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FOREWORD

In the preparation of this manual covering Willys industrial
engines, consideration has been given only to engines as supplied
by the Willys Industrial Engine Dept. and to those external
components which are standard equipment for those engines.

In OHC, F-Head and L-Head types the Willys engines are
supplied either as complete assemblies or as ‘“‘short” form engines.
The “short” engines are composed of the basic engine minus
such external components as the distributor, generator, starting
motor and some others necessary for operation.

External components may be found on some engines which
are not standard with Willys. These have been supplied and
installed by other manufacturers on the ‘‘short” engine. Informa-
tion concerning the repair and maintenance of such components
must be obtained directly from the manufacturer of the industrial
unit. Space limitations prevent coverage of all makes of external
components that might be found in use.

Engineering specifications for the OHC, F-Head and L-Head
engines will be found at the end of the manual. It is suggested
that these specifications be followed closely when making repairs,
rebuilding an engine or making adjustments. The close tolerances
involved in the original assembly of Willys engines demand
precise rebuild, assembly and adjustment. For maximum results
consult the specifications.

Duplicate copies of this manual may be ordered from the
Industrial Engine Sales Division. The price is $1.50 per copy.

WILLYS MOTORS, INC.
Toledo, Ohio
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SECTION 1

Preventive Maintenance

Operation and Preventive Maintenance
Correct operating procedure is in itself preventive
maintenance. The recommended operating se-
quence forms the basic pattern of preventive
maintenance.

Daily checks of vital systems and units are recom-
mended both as correct operating procedures and
preventive maintenance measures.

For maximum efficiency, low cost operation and
long life of your engine, particular attention should
be given to selecting high quality engine lubricating
oil of the correct grade. It is also important that
the oil filter and air cleaner receive regular periodic
attention and that the level of the cooling solution
be correctly maintained to prevent overheating.
Keep the fan belt properly adjusted to assure
efficient operation of the fan, water pump and
generator. Allow the engine to idle sufficiently for
warm-up and to assure recirculation of lubricant
before putting it to work.

These items are discussed more in detail later in the
text. They are mentioned here, however, as an
introductory consideration of the factors upon
which successful engine operation is dependent.

Pre-Starting Inspection

When a new or rebuilt engine is placed in service,
it is suggested that an inspection be made, following
the checklist below.

1. Check the oil level in the crankcase. The level
is measured by the bayonet type oil level in-
dicator. If the oil level is below the ‘“‘Full”
mark add new oil to the reservoir to bring it
to the mark.

. Check all fuel and oil lines for evidence of
leakage or loose connection.

3. Check all wiring connections for security.
Check the battery cables and terminals. Make
sure that battery cables and ground connec-
tions are tightly secured.

4. Check the electrolyte solution in the battery.
Add pure distilled water to cells where the

level is below the required 34” above the plate
level. NOTE: Do not overfill the battery.

5. Check the engine coolant level. If the engine
is to be operated in cold weather conditions,
check the coolant anti-freeze content with a
hydrometer.

6. Check throttle controls for freedom of opera-
tion.

Lo

7. Check governor controls, if so equipped, for
free operation.

8. Check all cylinder head nuts and cap screws
for tightness.

Starting the Engine
1. Disengage any gearing, belt pulley drive or
other power arrangement connected with the
engine.

2. Pull the choke control button out one-fourth
the way. This action also opens the throttle
slightly.

3. Turn the starter-ignition key to the right
to start engine.

4. Pull the choke control button all the way out
if the engine fails to start immediately. When
it starts push the control in about one-third
the way.

5. Set the choke control at the best operating
position and as the engine warms up, push it
all the way in. Do not run the engine continu-
ously with the choke control out because of
fuel waste and the danger of fouling the en-
gine.

Engine Warm-up

When you start the engine, allow it to run at
slightly higher than idling speed until operating
temperature is achieved. Never put a load on a
cold engine. Preliminary warm-up permits lubricant
to reach vital bearings and working parts and pre-
vents damage when stress is applied to these units.

Watch the oil pressure indicator. If at any time a
drop in pressure is noted stop the engine im-
mediately and investigate the cause of the drop.
Continued operation of the engine with inadequate
oil pressure may result in serious damage to vital
parts.

Engine Temperature Control

During the break-in period of a new or rebuilt en-
gine, one of the greatest dangers is over-heating.
There are several possible causes of over-heating,
but the basic items for consideration are engine
lubrication and coolant circulation.

At the first sign of over-heating, shut the engine
down and make a thorough check to determine the
cause. Check the temperature gauge frequently.

Temperature of the engine coolant is regulated by
a thermostatic valve located in the outlet at the
front of the cylinder head. This unit retards the
flow of coolant until a predetermined temperature
is reached, usually varying between 170° and 180°.
When the desired temperature is- achieved, the
valve opens and free circulation of the coolant
through the system begins.

If the thermostat valve becomes faulty and does

not open at the correct temrperature, the thermo-
stat should be removed and a replacement installed
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immediately. In the event, however, that a replace-
ment cannot be made at once, remove the faulty
unit, reassemble the hose connection, and run the
engine without the thermal control unit until a new
one can be obtained.

Continued operation of the engine without the
thermostat is harmful, however, because sub-nor-
mal coolant temperatures promote the development
of sludge and acids harmful to bearings and other
internal parts of the engine.

Lubrication

Proper lubrication of your industrial engine is the
keystone to its long life and efficient operation.

Lubrication of both types of engine is accom-
plished by a continuous circulation of oil drawn in
through a floating intake located in the crankcase
and forced through the system by a rotor type oil
pump located externally on the left side of the en-
gine and driven by a spiral gear on the camshaft.

The floating intake does not permit water or dirt
that might have accumulated in the bottom of the
oil pan to circulate through the system because it

FIG.1 —THE FOUR CYLINDER L-HEAD
TYPE ENGINE — DISTRIBUTOR SIDE.

draws oil horizontally from the top surface in the
pan.

The quantity of oil in the crankcase can be deter-
mined by the bayonet type oil level indicator
located at the side of the engine. When the level
indicator shows the level to be below the ‘“Full”
mark add oil to bring it to the required level.

Engine Lubricant

Premium grade, heavy duty oils as produced by
any of the major oil companies are recommended
for use in your Willys industrial engine. The
detergent characteristics of heavy duty oils will
keep the engine working parts cleaner, and provide
better lubrication than regular engine oils.

Additive compounds in heavy duty oils clean the
metal surfaces of lead deposits and soft carbon and
provide in the oil greater wetting capacity for more
complete lubrication of internal engine parts. In
addition to holding harmful elements in suspension,
the detergent agents provide greater resistance to
oxidation, carbon, varnish and sludge formation.
NOTE: Because of its characteristic of holding
harmful matter in suspension, heavy duty, high
detergent oil will appear to be due for a change

FIG. 2 —THE FOUR CYLINDER L-HEAD
TYPE ENGINE — MANIFOLD SIDE.
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more rapidly than will ordinary engine oils. Special
care should be exercised, therefore, in keeping a rec-
ord of the running time of an engine when new oil
is installed or perfectly good oil may be disposed of
before its usefulness expires.

Use the oil selection guide on Page 8 to determine
the oil weight to be used to meet climatic conditions
prevailing during the engine operation.

Crankcase Oil Level

Daily check should be made of the oil level in the
engine crankcase. The oil level indicator rod is lo-
cated on the right side of the engine. Remove the
rod, wipe the oil from it and reinsert the rod in the
tube to full depth. Withdraw the rod again and
note the oil level. If the level is below the “Full”
mark, add oil to bring it up to the mark.

Draining Engine Oil
Engine oil should be changed every 100 hours of
operatiotni

Watch the condition of the oil and should it become
fouled by dirt and other foreign matter, drain it off
while the engine is warm, preferably after extended
operation. The foreign material that might have
accumulated in the oil system will be floating in the
hot oil and will drain off more easily than if it is
allowed to settle as the oil cools. If the oil is allowed
to cool the foreign matter will settle in the crank-
case and contaminate the new oil that is installed.

At least once a year, preferably in the spring, re-
move the oil pan and floating oil intake. Wash them
thoroughly with a cleaning solution. If operating
conditions are severe this servicing may be neces-
sary more often than once a year.

Oil Selection Guide

Select the grade of oil recommended for the tem-
peratures likely to prevail during the engine opera-
tion following the change. Use the guide on Page 8
to make your selection.

Above 90 degrees Fahrenheit
Not lower than 32 degrees

SAE 30 or 10W-30

SAE 20 or 20W

10W-30 or 10W-20

As low as 10 degrees
above zero Fahrenheit SAE 20W

10W-30 or 10W-20

As low as 10 degrees
below zero Fahrenheit SAE 10W

10W-30 or 10W-20

Lower than 10 degrees

below zero Fahrenheit
Qil Bath Air Cleaner

The oil bath air cleaner should be removed, thor-
oughly cleaned and the oil in reservoir changed as
often as operating conditions demand. This unit is
one of the most vital elements in the engine
assembly and must be checked daily or twice daily,
depending upon the severity of operating condi-
tions.

SAE 5W or 5W-20

Use a long screwdriver or similar instrument in
cleaning the filter to dislodge any dirt sticking to
the bottom and sides of the intake passage in the
body of the cleaner. When the unit is thoroughly
cleaned, fill the reservoir to the level mark using
the same grade oil currently used in the engine.

Generator Lubrication

Service the generator with a few drops of oil at
every 100 hour oil change. Do not over lubricate
electrical components.

FIG.3 —THE FOUR CYLINDER F-HEAD
TYPE ENGINE — MANIFOLD SIDE.

FIG. 4 —THE FOUR CYLINDER F-HEAD
TYPE ENGINE — DISTRIBUTOR SIDE.
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Distributor Lubrication

Service the distributor with a few drops of engine
oil at least at every 100 hour lubrication oil change.
Place a few drops of engine oil in the external oiler,
and also a few drops on the distributor wick.
In addition, place a smear of light grease on
the breaker arm cam and a drop of oil on the
breaker arm pivot.

Oil Filter

Dismantle the oil filter, clean the housing interior
and replace the filter cartridge after every 100 hours
operation. On the Tornado OHC engine the full
flow oil filter is the throw away type and the com-
plete filter should be replaced. A sound operating
rule is to change the oil filter cartridge every time
the oil is changed.

