHECKING THE FLYWHEEL TOP CENTER MARKS
(All Models)

Top center marks can be checked if it is suspected that the flywheel.
pointer is not located correctly, if no mark is legible on the flywheel
through the inspection opening when No. 1 piston is at top center or if
the pointer has been removed from the housing. In the latter case, install
the pointer.

To check the top center mark for No. 1 cylinder, be sure the piston ii
at the top, on the compression stroke. This can be determined by remov
ing the valve cover and rotating the crankshaft in the direction of engine
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‘1-Rocker arm. 2-Wire, 3-Locking cam.

CHECKING FLYWHEEL TOP
CENTER MARKS

4-Suppert.
*

rotation until the inlet valve starts to close. This piston will then be going
up on the compression stroke. Remove the front inspection cover from
the left side of the engine block and continue turning the crankshaft until
the No. 1 connecting rod is at its uppermost point. The piston will then
be at approximately top center.

l.
2.

Remove the cover over the flywheel pointer.

Loosen the No. 1 cylinder inlet valve adjusting scréew enough to
permit removal of the push rod and remove the rod.

Loosen the capscrew which secures the compression release shatft
locking cam (3) to the shatt.

Slide the cam toward the rear of the engine about one half the width
of the cam.

Move the inlet valve rocker arm (1) toward the rear of the engine far
enough to clear the valve and springs.

Block the rocker arm at this position by placing a suitable spacer-
between the rocker arm and the rocker arm shaft support (4) as illus-
trated. '

.Compress the valve springs and remove the locks, spring retainer

and springs from the inlet valve.

CAUTION

Wrap a piece of wire (2) several times around the valve
stem in the groove which accommodates the valve locks, to
prevent the valve from {alling out of the cylinder head in
-event the crankshatt is turned too far. '

173



Place a dial indicator as illustrated, above the valve stem so that the
anvil of the indicator rests upon the end of the valve stem. Be sure the
valve rests upon the piston and that the valve moves freely in the valve

‘Rotate the crankshaft slightly clockwise and counterclockwise and

stem bushing.

locate the highest point of piston travel and set the indicator at "0" at
that point.

Be sure that the indicator deviates from 0" reading when the flywheel
is sfightly rotated in either direction. With the indicator in the position
which indicates the No. 1 pision is at fop center, check whether the TC
1 & 4 mark on the flywheel is even with the pointer.

At this point, the pointer should be in line with the top center mark on
the flywheel. If the pointer is not even with the mark on the {lywheel,
establish a mark on the flywheel in line with the pointer.

With the mark lined up with the pointer, both valves for No. 1 cylinder
should be closed and the fuel injection pump lifter should be 1.736" when
checked with a depth gauge. Some engines built to special arrange-
ments have special lifter settings. See the information plate on the engine.

1f the valves are not closed or the lifter setting is not correct, it may be

that the marks on the timing gears are not maiched correctly or we
marked in error. '

For other information on timing, see the iopics, FUEL PUMP LIFTER
SETTING (ALL MODELS) and TIMING GEARS AND TIMING MARKS
(ALL MODELS).

VALVE LIFTER REMOVAL AND INSTALLATION
(All Models)

The valve lifters operate in guides which are attached to the right side
of the cylinder block.

Remove the valve cover, loosen the rocker arm assembly and lift out
the push rods.

Remove the crankcase filler and breather assemblies whenever neces-
sary and the oil filter case from the filter base.

After four capscrews, two of which are ground-finished for aligning

¢

purposes, are removed, each valve lifter guide assembly (1) can
tilied out at the iop and lifted out of the cylinder block.
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The valve lifters (3) can be slipped out of the guides after the snap
rings (2) at the top are taken off. If the snap rings are weakened or dis-
. ) torted, new ones should be installed.

REMOVING VALVE LIFTERS
AND GUIDE

1-Valve lifter auide assembly.

L 4

The clearance between new giudes and lifters should be from .0015"
to .003". ‘

. L Replace the valve lifters or guide if the clearance exceeds .008".

Install in reverse order of removal making sure all parts are working
freely.

_ VALVE LIFTERS AND GUIDE
. ~  2-Snap ring. 3-Valve lifter.
. N

5787
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Timing Gears
(Al Models)

TIMING GEAR COVER REMOVAL AND INSTALLATION .
(A1l Models) ‘:

Timing gear cover removal (with the exception of the removal of dil- -
ferent types of accessories and attachments located at the front of the
engine) is similar for all models.

See the covering topics, for method of removing and installing these
parts. - )

PREPARING TO REMOVE TIMING
GEAR COVER

1-Fan ussemblf. 2-Fan belt.
3-Water line.

*

The following procedure describes the removal of the timing gear
cover from a D315 Industrial Engine:

1. Drain the lubricant from the cil pan.
9 Remove the cover from the left side of the oil pan.

3 Remove ihe radiator assembly, the fon assembly (1), and the fan
belt (2). )

4. Remove the waier elbow, pipe cnd hose connection (8) as a unit.

5. A'hollow screw (B) retains the crcrnkshaft pulley (A) on the crank-
shaft. A capscrew (C) having leli-hond threads secures this hollow
screw. Remove the lock (D) and the capscrew Q).

6. The 1B4657 Special Socket Wrench can be used for removing the
large screw. Use the puller holes provided and the 8B7548 Pull
with two 8B7557 Adapters as shown ond remove the pulley {rom 16
crankshatt. Remove the key. '
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CRANKSHAFT PULLEY REMOVAL
A-Pulley. B-Screw. C—Capscrew. D-Lock.

7. Loosen all the capscrews holding the oil pan (6) to the eylinder block,
the timing gear housing, the timing gear cover (4) and the ilywheel
housing (7).

8. Remove the capscrews holding the oil pan to the timing gear hous-

3 ing (5) and the timing gear cover. Carefully lower the pan about

. : 14 inch. Use a putty knife to pull the pan gasket away from the
timing gear cover. .

9. Install a heavy shim stock spacer (12) between the pan ond the
cylinder block on both sides of the engine. This will hold the pon
away from the timing gear cover and avoid damage to the pan
gasket when the cover is removed.

. ' . LOOSENING THE OIi. PAN
4-Timing gear cover, 5-Timing gear housing. 6-0il pan. 7-Flywheel housing.
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11

12.

13.

14.

15.

16.

REMOVING THE TIMING _
GEAR COVER :

8-Lifting eye. 9-Clamp screw. 10-Cover.
11-Support. 12-Spacer. ‘

L 4

Raise ihe front of the engine just enough to icke the weight from the
front support (11) and place a wooden block under the front of the
oil pan. A suitable hoist attached 1o a 4F9660 Lifting Eye (8) can be
used to raise the engine. Be sure the engine is blocked securely ii

“the hoist is removed.

Loosen the clamp screw (9) on the front support. .

Remove the capscrews holding the front support to the timing gear
cover. Remove the support.

NOTE

When reinstalling the front support, leave the clamping
screw loose until the engine has been placed back in its
permanent installation, leveled and lined up. Then tighten
the clamping capscrew.

Remove the tube which connects the salety shut-off to the timing,
gear cover, il so equipped.

.

Remove the auxiliary drive cover (10). . .

Remove the capscrews and the bolts holding the timing gear cover
to the timing gear housing and remove the cover.

It the crankshatt oil seal has been removed, do not replace the seal
until the cover has been installed on the engine. Install the seal wi.
the wiping edge out. A 7B7918 Driver can be used for this.
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TIMING GEARS AND TIMING MARKS
{All Models)

The engine timing gears are located within the timing gear housing
(4). See the topic, TIMING GEAR COVER REMOVAL AND INSTALLA-
TION (ALL MODELS), for the procedure of removing the timing gear
cover.

TIMING GEARS

A—Tlm:lng marks for large camshaft gear to crankshaft gear. B-Timing marks
for accessory idler gear to camshaft gear. C-Timing marks for accessory shalt
gear to idler gear. D-Timing marks for balancer drive gear to idler gear. E-Tim-
ing marks for camshaft gear to balancer idler gear. l-Large camshait gear.
2-Accessory shaft gear. 3-Small camshalt gear. 4-Timing gear housing. 5-Acces-
sory idler gear. 6-Balancer idler gear. 7-Balancer drive gear, 8-Crankshait gear.

The camshaft gear consists of two gears made integral. For reference
purposes we refer to the large gear as gear (1) and the small gear as
i gear (3).

The large camshaft gear (1) is driven by the crankshait gear (8). These
gears are timed by the mating teeth at (A).

The small camshaft gear (3) in turn drives the accessory idler gear
(5) and is timed by the mating teeth at (B).

The accessory shaft gear (2) is timed to the accessory idler gear at (C).

The baloncer idler gear (6) is driven by the large camshait gear (1)
and it is timed at (E).

The balancer drive gear (7) is driven by the idler gear (8) and it is
timed at (D). See the topic, TIMING THE BALANCER.
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The auxiliary drive housing (when installed) is attached to the timing
gear housing (4) and the timing gecr cover.

The atiachments that are installed to the timing gear housing and the.

timing gear cover are driven by the large camshaft gear (1).

Camshatt
(All Models)

The camshaft is driven by the camshaft gear which meshes with the
crankshaft gear. The cams which actuate the ‘inlet and exhaust valves
are forged integrally with the shatt.

CAMSHAFT AND CAMSHAFT GEAR REMOVAL AS A UNIT
(All Models)

1. Remove the valve lifter assemblies as described in the topic, VALVE
LIFTER REMOVAL AND INSTALLATION (ALL MODELS).

2 Take off the timing gear cover as described in the topic, TIMING
GEAR COVER REMOVAL AND INSTALLATION (ALL MODELS).

3. Slide off the accessory idler gear.

4 Bend down the locks on the capscrews which hold the thrust plate (3’
to the timing gear housing and remove the capscrews by using a
wrench through the hole in the camshaft gear.

5. Withdraw the camshaft (1) and gear (2) carefully to avoid damag-
ing the camshalt bearings and the oil pump drive gear. The maxi-
mum permissible clearance between the bushings and shaft is .010~.

CAMSHAFT REMOVAL

1-Camshaft. 2-Camshaft gear.
3-Thrust plate.

*
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The camshaft gear can be removed separately without femoving the
camshaft. See the topic, CAMSHAFT GEAR REMOVAL AND INSTALLA-
TION (ALL MODELS).

Before installing the camshaft, see the topic, CHECKING CAMSHAFT
END CLEARANCE (ALL MODELS).

CAMSHAFT GEAR REMOVAL AND INSTALLATION
(All Models)

The camshatft gear (1) can be pulled from the ccmshaﬁ w1th the cam-
shatt in the engine.

1. Remove the nut and lock. Use the 5F7465 Puller with two 1" - 13 (NC)
capscrews 414’ long as shown.

2. Camshalt end thrust is taken by a thrust plate (3) between the cam-
shaft gear and thrust washer (2). Remove these parts for inspection,
noting the inside chamfer on the thrust washer.

3. Install the thrust washer with the chamier toward the camshatft.

4. Install the thrust plate and check the camshait end clearance.

NOTE

Belore installing the camshaft gear on the comshait, be
certain the key is properly positioned in the shaft and that
the gear surface on the shaft is smooth and free of burrs.

CAMSHAFT GEAR REMOVAL
1-Camshait gear, 2-Thrust washer. 3-Thrust plate.
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INSTALLING CAMSHAFT GEAR

5. Start the camshaft gear on the shaft aligning the key and keyway.

6. Atiach the 8F367]1 Pusher Assembly and the 7F9540 Hydraulic Puller
as shown.

7. Align the marked teeth on the camshalt gear with the crankshatt
gear and with the balancer idler gear, if so equipped as the gears

start to mesh.
NOTE .

On engines equipped with a balancer, see the topic, TIMING
THE BALANCER (ALL MODELS).

8. Push the gear onto the shalt until it becomes bottomed.

9. When the gear is firmly seated against the thrust washer, . install
the lock and retaining nut.

~ Checking Camshaft Gear Backlash (All Models)

The backlash between the camshaft gear and the crankshaft gear can
be checked in the following manner:

Install a dial indicator as illustrated. The backlash between the cam- -
shaft gear and the crankshait gear should be .003"-.004"

The backlash is pre-determined through machining, and cannot be
adjusted.

When a dial indicator reading of .010” or more is shown, a further
check must be made to deiermine the cause. Excessive backlash indicates
that either the timing gears, the main bearings or the camshaft bearings
are badly worn.
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CHECKING CAMSHAFT GEAR
BACKLASH

*

Timing gear wear com be compensated for, by adjusting the fuel in-
jection pump lifters. See the topic, FUEL PUMP LIFTER SETTING (ALL
MODELS).

If either the main bearings or-the camshait bearings are badly worn,
they should be replaced with new cnes. '

If o reading of less than .003” backlash is shown, it is an indication of
incorrect assembly, or a burr or rough spot on one of the gears. In this
case, lake readings every 90° around the camshaft gear to determine the
cause. A burr can be removed from a gear tooth, by using a gear file
or fine stone, without removing the gecr from the camshaft. When re-
moving a burr, cover the remaining exposed parts to keep them clean.

Checking Camshaft End Clearance (All Models)

The end thrust of the camshaft is taken by the thrust plate (3) and
thrust washer (6). -

CHECKING END CLEARANCE
¢
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CAMSHAFT END CLEARANCE

1-Camshaft, 2-Undercut (in back of
camshaft bearing). 3-Thrust plate.
4-Drilled passage. 5-Camshaft gear.
6-Thrust washer. 7-Camshalt bearing.

L

Tze3 6
The correct end clearance is 006"-.010". The washer and plate should
be replaced if the end clearcnce exceeds 025",

The end clearance con be checked by installing a dial indicator as
illustrated. After checking the end clearance, if it is necessary io replace
the thrust washer or thrust plate, they can be removed as described in
the topic, CAMSHAFT GEAR REMOVAL AND INSTALLATION (ALL.
MODELS).

 If the camshaft (1) and camshaft gear (5) were removed as a unit, the
thrust washer and thrust plate should be inspected for wear. The end
clearance can be checked in the following manner. Push the thrust plate
cxgciihst the gear; and using a thickness gauge, measure the clearance
between the thrust washer and thrust plate.

The camshait bearing (7) receives a supply of cil fi'_om the manifold
through a passage in the cylinder block.

An undercut (2) delivers the oil through the bearing into a drilled pas-
sage (4) in the camshaft (1). This passage transmits the oil to the thrust
washer and plate.

ACCESSORY SHAFT AND GEAR
(All Models)

The accessory shait (3) and the accessory gear (4) are located within
the timing gear housing (2) ond the timing gear cover (7).

The accessory shaft and gear are driven through the crankshaft gear.
(6), the camshatt gear (1) and the accessory idler gear (5).
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LOCATION OF ACCESSORY SHAFT
AND GEAR

1-Camshait gear. 2-Timing gear hous-
ing. 3-Accessory shaft. 4-Accessory
shaft gear. 5-Accessory idler gear.
6-Crankshaft gear.

*

The accessory shafi, in turn, drives the fuel transfer pump (9) and the -
hour meter (10). It also drives the fuel injection pump camshatft which is
located in the fuel pump housing (11) and the governor which is located
in the governor housing (8).

The rear end of the accessory shalt is supported by the front bushing
in the fuel injection pump housing. Endwise movement of this shaft is
controlled by a thrust washer and plate secured to the front bearing
assembly. The correct end clearance is .006”-.010". If this clecrance
should exceed .025", the thrust washer and plate should be replaced.

The backlash between the accessory shait idler gear (5) and the cam-
shait gear (1), and between the idler gear and the accessory shaft gear
(4), is .003"-.004", with o maximum of .010”. The backlash can be check-
ed in a similar manner to that described in the topic, CHECKING CAM.-
SHAFT GEAR BACKLASH (ALL MODELS).

ASSEMEBLIES DRIVEN BY ACCESSORY SHAFT

2-Timing gear housing. 7-Timing gear cover. 8-Governor housing. 9-Fuel
iransfer pump. 10-Hour meter. 11-Fuel pump housing.
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Accessory Shaift and Gear Removal (All Models)

Remove the hour meter and the fuel transfer pump.

With the iiming gear cover removed, disconnect the oil line (1) and
remove the capscrews which hold the bearing assembly (8) to the timing
gear housing. '

ACCESSORY DRIVE GE;AR AND SHAFT

1-0il line. 2-Accessory shait. 3-Bearing
assembly. 4-Accessory shait gear.
5-Thrust washer. 6—Thrust
plate. 7-Bushing.

*

The capscrews may be reached with a socket wrench through the.
holes in the gear. The entire assembly may then be removed.

Unlock and remove the nut from the end of the shait. Pull the gear,
using an 8B7546 Puller. Take out the capscrews and remove the thrust
plate (6) and washer (5).

Remove the key from the shaft. Withdraw the shaft from the bearing
assembly. Press the bushing (7) from the bearing assembly if it is dam-
aged or if the clearance exceeds .010".