In extremely severe operating conditions, the oil
filter will have to be serviced more frequently than
at every 100 hours.

Pre-Lubricated Components

The starting motor and water pump are lubricated
at assembly and require no further servicing for the
life of the unit.

Flywheel Bushing

Should the flywheel be removed from the crank-
shaft or the clutch removed, do not neglect to ap-
ply a light coating of chassis grease to the flywheel
bushing. This practice is essential and must be
accomplished at assembly because of its inaccessi-
bility when the bell housing is installed.

FIG. 4A—THE 6 CYLINDER “TORNADO"” OVER HEAD CAM ENGINE —MANIFOLD SIDE

1—0il Filler Cap
2—0il Filler Tube
3—Vent Hose

4—Dip Stick
5—Crankcase Breather Cap
6—0il Filter
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SECTION 11
Four Cylinder L-Head Engine

The four cylinder L-head engines are basically the
same. During the production of the different
models, changes have been made to fit the engine
to the individual models or to increase performance
and efficiency. The changes made during the pro-
duction of each model as well as general repairs and
adjustments are covered in this Manual to assist
in properly servicing these models.

In common with all manufacturers some engines are
built with oversize cylinder bores or undersize
crankshaft journals. These engines are considered
standard as parts of the correct sizes are supplied.
Before ordering parts or doing any work with the
pistons or bearings of a particular engine, it is al-

\

ways wise to check the engine number to determine
if over or undersize parts are required. Definite in-
formation is given by letters stamped after the en-
gine number. The code covering is given below:

Letter “A"”— (10001-A) indicates .010" (.254
mm.) undersize main and connect-
ing rod bearings.

(10001-B) indicates .010" (.254
mm.) oversize cylinder bore.

Letters**AB’"— (10001-AB) indicates .010" (.254
mm.) undersize main and rod bear-
ings and .010" (.254 mm.) over-
size cylinder bore.

Letter “‘B’"—

FIG. 5—FOUR CYLINDER L-HEAD ENGINE—SIDE VIEW

Fan Assembly

Water Pump Bearing & Shaft Assembly
Water Pump Seal Washer
Water Pump Seal Assembly
Water Pump Impeller
Piston

Piston Pin

Thermostat Assembly
Water Outlet Elbow
Thermostat Retainer
Exhaust Valve

Inlet Valve

Cylinder Head

Exhaust Manifold Assembly
15. Valve Spring
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16. Valve Tappet Self-Locking Adjusting Screw

17. Engine Plate—Rear

18. Camshaft

19, Flywheel Ring Gear

20. Crankshaft Packing—Rear

21. Crankshaft Bearing Rear Drain Pipe
22. Crankshaft Bearing Rear Lower

23. Valve Tappet

24. Crankshaft

25. 0Oil Pump & Distributor Drive Gear

Connecting Rod Cap Bolt

Qil Float Support

Qil Float Assembly

Crankshaft Bearing Center—Lower
Connecting Rod Assembly Neo. 2
Connecting Rod Bolt Lock Nut
Crankshaft Bearing Front—Lower
Crankshaft Bearing Front—Upper
E e Plate—Front

Crankshaft Gear

Crankshaft Gear Spacer
Crankshaft Oil Slinger

Fan Belt

Crankshaft Packing—Front End
Fan & Generator Drive Pulley Nut
Crankshaft Gear Kev

Fan & Generator Drive Pulley Kev

ator Pulley
ist Plate
Wast
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23 2221 20

Letter “C’'- (10001-C) indicates .002” (.0508
mm.) undersize piston pin.

Letter “D"”— (10001-D) indicates .010” (.254
mm.) undersize main bearing jour-
nals only.

Letter “E”— (10001-E) indicates .010”7 (.254

mm.), undersize connecting rod
bearing journals only.

At the beginning of this section will be found the
General Specifications covering the engine as used
in the different models. When adjustments are
necessary it is recommended that references be
made to these specifications so that the proper
running tolerances and clearances of all component
parts may be maintained.

Engine Tune-up

For best performance and dependability, the engine
should have a periodic tune-up every 200 hours.
To secure the best results, it is recommended that
a definite regular procedure be followed as outlined
in Fig. 7. It is essential that the carburetor receive
attention as the last of this sequence because it is
impossible to satisfactorily service the carburetor
until the other units are correctly adjusted.

FIG. 6—FOUR CYLINDER L-HEAD
ENGINE—END VIEW

1—Ignition Distributor
2—Cylinder Head Gasket
3—Exhaust Valve Guide
4—Intake Manifold

5—Valve Spring Cover

6—Heat Control Valve
7—Crankcase Ventilator Gasket
8§—Exhaust Manifold
9—Crankcas= Ventilator

10— Distributor Shaft Friction Spring
11—O1! Pump Driven Gear
12—0il Pump Gasket
13—0il Pump
14—0il Pump Rotor

15—0il Pump Cover

16—0il Relief Plunger

17—Relief Plunger Spring
18—Relief Valve Shim

19—Relief Plunger Spring Retainer
20—0il Pump Shaft
21—0il Pan
22—Drain Plug
23—0il Float Support
24—Crankshaft Bearing Dowel
25—Bearing Screw
26—0il Float

27—0il Filler Tube

28—0il Filler Cap & Level Indicator
29—Distributor Oiler

. Remove the spark plugs and clean. Adjust the

electrode gap to .030” (.762 mm.) by bending
the outer electrode mounted in the plug shell
and use a wire gauge to measure the gap.

. Check the battery, the battery terminals, the

negative ground cable and the engine ground
strap to be sure that the connections are tight
and clean.

. Remove the distributor cap to clean it and in-

spect it for cracks and carbon runners. Inspect
the points to be sure they are clean and square
and adjust them to .020” (.508 mm.) gap.
Check the condenser ground and lead connec-
tions.

. Check the ignition timing.

. Check the valve tappet clearance. On all

models not equipped with rotor type valves,
adjust both intake and exhaust valves to .016”
(.4064 mm.) cold. This adjustment supersedes
the former adjustment of .014” (.3556 mm.)
for this model engine.
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Complete service information is given under
the exhaust valve installation of the four
cylinder F-head type engine on Page 37 for
rotating valves.

6. If equipped with crankcase ventilation, Fig.
45, remove the crankcase ventilator valve
from the intake manifold and clean it thor-
oughly. If this valve should be obstructed the
ventilating system will not function and
should the valve be stuck open it will be im-
possible to make the engine idle satisfactorily.
See ‘“Crankcase Ventilation’, Page 28.

START
HERE

FINISH

DISTRIBUTOR

FIG. 7—ENGINE TUNE UP CYCLE

7. Clean the fuel filtering screen and the fuel
pump bowl. Check all fuel line connections to
guard against leakage.

8. Set the carburetor float level, accelerator pump
travel and the metering rod.

9. Start the engine and allow it to run until it is
thoroughly warm, then set the carburetor idle
screw so the engine will idle at 600 rpm.

10. Adjust the low speed idling valve screw so that
the engine will idle smoothly.

Complete information regarding dismantling, clean-
ing and the adjustment of the Carburetor will be
found in the “Fuel” section and that regarding the
Distributor and ignition timing in the “Electrical”
section.

Locating Engine Trouble

In some cases engine performance is unsatisfactory
even after the engine has been carefully tuned and
it is known that ignition and carburetion are right.
The cause of the trouble usually may be located by
the use of vacuum and compression gauges. The use
of these gauges has the added advantage that the
customer can be shown the cause of the trouble
which will result in increased sales and customer
satisfaction.

Before using a compression gauge allow the engine
torun until normal operating temperature is secured.
Remove all the spark plugs and mount the gauge in
number one cylinder plug opening. Open the throttle
fully and turn the engine with the starting motor
until maximum compression reading is shown.
Gauge each successive cylinder in the same manner.
For satisfactory engine operation the compression
must not vary more than 10 1bs. (.703 kg. per sq.
cm.) between the cylinders.

The standard compression of this engine is 90-110
P.S.I. (6.3-7.7 kg./sq. cm.) at 185 rpm. Satisfactory
engine performance and fuel economy can not be
expected if the compression is lower than 90 lbs.
(6.3 kg./sq. cm.).

Should the compression readings be low in adjacent
cylinders it is possibly caused by a leaking cylinder
head gasket.

Uniformly low compression may be caused either by
leakage at the valves or at the piston rings or it may
possibly be due to incorrect valve timing. Usually if
it is due to leakage at the valves it will be impossible
to make the engine idle satisfactorily. The true
cause of faulty compression and the resulting poor
engine performance can usually be determined by
using a vacuum gauge.

Connect the gauge to the intake manifold at the
windshield wiper fitting. Be sure that there is no
leakage at the connection for even a slight leak will
result in a false reading. Vacuum readings will vary
with altitude above sea level. Below are listed var-
ious readings which indicate different engine condi-
tions. These readings should be used to indicate en-
gine condition at sea level and up to 2,000 ft. (609
m.) altitude. At higher points deduct 1 inch (25.4
mm.) vacuum for each 1,000 feet (305 m.) of in-
creased altitude.

With the gauge connected start the engine and set
the throttle to give an engine speed of approxi-
mately 800 rpm. which is a fast idle speed (standard
idle is 600 rpm.). With the engine at operating
temperature a steady reading of from 17 to 21
inches (432 to 534 mm.) indicates that the engine
is in good condition. As a further check open and
close the throttle quickly. If the engine is in normal
condition vacuum will drop to 2 inches (50.8 mm.)
at wide open throttle and quickly return to about 25
inches (635 mm.) at closed throttle.
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Incorrect valve timing will usually be indicated by
a steady reading of approximately 10 inches
(254 mm.).

Weak valve springs will cause rapid fluctuation of
the gauge hand when the engine is raced. Should a
valve be sticking at times only, the vacuum will
drop 4 or 5 points momentarily when the valve hangs
and the fluctuation will resume when the valve
operates again. Should a valve be leaking badly the
hand will drop 4 or 5 points each time that cylinder
operates. A fast fluctuation of the gauge hand between
14 and 19 points indicates that the valve guides are
worn.

Leakage at the carburetor gasket, manifold or mani-
fold gasket will be indicated by a steady reading of
from 3 to 4 inches (76.2 to 101.6 mm.).

Leakage of compression between the cylinders will
show up by the gauge needle drifting regularly be-
tween 5 and 19.

A poor carburetor adjustment is generally indicated
if the gauge hand moves slowly between 12 and 16.

FIG. 8a—COMPRESSION AND VACUUM GAUGE

Worn or poorly fitted piston rings or scored pistons
and cylinder walls will be indicated by the hand re-
maining lower than normal or at about 15 points.
Some fluctuation will occur should one or two cyl-
inders only be badly scored.

Should the reading be normal when the engine is
first started but quickly drop to zero, check the
muffler and muffler tail pipe as the exhaust line will
probably be nearly clogged.

Grinding Valves

Should tests show that lack of power and poor fuel
economy is caused by low compression due to im-
proper seating of the valves, the maximum engine
performance can usually be restored by reseating
and grinding the valves. Care should be used when

valves are ground to maintain factory limits and
clearances as only by maintaining these can one ex-
pect to get good engine performance.

When it is necessary to grind the valves it will be
best to follow the procedure outlined in the follow-
ing paragraphs.

1. Drain the cooling system by opening the drain
cock (on some models a drain plug) at the
bottom of the radiator.

2. Remove fuel line from the carburetor to fuel
pump.

3. Remove the carburetor air cleaner and the ac-
celerator rod.

4. Disconnect the choke and throttle controls
from the carburetor.

wn

. Remove the nuts attaching the carburetor to
the manifold and remove the carburetor.

FIG. 9—CRANKCASE VENTILATOR BAFFLE

6. Disconnect the exhaust pipe from the mani-
fold.

Remove the crankcase ventilator valve from
intake manifold (if so equipped).

8. Remove the manifold attaching nuts and re-
move the manifolds.

~3

9. Remove the upper radiator hose. Remove the
spark plugs. Remove the cylinder head nuts
and the temperature gauge bulb, then lift the
head from the block. Removal is made easy by
using lifting hooks screwed into No. 1 and No.
4 spark plug holes.

CAUTION — Do not use a screw driver, chisel or
other sharp instrument to drive between the cyl-
inder head and block to break the head loose from
the gasket.
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10.

11.

On models so equipped, remove the crank-
case ventilator tube which extends from the
ventilator valve mounted in the intake mani-
fold to an elbow mounted on the valve cover
plate. Remove the valve cover plate screws
and the valve cover plate. Care should be
taken when removing the valve cover not to
lose the copper gaskets on each screw. Dis-
card the screen or baffle Fig. 9, when servic-
ing an engine equipped with the crankcase
ventilating system — clean and reinstall it if
not so equipped. Use cloth to block off the
three holes in the valve chamber floor to pre-
vent the valve keys dropping into the crank-
case when they are removed.

With a valve spring compressor inserted be-
tween the valve tappet and the spring retainer
raise the springs on those valves which are in
the closed position and remove the valve locks.

FIG. 10—SPRING TESTING FIXTURE

Turn the crankshaft until those valves which
are open are closed and remove the remaining
valve locks.

Remove the valves and place them in a valve
carrying board so they can be identified as to
the cylinder from which they are removed.
Remove the valve springs. The springs should
be washed thoroughly with solvent and exam-
ined for damage or corrosion, due to acid etch-
ing, which will develop into surface cracks and
cause spring failure. The overall free length of
each spring should be measured and spring
pressure checked on a spring testing fixture as
shown in Fig. 10. The free length of the

FIG. 11 —-GAUGING VALVE SEATS

springs is 214” (63.5 mm.). Should any springs
have taken a permanent set showing a reduced
free length, they should be discarded.

The spring pressure is 50 lbs. (24.04 kg.) at
274" (53.6 mm.) and 124 1bs. (55.25 kg.) at
134" (44.4 mm.).

When using the recommended spring checking
fixture C-647 shown in Fig. 10, it is necessary
to convert the torque wrench reading which is
in foot pounds to the static pound pressure of
the specifications above. This is accomplished
by multiplying the torque wrench reading by
two. Thus should the torque wrench reading
be 50 foot-pounds the static pressure of the
spring will be 100 lbs. Any spring which does
not fall within the above specifications or is
distorted should be replaced.

13. Clean the carbon from the cylinder head, top

of pistons, valve seats and cylinder block.

Clean the valve guides with a wire guide brush;
clean the valves on a wire wheel brush, making
sure that all carbon is removed from the top
and bottom of the heads, as well as the gum
which might have accumulated on the stems.

The valve heads should then be refaced at an
angle of 45°. It is also usually advisable to re-
face the seats in the cylinder block and check
them with a dial gauge as shown in Fig. 11.

The valve seat should not be out of round
more than .002” (.0508 mm.). After reseating
touch up the valves to the valve seats with
fine valve grinding compound.

Check the clearance between the valve stems and
valve guides carefully.

The clearance is .0015” —.00325” (.0381 — .0825

mm.) for the intake and .002” —.00375” (.0508
.0952 mm.) for the exhaust.

Excessive clearance between the valve stems and
guides will cause improper seating and burned
valves. When there is too much clearance between
the intake valve stem and guide there is a tendency
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FIG. 12—VALVE GUIDE DRIVER

to draw oil vapor through the guide on the suction
stroke causing excessive oil consumption, fouled
spark plugs and poor low speed performance.

To check the clearance of the valve stem to the
valve guide, take a new valve and place in each
valve guide and feel the clearance by moving the
valve stem back and forth. If this check shows
excessive clearance it will be necessary to replace
the valve guide,-if not, the valve stem is worn.

Exhaust Valve Seat Insert Replacement

To avoid damaging the block, remove an insert
with a tool designed for this purpose. When install-
ing a new insert, make certain the counterbore is
clean and smooth. Use an installer tool that will
keep the insert in true alignment with the bore.
Cool the insert and the installing tool with dry
ice for 30 minutes. Immediately after removing a
seat insert from the dry ice, position it over the
counterbore. Make certain the valve seat is facing
out. Drive the insert with the tool until it bottoms
in the counterbore. After installation, check the
valve seat for concentricity with the valve guide.
Grind the valve seat at an angle of 45° and check
after grinding with a dial indicator as shown in
Fig. 11.

WLET

g

_I.\
FIG. 13—POSITION OF VALVE GUIDES

Removing and Replacing Valve Guide

Should it be necessary to replace the guides, this in-
stallation can best be made by using the driver
Tool No. W-177 shown in Fig. 12. The old guides
are removed by driving them through the block into
the valve compartment. If this driver is not avail-
able a suitable puller can be made from a piece of 2”
(50.8 mm.) pipe, 6” (152.4 mm.) long and 34"
(9.525 mm.) bolt 10” (254 mm.) to 12” (304.8 mm.)
long with a threaded end, a small hexagon nut
which will pass through the hole in the cylinder
block and a 2” (50.8 mm.) washer with a 3¢”
(9.525 mm.) hole in it.

When replacing the guides maximum engine per-
formance can only be secured when the top of the
exhaust guide is positioned 1” (2.54 cm.) and that
of the intake 134" (3.33 cm.) below the top face of
the cylinder block as shown in Fig. 13. The stand-

FIG. 14—VALVE TAPPETS AND SPRINGS

ard driver Fig. 12 is equipped with adapter rings
which act as stops to correctly locate the guides.
Should the standard driver be unavailable a substi-
tute may be made from a piece of 14" (12.7 mm.)
round steel 6” (152.4 mm.) long. Turn down one
end to 34" (9.525 mm.) in diameter for a distance
of 2" (50.8 mm.) to form a pilot and shoulder.
Should this type driver be used it will be necessary
to measure to correctly locate the guides.

The valve tappet clearance in the cylinder block
should be .0005” to .002” (.0127-.0508 mm.). It is
advisable to check the tappet clearance by moving
it back and forth in the block. Should the clearance
seem to be excessive it might be necessary to install
a new one which is supplied .004” (.1016 mm.) over-
size. This operation is covered in the section under
“Camshaft and Valve Tappet”.

When assembling the valve springs and retainers in
the engine make sure that the closed coils of the
springs are placed up against the cylinder block as
shown in Fig. 14. Install the valves in the same
positions from which they were removed. Use a valve
spring compressor to raise the valve springs on those
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FIG. 15—CYLINDER HEAD TIGHTENING

valves which are in a closed position, and with a
valve key inserting tool, insert the valve spring
locks. If no inserting tool is available the keys may
be held in position by sticking them to the valve
stem with grease.

Adjust the valve tappets. This model engine is ad-
justed .016” (.4064 mm.) for both intake and
exhaust with the engine either hot or cold. (See
step 5, “Engine Tune-up”, Page 10.)

Remove the cloth blocks from the valve compart-
ment floor openings. Clean the top of the block and
pistons of all foreign matter and install the cylinder
head gasket without using sealer or other compound.
Clean the cylinder head and install it on the cyl-
inder block. Install the air cleaner tube and bracket
assembly. Install the cylinder head nuts or cap
screws finger tight after which tighten them with
a torque wrench in the sequence shown in Fig. 15,
60-70 ft. lbs. (8.3-9.6 kg.-m.) for both stud nuts
and screws.

Clean and adjust the spark plugs, setting the elec-
trode gaps at .030” (.762 mm.), Fig. 16. Install the
spark plugs to prevent any foreign matter entering
the combustion chambers during the remaining op-
erations.

Install the manifolds with new gaskets. Install the
manifold clamp washers noting that on some en-
gines a washer is used having a convex surface on
one side. When installing these washers place the
convex surface toward the manifold. Install the

FIG. 16—SETTING SPARK PLUG

manifold nuts drawing them up tight. (Torque
wrench pull 31-35 1bs. ft.) (4.29-4.83 kg.-m.) Attach
the exhaust pipe to the manifold using a new
gasket.

On engines equipped with sealed crankcase ventila-
tion, remove the crankcase ventilator valve, Fig.
45, which is mounted on the intake manifold of
these engines. Disassemble the valve and clean it
thoroughly making sure it is seating. Should the
valve opening be blocked the ventilating system
will not function and should the valve fail to seat
it will be impossible to obtain satisfactory idling
of the engine. Reinstall the valve in the manifold.