Accessory Shait and Gear Installation (All Models) _ )

1. Press the bushing (3) inio the bearing assembly (4), being careful to,
line up the oil holes (5).

2. Place the bearing assembly on the shait (2) and install the key (8).

3. Install the thrust washer (13) on the shaft with the chamiered edge of
the bore toward the tang (1) on the shatt.

4. TInstall the thrust plate (12), locks and capscrews (6). Tighten the ccx;.
screws and bend locks.
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INSTALLING ACCESSORY SHAFT AND GEAR

1-Off-cenier tang. 2-Accessory shait, 3-Bushing. 4-Bearing assembly. 5-0il holes.
6-Capscrew. 7-Accessory gear. 8-Key. 9-Nut. 10-Capscrew. 11-Accessory
idler gear. 12-Thrust plate, 13-Thrust washer.

5. Press the gear (7) on the shaft. Install the lock and nut (9). Tighten
the nut securely and bend the lock.

B.  Install the .complete assembly, turning the shaft until the off-center
tang (1) is engaged with the off-center slot in the fuel pump cam-
shatt.

7. Install the locks and capscrews (10) which hold the bearing assembly
in place. Tighien the capscrews and bend the locks.

8. Connect the oil line to the {ittings in the top of the bearing assembly.

9. Install the accessory idler gear (11), mating the timing marks, and
assemble the remaining parts.

Gear-type Balancer

The balancer is positioned in a housing: fastened to the underside of
the block at the center of the engine.

The balancer has two balance weights, timed to each other and to
the crankshaft. The balancer is driven from the camshaft through an idler.
The balance weights rotate in opposite directions at twice engine speed
and counteract vertical inertia {forces of the connecting rod and piston.

When replacing the balancer, it must be correctly timed in itself and
also c_orrectly timed to the engine.
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BALANCER REMOVAL

The balancer can be removed in the following manner:

1. Remove the oil pan. See the topic, OIL PAN REMOVAL AND IN-.
STALLATION (ALL MODELS).

2. Remove the oil line (3).

3. Remove the capscrews and the locks which secure the shaft sup-
port bracket (1) to the cylinder block.

4. 'Remove the capscrews and the locks which secure the balemcer
bracket assembly (2) to the cylinder block.

NOTE

Dowels are driven into the balancer bracket assembly and
the shaft support bracket to properly locate the brackets
on the cylinder block.

BALANCER REMCVAL
1-Shaft support bracket. 2-Balancer bracket assembly. 3-0il line.

BALANCER DRIVE SHAFT REMOVAL AND INSTALLATION = .

1. Remove the taper pin (8) which secures the collar (9) to the shaft
(3).

2. Move the collar and the gear (1) as iar as possible toward the end
of the shatt.

3. Work the ring (10) out of the groove in the shaft and slide it crgctins‘
the gear.
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DRIVE SHAFT REMOVAL AND DISASS'EMBLY

1-Gear. 2-Bracket. 3-Shait. 4-Collar. 5-Bracket. 6-Gear. 7-Taper pin. 8-Taper pin.
' 9-Collar, 10-Ring. 11-Taper pin. 12-Collar.

Pull the shaft out of the collar, the gear, the ring and the bracket
(2), removing each part as it comes free from the shaft.

Remove the taper pin (7) from the collar (12).

Remove the collar, the gear (6) and the support bracket (5) from
the shait. '

i necessary, the collar (4) can be removed from the shaft alter re-

moving the taper pin (11).

When replacing the bushings in the brackets (2) and (5), align the
oil holes in the bushings with the oil holes in the brackets.

NOTE

If the balance weights are to be removed, do not install the
gear (1) and the shaft (3) in the bracket (2). The additional
clearonce provided with the gear removed is needed to re-
move the weight nearer the gear.

ASSEMBLING THE DRIVE SHAFT AND GEARS
A-Timing mark. B-Timing mark. '
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9. When installing the gear {6) on the shalt, align the timing mark (R)
on the gear with the timing mark (B) scribed on the shaft spline.

The gear (1) has a timing mark on the face of one of the teeth. Align .
the mark on the lace of the gear tooth between the two marks on the
face of the teeth on the mating gear of the balance drive weight.

The gear (1) is also marked in the same manner as gear (6) and is
aligned with the scribed mark on the opposite end of the shatt.

REMOVING THE BALANCE WEIGHTS

1. Remove the taper pins (5) and (6) which secure the shalts (2) and
(3).

2 Place the balancer bracket (7) in a suitable press with the plugged
ends of the shafts up.

3. Press out the shaits and remove the weights (1) and (4).

REMOVING THE BALANCE WEIGHTS

1-Weight. 2-Shait. 3-Shait. 4-Weight.
5-Taper pin. 6-Taper pin. 7-Balancer
bracket.

*

4. A suitable press and driver can be used to remove and install the

bushings ond spacers in the weights.

5. With the large gear end of the weights turned up, press the bushing
(8) into the bore of the weights 1/32" past flush of the face of the
large gear at (A).

6. Place the weights with the large gear end down and install the

spacer (9) in each weight. Then press the remaining bushings (1
into the weights until the bushings bottom against the spacers.
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INSTALLING THE BUSHINGS AND

SPACERS IN THE BALANCE
WEIGHTS _
A+ A-Dimension of 1/32", 8-Bushing.
}7‘\‘\\\\\\\\\\\‘\ arre! R T Y ’ g—s p u c er. } OF—B u shin g .
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INSTALLING THE BALANCE WEIGHTS

1. Place the weights in the bracket, aligning the timing marks (1) on
the weight gears. These marks are represented by the letter W.

2. Align the bore in the weighis with the bores in the bracket.

3. Line up the holes in the shafis for the taper pins with the holes in
the bracket. '

4 Press the shalts into the bracket and weights until the taper holes
in the shafts align with the taper holes in the bracket.

5. Install the tc:joer pins.

INSTALLING THE BALANCE WEIGHTS
. 1-Timing marks.

.

- T15912

6. If new shafts are used, install as described, then drill a 15/64” hole
through the housing and shaft. Ream the hole {rom the top side of

the bracket with a number 5 taper reamer and install the taper pin.
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TIMING THE BALANCER

1. Before installing the balancer on the engine, rotate the crankshatt to
position any of the pistons at top center. .

2 With the W-marks on the weights aligned and the timing marks on
the drive shaft gear mating with the small gear on the balance drive
weight, install a 5/167-18 (NC) capscrew (2) to finger tighiness in
the tapped hole provided in the bracket. The capscrew will prevent
the weights from rotating out of position during installation of the
,balancer.

3. Install the balancer, meshing the teeth on the drive gear (8) with the
teeth on the balancer idler gear (1).

NOTE

The timing marks on gear {3) can be disregarded in this
instance. They ore intended primarily for use during the
installation of all the timing gears. See the topic, TIMING
GEARS AND TIMING MARKS.

4. Remove the capscrew (2) from the bracket.

5. Install the remaining parts.

TIMING THE BALANCER

1-Balancer idler gear, 2-Capscrew.
3-Drive gear.

¢

Hour Meter
(All Models)

The hour meter is mounted on the fuel filter housing and is driven b‘
the accessory shafi. Remove the nuts from the studs holding the hou
meter to the housing and lift it off.
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HOUR METER (TOP VIEW)

1-Retainer assembly. 2-Count- be
er assembly, 3-Bearing assem- I '

bly. 4-Drive shait. 5-0il seal.
6-Grooved end of drive shaft.

7-Cover. A-Qil return passage [y | a—
on urider side of bearing (3). — . 6

. F

=\

il e |
© T8506 '

The hour meter can be disassembled in the following mcmner:
1. Remové the retainer assembly (1) and the counier retaining spring.
9. Remove the counter assembly (2).

3. .Remove the cover (7) or the tachometer drive assembly if installed in

place of the cover. When installed, the tachometer is driven by the

grooved end (8) of the shatt (4).

4. Slide out the drive shaft (4). The gear can be removed from the shait,
by first removing the pin which retains the gear to the shalt. Pull the

" gear using the 8B7547 Puller.

' 5. Place the bearing (3) in a vise, gripping the bearing l_ighﬂy. Tap the
hour meter housing gently to separate the housing and the bearing.

6. When installing the counter assembly, lubricate the drive gear with
a suitable ball and roller bearing grease.

An oil seal (5) keeps oil out of the hour meter assembly. If this seal is
replaced, the wiping edge should be installed toward the bearing (3).
‘The bearing should be replaced if the clearance. between the shaft and

~ the bearing exceeds .012".

The bearing (8) is lubricated th:rbugh holes (not shown) in the bearing

and the oil is returned through a drilled passage (A) just behind the
seal. This drilled passage should be on the bottom when the bearing is

installed, to permit the oil to drain away from the oil seal.
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Connecting Rods
(All Models)

The bearing caps and rods are numbered consecutively, | to 4, from.
the front end of the engine on the left side so that the numbers con be
seen through the inspection openings on the left side of the cylinder
block. The rods and caps should be reassembled with the numbers in
this position.

In order to remove the connecting rods first remove the cylinder head;
remove the carbon from the top of the cylinder liner, then remove the
connecting rod caps cnd remove the connecting rods and pistons from
the top of the cylinder liner.

CONNECTING ROD BEARING REMOVAL AND INSTALLATION-
(All Models)

Connecting rod bearings are of the precision-type, aluminum alloy,
and are to be installed without fitting, reaming or scraping the rod (1),
cap (2) or the bearing halves (3).

Tazal

‘ CONNECTING ROD ASSEMBLY
1-Connecting rod. 2-Connecling rod cap. 3-Bearing halves (earlier type).

The becring halves can be removed, inspected and replaced through-
the inspection openings without removing the rod from the engine.

To remove o connecting rod bearing through the inspection opening,
remove the inspection cover cnd turn the crankshaft until the bearing to
be removed is in the position shown in the illustration.

Remove the nuts from the connecting rod bolits and iake out the ca
and lower bearing half. To remove the upper bearing half, turn the crank?®
shaft or push the rod up slightly.
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REMOVING CONNECTING ROD
BEARING CAP LEFT SIDE
OF ENGINE

*

Two hollow dowels prevent the bearings from turning in the connecting
rod. One dowel is located in the cap and the other dowel in the drilled
connecting rod oil passage. A pin in the connecting rod assures correct
recssembly of the cap and connecting rod.

A torque of 58 pound feet should be used to tighten the nuts. It is per-
missible to exceed this value by the amount necessary o turmn the nut
to the next slot for alignment with the cotter pin hole.

Connecting Rod Bearing Inspection (All Models)

All the connecting rod bearings should be inspected for wear and
possible damage any time they are removed from the engine.

Larger porticles of dirt and abrasives in the oil do not tend to embed
in aluminum bearings. Such particles roll around between the bearing
and cremkshaft journal causing scratches in the aluminum bearing with-
out actually becoming embedded in the aluminum. Such scratches are
not necessarily harmful end do not indicate that the bearings should be
replaced.

Bearings having over .013"” clearance should be replaced with new
ones.

A new standard connecting rod bearing has a clearance of .005"-.0075"
for aluminum bearings and .0035”-.0055” {for the steel-backed aluminum
bearings between the bearing and new crankshaft.

The correct connecting rod bearing crankshaft journal diometer is
2.999”-3.000”, and the maximum permissible journal wear is .007”. When
the wear exceeds this, the crankshait should be reground or replaced.
Bearings .030"” undersize are serviced for reground crankshaits.
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If there is any question about the surface of a bearirig, wash it with
cleaning solvent io remove oil. Then, if the surface feels rough and abra-
sive to the touch, replace the bearing. Another indication of dirt in the.
bearing is excessive crankshaft wear. '

Bent rods should be-discarded. Do not attempt to align connecting rods
by bending them.

PISTON PIN BUSHING
; (All Models)

It is not always necessary to replace piston pin bushings at each en-
gine reconditioning. They may last many thousands of hours if the oil
has been kept clean.

After the oil has been cleaned from the pin and bushing, it is possible
io feel the clearance between them. This normal oil clearance must not
be mistaken for wear.

A new bushing, a pin or both, should be installed only when the clear-
ance between the bushing and pin exceeds .006".

New connecting rods have the piston pin bushing bored in a special
machine which maintains the proper center-to-center distance and paral-
lelism of the connecting rod bearing and piston pin bore. Reconditione
rods should be machined in the same manner. A new connecting rod
makes a good templet. The center-to-center distance is 10.249”-10.251".

After pressing a new bushing into place, it should be machined accur-
ately to 1.8135”-1.8140", inside diameter. A 2H6782 Rod Boring Machine
is available for this.

Pistons and Rings
(All Models)

The first noticeable symptoms of worn piston rings and cylinder liners
are increased oil consumption and excessive vapor from the crankcase
breather. Extreme wear will result in poor compression, loss of power and
hard starting. See the topic, CYLINDER LINERS (ALL MODELS).

' The aluminum alloy pistons have a cast iron insert (1) for the top ring.

Three compression rings (2) and (3) and two oil rings (4) are used and
all rings are above the pin bore.

The piston pins (8) are full {floating and held in place by snap rin.
(5) fitting into recesses in the pin bores.
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PISTON ASSEMBLY

l1-Insert. 2-Top compression ring.
3-Compression rings. 4-0il rings.
5-Retainer. 6-Piston pin.
7-0il return hole.

*

Holes (7) in the piston il ring .grooves provide for a return of oil to
the cramkcase.

The top compression ring (2) is chromium plated o provide longer
service life.

PISTON AND RING LUBRICATION
(All Models)

The pistons (1) and the cylinder liners (4) are primarily lubricated by
the oil that is splashed or thrown by the crankshalt while the engine is
in operation.

Qil return holes (2) in the piston il ring groove provide for the return
of oil to the cramkcase. '

PISTON AND RING LUBRICATION

1-Piston. 2-Qil return hole. 3-0il dis-

charge holes al iop of connecting rod.

" 4-Cylinder liner. 5-Drilled oil passuge
in connecting rod.

*




The drilled passage (5) in the connecting rod receives.a supply of oil
from the crankshaft to lubricate the piston pin and bushing. A portion
of the oil is sprayed from the discharge hole (3) at the top of the con-
necting rod on the bottom of the piston crown to aid in cooling the piston..

PISTON AND CONNECTING ROD REMOVAL
(All Models)

1. Drain the lubricating oil and the engine coolant.

2. ;Remove the cylinder head as described in the topic, CYLINDER
HEAD REMOVAL (ALL MODELS).

3. Remove the carbon from the inside surface near the {op of the cylin-
der liner.

4. Remove the cylinder block inspection covers or the oil pan cnd re-
move the connecting rod cap as described in the topic, CONNECT-
ING ROD BEARING REMOVAL AND INSTALLATION (ALL MODELS).

5 Rotate the crankshaft until the piston to be removed is at the top dead
center. Carefully push the connecting rod upward in the cylinder
liner until the piston rings are out of the liner.

6. Lift out the piston ond the connecting rod assembly, being careful not
to drop the connecting rod upper bearing, if it has not already been
removed from below. .

Cleaning and Inspecting Pistons (All Models)

Pistons which are not worn excessively or scored badly should be
cleaned and used again. The ring grooves should be square and smooth.
The side clearance between a new ring and the top ring groove should
not exceed .010".

There are a number of good carbon solvents available for cleaning
pistons. Also a carbon softener for use on Diesel engine pistons is fresh,
cold water.

Sock pistons in cold water overnight, let them dry (preferably in sun:ﬂ
light) and most of the carbon including that in the ring lands can be eas-
ily rubbed oft.

Water works well only on aluminum pistons.

The use of broken rings or carbon scrapers on ring lands should in
general be avoided, as lands can be cut. A stick of hard wood does a
good job and won't scratch the piston.

The bottom of each ring groove must be clean and the oil return hol
in the oil ring grooves must be open before the installation of new rings.
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Never scrape the sides of the ring grooves or the contaet surfaces of
the piston. The area above the top ring can be filed smooth but pistons
badly scored below the top ring groove should be replaced.

PISTONS RINGS
(All Models)

Piston rings seal compression and control the amount of cil on the cyl-
inder walls. If oil consumption is not excessive and compression is satis-
factory, pistons should not be removed nor new rings installed when the
engine is dismantled for some other reason.

To avoid damage to the piston and rings, remove and replace the rings
with a 5F9059 Ring Expomder.

INSTALLING PISTON RINGS

There are three types of rings used. The top ring is chromium plated.
The next two compression rings are identical. In later engines and in re-
placement sets, the second and third compression rings have a /2° taper
face cnd have a TOP side marked. Be sure to install these rings cor-
rectly. The two lower or cil rings cre interchangeable. See the topic,
PISTONS AND RINGS (ALL MODELS).

When installing new piston rings, it is not necessary to check the gaps
because new rings are supplied only in standard size. New rings in the
stondard size may be used in cylinder liners worn as much as .015".
QOversize rings are unnecessary.