Overhaul and recondition the carburetor as covered
in the “Fuel” section. Install the carburetor on the
manifold and attach controls.

Recondition the distributor and set the ignition
timing according to instructions under “Distributor”
in the “Electrical” section.

Install the upper radiator hose, tighten all hose con-
nections and fill the cooling system. Start the engine
and allow it to idle for five or ten minutes, after
which, recheck the tappet clearance and retighten
the cylinder head.

Cement a new gasket in position on the valve cover
plate. Install the cover being sure the copper ring
gaskets are placed under the attaching screw heads.
Clean the valve chamber ventilator body baffle,
Fig. 9 (discard the baffle if engine is equipped
with sealed crankcase ventilation), and reinstall
with new gaskets. If the engine is equipped with
sealed crankcase ventilation, clean and install the
ventilator body to ventilator valve tube.

Camshaft and Valve Tappets

The camshaft, Fig. 17, rotates on four bearings.
The front bearing is a replaceable steel shell bushing
with babbitt face while the other three are precision
machined in the cylinder block with no bushings.
It is driven by helical cut timing gears, a steel gear
being used on the crankshaft and pressed fibre on
the camshaft.

The camshaft bearings are lubricated under oil pres-
sure through drilled passages in the crankcase. End
thrust of the shaft is carried by a thrust plate bolted
to the crankcase. The front bearing is a babbitt
lined steel shell pressed into place and staked in to
prevent rotation and endwise movement in the
crankcase as shown in Fig. 18.

The timing gears are lubricated through a jet
threaded into the crankcase which sprays oil from
the front main bearing on the tooth contact point
of the gears.
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FIG. 18—STAKING CAMSHAFT BEARING

The balance of the assembly is the reverse of dis-
assembly.

Timing Gear Cover and Seal

The timing gear cover is a pressed steel stamping
heavily ribbed for strength. The crankshaft oil seal
may be braided asbestos impregnated with graphite
and oil (see following paragraph). When it is neces-
sary to install a new oil seal, the steel retainer
should also be renewed.

FIG. 19—CRANKSHAFT PULLEY PULLER

FIG. 20—TIMING GEAR PULLER

A double baffle was added to the timing case cover
and the oil seal was changed from braided asbestos
to a spring loaded leather seal. The fan pulley hub
was also changed to provide a polished surface at
the seal contact. This change was made to more
effectively prevent dirt and grit entering the engine.
This baffled type cover is available for engines
equipped with the old cover, however, the assem-
blies are not interchangeable. Should the cover be
removed from an engine which is subjected to ex-
cessive dust or dirt do not fail to install the new
type cover and pulley.

Camshaft Drive

The camshaft drive is through a helical cut steel
gear on the crankshaft and a fibre gear on the cam-
shaft. Lubrication is positive through a jet threaded
into the crankcase directly back of the contact
teeth of the gears and drilled passages to the front
main bearing. When the gears are removed check
both the jet and passages to make sure they are
clear.

Should it be necessary to replace the timing gears,
due attention must be given to both the end float of
the shafts and running clearance of the gears.

End float of the crankshaft is controlled by the
running clearance between the crankshaft gear and
the gear thrust plate. The standard end play is
.004”-.008” (.1016—.2032 mm.) which is adjusted
by shims placed between the thrust washer and end
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of the front main bearing, see Fig. 26. Shims avail-
able are .002”, .004”, .010” and .030” (.0508, .1016,
.254, .762 mm.) thick. Should the thrust washer be
removed be sure that it is reinstalled with the bev-
eled inner edge toward the crankcase.

End float of the camshaft is determined by the
running clearance between the camshaft gear and
thrust plate. The standard is .003”—-.0055” (.0762—
.1397 mm.) which is determined by the thickness of
the camshaft gear thrust plate spacer. As a general
rule this clearance will vary little through wear or
even when a new gear is installed. Should a check
indicate too little clearance, place a thin shim be-
tween the thrust plate spacer and the shoulder on
the camshaft. Clearance may be reduced by dress-
ing off the spacer slightly. Should the spacer be re-
moved make sure it is replaced with the beveled
inner edge toward the rear.

End float of both the crankshaft and camshaft can
best be measured with a dial indicator.

Standard running tolerance between the gears is
.000” to .002” (.000 to .0508 mm.) which should be
checked with a dial indicator.

When the gears have been removed, it is necessary,
when reinstalling them, to retime the valves.

FIG. 21—FLYWHEEL TIMING MARKS
(Early Type Engines)

Valve Timing

To"set the timing, install the gears with the shafts
positioned so that the timing gear marks are in
alignment as shown in Fig. 23.

For timing ignition see the “Electrical’’ section.

To check valve timing, Fig. 24, carefully adjust
the inlet valve tappet for No. 1 cylinder to .020”
(.508 mm.). Rotate the crankshaft clockwise until

FIG. 22—FLYWHEEL TIMING MARKS
(After CJ-2A Engine No. 175402)

the piston in No. 1 cylinder is ready for the intake
stroke as indicated by the flywheel mark “IO”
which will be in the center of the timing inspection
hole, Fig. 21. Note—Flywheels used on late type
engines are not marked to show the “I0Q’ position.
Top center is marked and also a 5° before top center
position is shown, Fig. 22, for ignition setting. The
intake opens 9° before top center. Note the distance
between the top center mark and the 5° mark and
estimate the 9° or “IO” position. With the crank-
shaft in this position timing is correct if the tappet
is just tight against the valve stem. Do not over-
look readjusting the tappet to the running clear-
ance.

FIG. 23—TIMING GEARS
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NOTE: A 414" (11.43 cm.) starting motor was
placed in production of late model 4 cyl. L-head
engines. To use the larger starting motor it was
necessary to increase the width of the cylinder
block flange at the motor mounting. This increased
flange width partially covers the location of the
flywheel timing mark inspection hole making it
impossible to provide an opening for timing pur-
poses. This is not important however, as timing
marks are provided on the timing gear cover and
crankshaft pulley.

Should it be necessary to install a new cylinder
block on an earlier engine equipped with the
smaller starting motor it may be necessary to use
the timing hole as no other marks are available.

FIG. 24—VALVE TIMING

Should such an installation be made, cut away the
flange as required to uncover the timing hole in the
engine plate as shown in Fig. 25.

Crankshaft

The crankshaft is of drop forged steel. Crankshafts
for this model engine are built with either the four
counterweights forged as an integral part of the
shaft or with four separately forged counterweights
attached to the shaft with a dowel and cap screw.
The latter type shaft with removable counter-
weights is interchangeable with the shaft with
integrally forged counterweights if the several
points of possible interference listed below are care-
fully checked when making the installation.

After installation turn the shaft slowly and deter-
mine if it clears the pipe plug in the crankcase main
oil line at the rear of the oil pump. Should there be
insufficient clearance, either install a new slotted
headless type plug or grind off and slot the present
plug.

STARTER MOTOR:

CUT AWAY MOUNTING
FLANGE AS REQUIRED
TO UNCOVER INSPECTION
HOLE IN ENGINE PLATE

TIMING
INSPECTION HOLE

FIG. 25—UNCOVERING TIMING
INSPECTION HOLE

After installation of the floating oil intake, check to
determine that the crankshaft clears the float when
it is up.

Check the clearance of the connecting rod bolt head
with the camshaft intake cam for No. 2 cylinder
when that cam is toward the crankshaft. If inter-
ference is experienced or the clearance is too close,
grind off the edge of the bolt head to give about
.046” (1.1684 mm.) clearance with the cam.

Before installing the oil pan, it may be necessary to
bend the rear main bearing oil return pipe slightly
toward the flywheel to clear the rear counterweight."

After installing the oil pan temporarily, check to de-
termine that the front counterweight does not hit
the oil pan front end. Should there be interference
bend the pan forward to obtain clearance.

For information regarding the crankshaft to fly-
wheel bolts, which are part of the crankshaft kit,
refer to the subheading “Flywheel”.

The shaft rotates on three steel back babbitt lined
bearings with the front bearing taking the thrust.
The bearing journal dimensions are given in “Engine
Specifications at the beginning of this section.

Whenever it is necessary to remove the crankshaft
or install new crankshaft bearings, the engine must
be removed from the frame. Should the flywheel be
removed refer to the subheading ‘“Flywheel”.

The bearings are made to size and do not require
line reaming. The running tolerance is .001”7-.0025"
(.0254-.0635 mm.). No adjustment is possible and
if they require attention they should be replaced.
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When it is necessary to install new bearing shells it
is advisable to first use a micrometer to determine if
the shaft journals are out-of-round. Should a check
determine an out-of-round condition in excess of the
standard running clearance of the bearings (either
main or connecting rod) a satisfactory bearing re-
placement cannot be made and it will be necessary
to regrind the shaft. Undersize bearings are avail-
able, .0107, .020” and .030” (.254, .508, and .762
mm.).

Before installing the shaft and bearings use a rifle
brush to clean out the oil passages thoroughly in
both the shaft and crankcase and if possible blow
them out with compressed air. Be sure the journals
are not nicked or scored and that all parts are thor-
oughly clean. Give attention to the rear bearing oil
seal as outlined under the subheading ‘““Crankshaft
Rear Bearing Seal”'.

After installation check the running clearance to be
sure it is standard. A good way to do this is to place
a .002” (.0508 mm.) test shim between the shaft and
the shell. With the bearing cap nuts drawn up to the
recommended 65-75 ft. 1bs. (9.0-10.3 kg.-m.) torque
a slight drag of the shaft, when turned by hand
proves that the clearance is correct. Do not overlook
removing the test shim.

The standard end play of the crankshaft is .004"-
.006” (.1016—.1524 mm.) which is adjusted by shims
placed between the crankshaft thrust washer and
the face of the front main bearing. This clearance
may be checked with feeler gauges as indicated in
Fig. 26. To adjust end play it is necessary to re-
move the crankshaft gear (with a puller) Fig.
20, and the thrust washer. When replacing the
washer be sure the side with the inner beveled
edge faces the front bearing.

Never file a main bearing cap or install shims be-
tween the cap and block as roundness and align-
ment of the bearings will be destroyed. To maintain
accurate alignment in manufacture, the bearing
caps are machined as an integral part of the cylinder
block. To identify the caps as being part of a given
crankcase a daub of paint is placed on the center

FIG. 26—CHECKING CRANKSHAFT END PLAY

bearing web and each bearing cap is marked with
the same color paint. Use care not to interchange
the caps with those from any other engine.

When the crankshaft is removed due attention must
be given the rear main bearing oil seal which is dis-
cussed in the following paragraphs.

Crankshaft Rear Bearing Seal

A new crankshaft rear bearing seal has been placed
in production on all four cylinder engines and can
be used as a replacement seal on all four cylinder
engines now in use. This new seal is a metal sup-
ported rubber lip type, the upper half of which can
be readily installed without removing the crank-
shaft as is necessary when using the rope type pack-
ing. To install, remove the rope type packing,
clean out the packing groove and install the upper
half of the seal after first coating it and the lower
half thoroughly with grease for ease of installation
and initial lubrication.

When installing the rear main bearing cap in the
crankcase a little sealer should be placed on the
sides and face of the cap to prevent oil leakage.

The rubber packings, Fig. 27, between the bearing
cap and the case are cut to a given length and will
protrude approximately 14” (6.35 mm.) from the
case. When the oil pan is installed it will force this
packing tightly into the holes and effectively seal
any opening between the bearing cap and the crank-
case.

Should trouble be experienced with oil leaking from
the rear main bearing there are several points which
should be checked which are listed below.

1. Be sure that the identifying paint daub on the
bearing cap is the same as that appearing on
the centerbearing web.

2. Check the oil return tube to determine that it
does not extend up into the oil groove and that
the retaining pin is flush with the lower face of
the cap.

3. The bearing to crankshaft clearance must not
exceed .0029" (.0736 mm.).

4. Place sealer on the faces of the rear bearing cap
from the rear oil groove to the oil seal grooves.

5. Be sure the rubber oil seals extend about 14”
(6.35 mm.) below the bottom face of the cap.

6. Be sure the oil pan gasket is not leaking.

7. Be sure the crankcase ventilating system (if
sealed crankcase type) is operating and remove
and discard the ventilator screen or baffle,
Fig. 9, mounted on the valve cover plate,
The screen or baffle should be cleaned and
replaced on engines not equipped with sealed
type crankcase ventilation.

8. Check to be sure the oil leak is not at the cam-
shaft rear bearing expansion plug or from a
sand hole in the crankcase.
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Connecting Rod

The connecting rods are drop forged and are of un-
usual length, measuring 9.1875" (23.336 cm.) from
center to center. Wrist pins are clamped in the rod.
The bearings are of the replaceable shell type.

The connecting rod and piston assemblies are re-
moved and installed through the top of the engine
because of the counterweights on the crankshaft.

The standard running clearance of the connecting
rod bearings is .0001" to .0025" (.0025-.0634 mm.)
and the side clearance is .004" to .010" (.102-.253
mm.) which may be measured by feeler gauge, Fig.
28.

When installing new shells, align the oil spray holes
in the upper shell with the spray holes in the con-
necting rods. The running clearance should be
checked with a .002” test shim. Place the shim be-
tween the bearing and the shaft journal, tightening
the nuts to the recommended torque of 50-55 ft.
Ibs. (6.91-7.6 kg.-m.) for 7{;” connecting rod bolts
or 35-40 ft. 1bs. (4.8-5.5 kg.-m.) for 35" bolts. A
slight drag on the shaft, when turned by hand, in-
dicates that clearance is correct. Do not overlook
removing the shim.

The connecting rod cap nuts are locked with stamped
nuts which should be renewed when once removed.
These nuts should be installed with the flat face to-
ward the connecting rod nut. Turn the locking nut
finger tight and then tighten it one half turn only.
Every time a connecting rod is removed from an en-

FI1G. 27— REAR BEARING CAP PACKING

FIG. 28— CONNECTING ROD SIDE PLAY

gine or a new rod is installed it should be checked
for alignment on an aligning fixture, Fig. 29.

When straightening the rod, twist or bend in the op-
posite direction slightly more than the original twist
or bend then return the rod to true alignment. The
rod will then retain correct alignment.

Longer main bearings with greater wearing surfaces
are possible through the use of offset connecting
rods. When the rods are installed the offset A, is
placed away from the nearest main bearing B. See
Fig. 30. The oil spray hole should be on the follow
side or away from the camshaft toward the right
side of the vehicle. Due to the offset, No. 1 and 2 or
No. 3 and 4 connecting rod can not be interchanged
for if they are reversed the oil spray hole will be on
the wrong side. No. 1 and 3 or No. 2 and 4 can be
interchanged.

Pistons

This model engine is equipped with aluminum
pistons which are “T" slotted, cam ground, tin
plated and have a heat insulation groove above the
top ring.

The split skirt aluminum piston is fitted with .003”
(.0762 mm.) clearance. Check this clearance with a
.003" (.0762 mm.) feeler gauge 34” (19.05 mm.) wide
which should give 5 to 10 1bs. (2.27-4.54 kg.) pull
when being removed, Tool W-173, Fig. 31. The
gauge should extend the full length of the piston on
the thrust side which is opposite the slot.

Fit the pistons by selection for there are slight
differences in diameter due to manufacturing toler-
ances and limitations.
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Pistons are available in the following oversizes:
.010”, .020", .030", and .040" (.254, .508, .762 and
1.016 mm.)

NOTE: Effective with engine Serial No. 50705, the
piston head thickness was increased from 2{z” to
14” (4.76-6.35 mm.) to provide greater strength
and heat conductivity. Care should be exercised
when replacing pistons singly or in sets to procure
the correct parts or engine vibration will result due
to unbalanced pistons.

Before any attempt is made to fit new pistons, the
cylinder bores should be carefully checked for out-
of-round and taper. See subheading ‘““Checking Cyl-
inder Bores™.

Usually a cylinder hone can be used satisfactorily
for installation of a piston up to .005” (.127 mm.)
oversize. If a larger oversize is required the cylinders
should be reconditioned with a cylinder boring ma-
chine. See “Checking Cylinder Bores” and “Cyl-
inder Boring”. Do not try to lap in a new piston us-
ing compound because it will ruin the tin plating on
the piston and cause a scoring or wiping condition
of both the piston and cylinder walls; use a cylinder
hone.

All aluminum pistons used have an extra groove di-
rectly above the top ring which acts as a heat insu-
lation groove. In operation pressure is built up in

FIG. 29—CONNECTING ROD ALIGNER

FIG. 30—CONNECTING ROD OFFSET

this groove, on the power stroke, which acts as a
baffle to reduce the passage of oil into the combus-
tion chamber. This groove also distributes heat more
evenly and provides better lubrication for the piston
rings.

Piston Rings

When installing a new set of piston rings, without
reconditioning the cylinder bores, always remove
the ridge at the top of the cylinder bore with a reli-
able ridge reamer, Fig. 32. Use care not to cut be-
low the top of the upper ring position in the bore. It
is always advisable to remove the ridge before re-
moving the pistons, keeping the piston tops covered
with cloth to prevent the cuttings falling into the

FIG. 31—PISTON FITTING
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engine. When the rings are installed stagger the end
gaps around the pistons. A ring compressor is es-
sential for rapid assembly.

The width of the compression rings is 345” (2.381
mm.) and that of the oil control ring is 3{;" (4.762

STHAICHT

FIG. 32—CYLINDER RIDGE REAMER

mm.). While the compression rings are of the same
size they are different in construction and must
not by interchanged.

Install these rings as follows:

The upper compression ring has an inside beveled
edge which must be installed toward the top.

The face of the lower compression ring is tapered
.001” (.0254 mm.). The letters “T" or “T-O-P” on
the upper edge indicate how the ring is installed,
Fig. 33.

When fitting the rings to the cylinder bores, Fig.
34, the end gap is .008" to .013" (.2032 to .3302
mm.).

The groove clearance, Fig. 35, of the top com-
pression ring is .002” to .004” (.0508 to .1016 mm.).
That of the center ring is .0015” to .0035” (.0381
to .0889 mm.) and that of the bottom ring .001” to
.0025” (.0254 to .0635 mm.).

Oversize rings which are available for rebored en-
gines are .010", .020", .030" and .040" (.254, .508,
.762 and 1.016 mm.). Service type rings should be
used when cylinders are not rebored. These rings

FIG. 33—PISTON RING INSTALLATION

are supplied in the following ranges of oversizes:
Standard to .009” (.229 mm.), .010-.019" (.254-
.483 mm.), .020”-.029" (.508-.737 mm.), .030"-
.039” (.762-.991 mm.) and .040"-.049” (1.016-
1.245 mm.).

Piston Pin

The piston pins are anchored in the rods with lock
screws and no oversizes are available.

The pins are fitted with a clearance of .0001” (.0025
mm.) to .0005” (.0127 mm.) which is equivalent to
a light thumb push fit at room temperature. See

Fig. 36.

FIG. 34—PISTON RING GAP
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Assembling Piston to Connecting Rod

Some connecting rod aligning fixtures are designed
for checking alignment before the piston is installed
and others with the piston assembled. If the fixture
available is of the first mentioned type, align the
rods following fixture manufacturer’s instructions,
after which assemble the piston on the rod as out-
lined below.

Clamp the connecting rod in a vise using vise jaw
shields of soft metal or two pieces of hardwood, one
on each side of the rod, approximately three inches
from the piston pin end.

Start the piston pin in the piston with the lock screw
groove facing down. Assemble piston to the connec-
ting rod with slot No. 2 Fig. 37 in the piston, on
the opposite side from the oil spray hole, No. 1 in
the bearing end of the connecting rod. Install the
piston pin clamp screw.

Should the aligning fixture available require the
piston assembled before checking, do not overlook
aligning the rods after installing the pistons.

Checking Cyiinder Bores

The best method to check the condition of the
cylinder bores to determine if reconditioning is
necessary is by the use of a dial gauge.

The gauge hand will instantly and automatically
indicate the slightest variation of the cylinder bores.
To use this gauge simply insert it in the cylinder
bores and move up and down the full length. It is
then turned spirally or completely rotated at dif-
ferent points, taking a reading at each point. In this
manner all variations in the cylinder bores from top
to bottom may be determined.