When. new piston rings are to be used in worn cylinder liners, the
ridge at the top of the liner should be raised and the liner etched as
recommended in the topics, RAISING THE RIDGE IN WORN CYLINDER
LINERS (ALL MODELS) and ETCHING CYLINDER LINERS (ALL
MODELS).
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PISTON AND CONNECTING ROD INSTALLATION
(All Models)

Be sure the carbon has been removed irom the inside surface at the.
top of the cylinder liner.

PISTON INSTALLATION
4

Place the 5FB502 Ring Compressor on the top of the liner in whicl-'
the piston is to be installed. '

Space the ring gaps evenly around the piston cand thoroughly oil the
piston and the rings. Center the rings on the piston so they will not pro-
trude more on one side of the piston thon on the other.

Place the piston and connecting rod into the ring compressor and the
liner ond position the V-mark on top of the piston in alignment with the
V-mark on top of the cylinder block, This will place the crater of the
piston directly under the opening of the pre-combustion chamber cnd:
the cutout portions of the piston in the correct location in relationship to’
the inlet and exhaust valves. The identification number on the connect--
ing rod should be toward the inspection opening of the cylinder block.

'Apply a gentle downward pressure on the piston. If the piston and
rings do not pass into the liner freely, check the rings. It is possible that
a ring can be positioned so it is protruding farther out on one side of
the piston than the other, thus causing the piston ring to bind and pre.

venting it from being compressed.
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Cylinder Liners
(All Models)

Cylinder liner surfaces are machined, hardened, ground and f{inally
honed to a mirror finish and chemically treated to assure proper break-in.

The resultomt surface is so hard that ordinary boring tools will not ma-
chine it.

CHECKING LINER WEAR
*

Liners, pistons ond rings are avcilable from the fo[ctory in standard
sizes only and require no fitting when they are installed.

Cylinder liners should be replaced when they are worn at the top of
the ring travel more than .015"” or when they are scraiched or scored.

CYLINDER LINER

(Earlier and later type not
having o sleeve).

*




CYLINDER LINER
(Intermediate type which was
equipped with a sleeve).

1-Sleeve. 2-Gasket.
3-Cvylinder liner.
4-Seals.

.
3

TIHEBS

Liner wear should be checked with an inside micrometer, as shown.

When installing a cylinder liner (3), be sure the cylinder block and liner
are clean and always use a new gasket (2) oand new liner seals (4). See
the topic, CYLINDER LINER SEALS (ALL MODELS).

Farlier and later liners did not use the sleeve (1) while intermediate
liners used the sleeve. .

REMOVING AND INSTALLING CYLINDER LINERS
(All Models)

1. Drain the cooling system.

2. Remove the cylinder head, the connecting rods and the pistons as
outlined in their respective topics.

3. When removing and installing the cylinder liners, rotate the cremk-
shait to position the crankshaft journal as far away as possible from
the inspection opening for the cylinder from which the liner is being
removed.

4. Place a piece of cardboard or heavy gasket material into the inspec-
tion openings as illustrated, to protect the inside of the engine.

5 Install the 5F7346 Puller and the 5F7362 Adapter Plate.

6. Remove the cylinder liner and clean the water jacket sediment from
the cylinder block.

7 When installing the cylinder liner, always use & new gasket and ru
ber seals. Coat the rubber seals with liquid soap 1o ease installation.
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PROTECTING THE CRANKSHAFT
AT TIME OF LINER REMOVAL

*

8. Lower the cylinder kiner carefully into the block. The liners can be
driven into place by using a suitable driver, or by placing the puller
adapter on the top of the liner. A block of hard wood to be used as a
driving block is then placed on the puller adapter.

9. Drive the liner into the cylinder block until it bottoms. Then hit the

block of wood several light taps, to assure that the liner is in. Oc-

" casionally the liner may bounce back out a trifle, if the last blow
bottoms the liner too hard.

NOTE

Properly installed liners should extend slighily above the
face of the cylinder block. This insures proper holding and
sealing of the cylinder liner against the cylinder head gasket
when the cylinder head is drawn down. Some liners may
feel slightly loose in the cylinder block, yvet serve satis-
factorily without water or anti-freeze leaking past the rub-
ber seals.

10. Remove the cardboard and assemble the parts in the reverse order
of removal.

Cylinder Liner Seals (All Models)

When - installing liners, use a new copper gasket and new rubber seals.
Coat the rubber seals with liquid soap to ease installation.

When three liner seals are used, the top seal (1) protects the cylinder
bore chamier (8) from the rust and scale. The cylinder bore chamfer is
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THREE SEAL LINER

1-Top seal. 2-Center line of the top
seal ring groove. 3-Cylinder bore
chamier.

+

machined to permit the lower edge of the chamier to align with the center
line (2) of the top seal ring groove as illustrated.

Farlier models used two liner seals and the location of the cylinder
bore chamfer did not meet the top seal.

1f an old liner had only two liner seals, use only two sedls in the two
bottom grooves of the replacement liner.

RAISING THE BIDGE IN WORN CYLINDER LINERS
(All Models)

When new piston rings are to be used in worn cylinder liners, the ridge
in the liner at the top of the ring iravel should be raised to provide clear-
ance for the new top ring.

LINER RIDGE BORING TOOL
L J

TI15654 _~——7 L\‘LJ'L
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Since the liners are too hard for ordinary tools, the 3F960 Cylinder
Liner Ridge Boring Tool is available for this purpose. Use this with the
5F958] Body and the 5F9582 Tool Bit. The illustration shows how the
tool appears when installed.

The tungsten carbide tool bit is spring loaded and specially ground so
it will follow the worn contour of the liner and will not cut deeper than
the worn surface. Instructions for its use accompany the tool.

CAUTION

4

Be careful not to rotate the tool counterclockwise when the
tool bit is against the liner wall. Doing so will break the cut-
ting edge.

The worn liners should be etched or honed to remove the highly glazed
surface. Either of these processes will shorten the running-in period and
improve the performance of the rings. If the engine still does not breck
in properly, see the topic, BREAK-IN POWDER (ALL MODELS).

 ETCHING CYLINDER LINERS
(All Models)

An inexpensive etching tool can be made similar to the one shown.
Use an etching solution coxﬁposed of:
. Ozxalic Acid (commercial grade)—10 ounces
Acetic Acid (Glacial)—3/4 fluid ounce
Denatured Alcohol (Industrial)—7 fluid ounces
Add suHiciént water to make one gallon.

To prepare the etching solution, dissclve the oxdlic acid crystals in
approximately one-half gallon of water in a glass container. Add the
acetic acid and stir until well mixed. Add the denatured calcohol and
water to make one gallon. The solution can be kept indefinitely in «
tightly closed glass container.

Cleon the liner with cleaning solvent and flush with carbon tetrachlo-
ride to remove dll iraces of oil, Cover the crankshatt beneath the liner to
protect it from the etching solution, by using a similar method as illus-
irated.

Saturate the felt on the tool with the etching solution and place the
tool in the liner bore and {orce it to the bottom.
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SNUG FIT

IN LINER.

COUPLING.
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CUT ONE PIECE FROM 2| GAUGE
BLACK SHEET STEEL. TACK
AROUND PLUG BENDING DOWN
STRIPS FOR CONTACTS AS SHOWN
IN UPPER ILLUSTRATION.

CYLINDER LINER ETCHING TOOL

Connect the positive (+) terminal of a & volt storage battery to one of
ihe cylinder block studs and the negative (—) terminal to the shamk of
the tool using wires and battery clips. Move the tool up cnd down the

liner bore with a spiral movement for eight or ten minutes with the current
at 15 to 20 amperes. Etching solution should be added while the tool is in
the liner to keep the felt well saturated.

Care should be taken to see that the tool is kept in motion while the.

electrical circuit is complete.

After the etching process, remove the tool from the liner, wipe the
liner clean and dry and coat it with oil. Flush out the crankcase before

assembling the engine.

PROTECTING CRANKSHAFT
DURING ETCHING PROCESS

*
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Running-in Schedule (All Models)

The following is a reproduction of the label that accomponies pistons

and rings sent out from the "Caterpillar” Parts Department.

;

Period 1: 1, hour

" Period 2: 1/ hour

Period 3: 2 hours

Period 4: 1 hour

CAUTION

DIESEL TRACTOR

Operate the engine at
low idle speed.

Operate the traclor in
4th gear without load
at ¥ rated speed.

Operate the traclor at
3 raled speed on light
work,

Operate the tractor at
full rated speed on me-
dium work.

Whenever new rings. piston assemblies or liners are installed be sure
to run-in-the engine on at least a 4-hour conditioning schedule before
operating at normal load and speed. ARvoid operating the engine at high
speed idle at any time during the conditioning process. The following
schedules are indicated as safe procedures io follow:

DIESEL POWER
T UNITS

Operate the ehg_ine at
low idle speed.

Operate the engine on
work approximating 1/
maximum load ot 3
rated speed,

Operate the engine on
work approximating 1/,
maximum load at 8
rated speed,

Operate the engine on
work approximating . 3/
maximum Joad at full

, rated speed.

These periods may be impractical to maintain in «ll cases: however, at
least three hours should be accumulated before operating at full rated
speed. Do not run the engine idle for a long period after insialling new
rings or liners. Rings will not seat during idle operation. Place some
load on the engine after }; hour of operation and put a full load on the
engine if at all possible, after 4 hours of operation,

T11370

Break-in Powder (All Models)

Besides honing or etching the cylinder liners, a third method has fre-
quently been used to hasten the seating of new rings. This method uses
7F5225 Bon Ami Powder. The procedure is as follows:

. After assembling and starting the engine, loosen the air
' cleaner to allow a gap between the air cleaner flange and
the air inlet pipe, (or on a marine engine, loosen the silencer
to provide a gap between it and the inlet manifold.) Run
the engine at about 800 RPM and allow the powder to be
sucked slowly through the gap and into the engine. Use
3, of a teaspoontul of powder per cylinder and then tighten
the air clecner. Run the engine idle at 800 RPM for thirty
minutes, and it is then ready for service.

This method of break-in has been used successfully when iacilities
were not available for honing or etching the liners. It has also been suc-
cesstul when, for some unknown reason, new rings and liners have {ailed

207



io break-in in a reasonable length of time. If the first powder treatment
is not elfective, a second one may be. However, if the second treatment

the cause of o

is not effective, a thorough investigation should be made to determine

il consumption. .

Main Bearings
(All Models)

The main bearings support the crankshaft in place in the cylinder

block.

The main bearings are precision type, aluminum alloy for earlier en-
gines, and steel-backed aluminum for later engines. The upper halves

are located in

ribs in the cylinder block.

The lower halves are located in the main bearing caps which are se-
cured to the block by studs and nuts.

The lower halves are held in position by dowels in the bearing caps
and the upper halves are doweled 1o the lower halves. This construction
makes it possible to remove and replace the main bearings with the
crankshaft in place.

Oil under pressure enters the drilled passages in the cylinder block

from the oil manifold. See the topic, OIL MANIFOLD (ALL MODELS).

The main bearings are lubricated by this supply of cil. The oil is then
carried through the drilled passages in the crankshaft to lubricate the
connecting rod bearings.

The center

main bearing tokes the end thrusts of the crankshaft. The -

normal end clearance is .009"-.015" and the maximum permissible end
clearance is .025".

REAR MAIN BEARING

1-0il return threads. 2-Larger diameter
seclion of rear main bearing. 3-0il
groove. 4-Drilled passage.

*
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The flywheel end of the rear main bearing is bored .003" to 005" larger
in diameter at (2) and consequently, the cremkshatft does not touch this
part of the bearing. This section of the becring provides for oil control by
* permitting the oil return threads (1) on the crankshaft to deliver cil to the
oil groove (3). From the groove, the oil returns to the oil pan through
the drilled passage (4).

REMOVING MAIN BEARINGS
(All Models)

Remove only one bearing at a time unless the crani;shcdt is to be taken
"out. The bearing caps are identified by numbers stamped on the sides of
the caps and block as shown.

Always return the becaring cops fo their proper locations, using the
numbers as a guide.

To remove the main bearings drain the oil and remove the oil pan.
Remove the oil line or lines attached to the oil pump.

Remove the oil pump ond main suction bell. On the D4 Tractor the
front suction bell and tube assembly must also be removed.

Remove the balancer if so equipped.

All the main bearing caps (with the exception of the rear main bearing)
are held in place by two studs and two nuts.

The rear main bearing is also held in place by two studs and nuts,
plus two additional hollow head capscrews. The rear bearing cap also
has a packing groove cut along each side, which must be filled with
packing at the time of installation. The packing prevents engine oil from
entering the flywheel housing.

MAIN BEARING CAP IDENTIFICATION
L 4
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PULLING REAR MAIN .
BEARING CAP

*

To remove the rear main bearing, remove the two nuts and hollow
head capscrews. '

Install the 8B7559 Adapter, 8B7553 Reducing Adapter and the 8B7548
Push Pulier as illusirated end pull the cap.

The remaining main bearing caps have recesses cast in the sides with
which to assist in their removal. .

Grasp the bearing cap (2) at the recessed portion, then pull outward
and tap the cap gently with a soft hammer to remove it. A bar can also

E ot A

TOOL FOR REMOVING AND REMOVING UPPER HALF OF

INSTHLLING_ MAIN MAIN BEARING
EEABINGS 1-Upper half of bearing, 2-Bearing cap. .

3-Lower half of bearing. 4-Bearing
removing and installing tool.
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be used to remove the cap by placing the end of the bar in the recess of
the cap and applying pressure.

To remove the lower hall (8) of the main bearing from the main bear-
ing cap, hold the cap at one end so the bearing portion of the cap is
down. Tip the cap at a slight angle and bump it lightly on a hard wood
block.

The upper bearing half (1) can be removed by using a bearing re-
moving and installing tool, made to the dimensions shown in the illustra-
tion. '

Turn the crankshaft to the position where the drllled cil hole in the
shatft is accessible for the bearing to be removed

Insert the angled part of the bearing removing tool (4) in the drllled
passage and remove the bearing hdlf by rotating the crankshaft slowly.

MAIN BEARING INSPECTION
(All Models)

Although fine dirt and abrasives in the oil affect aluminum and babbitt
bearings somewhat alike, coarser particles act quite differently. While
the softer babbitt bearing may permit large particles to become em-
bedded in the bearing, these same size particles may merely roll around

" between the bearing and the crankshaft journal causing scratches in the

aluminum bearing without actually becoming embedded in the alum-
inum. Such scraiches are not necessarily harmful and do not indicate
that the bearing should be replaced.

i there is any question about the surface of a bearing, wash it with
cleaning solvent to remove the oil. Then, if the surface feels rough and
abrasive to the touch, replace the bearing with a new one. Another in-
dication of dirt in the bearing is excessive crankshaft wear.

REPLACEMENT MAIN BEARING
(A1l Models)

Precision main bearings, machined to provide ‘proper clearance, are
obtainable in complete sets and should be installed without fitting, scrap-
ing, filing or boring.

Single replacement bearings can also be obtained and installed with-
out special fitting. As a rule, however, it is good practice to replace the
complete set if any one of the bearings needs o be replaced because of
wear. If only one new bearing is installed and the other bearings are
worn to cmy extent, the new bearing will carry more than its normal
share of load and damage to it or the crankshaft can result.
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Precision main bearings are also obtainable for use with crankshafts
reground to .030" undersize.

Checking Main Bearing Clearance (All Models)

The clearances of the main bearings can be measured without re-
moving the cremkshaft if the engine is in an upright position. However,
the crankshaft must be held against the upper halves of the main bear-
ings, otherwise the weight of the crenkshaft con compress the lead wire
slightly and indicate a lesser clearance than really exists.

The crankshaft can be held against the upper halves by placing paper,
approximately 025" thick, between the lower half and the crankshatft
journal of at least two bearings not being checked and tightening those
bearing caps. Torque the nuts on those caps to 120 pound leet.

CHECKING BEARING CLEARANCE
1-Soft lead wire.

*

The bearing clearance can be checked by placing soft lead wire (1)
between the lower bearirg half and the crankshait. Lead wire for this
purpose can be obtained from the Parts Department by ordering part
number 5B1161. '

Coat two one-inch lengths of the wire with solt grease and place them -
diagonally on the bearing surface as shown. The soft grease will keep

the wires in position while installing and tightening the cap.

Tighten the main bearing stud nuts to 120 pound feet torque. Turn the

crankshaft one complete revolution during the final tightening.

Remove the bearing cap ond lower bearing half and check the thick-
ness of the lead wire with a 0” to 1” micrometer o determine the bearing
clearance.

The main bearing clearance is .006”-.0085" with o maximum permis.

sible clearance of .015".
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NOTE

If the engine is disassembled to a point where it can be
placed upside down, the bearing clearance can be checked
-without the use of paper shims to hold the crankshaft
against the upper halves of the bearings. The weight of the
crankshait will be sufficient o seat. it in the upper halves
of the bearing. Do not check bearing clearances with the
engine lying on its side, since the crankshaft will shift to one
side of the bearing bores in this position cznd an accurate
‘check will not be obtained.

Installing Main Bearings and Bearing Caps (All Models)

The upper halves of the main bearings can be installed with the crank-
shaft in place, by siarting them into their proper locations and pulling
them into place by inserting the tool used for bearing removal. See the
topic, REMOVING MAIN BEARINGS (ALL MODELS) for description of
and method of using the bearing removing and installing tool.

Install the lower halves of the bearings in their respective bearing caps.

Be certain the bearing half is properly positioned on the locating dowel
in the cap.

Push the bearing caps into their proper locations. Each cap is nufnber—
ed and must be located in the cylinder block accordingly.

Atfter all the bearing caps are in bldce, start the two hollow head cap-
screws in the rear main bearing. Start and tighten the nuts to 120 pound
feet on all but the center main bearing cop.

Before tightening this cap, pry the crankshaft as {ar forward as pos-
sible. This is absolutely necessary to align the thrust faces of the center
main becring in order to obiain proper crankshaft end clearance.

PACKING REAR MAIN BEARING CAP
1-Packing.
L
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After the bearing faces have been aligned, the nuis for this bearing
cap should also be tightened to 120 pound feet.

It is permissible to exceed the 120 pound feet by the amount required.
io align the next cotter pin hole in the stud and nut. Tighten the hollow
head capscrews in the rear main bearing cap. '

After tightening the nuts and hollow head capscrews in the rear main -
bearing cap, seal the cap by installing new 2B2414 Packing (1) in the
grooves.

Work the pocking into the grooves as shown, tamping it in tightly
with a hammer and long thin punch until the grooves are filled.

Check the crankshaft end clearance. See the topic, CHECKING CRANK-
SHAFT END CLEARANCE (ALL MODELS). '

Flywheel and Flywheel Housing

The flywheel housing is attached to the rear of the Diesel engine cylin-
der block. The housing provides an enclosure for the engine flywheel
and o mounting surface for the starting engine.

The flywheel is mounted on the flange at the rear end of the engine
crankshait by the use of ground capscrews.

The flywheel is equipped with a ring gear into which the starting en-
gine clutch pinion engages to make Diesel engine starting possible.

FLYWHEEL REMOVAL AND INSTALLATION
(All Models)

To iacilitate the flywheel removal, first disconnect whatever attachment
is connected io and driven by the filywheel. Since there are many differ-
ent models, they are not illustrated here.

Remove the capscrews holding the flywheel (1) to the crankshatt and
remove the flywheel.

- When installing the flywheel, clean the mating surfaces of both the
crankshaft bolting flange and the {lywheel.

Remove any burrs on the mating surfaces.

Using a capscrew that is used to attach the flywheel, check all the cap-
screw holes in the flywheel, to see that they are free of roughness and
burrs.

Install the flywheel (1) to the crankshat flange (2) matching the smil)
marks (A).
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FLYWHEEL INSTALLATION

A-Timing marks. 1-Flywheel.
2-Crankshaii flange.

*

Using a soft brass bar, bump the flywheel to assure its being flat
against the mating surface of the crankshait flange. '

Install the locks and capscrews through the holes in the flywheel, and
start each capscrew before tightening any of them.

After it has been determined that all capscrews have been started
correctly, tighten them evenly and diametrically.

If for some recason it is suspected the {flywheel mating surface is not in
irue alignment with the crankshaft flange, the flywheel run-out should .
. be checked with a dial indicator. The indicator reading should not ex-
ceed .006" for both the bore and the face.

RING GEAR

To remove the ring gear, remove the capscrews around it, apply heat
to the ring gear and press or drive it off the flywheel. '

Before installing a new ring gear, carefully clean the contact surlaces
of the ring gear and flywheel, and remove all burrs. Heat the ring gear
in oil and install it with the chamfer to the recrx. Install the capscrews
while the ring gear is still hot and pull them down evenly and tightly.
After the ring gear cools, retighten the capscrews and lock securely.

Flywheel Housing Removal c:pd Installation

The flywheel housing can be removed either with or without the start-
ing engine in place.

The following describes the procedure to be followed when removing
the flywheel housing with the starting engine in place.
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Remove the Diesel engine flywheel. See the topic, FLYWHEEL RE-
MOVAL AND INSTALLATION (ALL MODELS).

Drain the cooling system and disconnect the water return connection

‘between the starting engine manifold and the Diesel engine cylinder

head.

Disconnect the fumes disposal tube and remove the Diesel engine
air inlet pipe and air cleaner.

Disconnect the starting engine exhaust pipe at the Diesel engine

"inlet manifold. .

Disconnect the heat indicator and the oil and fuel gauges.

Place suitable cobles around the starting engine dnd attach the
cables to a hoist.

Raise the hoist enough to support the weight of the starting en-
gine and the flywheel housing.

Block under the oil pan of the Diesel engine to support the weight
of the engine.

Remove the nuts and locks that secure the flywheel housing to the
Diesel engine cylinder block.

Bump the housing off the dowels with a brass bar or block of wood..

INSTALLING FLYWHEEL
HOUSING

1-Ring seal. 2-Dowel.
L 4




11. Remove the housing and starting engine together as illustrated.

12. Block the housing and starting engine in an upright position during
the time it is removed.

13. Before insialling the flywheel housing, see that the mating surfaces
of the flywheel housing and the cylinder block are clean and free
of burrs.

14. Check the déwels (2) for any burrs or roughness that might cause
difficulty at installation.

15. Be sure the ring seal (1) is in good condition and is in place in the
cylinder block.

16. Instdll the {lywheel housing.

17. Seat the housing against the cylinder block by bumping it with a
' heavy object, preferably a brass bar.

18. Install the locks cmnd nuts.

19. Tighten the nuis to 150 pound feet and bend the locks against the
nuts.

' 20. Check the flywheel housing face and bore run-out as described in
the covering topics.

21. Complete the assembly of the engine.

Checking Flywheel Housing Bore Run-out (All Models)

To assure accurate results, always have the flywheel removed when
checking flywheel housing run-out.

Clecn the face and counterbore surfaces of the flywheel housing,
" where the dial indicator anvil will be in contact, to assure a correct read-
ing.

Install a dial indicator to the crankshadft flange using a rigid support
bracket for the indicator as illustrated.

2 — STUDS _6"LONG
22— (N €) THRD.
2=3-16(N c)Jam NUT

;; pRILL Z-16 (N C) TAP——//

INDICATOR MOUNTING
BRACEKET

*

Ti3s i DRILL THROUGH £-16 (N C)TAP | HOLE,
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An indicator mounting bracket made to the dimensions given in the
accompanying illustration, 1s recommended for making the tunout check.

Turn the crankshaft to position the dial indicator at the starting point .

(1).:

Adjust the dial indicator to read .000”. (Since the crankshaft is resting .

on the lower halves of the main bearing shells, this is used as a starting
point.)

T{JI‘I] the crankshaft 90° to position the dial indicator at (2). Carefully |

pry the crankshaft toward the location (2) to permit the crankshaft to
touch the halves of the main bearings. Take the indicator reading.

Turn the crankshaft to position the dial indicator at point (3). Pry the
crankshaft upward to permit the crankshaft to touch the upper halves of
the main bearings and take the indicator reading at this point.

Turn the crankshaft to posi.tion the dial indicador at point (4). Take
indicator readings at point (4) as described for point (2). On flywheel
housings that have the starting engine starter pinion mechanism in-
stalled, the crankshaft must be turned in the opposite direction to avoid

bumping the dial indicator. .

CHECKING FLYWHEEL HOUSING BORE RUN-OUT
1-Bottom. 2-Right side. 3-Top. 4~Leit side.
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The indicator readings should not exceed 007" total run-out for the
flywheel housing bore, for single-bearing generater installations, and
010" for other models.

 NOTE

Ii any method is used other than the method described here
for checking the run-out, always allow for bearing clear-
ances in order to obtain correct readings.

Checking Flywheel Housing Face Run-out (All Models)

Install a dial indicator as illustrated and turn the crankshait to position
the dial indicator at peint (1). See the topic, CHECKING FLYWHEEL
HOUSING BORE RUN-OUT (ALL MODELS), for dimensional illustration
of indicator mounting bracket. '

Pry the crankshaft forward and adjust the indicator {o read .000".

Turn the crankshafi and take readings at points (2), (3) and (4). Always
pry the crankshaft forward before taking readings to be sure the end
clearance is adways in the same direction.

The readings should not exceed .007” total run-out for the flywheel
housing face on single-bearing generator installations.

On other installations the total run-out for the flywheel housing should
not exceed .010". g

CHECKING FLYWHEEL HOUSING FACE RUN-OUT
1-Bottom. 2-Right side. 3-Top. 4-Left side.
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Crankshatt
(All Models)

The crankshaft is of the forged-steel type, having five main bearing .
journals (7}, (8), (9). (10), and (11), and four connecting rod becring
journals (2), (8), (4), and (5).

The main bearings receive their supply of lubricant from the engine
oil manifold, through drilled passages in the cylinder block.

Oil is transmitted to the connecting rod bearings from the main bear-
ings, through drilled passages (6) in the crankshati.

The main bearing journals are numbered consecutivelﬁr 1 through 5
from the front of the engine.

Connecting rod journals are located consecutively 1 through 4, from
the forward end of the crankshatt.

The oil threads (1) and (12) return excess oil to the engine oil pen.

The front, center cnd rear main bearing journals (7), (9) ond (11) are
wider and therefore, have more bearing surface than the intermediate
main bearing journals (8) and (10). '

All new crankshaft main bearing journals should be 3.499".3.500" 1
diameter and all connecting rod bearing journals should be 2.999"-3.000’
in dicmeter.

A crankshadt is considered unfit for service if the wecar on the main
bearing or connecting rod bearing journals exceeds .006", if the con-

CRANKSHAFT

1-0il thread. 2-No. 1 connecting rod journal. 9 No. 2 conneciing rod journal.
4-No. 3 connecting rod journal. 5-No. 4 connecting rod journal. 6-Drilled passage. .
7-Fronit main journal. 8-Intermediate main journal, 8-Center main journal.
10-Intermediate main journal. 11-Rear main journal. 12-0il thread.
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necting rod bearing journals are more than .006” out—oi—rdund_, or if the
journals are scored.

If a cramkshatt is not worn or scored too badly, it can be reground to
030" undersize on both the main and connecting rod journals, for which
bearings are available. Make sure to mainiain the same radii at the
ends of the journals. This will reduce the possibilities of failures at these
poinis.

The crankshaft end thrust is taken by the center main bearing. See
the topic, CHECKING CRANKSHAFT END CLEARANCE (ALL MODELS).

CRANKSHAFT REMOVAL AND INSTALLATION

1. Drain the cooling system.
2. Drain the oil and remove the oil pan.

3. Remove the flywheel, starting engine and {lywheel housing. See the
covering topics.

4. Remove the radiator if so equipped and remove the timing gear
housing cover.

Position the engine on its side as shown.
Remove the oil pump and suction bell or bells.

' Remove the balancer and balancer idler gear, if so equipped.

© N o v

Remove the front, center and rear main bearing caps and becaring
lower halves.

9. Wrap pieces of clean cloth around the No. 1 and the No. 4 connecting
~ rod journals on the crankshatt. '

10. Loop a rope sling at least twice around each of the two rod journals
that are covered by cloths.

11. Attach the rope sling to a suitable hoist and take the slack out of
the sling.

12. Cover the main bearing studs to prevent marring the crankshait
‘journdls in the event they should accidently contact the studs.

13. Remove the nuis from the remaining two main bearing caps.

14. Place hand pressure against the center main bearing journal to hold
the crankshaft in place, then remove the caps and cover the studs.

15. Caréfully roll the crenkshaft out of the bearing upper halves and
lift it from the engine.

16. When installing the crankshaft, coat the upper and lower halves of
the main and connecting rod bearings with oil.
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REMOVING CRANKSHAFT

17. Use the rope sling used at the time of removal to lift the crankshatt
into place in the cylinder block. '

18. Install the main and connecting rod bearing caps, nuts and the two
hollow head capscrews in the rear main bearing cap. Tighten the
main.bearing cap nuts to 120 pound feet and the connecting rod cap
nuts to 58 pound feet. Each of the torque values may be exceeded
by the cxmount necessary to align the cotter pin holes.

19. Tighten ihe hollow head capscrews and lock all nuts with cotter pins.

20. Pack the rear main bearmg as described in the topic, INSTALLINC.
MAIN BEARINGS AND BEARING CAPS (ALL MODELS).

Checking Crankshaft End Clearance (All Models)

The cronkshaft end thrust is taken by a thrust face on the center main
bearing.

The end clearance can be checked by removing the crankcase inspec-
tion covers or when the cil pan is removed. The oil pan is shown removed

for betier illustration.

Place a bar (1) in the position shown and force the crankshadt as far
forward as it will go.

Check the clearance between the crankshatft flange (2) and the thrust
face of the center main bedring (4), with a thickness gauge (3).

The cledrance should be from .009”-.015", with a moximum permissible
end clearance oi .030".

If the end clearance measures less than 008", it may be due to mi.

alignment of the center main bearing thrust faces.
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CHECKING CRANKSHAFT END
CLEARANCE

1-Bar. 2-Crankshait flange.
. 3-Thickness gauge. 4-Center
main bearing,

*

Loosen the center main bearing cap nuts and pry the crankshait all
the way toward either the front or rear of the engine and retighten the
nuts. Check the end clearance again and if the clearance is not corrected,
the crankshalt and bearing should be removed and thoroughly inspected
to determine the cause.

CRANKSHAFT GEAR REMOVAL AND INSTALLATION
(All Models)

To remove the crankshaft gear (1), remove the nut and lock. Then pull
the gear using a 5F7465 Puller with two 3”-24 (NF) capscrews 812" long
as shown.

Heat the gear, preferably in an oil bath, and place it on the crankshait,
lining up the key and keyway. Turn the camshaft until the marked teeth
on the camshaft gear and crankshaft gear are in alignment. '

REMOV]NG CRANKSHAFT GEAR
1-Crankshalt gear.
*




CAUTION "

When turning either the crankshait or camshait independ-
ently, do not force it if it binds. There may be interlerence

between the pistons and valves. Turn the crankshadft a few .
degrees in the opposite direction if interference.is encoun-

tered.

Push the crankshaft gear into position, making sure it is tight against
‘the shoulder before it cools. i necessary, drive the gear into position, -
using a hammer ond soft metal drift. Install and lock the retaining nut. )

Front Power Take-off

FRONT POWER TAKE-OFF REMOVAL
(D315M)

The front power icke-off assembly (1) is mounted to the timing gear
cover (3), and is attached to and driven by the crankshaft.

The front power take-off can be removed in the following manner:

1. Remove the inspection cover (2).

2. Engage the cluich io lock the driving plates (8) in place. This will
be helpful if the clutch assembly is not disassembled, and will keep

the plates aligned.

FRONT POWER TAKE-OFF REMOVING CLUTCH COVER
1-Front power take-off assembly- ASSEMBLY
2-Inspection cover. 3-Timing 4-Adapter. 5-Guide pins. 6-Puller
gedar cover. capscrew. 7-Puller capscrew. .

8-Driving plates. 9-Clutch
cover assembly.

224




Ti1874, ..

REMOVING COUPLING REMOVING ADAPTER AND
10-Ccupling. 11-Capscrew. : CRANEKSHAFT NUT

4-Adapter. 12-Capscrew. 13-Support,
14-Lock. 15-Crankshaft nut. 16-Cap-
screw with left-hand threads.

Remove two of the capscrews holding the cluich cover assembly (9)
to the adapter (4) and install two 35”-16 (NC) guide pins (5).

Remove the rémainihg capscrews holding the cover assembly (9).

Install two 347-16 (NC) capscrews (6) and (7) as illustrated and pull
the cover assembly. The guide pins (5) will support the cover assem-
bly while pulling is being done.

Remove the capscrews (11) holding the coupling (lO)-dnd remove
the coupling. |

. Remove the capscrews {12) holding the adapter {4) to the support

(13) and remove the adapter.

PULLING HUB
13-Support. 17-Hub.
' .
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8. Bend the lock (14) and remove the capscrew (16) which has left-
hand threads.

9. Remove the crcznkshait nut (15). .

10. Remove the hub (17) usiﬁg the 8B7546 Puller and a step plate as
illustrated. Remove the crankshatt key. '

11. Block the engine and remove the support (13).

FRONT POWER TAKE-OFF INSTALLATION
(D315M)

The procedure for installing the iront power take-off is as follows:

Be sure the driving plates (4) are aligned properly in order to be a
slip-fit into the mating splines of the coupling (9).

if the coupling will not slide easily over the plates, disengage the
clutch. Align the mating splines, slide the coupling on and engage the
cluich by operating the lever (5) to lock the plates in place. Slide off
the coupling.