When cylinders are more than .005” (.127 mm.) out
of true it is best to rebore them. The instructions
furnished by the manufacturer of the boring equip-
ment should be carefully followed.

FIG. 35—COMPRESSION RING FITTING

FIG. 36—PISTON PIN FITTING

After the cylinders have been rebored within .002”
(.051 mm.) of the final size desired they should be
finished or polished with a cylinder hone. Do not
attempt to lap them with the piston. In operation,
the hone is placed in the cylinder bore and run up
and down the full length of the cylinder wall. Follow
this procedure until the piston running clearance is
correct as outlined under the subheading ‘‘Pistons”.

Oil Pump Assembly

The oil pump is located externally on the left side of
the engine. In operation oil is drawn from the crank-
case through the floating oil intake, Fig. 50, No. 3,
then passes through a drilled passage in the crank-
case to the pump from which it is forced through
drilled passages to the crankshaft and camshaft
bearings.

Fig. 57, showing the oil circulating system of the
four cylinder F-Head engine will also apply to this
engine except for the oil line leading to the valve
rocker arms.

When it is necessary to remove an oil pump, first
remove the distributor cap and note the position of
the rotor so that the pump may be reinstalled with-
out disturbing the ignition timing. To install the
pump without disturbing the timing, the pump gear
must be correctly meshed with the camshaft driving
gear to allow engagement of the driving key on the
distributor shaft with the pump shaft driving slot,
without moving the distributor rotor. Assembly can
be made only in one position as the slot and driving
key are machined off-center.

Effective with later model engines, a new pump was
used in production. Both pumps are similar in type
and design except that the latér type pump em-
ploys an inner and outer rotor within the pump
body in place of gears, and, the oil relief valve is
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FIG. 37 -CONNECTING ROD AND PISTON

mounted on the pump body instead of on the cover.
Service information covering the pumps is out-
lined separately in the following paragraphs.

To disassemble the later type pump Fig. 40 first
remove the gear which is retained by straight pin
No. 8. It will be necessary to file off one end of the
pin before driving it out with a small drift. By
removing cover No. 2, the outer rotor and the
inner rotor and shaft No. 4 may be removed
through the cover opening.

Failure of the pump to operate at full efficiency may
usually be traced to excessive end float of the rotors
or excessive clearance between the rotors. The clear-
ance between the outer rotor and the pump body
should also be checked.

Match the rotors together with one lobe of the inner
rotor pushed as far as possible into the notch of the
outer rotor. Measure the clearance between the
lobes of the rotors as shown in Fig. 38. This clear-
ance should be .010” (.254 mm.) or less. If more
replace both rotors.

Measure the clearance between the outer rotor and
the pump body as shown in Fig. 39. Should this
clearance exceed .012” (.305 mm.) the fault is prob-
ably in the pump body and it should be replaced.

FIG. 38—CHECKING OIL PUMP ROTORS

End float of the rotors is controlled by the thickness
of the cover gasket which is made of special material
which can be only slightly compressed. Never use
other than a standard factory gasket.

Check the cover to be sure the inner surface is
not rough or scored and that it is flat within .001”
(.025 mm.) tested with feeler gauges, Fig. 41.
Measure the thickness of the rotors which must be
within .001” (.025 mm.) of each other. Assemble the
rotors in the pump body and install the cover with-
out the gasket. When the cover screws are tightened
to normal tension there should be interference be-

FIG. 39—CHECKING OUTER ROTOR TO OIL
PUMP BODY
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tween the rotors and the cover making it impos-
sible to turn the pump shaft by hand. Remove the
cover and replace it with the gasket in position
which should free the rotors and shaft and prove
that end float of the rotors is less than the thick-
ness of the gasket when compressed or .004”
(.102 mm.) which is satisfactory.

After assembling the gear on the pump shaft, check
the running clearance between the gear and pump
body with a feeler gauge. This clearance should be
from .003” to .010” (.0762—.254 mm.).

The older type pump, Fig. 42, may be disassem-
bled in the same manner as outlined above. The
standard end play of the rotor gear is .002”-.005"
(.0508-.127 mm.). End float of the pump shaft is
.002” (.0508 mm.) and .004” (.1016 mm.) which is
secured by selection of parts although an extra cover
gasket may be installed to secure this clearance. Do

e
AL

not use other than a standard factory gasket. After
disassembly, the pump should be primed before
starting the engine. Remove pipe plug No. 3, Fig.
42, and fill the pump housing with oil of the same
grade used in the engine.

The pressure of both the pumps is controlled by a
similar oil relief valve, Fig. 40, No. 12, and can
be altered by installing or removing shims from
between retainer No. 9 and the spring. Adding shims
increases pressure and removing shims decreases
pressure. This adjustment will change the pressure
at higher speeds but not at idle speed.

The relief valve opens at a pressure of 35-40 lbs.
(2.46-2.81 kg. /sq. cm.) at approximately 2000 rpm.
Safe minimum pressure is 6 lbs. (.421 kg./sq. cm.)
at idle and 20 1bs. (1.406 kg./sq. cm.) at 2000 rpm.

FIG. 40—OIL PUMP—LATE TYPE
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FIG. 41—CHECKING OIL PUMP COVER

Floating Oil Intake

The floating oil intake, Fig. 43, is attached to the
crankcase with two screws. The construction of the
float and screen causes it to remain on top of the
oil, raising and lowering with the amount of oil in
the pan.

This construction prevents water or dirt, which may
have accumulated in the bottom of the oil pan from
circulating because the oil is drawn horizontally
from the top surface.

Whenever removed, the float, screen and tube
should be cleaned thoroughly to remove any accum-
ulation of dirt, also clean the oil pan.

Fluctuating oil pressure can usually be traced to an
air leak between the oil float support and the crank-
case. Be sure the float support flange, Figure 43,
No. 7, is flat. Clean both the flange and crankcase
surfaces thoroughly before installing a new gasket.

Be sure the retaining screws are tight.

The oil pan screw torque wrench reading is 12 — 17
ft. Ibs. (1.65 — 2.35 kg.-m.).

Y etk

Flywheel

NOTE: A new starting motor with an overrunning
clutch drive was added to this engine effective with
Engine Serial No. 3]J-10001. This change made
necessary a new flywheel ring gear with 129 teeth
replacing the former ring gear with 97 teeth. The
flywheels remained unchanged.

The flywheel is attached to the crankshaft with two
tapered dowel bolts and four special head bolts.
When the fiywheel is assembled to the crankshaft
be sure the “TC” timing mark is correctly located
in relation to No. 1 crank throw. The correct loca-
tion is indicated by arrows stamped on the flywheel
center and on the crankshaft flange which should be
installed together. Be sure the crankshaft and fly-
wheel are clean and that there are no nicks or burrs
to prevent even seating of the flange. After installa-
tion check the runout with a dial indicator attached
to the engine plate, Fig. 44. This should not exceed
.008” (.203 mm.) on the outer edge of the rear face.
Torque wrench reading 36—40 ft.1bs. (5.0-5.5 kg.m).

When installing a new crankshaft or flywheel re-
place the tapered dowel bolts with straight snug
fitting special bolts furnished with these parts. The
crankshaft and flywheel should be assembled in
proper relation, then install the straight bolts pre-
viously used and tighten securely. Next use a 33"
(13.891 mm.) drill to enlarge the tapered holes.
Ream the holes with a %;” (.5626") (14.288 mm.)
straight reamer and install the two special flywheel
bolts Part No. 116295 with nut Part No. 52804 and
lockwasher Part No. 52330, instead of the two
tapered dowel bolts formerly used. This procedure
overcomes the necessity of reaming the special
tapered holes.

Oil Pressure Gauge

All models using this engine are equipped with the
electric type oil pressure gauge.

A pressure gauge does not indicate the amount of
oil in the crankcase but does indicate the approxi-
mate pressure under which the oil is circulated
in the engine lubricating system. Should the

FIG. 42—O0IL PUMP—
EARLY TYPE
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pressure drop to zero, stop the engine immediately
and do not start it until the trouble is corrected.
A “sender” is mounted on the left side of the crank-
case at an opening in the main oil circulating line.
A single wire connects the “*sender’’ to the indicating
unit mounted on the instrument panel. Failure to
register may indicate no oil, a fault in the oil circu-
lating system or in the gauge units, or a loose or
dirty electrical connection.

If a check shows that there is oil in the crankcase
and that the electrical circuit is in good condition,
disconnect the wire leading to the “‘sender’ at the
instrument panel unit and connect in its place one

FIG. 43— FLOATING OIL INTAKE AND PAN

1—0il Pan Assembly Qil Float Support

2—0il Pan Gasket 8—0il Float Support Gasket
3—0il Float 9—Lockwasher
4—0il Float Support Cotter Pin 10—Drain Plug Gasket

5—0il Float Support Screw 11—Drain Plug

6—Lockwasher 12—0il Pan Screw

lead of a 6 volt, 1 candle-power test lamp. Touch the
other test lamp lead to a clean, unpainted surface of
the instrument panel to complete the circuit. Turn
the ignition switch “‘on’’ and if the unit is registering
correctly, the indicating hand will register approxi-
mately three-quarters across the dial. Should the
gauge fail to register when making this test the
fault is probably in the “Gauge” and it should be
replaced.

Should a gauge or ““Sender’” be at fault, install a new
unit because these assemblies are sealed and cannot
be repaired.

Qil Filler Tube

Should it be necessary to remove the oil filler tube,
loop a piece of iron wire several times around the
tube below the top and make a loop through
which a pry bar can be used to pry over the top of

FIG. 44—FLYWHEEL RUNOUT GAUGE

the engine water outlet. Place a pull on the tube,
taping it just above where it enters the crankcase.
When installing a new tube be sure that the bev-
eled lower end is away from the crankshaft.

Place a piece of hard wood over the top of the tube
when installing it to prevent damage to the cap
gasket seat.

Crankcase Ventilator

All engines are equipped with positive sealed type
crankcase ventilation, Fig. 45, which reduces to a
minimum condensation and the formation of sludge.
The correct operation of the system depends upon
a free flow of air from the air cleaner through the
oil filler tube and engine to the control valve
mounted in the intake manifold.