J

Install the support (8).

Install the crankshaft key, the hub (2), the crankshatt nut (8}, the lock.
and the left-hand threaded capscrew (1).

INSTALLING FRONT POWER TAKE-OFF

1-Capscrew with lefi-hand threads. 9-Hub, 3-Adapter. 4-Driving plates.
5_Lever. 8-Crankshait nut. 7-Bore. 8-Suppeort. 8-Coupling. 10-Bearing.
11-Clutch cover assembly.-
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ALIGNING DRIVING PLATES
4-Driving plates. 3-Coupling.
L 2

Al iiin o “

Install the adapter (3) and the ¢coupling (9).

Using two guide pins as illustrated, install the cluich cover assembly
(11), mating the driving plates with the splines of the coupling and the
bearing (10) in ihe bore (7) of the coupling.

Flywheel Clutch
FLYWHEEL CLUTCH REMOVAL AND INSTALLATION

‘The flywheel clutch (8) is mounted on the Diesel engine {lywheel hous- |
ing (1) and is atiached to and driven by the engine flywheel.

1. Engage the clutch to hold the cluich plates in place and keep them

“aligned. This will be particularly helpful if the cluich is not to be
disassembled. ' -

FLYWHEEL CLUTCH

1-Flywheel housing. 2~Plate. 3-Flywheel
chatch. 4-Ring. 5-Pilot bearing.
6-Capscrew.

*

.Tl59l6
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9. Remove the inspection cover from the top of the clut¢h housing. This
is not necesscry for removal, but will be helpful at time of installa-
tion.

3. Attach a suitable hoist as illustrated.

4 Remove the capscrews which secure the clutch housing to the fly-
wheel housing.

S Install two of the capscrews (6) which sec_ured the clutch housing
to the flywheel housing, into the tapped holes on both sides of the
clutch housing flange. '

-

6. Separate the flywheel clutch from the flywheel hoﬁs’mg, using the
_capscrews installed into the tapped holes of the clutch housing
flange as puller screws. '

7. Remove the capscrews (6) used as puller screws.

NOTE

When installing the flywheel clutch, align the pilot bearing
(5) with the bore in the flywheel and the teeth on the plate
(2) with the teeth on the ring (4). : '

8. Install the capscrews which secure the clutch housing to the ﬂywhee'
housing and tighten them evenly and diametrically.

Aligning Attachments to Flywheel
(All Models) .

Attachments that are connected to the flywheel can be classified into
two general types: the seli-aligning coupling, which needs only to be
installed with no check necessary to determine the alignment of the
attachment with the flywheel; and the flexible drive coupling, which is
not rigidly attached to the engine and which must be aligned in relation-
ship to the flywheel.

SELF-ALIGNING COUPLING
(All Models)

The seli-aligning coupling incorporates a pilot bearing or pilot, which
is installed into a bore and rigidly connected to the flywheel, the fly-
wheel housing or both. This quiomatically aligns the drive shait of th
attachment to the crankshatt, and allows the rear main bearing of tl’i
engine to serve as a front bearing for the attachment.
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. Examples of the self-aligning couplings which need only 1o be installed
o the engine are as follows: the marine reverse and reduction gear unit,
-generator, the enclosed type clutch (lor use without pillow blocks) and
the multiple disc cluich.

FLEXIBLE DRIVE COUPLING
(All Models)

The flexible drive coupling type does not have a rigid connection be-
tweernr either the flywheel or the flywheel housing and the attachment.
The open face clutch (for use with pillow blocks) is of this type, and it
must be aligned with the engine.

A flexible drive coupling can be aligned io the engine by removing
or adding shims, and the alignment can be checked as described in the
following topics, BORE ALIGNMENT (ALL MODELS) and FACE ALIGN-
MENT (ALL MODELS).

Bore Alignment (All Models)

When checking the bore alignment, install a dial indicator (A) as
illustrated. Rotate the crankshait o locate the indicator at position No. 1
and adjust it to read .000”.

Rotate the crankshaft to check the readings at the positions 2, 3 and 4.

e
TOP

CHECKING POINTS
L 4

T432])

The difference in readings between positions No. 1 and 3 and positions
No. 2 and 4, should not be more than 010 {otal indicator movement.

If shims are inserted or removed or if the attachment has been shifted,
the hold-down bolts should be tightened firmly before taking further
readings. ‘
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CHECKING BORE RUN-OUT
A-Dial indicator used for checking bore alignment.

Face Alignment (All Models)

When checking the face alignment install a dial indicator (B) as il-
lustrated.

Start at position No. 1 with the dial indicator adjusted to zero, take.
; readings at No. 2, 3 and 4. Always pry the crankshaft either forward or
backward when taking readings so the end clearance will always be in
the same direction.

CHECKING FACE RUN-OUT
B-Dial indicator used for checking face alignment.
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Face alignment should not exceed .010” {otal indicator movement.

Repeat bore and face alignment operations until the desired resulis
are obtained. Never take for granted that the face alignment is satis-
factory after bore alignment is correct, or that bore alignment is satis-
factory after re-aligning the face. A finished alignment is only established
when satisfactory readings on both face and bore may be obtained
without further movement of the attachment.

Auxiliary Drive Housing

The auxiliary drive housing provides a mecns for mcunting ond driv-
ing many engine attachments.

The auxiliary drive housing (2) con be mounted on the right side of
the timing gear housing and timing gear cover. Engines that do not
require an auxiliary drive housing have a cover installed in its place.

An idler gear in the auxiliary drive housing is in mesh with the cam-
shalt gear and is driven by the camshatt gear.

AUXILIARY DRIVE HOUSING (D315M)

1-Fresh water pump. 2-Auxiliary drive
housing. 3-Cover. 4-Cover. 5-Raw
water pump.

*

The drive housing and the idler gear for a D315 Marine Engine are
used to drive the fresh water pump (1) and the raw water pump (5). The
covers (3) and (4) con be removed to iacilitate the instctllc(tion_ of other
attachments which can be driven from the fresh water and raw water
pumps.
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Auxiliary Power Take-oft

The auxiliary power take-off is mounted on the upper front side of the
auxiliary drive housing and can be used to drive various attachments. .

AUXILIARY POWER TAKE-OFF REMOVAL

1. Remove the capscrews which secure the auxiliary power take-off (2)
to the auxiliary drive housing (1).

9. Move the quxiliary power iake-oif forward and remove it. '

AUXILIARY POWER TAKE-CFF
REMOVAL

|_Busiliary drive housing. 2-Buxiliary
power take-off.

‘ ®

DISASSEMBLY AND ASSEMBLY

1. Bend the lock (11) and remove the nut which secures the pulley (9)
to the shaft (2).

2. Remove the lock, washer (8), gasket (10) and the pulley.
3. Remove the key (4).

4. The shalt and gear are integral and must be removed from the

bracket at the gear end.

5 The bushings (1) ond (3) can be removed or installed with the aid of
a suitable press and driver. .

6. Clean the cil passages (7) and (8).
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AUXILIARY POWER TARKE-CFF

l-Bushmg. 2-Shait. 3-Bushing. 4-Key. 5-Seal. 6-Washer, 7-Passage. 8-Passage.
9-Pulley. 10-Gaskei. 11-Lock.

NOTE

If the oii seal (5) is replaced, press the new seal into the
bore ‘in the bracket with the lip of the seal pointing away
from the pulley

7. Inspect the outer surfcce of the pulley hub which contacts the oil seal
and remove all roughness before reinstalling the pulley.

8. Replace the gasket (10) with a new one.

INSTALLING THE AUXILIARY POWER TAKE-OFF

Clean the mating surfaces of the auxiliary power take-off and the
auxiliary drive housing.

INSTALLING AUXILIARY POWER
TAKE-OFF

1-Gear. 2-Pulley. 3-0il holes.
4-Geuar.

*




Install the gasket on the flange of the auxiliary power take-off, aligning
the holes in the gasket with the oil holes (3) and the capscrew holes.

Turn the pulley (2) to mesh the teeth of the mating gears (1) and (4). .

Insiall the capscrews and tighten them evenly and diametrically.

Bilge Pump and Drive

DISASSEMBLY AND ASSEMBLY

1. Remove the nuts and washers which secure the pump housing (24)
to the body (23).

2. Remove the pump housing by tapping it lightly with a hammer.
3. Disengage the cluich. |

4. Remove the cotter pin and washer which secure the shaft (18) and
remove the shaft. '

5. Remove the nut (14) and washer (13).

6. Loosen the nuts which secure the packing gland (22) and move the
glond away from the packing (9). .

7. Press the shaft (12) out of the bearings (11) and (20) and from the
body (23).

8. Remove the cluich assembly as a unit.

s
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BILGE PUMP AND DRIVE

1-Eey. 2-Hub. 3-Collar. 4-Sleeve. 5-Bearing. 6-Clutch facing. 7-Hub. 8-Relainers.

9_Packing. 10-Impeller. 11-Bearing. 12-Shait. 13-Washer. 14-Nut. 15-Gaskets.

16-Spacer. 17-Lever. 18-Shait. 19-Pulley. 20-Bearing. 21-Slinger. 22-Packing
gland. 23-Body. 24-Pump housing.
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10.

11.

12.

13.
| the retainers (8).

14.

15.

18
17,

Press out the bearing (11) and spacer (16). The spacer can then be
pressed from the bearing. :

Remove the relainer rings (8) from both sides of the bearing (20) '
and press the bearing from the body.

NOTE

- It is not necessary to remove the packing gland and pack-
ing unless the packing is to be replaced.

To replace the clutch facing (6), slide the pulley (18) off of the bear-

ing (5), and remove the bearing irom the hub (7).

CAUTICN

When the collar (3) and the sleeve (4) are removed from the
hub (2), the levers (17} and the rollers will fall out.

Remove the bolts from the-collar to remove it from the sleeve. Do
not lose the shims which are located between the two halves of the
collar. ' '

When assembling the pump and drive, install the bearing (20) and

Place the clutch assembly in position in the body and insert the shait.
through the packing, packing gland, slinger (21), bearing and clutch.

Line up the keyway in the shaft with the keyway in the hubs and
instail the key (1) through the bore for the bearing (11).

Install the bearing (11), washer (13), and nut (14).

Place the gaskets (15) on the studs of the housing (24} and install
the housing, making sure there is clearance between the impeller
(10) and the housing. Add gaskets, if necessary, to obtain more
clearance. ' '

‘-F OOT VALVE AND STRAINER DISASSEMBLY AND ASSEMBLY

. Remove the screws which secure the base (6) to the cap (1).

. Remove the screws or bolis if the base is secured to a mount, then

remove the base.

Remove the nut and lockwasher which secures the screw (4).

. Remove the screw, bushing (8) and washer (9).
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FOOT VALVE AND STRAINER

1-Cap. 2-Plate. 3-Seal. 4-Screw.
5-Washer. 6-Base. 7-Gasket.
8-Bushing. 9-Washer.

*
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. 'Remove the plate (2), seal (3) and the washer (8).

6. Remove all deposits of rust and scale, making sure all mating sur-
faces are smooth and clean.

7 Install a new sedl (3) and gasket (7) at the time of assembly.-

Electric Generator and Voltage Regulator
Removal and Installation

1. Remove the leads attached to the generator (2).

2. Remove the nuts and lockwashers which secure the generator tc._
the cuxiliary drive housing (4).

3. Remove the generator as shown.

PREPARING TO REMOVE REMOVING GENERATOR
GENERATOR

1-Regulator. 2-Generator. 3-Bracket.
4-Auxiliary drive housing.
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Clean the mating surfaces and install new gaskets at time of in-
stallation.

Install the leads in their proper places.
Remove the leads atiached to the regulator (1). .

Remove the nuis which secure the regulator to the bracket (3).

Remove the regulator.

Electric Starting Motor

The electric starting motor is mounted on the left, front side of the {ly-
wheel housing. A solenoid swiich is used with the starting motor.

REMOVAL AND INSTALLATION OF THE STARTING MOTOR
' AND SWITCH

Remove thel leads from the solenocid switch (2).
Remove the connector (3).

Remove the capscrews which secure the switch to the bracket (1)
and remove the switch.

Remove the leads from the starting motor (4).

Remove the capscrews which secure the starting motor to the ily-
wheel housing (5).

Move the starting motor away from the flywheel housing and remove
it. :

STARTING MOTOR AND SWITCH REMOVAL

1-Bracket. 2-Sclenocid switch. 3-Connector. {-Starting motor.
5-Flywheel housing.
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STARTING MOTOR REMOVED , -

Fuel Priming Pump
REMOVAL

Remove the capscrews which secure the fuel priming pump (1) to the
fuel transfer pump (2). '

Remove the fuel priming purﬂp.

FUEL PRIMING PUMP REMOVAL

1-Fuel priming pump. 2-Fuel
transfer pump.

L 4

DISASSEMBLY AND ASSEMBLY

1. Unscrew the cap (2) from the barrel (3) and remove the rod (4) and
atiached parts as a unit, from the barrel.

2. Remove the screw (21) and the washer (20).

3. Insert a Yg" hollow head screw wrench through the opening in the
bearing assembly (14) and into the hex seat. Turn the wrench coun-
terclockwise to remove the bearing.

4. Remove the nut (12) washer (13), spring (10), cup (11), washer (9),.
cup (7), and spring (8). The washer (5), and nut (6) can be removed
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if necessary. The handle (1) and rod (4) can then be withdrawn
from the cap.

5. Inspect the cups (7) and (11) and the washer (20). If they are worn
or damaged, install new ones.

CAUTION

. Care should be taken when starting the cups into the bar-
rel to prevent damaging them.

6. Remove the capscrews which secure the barrel (3) to the base (22).
Separate the barrel irpm the base.

7. Remove the plug (16) and gasket (18). Insert a screwdriver of suit-
able size and remove the retainer (23), spring (24) and ball (25).

8. Remove the remaining retainer, spring and ball from the side of the
base which mates with the transier pump. '

9. Remove the fitting (26) and gasket (19) to remove the plunger (17)
and spring (15). If the seat on the plunger is worn or rough, install
a new plunger.

10. Clean all parts ond passages and replace damaged gaskets at time
of assembly. |
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Reverse and Reduction Gear

REVERSE AND REDUCTION GEAR REMOVAL AND INSTALLATION

(D315M) .

9. Drain the coolani from the reverse and reduction gear by removing

1. Close thé sea valve,

the drain plug at the bottom.

3. ,Remove the pipe (5) and the pipe (3).

DISCONNECTIONS FOR REMOVAL

1-Capscrew. 2-Inspection cover. 3-Pipe.
4-Support. 5-Pipe, 6-Flange.

*
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4. Disconnect and remove the coupling between the propeller shaft and
flange (6).

5. Disconnect or remove the supporis (4), depending on the type of
installation.

Remove the top inspection cover (2).
Remove the capscrews which connect the unit to the flywheel.

Attach a suitable hoist to the unit.

© © N @

Remove the capscrews (1) holding the unit io the flywheel housing

10. Remove the unit from the flywheel and the flywheel housing and 1if
it outl.

NOTE

Before installing the unit, always clean the flywheel to be .

sure it is free of dirt and grease.
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11.

12.

13.

14.

PILOT FLANGE AND BORE
7-Pilot {lange bore. 8-Pilot flange.
*

When insialling the unit, guide the pilot flange (8) into the pilot
flamge bore (7) of the flywheel. '

Start all the capscrews connecting the unit to the flywheel as well as
those holding the unit to the flywheel housing before any are tight-
ened. '

Tighten all capscrews diametrically and evenly. See the topic,

ALIGNING ATTACHMENTS TO FLYWHEEL.

Install the inspection cover.
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STARTING ENGINE
(All Models so Equipped)

The starting engine is mounted at the rear of the Diesel engine on top
of the flywheel housing. The starter pinion mechanism is mounted on the
flywheel housing and is driven by the starting engine. When the pinion
is in the engaged position, it meshes with the ring gear on the flywheel
. and turns the Diesel engine in correct engine rotation.

The starting engine contains o lubricating system which is separate
from the Diesel engine. See the topic, LUBRICATING SYSTEM.

. The cooling system is interconnected with the cooling system of the

Diesel engine. See the topic, COOLING SYSTEMS, in the Diesel engine
section for the flow diagram and description of the combined cooling of
the engines.

Most reconditioning work can be done more readily by first removing -
the siarting engine. See the topic, STARTING ENGINE REMOVAL. How-
ever, an inspection can be made to determine the general condition of
the engine by removing the manifold. See the topic, MANIFOLD
REMOVAL.

Starting Engine Removal

The starting engine can be removed from the Diesel engine flywheel
housing in the following manner:

1. Drain the cooling system.

Drain the oil from the starting engine crankcase.

w N

Remove the fumes disposal tube (1).

Remove the Diesel engine air cleaner and the air inlet pipe (2).
"Remove the compression release rod (3).

Remove the water elbow (6) and diéconnegt the gauge panel (7).

Remove the capscrews (4).

© N o o &

Remove all the capscrews, nuts (5) and lockwashers holding the
starting engine to the Diesel engine flywheel housing.

9. Using a suitable cable and hoist, lift the starting engine off the Diesel
engine flywheel housing.
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DISCONNECTIONS FOR STARTING ENGINE REMOVAL

1-Fumesg disposal tube. 2-Air inlet pipe. 3-Compression release rod.
4-Capscrew. 5-Nut, 8-Elbow, 7-Gauge panel.

Starting Engine Installation

Belore installing the starting engine, clean the gasket surfaces on the
iop of the Diesel engine flywheel housing ond on the botiom of the start-
ing engine block. Cement a new gasket in place on the flywheel housing

ond allow it to set. Coat the top of the gasket with heavy grease. .

Attach cables to the starting engine in a manner to balance the engine,
io permit it to be lowered into place so as not to damage the gasket.
Guide the starting engine down over the dowels in the flywheel housing
and also engage the teeth of the cluich idler gear with the starter pinion

LIFTING STARTING ENGINE FROM
THE FLYWHEEL HOUSING

L




gear teeth. (The starter pinion assembly is mounted on the Diesel engine
flywheel housing). A rocking motion will assist the gear teeth to become
engaged and will permit the starting engine to settle down into place.
When the engine is fully seated by its own weight, _instdll the capscrews
and nuts at the base of the starting engine and tighten evenly and se-
curely. The remaining connections are made in the reverse order of
removal.

Cooling System

The cooling sysiems of the Diesel engine and the starting engine are
interconnected. '

Operation of the starting engine creates enough heat to warm the cool-
ant in both the Diesel and starting engines. The warm coolant assists the
initial starting of the Diesel engine.

After the Diesel engine is started, the coolant in the combined cooling
systems is circulated through the two engines by the Diesel engine fresh
water pump. '

Lubricating System
The pistons, pins, rings, connecting rod bearings and main bearings

are lubricated by oil in the crankcase being splashed by the engine
crankshatt.

Oil splashed by the crankshaft and connecting rods ailso lubricates the
camshaft bearings (7) and the valve lifters (3).

Oil splashed throi.lgh the two slots (2) and (4) in the gasket (1) enters
the valve compartments (6) and (8) to lubricate the valve mechanism (5).
The oil in the valve compartments is returned to the crankcase through
oil return tubes. |

LUBRICATING SYSTEM

1-Gasket. 2-Slot in gasket. 3-Valve
lifter. 4-Slot in gasket. 5-Valve mech-
anism. 6—Valve compartment. 7-Cam-
shaft bearing. 8-Valve compartment.

*




LUBRICATION OF THE TIMING
GEARS

9-Camshalt gear. 10-Crankshaft
gear. 11-1dlexr gear.

*

113351

An oil return thread on the camshaft and a lip-type oil seal on the
crankshaft prevent oil in the crankcase from entering the timing gear
compartment of the engine.

The camshaift gear (9), crankshaft gear (10) and the idler gear (11)
receive their supply of lubricant from the starting engine cluich com-
partment.

The oil is picked up from the supply in the cluich compartment by the
idler gear and is transferred to the cromkshait and camshalt gears by th
teeth on the gears. '

Surplus oil on the gears drips back into the source of supply.

Governor

The governor is mounted on top of the starting engine under the fuel
iank. It is driven from the starting engine flywheel by a V-belt. '

Through linkage operated by the governor control lever, the forces of
the governor weights and spring act upon the carburetor throttle valve
to govern the speed of the engine.

LOW IDLE SPEED

The low idle speed is controlled by an adjusting screw on the carbu-
retor throttle shafl lever assembly. This screw should be set to give a low
idle speed of 800 io 900 RPM.

HIGH IDLE SPEED

The high idle speed is controlled by the governor spring. Increasir’
the tension on the spring increases the high idle speed and decreasing
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GOVERNOR CROSS-SECTION
A-RAdjusting nut, B-Lock nut.

the tension decreases the speed. Loosen lock nut (B) and turn the adjust-
ing nut (A) until the correct high idle speed of 3350 RPM is obtained.

If the starter pinion laiches disengage before the Diesel engine siarts,r
adjust the starter pinion latches as outlined in the topic, CLUTCH ASSEM-
BLY AND PINION LATCH ADJUSTMENT. '

GOVERNOR REMOVAL

Disconnect the control rod (2) and remove the nuts (3) that secure the
governor to the manifold (1). '

Remove the V-belt from the governor drive pulley and lift the governor
oit the maniifold.

REMOVING GOVERNOR

1-Manifold. 2-Contrel rod.
3-Nut.

*
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GOVERNOR DISASSEMBLY

1. Removethe goverhor spring and spring adjusting screw.

. Remove the governor control lever and rod.
. Remove the body (8) from the bracket (4).

2

3

4. Remove the nut (6) and lock (13).

5. Take off the cap (1) and the governor weighis (9).
6

. 'Press or tap the pulley (10), plunger (2), bearing (3) and the cap and
bearing assembly from the bracket as an assembly. '

7. Remove the spacer '(11).

8. Press or drive the bearing (12) and the spacer (5) from the opposite

end of the bracket.

9. The plunger (2) can be removed from the pulley (10) if necessary
by removing the cap and bearing assembly from the end of the
plunger.

10. The bearing (3) can be pulled or pressed from the shaft portion of
the pulley if desired. '

11. To remove the lever (14) from the body (8), loosen the lever clamp—.
ing screw, then move the lever to one side and remove the key. The
| shaft (15) can then be removed and the lever lifted out of the body.

12. When installing the body (8) on the bracket, be sure the lever (14)
inside the body fiis into the slot in the end of the cap and bearing
assembly (7).

, DISASSEMBLING THE GOVERNOR
1-Cap. 2-Plunger. 3-Bearing. 4-Bracket. 5-Spacer. 6-Nut, 7-Cap and bearing

assembly. 8-Body. 9-Governor weight. 10-Pulley. 11-Spacer. 12-Bearing. 13-Lock.
14-Lever. 15-Shait
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13. To lubricate the governor, remove the retaining screws and pull the
cap (1) away from the pulley (10) approximately Y2”. Keep the gov-
ernor weights in a vertical position to keep the weight pins from
falling out. '

14. Using an oil can, put approximately two tablespoonfuls of oil into
the lower portion of the pulley.

15. Push the cap back into place, install and tighten the capscrews.

16. When installing the governor on the engine manifold, position the
éovernor to provide approximately 12" slack in the governor drive
pulley belt. ' '

GOVERNOR DRIVE PULLEY BELT ADJUSTMENT

To adjust the slack in the governor drive pulley belt, loosen the gov-
ernor bracket mounting nuts (1) enough to permit the bracket to move
under pressure. '

Insert a bar (2) as illustrated and pry the governor bracket outward
until only approximately 1," slack remains in the belt. Hold the bracket
at this position and tighten the nuts (1).

' BELT ADJUSTMENT
1-Nut. 2-Baz.
*

The belt can be removed and replaced on most engines by loosening
the bracket mounting nuts and moving the bracket inward far enough to
permit removing the old belt and installing a new one.

On starting engines equipped with .an electric starting motor, the
starting motor drive belt must be removed first to make possible the
removal of the governor drive pulley belt. See the topic, ELECTRIC
STARTING MOTOR DRIVE BELT ADJUSTMENT AND REPLACEMENT.
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Electric Starting Motor

The eleciric starting motor is mounted at the top left forward side of g

the starting engine in a supporting bracket. The starting motor drives.

the starting engine flywheel for initial starting, through a drive mecha-
nism and kelt arrangemeni.

REMOVING STARTING MOTOR

Disconnect the battery cable (3) at the battery.

Disconnect the cable (3) and the siarting switch and magneto wires
from the magnetic switch (1).

Loosen the lock nut and back the setscrew (2) out of the mounting

bracket (5) enough to permit removal of the starting motor (4) from the
bracket.

REMOVING STARTING MOTOR

1-Magnetic switch., 2-Seiscrew.
3-Battery cable. 4-Starting mo-
tor. 5-Mounting bracket.

L

ELECTRIC STARTING MOTOR DRIVE BELT ADJUSTMENT
AND REPLACEMENT

The electric starting motor drive belt can be adjusted as follows:

1. Loosen the bracket capscrews (1) and pivot the drive assembly (5)
by hand pressure until the belt (2) is as tight as the hand can pull it,
then tighien the capscrews.

NOTE

To remove the belt on earli_er engines, separate the drive
assembly (5) from the siarting motor mounting bracket (3).
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ADJUSTING DRIVE BELT

1-Capscrew. 2-Belt. 3-Mounting
bracket. 4-Flywheel. 5-Drive
assembly.

*

2. Slip the belt off the starting engine flywheel (4) and remove the belt
and drive fogether.

3. Remove the capscrews (6) which attach the shield (8) to the drive
housing (7).

4. Remove the drive pulley retaining copscrews (9).

S.l Place the drive assembly under a press, supporting it on blocks
placed under the edges of the shield and having the back face of
the drive housing up.

REMOVING AND DISASSEMBLING DRIVE FOR BELT REMOVAL
6-Capscrew, 7-Drive housing. 8-Shield. 9-Capscrew. 10-Gear. 11-Pulley. 12-Shait.
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6. Use a drift, slightly smaller than the drive shaft, as o pressing tool
and press the shaft downward just enough to permit the shield (8)
io be turned on the drive housing (7).

7. Turn the shield to a position that will permit supporting the assembly
by the housing instead of the shield. Place the drift against the shait
and finish pressing the shait from the drive housing (7).

8. With a suitable puller, remove the gear (10) from the shaft (12) and
remove the pulley (11) and shaft (12) from the shield (8) as a unit.
The belt can then be removed and a new one installed.

The shait can be pressed from the pulley if desired.

The governor drive pulley belt should be inspected and replaced at
this time if not in good condition.

On later engines it is not necessary io remove the starting motor drive
assembly to replace the drive belt. The belt can be changed simply by
removing the drive pulley retaining nut and pulley from the drive gear
shaft.

Manifold

The siarting engine manifold has ports cast into it which form a por-
tion of the engine inlet and exhaust manifold system.

The manifold also has water passages cast into it which form a part
of the engine cooling system.

On an engine which is completely assembled, the following parts and
assemblies are mounted on the manifold. The fuel tank, carburetor, gov-
ernor, magneto, choke and throttle controls, oil filler assembly, air clean-
er and air inlet pipe and the exhaust pipe.

All the parts mentioned can be removed without removing the mani-
fold. '

MANIFOLD REMOVAL

The manifold must be removed to make inspection and reconditioning “
of the internal parts of the starting engine possible.

The manifold can be removed as follows:
1. Drain the cooling system.
9. Drain the oil from the starting engine crankcase.

3. Remove the oil filler (1), fuel tank (2) and air inlet pipe and air
cleaner (3).

4. Remove the fuel tank mounting bracket and air cleaner brace.
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OIL FILLER, FUEL TANK AND
AIR CLEANER REMOVAL

1-0il filler. 2-Fuel tank. 3-Air inlet
pipe and air cleaner.

L 4

NOTE

Do not lose the shims located between the brace and the
manifold, since they are the correct thickness and will be
used again.

5. Remove the switch brac.ket- (4) and the choke and throtile control
rods.

6. Remove the magneto (5).
7. Remove the carbureior {6} and the governor (7).

8. Disconnect the magnetq to spark plug wire clips from the rear side
of the manifold.

9. Remove dll the capscrews, nuts and washers that secure the mani-
fold (8) to the starting engine cylinder block and timing gear cover

(9).
10.  Lift the manifold off the cylinder block as illustrated.

REMOVING THE MAGNETO,
CARBURETOR AND GOVERNOR

4-Switch bracket. 5-Magneto.
6-Carburetor. 7-Govemnor.

*
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REMOVING THE MANIFOLD

8.Manifold. 9-Starting engine
timing gear cover.

*

The top of the cylinder block should be covered except when work is
being done inside the case, to prevent the entry of dirt.

When installing the manifold, be certain the gasket is in good condition
and properly located.

When installing the air cleaner brace, be sure the correct thickness of
shims is installed between the brace and manifold. A strain will be
placed on the air inlet pipe if the shims are not in place.

The magneto must be properly timed to the camshalt gear when in- ‘
stalling the magneto on the engine manifold.

the forward side of
e magneto gear and

To iime the magneto, remove the pipe plug i
the manifold and align the letters "M” stamped O
camshafi gear. See the topic, TIMING GEARS.

Cylinder Heads
CYLINDER HEAD REMOVAL AND INSTALLATION

1. Remove the ignition wire (1) from the spark plug. .

2. Remove the cylinder head hold-down nuts and .remove the cylinder
head (2).

Before installing a cylinder head, remove the carbon from the head. .
Inspect the gasket for damage.
Position the gasket on the studs properly.

Install the cylinder head.

N o o s ®

Install the head hold-down nuts and tighten them evenly to 39 pound‘
feet.
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REMOVING CYLINDER HEAD
I-Ignition wire. 2-Cylinder head.
L J

Yczlves and Valve MeCh_cmism

Compression pressure losses occur when the valve faces and seats be-
come pitted. Valves should be checked occasionally for seating properly.
This can be done by rocking the starting engine against compression. If
the cylinder head gaskeis and piston rings are in good condition and the
engine does not "rock back” against compression, it is likely that the
valves and seats should be refaced and reground.

VALVE AND VALVE MECHANISM REMOVAL

The valve ports, valves and all parts of each valve mechanism should
be marked at the time of removal, so they can be returned to their orig-
inal position when being installed.

1. Drain the cooling system.

REMOVING VALVE ERD VALVE
MECHANISM

1-Valve lifter. 2-Reiainer.
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DISASSEMBLING VALVE MECHANISM
9_Lock. 4-Retainer, 5-Spring. 6-Bushing. 7-Valve.
2. Remove the engine manifold. See the topic, MANIFOLD REMOVAL.
3. Remove the cylinder head.

4. Place a bar or screwdriver into. the valve port as illustrated and by
prying against the valve. bushing, compress the valve spring and
remove the bushing retainer (2).

5. Remove the vclve; bushing, spring and valve locks as an assembly.

6. The valve lifter (1) can also be removed by sliding it out through

the bushing bore and valve port in the crankcase.

'7. Compress the valve spring (5) and remove the locks (3), spring
retainer (4), spring (5) and the bushing (6) from the valve (7).

INSPECTION AND INSTALLATION
Inspect the valve stems and bushings tor wear.

Valve stem to bushing clearances are:

New Clearance Wear Limits
Inlet . ) X ) ) ) ) . .0015%-.003" 005"
Exhaust . ) . ) X . ) 003" -.005" .007"

These clearances are obtained with a new valve.

The faces of the valves should always be inspected and refaced if nec-
essary. If the faces are pitted or warped, the valves may need o be
replaced.

The valve seats in the cylinder block and faces of the valves should e‘

be inspected, reconditioned if necessary, and checked as outlined in th
Diesel engine section.
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Carefully clean the parts of the valve mechanism and reassemble in.
the reverse order of disassembly. Be sure the locks are correctly installed
in the lock retainer. Installation can be facilitated by coating the inside of
the locks with heavy grease. '

VALVE CLEARANCE ADJUSTMENT

The .clear\cmce between the inlet and exhaust valve lifters and the cam-
shait should be .007” to .010" when the engine is cold.

The adjustment is made by grinding the end of the valve stem as re-
quired to obtain the proper clearance. Check the clearance with a thick-
ness gauge as shown.

CHECKING VALVE CLEARANCE
*

VALVE LIFTERS

-

The valve lifters operate in bores in the engine crankcqs‘e’,':iﬁeing raised
and lowered by lobes on the camshait when the engine is in operation.

The lifters contact the valve sterhs, opening and closing the valves at
the proper time.

The engine manifold and the cylinder heads must be removed to make
lifter removal possible. N

After these parts have been removéd, follow the process outlined in
the topic, VALVE AND VALVE MECHANISM REMOVAL, which explains
how to remove a valve lifter.
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Timing Gear Cover

The timing gear cover is atiached to the forward side of the starting
engine cylinder block.

The cover along with a section of the cylinder block forms a compart-
ment in which the engine crankshaft, camshaft and idler gears are lo-
cated.

TIMING GEAR COVER REMOVAL AND INSTALLATION

To remove the timihg gear cover, remove the starting engine from the
Diesel engine {lywheel housing.

It is possible to remove the timing gear cover without removing the
engine manifold (1). However, it is advisable to remove the manitold,
since the camshaft end clearance should be checked and the manifold
must be removed to make the check.