Be sure there is no air leakage at the tube connec-
tions between the air cleaner and the oil filler tube,
and that the oil filler tube cap gasket is in good
condition. Always keep the cap locked securely in
position.

Be sure that the control valve mounted in the intake
manifold operates at all times. Should the valve be-
come clogged with carbon, the ventilation system
will not operate and a slight pressure will build up in
the engine crankcase which may cause oil leakage at
the rear main bearing or by the piston rings. Should
the valve fail to seat it will be impossible to make
the engine idle satisfactorily. When this valve op-
erates correctly a slight vacuum is present in the
crankcase which is of material assistance in oil con-
trol.

Clean the control valve each time the valves are
ground or the engine tuned.

Engine Support Plate and Mounting

The front engine support plate is bolted to the front
face of the crankcase and becomes the rear panel for
attachment of the gear cover.

The rubber engine mountings, which are attached
to the frame side rail brackets and to the support
plate, prevent fore-and-aft motion of the engine yet
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VALVE (LOSED

FIG. 45—CRANKCASE VENTILATING SYSTEM

allow free side wise and vertical oscillation which
has the effect of neutralizing vibration at the source.

The rubber surfaces of the engine mountings parti-
ally insulate the engine from the frame. To bridge
this insulation and provide a positive electrical con-
nection for the starting motor and ignition circuits,
a ground strap or cable is provided at the right
front (on some models left front) engine support.
See Fig. 46. The two attaching screws must be
kept tight and the connections clean. A loose or

rap ¥

FIG. 46—ENGINE GROUND STRAP

poor connection may result in hard starting of the
engine, low charging rate of the generator or
sluggish starting motor operation.

The rear engine plate is attached to the rear of the
crankcase and provides a means for attachment of
the flywheel bell housing.

NOTE: With the adoption of the 415" starter,
a new bell housing and rear engine plate was re-
quired. This fact should be borne’in mind when
ordering replacement parts.

The engine is supported at the frame cross member
on a mounting under the bellhousing. The torque
wrench reading is 38 — 42 ft. 1bs. (5.3 — 5.8 kg.-m.)
for the mounting stud nuts.
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SECTION I11
Four Cylinder F-Head Engine

This engine is of the F-head type which is a com-
bination valve in head and valve in block con-
struction. The large intake valves mounted in the
head allows rapid, unobstructed flow of fuel to
the combustion chambers through short, water
jacketed intake passages. They are operated by
push rods through rocker arms in the conventional
manner. The exhaust valves are mounted in the
block with increased water jacketing to provide
better control of heat. They are operated by con-
ventional valve tappets.

This engine is illustrated in Figures 47 and 48.

In the following pages will be found complete in-
formation covering disassembly, rebuilding and
reassembly of all four cylinder F-head engine units.

In common with all manufacturers, some engines
are built with oversize cylinder bores or undersize
crankshaft journals. These engines are considered
standard as parts of the correct sizes are supplied.
Before ordering parts or doing any work with the
pistons or bearings of a particular engine, it is im-
portant to check the engine serial number to deter-
mine if oversize or undersize parts are required.
Definite information is given by a letter stamped
after the serial number. The letters used and their
meaning is given below.

Letter “A” indicates that both the connecting rod
and main bearing journals are .010” (.254 mm.)
undersize.

Letter “B’’ indicates that the cylinder bores are
.010” (.254 mm.) oversize.

Letters ‘““AB” indicate that the bearing journals
are .010” (.254 mm.) undersize and the cylinder
bores .010” (.254 mm.) oversize.

At the beginning of this section, you will find
listed the complete specifications covering the
engine. When adjustments are necessary, refer to
these specifications so that factory clearances are
maintained for you cannot expect satisfactory
results otherwise.

Engine Tune-up

To secure best performance and dependability, the
engine should have a periodic tune-up each 200
hours. To secure the best results, it is recommended
that a definite regular procedure be followed. It is
essential that the carburetor receive attention at
the last of this sequence, as it is impossible to
satisfactorily service the carburetor until other
units are correctly adjusted.

1. Remove the spark plugs and clean them. Ad-
just the electrode gaps to .030” (.762 mm.) by
bending the outer electrode mounted in the
plug shell and use a wire gauge to measure the
gap. If test equipment is available, test both
the plugs and the plug cables. The voltage
drop of each cable should not exceed 1/10 volt
and when taking a milliamp test, the average
per cable is six milliamps.

2.

wn

Check the battery. This includes cleaning the
battery terminals and cable connectors. If
corrosion has formed on the terminals, use a
strong solution of baking soda and water to
remove it. Tighten the terminal screws to as-
sure good connections. Check each cell with a
hydrometer which will show a specific gravity
of 1.285 if the battery is fully charged and
1.225 when discharged. A variation of 25
points between the cells indicates that the
battery requires attention. As a further check,
a capacity test may be taken which is made
by placing a 300 ampere load on the battery
for 15 seconds. The voltage should not drop
below 414 volts. Be sure that the engine
ground strap connection, Fig. 46, is tight
and clean.

Check the engine compression. Use a com-
pression gauge, mounting it successively in
each spark plug opening with the balance of
the plugs installed. Disconnect the fuel line
at the fuel pump to prevent fuel from entering
the cylinders. Hold the accelerator wide open
and depress the starting motor control, mak-
ing a note of the gauge reading for each cylin-
der. Standard compression pressure is 125
pounds at the starting motor speed of 185
rpm. For satisfactory engine operation, com-
pression in all cylinders must be equal within
ten pounds with a minimum pressure of 100
pounds.

Check the distributor. Remove the cap to
clean it thoroughly and inspect it for cracks
and carbon runners. Check the shaft for ex-
cessive side play. If more than .005” (.127
mm.), it will be necessary to install new bush-
ings. Check the distributor point spring ten-
sion which must be between 17 and 20 ounces.
Be sure that the distributor points are clean
and make full, square contact. If not correctly
aligned, bend the stationary contact bracket
slightly to provide alignment. Adjust the
points to provide .020” (.508 mm.) gap. This
is accomplished by loosening lock screw, Fig.
49, No. 6, and turning adjusting eccentric
screw, No. 7, until correct clearance is secured.
Be sure that the fiber block on the breaker
arm is resting against the highest point on
the cam when the adjustment is made and
recheck the gap after locking the adjustment.
Check the condenser ground and lead con-
nections.

Check the ignition timing. This may best be
accomplished with a neon timing light. When
using a timing light, be sure to disconnect the
vacuum tube from the vacuum control unit
mounted on the distributor. In the absence of
a timing light, remove No. 1 spark plug and
turn the engine over until No. 1 piston is on
compression stroke as determined by air being
forced out through the spark plug opening.
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FIG. 47—FOUR CYLINDER F-HEAD ENGINE—SIDE VIEW

1—Fan Assembly

2—Water Pump Assembly
3—Water Bypass Tube
4—Thermostat

5—Piston

6—0il Return Tube

7—Rocker Arin Shaft

8—Rocker Arm Shalt Spring
9—Rocker Arm Shaft Lock Screw
10—Exhaust Valve

11—Inlet Valve

12—Inlet Valve Spring

13—Inlet Valve Guide

14—Rocker Arm

15—Adjusting Screw

16—0il Inlet Tube

17—Push Rod

18—Exhaust Valve Guide
19—Exhaust Manifold
20—Exhaust Valve Spring
21—Piston Pin

22—Valve Tappst Adjusting Screw
23—Engine Rear Support Plats
24—Camshaft

25—Flywheel

26—Rear Bearing Oil Seal
27—0il Return Channel
28—Rear Main Bearing Shell
20—Tappet

30—Crankshaft

31—0il Pump Drive Gear
32—Main Bearing Dowel
33—0il Float Assembly
34—Center Main Bearing Shell
35—Connecting Rod Bearing
36—0il Pan

37—Connecting Rod
38—Front Main Bearing Shell
39—Front Engine Plate
40—Crankshaft Gear
41—Crankshaft Front End Seal
42—Fan and Generator Pulley
43—Crankshaft Gear Spacer
44—Timing Gear Oil Jet
45—Camshaft Gear Screw
46—Camshaft Thrust Plate Spacer
47—Camshaft Thrust Plate
48—Camshaft Gear
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FIG. 48—FOUR CYLINDER F-HEAD ENGINE—END VIEW

1—Inlet Valve Spring Retainer
2—Ventilator

3—Adjusting Screw
4—Adjusting Screw Lock Nut
5—Rocker Arm

6—Push Rod

7—Inlet Valve Guide

8—Inlet Valve

9—Exhaust Valve
10—Cylinder Head Gasket
11—Exhaust Valve Guide
12—Exhaust Manifold
13—Exhaust Valve Spring
14—Crankcase Ventilator Baffie
15—Crankcase Ventilator Tube
16—0il Pump Gear
17—Camshaft Gear

18—0il Pump Cover

19—0il Relief Valve Plunger
20—0il Relief Valve Spring
21—0il Relief Valve Spring Retainer
22—0il Pan

23—0il Drain Plug

24—0il Float Support
25—0il Float Assembly
26—Crankshaft Bearing Cap
27—Timing Mark Cover
28—Engine Support Plate
29—Crankcase
30—Connecting Rod
31—0il Filler Tube
32—Piston

33—Vacuum Tube
34—Cylinder Head
35—Intake Valve Spring
36—0il Seal
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Turn the engine slowly until the flywheel
mark 5° is in the center of the timing in-
spection opening, Fig. 29, which is located in
the right side of the flywheel housing under
the starting motor. Later engines are equipped
with timing marks on the crankshaft pulley
and timing gear cover as shown in Fig. 50.

FIG. 49—DISTRIBUTOR

NOTE: Effective with the first production of the
475 series, a 415” (11.43 cm.) starting motor was
used which necessitated changes in the rear engine
mounting flange which partially covers the location
of the fiywheel timing mark inspection hole. As a
result, the hole was eliminated and a single raised
mark was placed on the timing gear cover to line
up with a mark on the crankshaft pulley to locate
the “TC” position. In turn, this single raised mark
was later replaced by two clearly indented marks;
one to locate the 5° BTC position, the other to
locate the “TC’ position.