See the topic, MANIFOLD REMOVAL.

Disconnect the fuel line bracket (2) from the engine cylinder block and
move the fuel lines and bracket to one side.

Remove the cover refaining capscrews and lift the timing gear cover
(3) off the cylinder block. .

The camshaft gear (4), crankshait gear (5) and the idler gear (6) are
accessible when the timing gear cover is off the engine.

The bushing in the idler gear should be inspected and a new one in-
stalled if badly worn.

REMOVING TIMING GEAR COVER

1-Manifold. 2-Fuel line bracket.
3-Timing gear cover.

L 4
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TIMING GEARS

4-Camshaft gear. 5-Crankshait gear.
6-Idler gear.

*

4
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The camshaft and crankshaft bearing clearances and end clearances
should also be checked. See the covering topics for clearances and meth-
ods of checking.

If any of the timing gears are removed, be certain. the timing marks
are aligned when they are again installed. See the topic, TIMING GEARS.

Timing Gears

The timing gears, with the exception of the idler gear, have timing
marks stamped on them to make visual engine timing possible.

If at any time the magneto gear (2), camshaft gear (4) and crankshaft
gear (6) are removed, it will be necessary to retime the engine.

To time the engine, be certain first that the crankshaft gear is on the
crankshaft correctly.

Since the gear is positioned on the crankshait by two keys, located
180° apart, it is possible to install the gear incorrectly. To correctly in-
stall the gear, align the "C" mark on the gear with the corresponding
"C" mark on the end of the crankshatt.

When installing the camshaft gear, align the “C“ marks (3) on the
crankshaft and camshatt gears,
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TIMING MARKS

1-"M" marks on camshaft and mag-
neto gears. 2-Magneto gear. 3-"c”
marks on the camshait and crank-
shaft gears, 4-Camshait ‘gear.
5-ldler gear. 6-Crankshait
gear.

*

When installing the magneto, align the "M" marks (1) on the camshait

and magneto gears.

The idler gear (S) requires no timing.

Camshaft and Gear
REMOVAL AND INSTALLATION

To remove the camshalt, remove the engine manifold, cylinder heads,
valve mechonisms and the timing gear cover. See the covering topics.

It is possible, but not advisable in most cases, to remove the camshaft
with the valves and valve mechanism in place.

Pull the camshait (1) and the camshalt gear (2) from the crankcase s
illustrated.

The camshaft can be pressed irom'the gear, il the gear is 1o be re- )
moved.

.

Before installing the camshait, measure the bearing journals on the
shatft and the bores in the cylinder block into which the camshatt fits.

B new camshait should have a bearing journal diameter of 1.496"-
1.497".

The clearance between the camshait journals and the bearing bor.
in the cylinder block should be .0025"-.004".
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REMOVING CAMSHAFT AND
GEAR

1-Camshait. 2-Gear.
*

When installing the camshaft and gear in the cylinder block, be sure
to align the timing marks stamped on the faces of the camshaft, crank-
shaft and magneto gears. See the topic, TIMING GEARS.

After the timing gear cover (3) is installed on the cylinder block, check
the camshait end clearance.

Check the end clearance, by moving the camshaft forward against the
‘_ boss located in the cover (3) and measuring the distance between the
back of the gear hub and the cylinder block with a thickness gauge as
' illustrated.

- The correct end clearance is .007"-.015" with a maximum permissible.
end clearance of .025”,

CHECEKING CAMSHAFT END
' CLEARANCE

3-Timing gear cover.

*




Connecting Rods
CONNECTING ROD REMOVAL AND INSTALLATION P

To remove the connecting rods from the engine, the following pro-
cedure should be followed:

Drain the cooling system.
Drain the oil from the starting engine crankcase. §
Remove the starting engine from the Diesel engine flywheel housing.

Remove the manifold, timing gear cover, cylinder heads, valves and
valve mechanism, and the camshaft and gear, as described in their
respective topics.

The No. 1 cylinder is the one nearer the flywheel.

This should be kept in mind when removing the pistons and rods, so
they can be returned to the proper places when being installed.

The rods and rod bearing caps are numbered for the cylinder into
which they are installed. Always be careful to install the proper rod cap
on its corresponding connecting rod.

Each connecting rod and rod cap have an aligning mark in the form
of a raised ridge located on the face of the rod and cap bolt boss. The.
rods and caps are machined with these marks aligned; therefore, they
must also be aligned when installing them in the engine. '

Remove the carbon from the top portion of the cylinder bore.

Remove the nuts from the connecting rod cap bolts.

REMOVING CONNECTING RODS

1-Connecling rod bearing cap.
2-Connecting rod bearing cap.

*




Remove the connecting rod bearing caps (1) and (2).

Push the rods and pistons upward in the cylinder bore and remove
them from the head end of the bore.

If at the time the pistons and rods are removed and new rings are to
be installed on the pistons, the ring ridge near the top of the cylinder
bore should be removed.

Always inspect the connecting rod bearings when the rods are re-
moved from the engine. For information on the rod bearings, see the
topic, CONNECTING ROD BEARINGS. '

Install the pistons and rods into the bores of the cylinder block accord-
ing to the numbers stamped on the rod and cap. These numbers should
be toward the top of the cylinder block when installed correctly.

Use a suitable ring compressor at time of installation, to prevent ring
damage.

Tighten the connecting rod bolt nuts to 14 pound feet. This value can
be exceeded by the amount required to align the next cotter pin hole in
the bolt and nut.

Lock the nuts with cotter pins.

CONNECTING ROD BEARINGS

Precision babbitt-lined bearings, machined to provide proper clear-
ance, are used. These bearings do not require fitting, scraping, filing or
reaming, and can be put into the engine without removing the piston
assembly or the connecting rod.

The cop half of the old bearing can be lifted out and the rod haif
rotated out.

Clean and inspect all parts. Check them in accordance with information
contained in the topic, SPECIFICATIONS.

Always check the crankshaft bearing surface to see that it is not scored
or damaged belore putting in a new bearing.

The connecting rods and connecting rod caps come in mated pairs and
are marked on the top side with matching numbers.

Qil the bearings on assembly to protect them until the engine is started.

When replacing the bearings, see that the protruding tangs (2) on
the back of each bearing half lines up with its corresponding recesses (1)
in the connecting red and bearing cap. This locks the bearing in place
and keeps it from rotating. -
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CONNECTING ROD BEARINGS

1-Recess in bearing cap. 2-Tang on
back of bearing hall.

*

The rod and cap have raised aligning marks. Replacement rods should
be installed with these two marks lined up on the same side, and marked
with the number of the rod replaced.

The connecting rod bearing clearance should always be checked.

The proper clearance is .005”-.008" with a maximum permissible clear-
ance of .013". .

Connecting rod bearings .020” undersize are available if desired.

PISTON PIN BUSHING

" To remove the ]Siston pins, remove the pin retainers from the grooves
in the pin bore of the piston. The pin can then be pushed from the piston
and connecting rod bushing. '

The clearance between the piston pin and the connecting rod bushing
should be .0008"-.0013" with a moximum permissible clearance of .003".

The pin clearance in the piston should be .0004-.001" with a maximum
permissible clearance of .0025".

1 a new piston pin bushing is required, one must be obtained from
stock, pressed into place and reamed or honed to the proper dimensions.
The center-to-center distance is 5.748"-5.750". The oil hole must also be
drilled in the bushing after the bushing has been pressed into the rod.

The piston pin should be a thumb push fit in the connecting rod bush-
ing and piston at normal room temperature (70°F.). The piston pin mus.
not be forced into the piston or a connecting rod.
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CHECKING PISTON PIN FIT
L 2

Pistons and Rings

The aluminum «alloy pistons have two compression rings and two oil
rings. One oil ring is localed beneath the piston pin.

The pistoﬁ and connécting rod assembly can be removed as described
in the topic, CONNECTING ROD REMOVAL AND INSTALLATION.

While the piston is removed, it is good practice to gauge the cylinder
bore for possible out-of-round (eccentricity) and wall taper as shown. To
obtain a true reading, the bore must be checked below the piston ring
ridge. If the cylinder bore shows an out-of-round of more than .004” or a
taper of .006”, the cylinder bore should be reconditioned and new pistons
and rings installed.

Semi-finished pistons can be obtained that can be finish-turned up to
060" over standard, according to the following chart:

CYLINDER AND PISTON DIAMETERS FOR REBORING THE STARTING ENGINE

D267 Oversize .040” Oversize 0607 Oversize
Pistonn Diameler Piston Diameter Piston Diameter

Cylin- Cylin- Crylin-
]g-er Lands g_er Lands g.er Lands

ia- : ia- 3 - 3
meter Skirt Znd & meter Skirt 2nd & | meter Skirt 2nd &

: Top 3rd Top 3rd Top 3rd
2.771" | 2.766% |2.749% | 2.755” | 2.7917 |2.786" | 2.7697 | 2.775"| 2.8117 [2.8067 | 2,789” | 2.795*
2.7727 | 2.7677 {2.7527 |2.7587 | 2.792% |2.7877|2.7727|2.778”{ 2.812" |2.807” | 2.792” | 2.798”

NOTE

The skirt is that portion of the piston from the lower end up
to the first ring groove above the piston pin bore. The
piston lands are from the upper end of the piston down to
the first ring groove above the piston pin bore.
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CHECKING CYLINDER BORE PISTON NOMENCLATURE

PISTONS

Piston clearance should be measured by a thickness gauge on the

thrust side of the pision. The piston skirt clearance of a new piston should
be .004" to .006".

The piston surfaces and ring grooves should be thoroughly cleaned be-
jore installing rings or replacing pistons in the cylinder.

The most satisfactory method of cleaning pistons is to follow the same
recommendations as outlined for cleaning the Diesel engine pistons.

Piston assemblies should be replaced in the same cylinders from which
they were removed.

The connecting rods are marked on the camshatt side to assure correct
assembly.

CHECKING PISTON CLEARANCE
L 4
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RINGS

- Remove the ridge around the top of the cylinder bore with a ridge re-
mover before attempting to install new rings.

The ring gap for both the compression rings and the oil control rings
should be .012” to .020”. This measurement should be taken at the small-
est diameter of the cylinder bore.

New compression rings should have .0015" to .003" side clearance in
the ring groove and oil rings should have .001" to .0025".

After the rings have been installed on the pistons, it should be possible
io rotate the rings around the piston without binding. ' '

CHECKING RING GAP CHECKING RING GROOVE
: CLEARANCE

Flywheel

FLYWHEEL REMOVAL
Remove the nut (1) and lock (3).

The flywheel (2) can then be pulled from the crankshait by using the
5F7465 Puller, 8B7560 Step Plate, two flat washers and two 33"-16 (NC)

capscrews, 7" long as illustrated.
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PREPARING FOR FLYWHEEL PULLING FLYWHEEL
REMOVAL

1-Nut. 2-Flywheel. 3-Lock.

Crankshatt
CRANKSHAFT REMOVAL

It is possible to remove the crankshaft from the starting engine crank-
case without first removing the flywheel if desired. However, since the
flywheel will normally be removed sometime during the process of .
reconditioning, it is recommended that it be removed from the crankshait
while the shaft is still in the engine. Crankshaft removal is much easier
with the flywheel oil.

Remove the crankshatt as follows:
1. Drain the cooling system.
Drain the oil from the starting engine crankcase.

Remove the starting engine from the Diesel engine flywheel housing.

S

Remove the manifold, cylinder heads, timing gear cover, valves and
valve mechanism, camshait and gear, pistons and connecting rods
and the flywheel. See the covering topics for the removal of these
parts and assemblies. '

5. Remove the capscrews, the lock (1) and the retaining washer (2).

6. Pull the gear (3) as illustrated, using the SF7465 Puller, two 4"-20
(NC) capscrews, approximately 414" long and two flat metal wash-
ers.

7. Place a suitable spacer between the end of the crankshaift and the‘
puller screw to prevent damage to the end of the crankshatit.
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8.

11.

oteCR itk - i AT

W g el

PULLING CRANKSHAFT GEAR
3-Crankshaft gear.

PREPARING FOR CRANKSHAFT
GEAR REMOVAL

1-Lock. 2-Retaining washer.

Remove the keys (5) and the seal washer (4). If the crankshaft seal
in the crankcase is to be replaced, install the new one with the lip
of the sedal in.

Remove the key (6) and the flange (8).

Pull the flange off the end of the crankshatt, supporting the crank-
shait as the flange is removed to prevent damage to the seal (7) and
the bearing surfaces on the crankshatt.

Press the seal out of the flange and install a new one if not in good
condition. The seal must be installed in the flange with the lip of
the sedl in.

REMOVING KEYS AND REMOVING FLANGE
7 SEAL WASHER '6-Key. 7-Seal. 8-Flange.
4-Seal washer. 5-Keys.
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REMOVING THE CRANKSHAFT
9-Crankshait.
L ]

After the flange has been removed from the rear side of the cylinder
block, slide the crankshaft (9) from the forward bearing of the block and
remove the crankshaft as illustrated. Be careful not to damage the bear-
ing surfaces of the crankshait by permitting them to strike the edges of
the cylinder block.

If the crankshait is to be out of the block for an extended period of
time, lubricate and wrap the bearing surfaces to prevent rusting and
nicking.

CRANKSHAFT INSPECTION AND INSTALLATION
Always inspect the crankshalt bearing surfaces for wear.

The crankshaft main bearing journals should measure 1.8120"-1.8125"
and the connecting rod bearing journals 1.7495-1.7500".

A new crankshaft should be installed or the old one reground to .020"
undersize, if the bearing journals show wear in excess of .005” or the
connecting rod bearing journals are more than .003" out-of-round.

Main and connecting rod bearings 020" undersize are available to
accommodate reground crankshalfts.

Refore installing the crankshaft, inspect the main bearings for wear.
The bearings should be replaced if the clearance between the crankshatt
journal and the bearing exceeds 015”. See the topic, REMOVING AND
INSTALLING MAIN BEARINGS.

To install the crankshatt (2), place it through the flange opening in the
cylinder block and insert the forward end into the front main bearing (1)..

Push the crankshatt into the bearing as far as possible.
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INSTALLING CRANKSHAFT
1-Front main bearing. 2-Crankshaft. 3-Flange. 4-Seal.

Install a new gasket on the flange (3).

Guide the flange onto the crankshaft taking care not to damage the
rear main bearing or the seal (4) when doing so.

Position the flange on the cylinder block and install the locks and
capscrews. Lock the capscrews after tightening.

INSTALLING CRANKSHAFT GEAR AND CHECKING
CRANKSHAFT END CLEARANCE

The crankshaft end clearance is controlled through machining and
new parts must be installed when excessive end clearance is found.

The crankshaft end thrust is taken by the inner surface (6) of the wash-
er (3) and the forward end surface of the front main bearing (5).

The outer surface on the shoulder of the washer (8) also serves as a
seal surface for the seal (4).

‘The amount of end clearance will be the amount of space between the
inner surface (6) of the washer and the ground face (2) on the forward
face of the crankshaft flange (1), minus the length of the front main bear-
ing.

Install the washer (3) on the crankshait with the suriace (6) toward the
front main bearing.

Wedge the crankshait all the way forward in the cylinder block.
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INSTALLING CRANKSHAFT GEAR

1-Crankshaft flange. 2-Ground face on flange. 3-Washer, 4-Seal.
5.Front main bearing. 6-Inner suriace of washer.

Install the iwo crankshalt gear locating keys and the crankshait gear.

Heat the gear (preferably in hot oil) to ease installation. .

Align the timing marks "C” on the end of the crankshaft and the face
of the crankshaft gear and insiall the gear.

Be certain the washer (3) is tight against the shoulder on the crank-
shait and the gear is tight against the washer.

After insialling the crankshaft gear, the _end clearance should be
checked as follows:

Install a dial indicator as illustrated.
Move the crankshatit all the way forward in the cylinder block.
Adjust the indicator dial to read 0.

Push the crankshaft all the way toward the rear of the cylinder block,
observing the amount of travel registered on the indicator as the crank-
shatt is moved.

The correct end clearance should be .010"-.015” with a maximum per-
missible end clearance of .025".

After the end clearance has been checked and found to be satistactory
install the flywheel and all other parts of the engine in the reverse order
of which they were removed.
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CHECKING CRANKSHAFT END
CLEARANCE

L 4

Main Bearings

The main bearings are of the aluminum alloy bushing-type and are
not adjustable.

Each of the two main bearings are located and prevented from rotat-
ing by a dowe! pin.

The dowel for the front main bearing is located in the cylinder block
and the one for the rear main bearing is located in the flange bolted to
the rear side of the cylinder block.

It is possible to remove the rear main bearing without removing the
crankshaft if desired. This can be accomplished by pulling the flywheel
and removing the flange which contains the bearing, from the rear side
of the cylinder block. However, the front and rear main bearings should
be replaced at the same time if either is badly worn. Therefore, the

crankshaft should be removed unless perhaps, only the flange is to be

replaced and the original rear bearing is to be removed and installed
in the new flange.

REMOVING AND INSTALLING MAIN BEARINGS

To remove the rear main bearing, remove the flywheel and key from
the crankshatft. '

Remove the flange (8) from the cylinder block.

Remove the bearing locating dowel (2), by using a punch of the
proper size as illustrated.

Press out the bearing (1) and the seal located in the back face of the
flange. '
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REMOVING MAIN BEARING
DOWEL '

1-Main bearing. 2-Dowel. 3-Flange;
*

When installing new bearings, line up the drilled hole in the bearing
as closely as possible with the drilled hole in the flange and press the
becring flush with the inner face of the bearing bore.

Use the hole in the flange as a guide and drill through the bearing
with a 15/64" drill. Finish ream the dowel hole to .249"- 250" and install
the dowel.

Precision main bearings machined to provide proper clearance, are
obtainable in complete sets and should be insialled without fitting, scrap—.
ing, filing or reaming.

Install the seal in the flange assembly with the wiping edge toward
the bearing.
Press the seql in until it is flush with the outer face of the flange.

Protect the seal with shim stock when installing the flange assembly.

To remove the front mdin bearing, the crankshaft must be removed.
See the topic, CRANKSHAFT REMOVAL.

Remove the bearing locating dewel from the cylinder block and bear-
ing in the same manner as that used in removing the dowel from the
rear main bearing.

Press the bearing from the cylinder block, align the dowel hole in the
new bearing with the dowel hole in the cylinder block and press the
bearing in until it is flush with the inner face of the bearing bore.

Use the dowel hole in the cylinder block as a pilot and drill through
the dowel hole in the bearing with a 15/64" drill. Finish ream the hole
with a .249"-.250" reamer.

Install the dowel. .

Complete the assembly of the engine.
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Clutch and Starter Pinion

The starting engine transmits its power through a muitiple disc cluich

to a sliding pinion which is engaged with the Diesel engine flywheel gear
by means of a hand lever. The pinion is automatically released by cen-
trifugal force acting on the pinion latches when the Diesél engine starts.

REMOVING THE CLUTCH AND STARTER PINION

Remove the cluich cnd starter pinion from the Dieéel engine flywheel

housing as {ollows:

1.

Follow the procedure for preparing the starting engine for removal
described in the topic, STARTING ENGINE REMOVAL, to the point
where the engine is to be lifted off.

Instead of lifting the starting engine off the flywheel housing, raise
it only high enough to place supporting blocks approximately 2"
thick, between the starting engine and the flywheel housing as
shown. This will permit the starter pinion to pass by the idler gear

(5).
Drain the oil from the clutch housing by removing the drc:iﬁ plug (4).

- Remove the cover (1) from the governor housing.

Engage the clutch pinion. This will mesh the teeth on the pinion with
the teeth on the flywheel gear and make removal of the clutch and
pinion possible.

i 2

PREPARATION FOR CLUTCH REMOVING CLUTCH AND

REMOVAL ' STARTER PINION
1-Governor cover. 2-Cluich cover. §-1dler gear.

3-Inspection cover. 4-Drain plug.
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6. Remove the cover (2) to provide clearance.

7. Remove the upper rear capscrew from the inspection cover (3). .

8. ‘Remove all the clutch to flywheel housing capscrews and lift the
cluich from the flywheel housing as illustrated.

CLUTCH AND STARTER PINION DISASSEMBLY

1. ‘Remove the clutch engaging voke and cover (2) from the side of the
clutch housing (1). ‘

REMOVING ENGAGING YOEKE AND
COVER

1-Clutch housing. 2-Engaging
yoke and cover.

. _

Ti3sss

9. Remove the capscrews (12) which secure the sleeve (7) to the pirﬁon

(9).

3. 1f the latches (13) of the sleeve are engaged with the stop (6), they
should be released.

NOTE

To release the latches, apply hand pressure against the
buiton end of the sleeve and release the latches, by press-
ing inward on the upper end of each laich simulianeously.

4. Remove the sleeve from the pinion.

5. To remove the laiches from the sleeve, press out the pins (8).
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REMOVING PINION AND SLEEVE

3- Shuﬂ. 4-Spring. 5-Plunger. 6-Stop. 7-Sleeve, 8-Pin. 9-Pinion, 10-Spring. 11-Lock.
12-Capscrew. 13-Laich. 14-Adjusting screw.

6. Remove the stop (B) and lock (11). Apply hand pressure downward
on the plunger (5) when removing the stop to relieve spring pressure
on the stop.

b : o NOTE

If the adjusting screws (14) are to be removed from the
“latches (13), make maich marks on the latch and adjusting
screws belore bcckmg the screws out. Count the number of
turns required to remove each screw and record the infor-

REMOVING CLUTCH AND ASSEMBLY FROM THE HOUSING
15-Seal. 16-Nut. 17-Seal. 18-Lock.
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10.

11.
12.
13.

14.

15.

16.
17.

mation. When installing the screws in the laiches, be certain
they are turned inio the laiches the same number of turns
required to remove them. The setting of the laiches controls

the release speed of the pinion and must not be changed
unless adjustment becomes necessary.

Remove the plunger and the springs (4) and (10).
Pull the pinion (9) off the shaft (3).
Remove the nut (18) and lock (18).

Bump the end of the clutch shait with a block of woed or brass bar
to loosen the bearing in the clutch housing.

Remove the clutch assembly from the cluich housing as shown.
Inspect and if not in good condition, replace the seals (15) and (17).

Remove the seal (15) by inserting a suitable driver through the
clutch housing and either press or drive the seal out.

When installing a new sedl, press the seal into the cluich housing
with the lip of the seal in.

Remove the retaining nut and pull the bearing and bearing cage .
from the clutch shaft with the 8B7546 Puller and the 8B7560 Step
Plate.

Press the bearing (19) from the bearing cage (25).

Remove the cluich brake discs (20).

PULLING BEARING AND BEARING CAGE
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18. Remove the sleeve (26) and the key which prevents the sleeve from
turning on the shatt.

19. Slide the collar (21) off the cluich shait.

20. Pull oui on the plunger knob and back the spider assembly (27) off
the threads and remove it from the shadit. '

DISASSEMBLING THE CLUTCH

3-Shail, 19-Bearing. 20-Brake discs. 21-Collar. 22-Adjusting plate. 23-Plate. Z4-Bear-
ing. 25-Bearing cage. 26-Sleeve. 27-Spider assembly. 28-Clutch discs.
29-Gear. 30-Keys. 31-Hing.

21. Inspect the dogs on the spider assembly and replace any that show
excessive wear.

22. Remove the adjusting plate (22), cluich discs (28), plate (23) and
the gear (29).

NOTE

 There are twelve cluich discs, six steel and six brass. The
six brass discs have three projections on their outer edge
which fit into corresponding slots cut into the gear (29). The
brass discs must, therefore, turn with the gear. The steel
discs are keyed to the clutch shaft by the keys (30) and drive
the shaft when the cluich is engaged.

23. Remove the bearing (24) and ring (81) from the shaft by either
pressing or pulling them off the shatt.
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CLUTCH ASSEMBLY AND PINION LATCH ADJUSTMENT

The cluich can be assembled in reverse order of disassembly. Be cer-
tain when installing the steel and brass clutch discs that one of the brass
discs is installed first. The remaining discs should then be alternated,

installing a steel then a brass disc until all are in place.

When installing the pinion (8) and the sleeve (5), the pinion must be
posmoned on the splines of the clutch shaft {6) so that the latches (3)
will ,snap over the projecting portion of the stop (4) when the pinion is
engaged.. This may require more than one attempt to locate the pinion

properly.
After the pinion has been properly located on the shatft, lock the stop
in place. '

Install the sleeve and install, tighten and lockwire the capscrews (7).

Latch adjusiment conirols the disengaging speed of the pinion due to
centrifugal force.

Care must be observed not to raise the disengaging speed too high,
since damage to the starting engine will result if the engine is over-

speeded. o .

I ——D

INSTALLING THE PINION AND ADJUSTING THE LATCHES

1-Latch spring. 2-Latch adjusting screw. 3-Latch. 4-Siop. 5-Sleeve.
6—Clutch shaft. 7-Capscrew. 8—Pinion.

The disengaging speed is conirolled by the amount of tension placed

on the laich spring (1), by turning the latch adjusting screws (2) in or.
out the required amount.
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One complete turn of the adjusting screw (2) will increase or decrease
(depending upon the direction in which i1 is turned) the disengaging
speed of the pinion from 100 to 150 RPM.

Turn both laich adjusting screws an equal amount.

The latches are set at the faciory to permit disengagement of the
pinion at a clutch shait speed of 3515 RPM.

When this setting has been obtained, lock the adjusting screws with
cotter pins.

r

Carburetor
A Zenith TU-4C Series Carburetor o‘fthe down draft type is used.

- OPERATION

This carburetor is sealed, protecting all internal parts from dirt and
- moisture. All air for the jet system, idling and ventilation of the fuel bowl
is drawn through the air cleaner.

Carburetor Starting Action

\-.
Ll
¢
CARBURETOR STARTING ACTION

1-Choke plate. 2~-Poppet valve. 3-Air passage. 4-Circular chamber. 5-Main
discharge nozzle, 6-High speed metering well, 7~-Compensating passage.
. 8-Main passage. )
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With the choke plate (1) closed, air is drawn into passage (3). The air
divides at the circular chamber (4). One stream of air enters the float
chamber and causes the fuel to rise in the main passage (8) and the
compensating passage (7). The other siream of air flows around the
jacket of the high speed metering well (6) and mixes with the fuel in the
main passage (8). The low pressure area created under the choke plate
and around the main discharge nozzle (5) siphons the tuel-air mixture
out of the six discharge holes in the main discharge nozzle and into the
carburetor throat.

After the engine staris, the suction of the engine inlet manitold opens
the poppet valve (2) located in the choke plate. This permits the engine
to continue running until the choke control rod can be pushed in.

| Carburetor High Speed Action

Once the engine has started and the choke plate (1) has been opened,
the low pressure area at the bottom of the venturi (2) siphons the fuel
from the main jet (8). The fuel passes through the main passage (11) to
the high speed metering well (7) and is discharged into the air stream
from the main discharge nozzle (5). |

i
|75

TI3220 \ \
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-CARBURETOR HIGH SPEED ACTION

1-Choke plate. 2-Venturi. 3-Needle valve. 4-Main jet adjusting screw. 5-Main
discharge nozzle. 6-Float. 7-High speed metering well. 8-Main jet. 8~Compensator
jet. 10-Compensating passage. 11-Main passage. -
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Compensation fuel flows through the compensator jet (9) into the com-
pensator fuel passage (10). From the compensator fuel passage it Hlows
-through a cross drilled passage and into the high speed metering well
jacket. The fuel enters the high speed metering well through a small hole
in the side of the metering well and mixes with the fuel in the main dis-

charge nozzle.
This exira fuel also provides a reserve for good recovery when the
throtile is opened quickly.

The main jet adjusting screw (4) provides a means of controlling the
flow of fuel from the fuel bowl to the main fuel passage way leading to

ithe main discharge nozzle.
The float (6) controls the amount of fuel in the fuel bowl by opening -

and closing the needle valve (3).

Carburetor Idling Action

When the engine is idling with the throttle plate (7) closed, air enters
the passage (3) causing the fuel to rise in the compensator passage (8).

i, (P
1

Fundl l
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CARBURETOR IDLING ACTION

]-ldle adjusting screw, 2-Passage. 3-Passage. 4-Idle discharge jet. 5-Hole in idle
discharge jet. 6-Idle discharge porl. 7-Throitle plate. 8-Compensator passage.
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Air passing through passage (2) and across the idle discharge jet (4)
siphons fuel from a hole (5) in the idle discharge jet and discharges it
through the idle discharge port (8) into the carburetor throat. .

The idle adjusting screw (1) does not meter fuel, but adjusts the amount
of air allowed to enter and mix with the fuel at idling speeds.

REMOVAL ‘
1. Remove the flame arrester or air cleaner if so equipped.
Disconnect the throttle control rod (8) and the choke control rod (2).
Disconnect the governor control rod (4).
Remove the starting engine oil filler (1).

Disconnect the fuel inlet line.

o o o W N

Remove the nuts holding the carburetor in place and remove the
carburetor.

REMOVING CARBURETOR
(D311 Marine lllusirated)

1-Starting engine oii filler. 2-Choke contrel rod. 3-Throttle control red.
4-Governer conirol rod.

DISASSEMBLY
Throttle Valve

1. Melt the solder around the screws (4) and remove them.

2. Remove the thréttle plate (3).
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REMOVING THROTTLE VALVE

1-Stop assembly. 2-Tapered pin. 3-Throttle
plate, 4-Screws. 5-Cap.

*

3. Drive the tapered pin (2) out of the stop assembly (1).
4. Remove the stop assembly (1).

5. Remove the cap (5) and drive the shaft out of the retaining ring.

Choke Control

1. Meli the solder around -the two screws (1) and remove them.

2. Remove the choke plate (2).

3. Drive out the taper pin (6) and remove the lever assembly (3).

REMOVING CHOKE PLATE

1-Screws. 2-Choke plate. 3-Lever.
assembly. 4-Shait assembly. 5-Pop-
pet valve, 6-Taper pin.

*
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opened by the force of the air stream as soon as the engine starts. This

4. Drive out the shaft assembly (4).

The spring loaded poppet valve (5) located in the choke plate (2) is .

permits the engine to continue running without flooding until the choke
control rod can be pushed in.

Main Jet Adjusting Screw and Needle Assembly
1. Unscrew the main jet adjusting screw (2).

2. Remove the screws securing the housing cssembly (1) to the fuel
bowl cover (5).

3. Unhook the hinge (8) from arcund the needle assembly (4) and re-
move the housing assembly (1).

4. Remove the fue_l bowl cover (5) from the fuel bowl (6) and remove
the needle assembly (4).

The main jet adjusting screw (2) raises and lowers the spring-loaded
needle assembly (4) which regulates the amount of fuel in excess of the
fuel from the compensator jet (10).

REMOVING MAIN JET ADJUSTING SCREW AND NEEDLE ASSEMBLY

1-Housing assembly. 2-Main jet adjusting screw. 3-Hinge thai permits raising and
lowering of the needle assembly. 4-Needle assembly. 5-Fuel bowl cover. 6-Fuel
bowl. 7-Plug covering high speed metering well.
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The amount of fuel is changed by scfewing the main adjusting screw
clockwise to increase cnd counterclockwise to decrease.

The head of the main jet (9) is specially shaped io accommodate the
.tapered end of the main adjusting needle. When the adjusting needle is
seated in the main jet, the fuel must pass through the orifice (8) to reach
the main jet, thus the minimum fuel limit is accomplished.

Screwing the main jet adjusting screw (2) clockwise raises the adjust-
ing needle up from the main jet and permits extra fuel to move around
the needle to reach the main jet. When fully open, the size of the main
jet calibration becomes the maximum limit.

The maximum limit is the size of the main jet and the minimum limit is
the size of the crifice in the main adjusting needle.

REMOVING NEEDLE ASSEMBLY
AND JETS

4-Needle assembly. 8-Orifice in
needle assembly. 9-Main jet.
10-Compensaior jet.

*

The main jet (9) and the compensator jet (10) can be removed with a
screwdriver.

The high speed metering well is located under the plug (7).

High Speed Metering Well

After removing the plug over the high speed metering well (1), remove
the well. The fuel flow through the metering well is regulated by the size
of the orifice (2).
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REMOVING HIGH SPEED METERING WELL
1-High speed metering well. 2-Orifice.

Removing Idling Jet

The idle adjusting screw (1) regulates the amount of air to be mixed
with the fuel at the idling jet (2).

#_[3'229

REMOVING IDLING JET
1-1dle adjusting screw. 2-Idling jet.

The idling jet (2) can be removed with a screwdriver. The jet controls
the amount of fuel taken from the high speed metering well.

The fuel and air pass through the priming plug located in the carbure- .
tor throat adjacent to the idling position of the throitle valve.
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Float Assembly

i the float needle valve (4) leaks or the engine performance does not
respond to normal carburetor adjustment, inspect the seat of the valve
assembly after removing the pin (1) and the float assembly (2).

NEEDLE VALVE AND FLOAT ASSEMBLY

1-Pin. 2-Float assembly. 3-Needle valve
seat. 4-Needle valve.

*

Clean any foreign materials from the seat (3), or if worn, replace the
needle valve (4) and the seat (3).

The float level is correct when a measurement of 11" plus or minus '
3/64" exists between the face of the cover of the fuel bowl (without gas-

ket) and the float as shown.

FLOAT ASSEMBLY
LEVEL *I
‘ | ==
¢ o 3 . g
4 =
Ti3218 L
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