FIG. 50—TIMING MARKS

Either set of marks may be used and both
sets will be in alignment when No. 1 piston
is correctly positioned to check the timing.
When the piston is so positioned, the timing
is correctly set if the distributor rotor arm
points to No. 1 terminal in the distributor
cap and the distributor points are just ready
to break. Timing may be altered by loosening
the distributor mounting clamp and turning

the distributor assembly. Turn it clockwise to
advance the timing and counterclockwise to
retard it. Do not overtighten the mounting
clamp screw.

6. Check the valve tappet clearances. Before
making this check run the engine until operat-
ing temperature is reached and use a torque
wrench to tighten the cylinder head screws
to the recommended 60 to 70 ft.-lbs. torque.
If the cylinder head is improperly tightened
incorrect valve adjustments will be made.
Note that some engines are equipped with
conventional type valves while others have
the “free” type. Usually the exhaust valves
only are of the “‘free”” type. These valves are

VALVE LASH

I VALVE TAPPET

FIG. 51—VALVE WITH ROTOR CAP

equipped with devices which cause the valve
stems to rotate in operation. ‘“Free” valve
operation of some valves is provided through
the use of caps placed over the lower ends of
the valve stems as shown in Fig. 51 and
others through the use of ball bearings built in
the lower spring retainers as shown in Fig.
52. Adjustment of all valves, regardless of
type, may be made with the engine either
hot or cold.

Adjust the intake valves, with the engine
running, to .018” clearance. Adjust all exhaust
valves whether of the “free” type or not at
.016”. Should the ‘““free” type valve having a
cap mounted on the lower end as shown in
Fig. 51 develop some noise when adjusted
at .016” (.406 mm.) the clearance of this type
valve only may be reduced to a minimum of
012" (.304 mm).
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7. Check the fuel system including the air clean-
er. Clean the fuel filtering screen and the fuel
pump bowl. Check all fuel line connections to
guard against leakage. If equipped with an oil
bath air cleaner, remove the oil pan, clean it
thoroughly and refill to the indicated oil level.
Tighten all connections and check for leaks in
the air tube.

8. Check the fuel and vacuum pump. Fuel pump
pressure is important for low pressure will
seriously affect engine operation and too high
pressure will cause high fuel consumption and
possibly carburetor flooding. Should there be
any doubt of normal operation, check the
pressure with a gauge as shown in Fig. 238.
The minimum pressure is 214 pounds (1.1339
kilos) at 16 inches (406.40 mm.) above the
outlet at an engine speed of 1800 rpm. The
maximum pressure is 334 pounds (1.700 kilos).
See the ‘“Fuel” section for complete infor-
mation regarding the fuel pump.

9. Check the carburetor.

10. Start the engine and allow it to run until
operating temperature is reached. Set the
engine idle speed with adjusting screw, No.
1, Fig. 53 to provide the standard idle of
600 rpm. Adjust low speed adjusting screw,
No. 2, to provide smooth idle.

Locating Engine Trouble

Occasionally engine performance is unsatisfactory
even after the engine has been carefully tuned and
it is known that both ignition and carburetion are
right. The cause of the trouble usually may be lo-
cated by using compression and vacuum gauges.
No engine can be expected to perform satisfactorily
unless the compression is sufficiently high and ap-
proximately equal in the cylinders. If performance

FIG. 52— VALVE WITH BEARING TYPE ROTATOR

is unsatisfactory, compression pressures should first
be checked. Mount the gauge successively in each
spark plug opening with the balance of the plugs
installed. Disconnect the fuel line at the fuel pump
to prevent fuel from entering the cylinders. Hold
the accelerator wide open and depress the starting
motor control making a note of the gauge reading
for each cylinder. Standard compression is 125
pounds at the starting motor speed of 185 rpm. For
satisfactory operation, compression must be equal
within 10 pounds and not less than 100 pounds per
cylinder.

Uniformly low compression may be caused either
by leakage at the valves or at the piston rings or it
may possibly be due to incorrect valve timing.
Usually if it is due to leakage at the valves, it will
be impossible to make the engine idle satisfactorily.
The true cause of faulty compression can usually
be determined by using a vacuum gauge.

Connect the gauge to intake vacuum at the wind-
shield wiper fitting. Be sure that there is no leakage
at the connection, for even a slight leak will result
in a false reading.

Vacuum readings will vary with altitude above sea
level. Below are listed various readings which in-
dicate different engine conditions. These readings
should be used to indicate engine condition at sea
level and up to 2000 ft. (609 m.) altitude. At higher
points deduct one inch (25.4 mm.) vacuum for each
1000 ft. (305 m.) of increased altitude.

With the gauge connected start the engine and set
the throttle to give an engine speed of approxi-
mately 800 rpm. which is a fast idle speed (standard
idle is 600 rpm.). With the engine at operating
temperature a steady reading of from 17 to 21
inches (432 to 534 mm.) indicates that the engine
is in good condition. As a further check open and
close the throttle quickly. If the engine is in normal
condition vacuum will drop to two inches (50.8
mm.) at wide open throttle and quickly return to
about 25 inches (635 mm.) at closed throttle.

Incorrect valve timing will usually be indicated
by a steady reading of approximately 10 inches
(254 mm.).

FIG. 53—CARBURETOR
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Weak valve springs will cause rapid fluctuation of
the gauge hand when the engine is raced. Should
a valve be sticking at times only, the vacuum will
drop four or five points momentarily when the
valve hangs and the fluctuation will resume when
the valve operates again. Should a valve be leaking
badly the hand will drop four or five points each
time that cylinder operates. A fast fluctuation of
the gauge hand between 14 and 19 points indicates
that the valve guides are worn.

Leakage at the carburetor gasket will be indicated
by a steady reading of from three to four inches
(76.2 to 101.6 mm.).

Leakage of compression between the cylinders will
show up by the gauge needle drifting regularly be-
tween 5 and 19.

Poor carburetion is generally indicated if the gauge
hand moves slowly between 12 and 16. Worn or
poorly fitted piston rings or scored pistons and
cylinder walls will be indicated by the hand re-
maining lower than normal or at about 15 points.
Some fluctuation will occur should one or two
cylinders only be badly scored.

Should the reading be normal when the engine is
first started but quickly drop to zero, check the
muffler and muffler tail pipe as the exhaust line will
probably be nearly clogged.

Grinding Valves

Should tests show that lack of power and poor fuel
economy is caused by low compression due to im-
proper seating of the valves, the maximum engine
performance can usually be restored by reseating
and grinding the valves. Care should be used when
valves are ground to maintain factory limits and
clearances as only by maintaining these can one
expect to get good engine performance.

When it is necessary to grind the valves it will be
best to follow the procedure outlined in the follow-
ing paragraphs.

1. Drain the cooling system by opening the
drain cock at the right lower corner of the
radiator.

2. Remove the rocker arm cover.

3. Disconnect the carburetor controls and tubes
and remove the carburetor.

4. Disconnect the vacuum booster tube at the
head.

5. Remove the rocker arm oil supply line from
head.

6. Remove the oil filler tube supporting bracket
from the head.

7. Disconnect wire from heat indicator sender.

8. Disconnect the spark plug wires from the
plugs and remove the plugs.

9. Remove the upper radiator hose.

10. Remove the water pump by-pass tube from
front end of cylinder head.

11. Remove the cylinder head attaching nuts in-
cluding the one located inside the manifold
and reached through the carburetor opening.

12. Lift the head until the rocker arms may be
slid to one side and lift out the push rods.

13. Lift the head from the block.

14, Remove the valve cover plate from the side
of the block directly back of the exhaust mani-
fold. Use cloth to block off the three holes in
the exhaust valve chamber floor to prevent
the valve retaining keys falling into the crank-
case should they be accidentally dropped.

15. Some engines are equipped with “free’” type
valves with a ball bearing built as part of the
spring retainer as shown in Fig. 52. The pro-
cedure of removal and installation is obvious.
Other engines are equipped with “free” type
exhaust valves as shown in Fig. 51. This
valve is of special design at the lower end and
is equipped with a rotor cap, which contacts
the spring lock as the valve is raised to re-
lease the spring pressure allowing the valve
to turn when in an open position. Due to
the necessary accurate fitting of the cap and
valve locks, it is IMPORTANT THAT THE
VALVE PARTS BE KEPT TOGETHER
AS SETS AND NOT INTERCHANGED.
With a valve spring compressor inserted be-
tween the valve tappet and spring retainer,
raise the springs on the valves which are in a
closed position and remove the valve locks.
Turn the crankshaft until those valves which
are open are closed and remove the remain-
ing locks.

16. Remove the exhaust valves. If of the “free’”
type, with rotor cap keep all valve parts in
sets and correctly identified for return to the
same cylinder from which they were removed.
Examine the stems of valves which employ
the ball bearing type rotator. Wear marks
around the circumference of the stem indicates
that the valve is rotating satisfactorily. Ver-
tical heavy pressure areas indicate that the
valve is not rotating and the rotor bearing
built in the lower spring retainer should be
examined and replaced if at fault.

17. With a valve spring compressor, remove the
intake valves and springs from the head.
Identify them for return to the same cylinder
from which they were removed.

18. Wash the springs thoroughly in a suitable
solvent and examine them for damage or cor-
rosion due to acid etching which might develop
into surface cracks to cause failure. Measure
the overall free length and check the pressure
of each spring, on a spring testing fixture as
shown in Fig. 10. The specifications which
must be maintained to assure satisfactory
operation are given below.

Exhaust Valve Springs

Free length

With valve closed (com-
pressed to 27¢,"—
53.5781 mm.)

214" (63.50 mm.)

53 1bs. (24.040 kilo.)

With valve open (com-
pressed to 134"—

44.45 mm.) 120 Ibs. (54.430 kilo.)
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Intake Valve Springs

Free length

With valve closed (com-
pressed to 215"
42.0687 mm.)

With valve open (com-
pressed to 134"
34.925 mm.)

1315” (50.0062 mm.)
73 Ibs. (33.112 kilo.)

160 Ibs. (72.574 kilo.)

When using a spring testing fixture, such as
the one shown in Fig. 10, it is necessaey to con-
vert the torque wrench reading which is in foot
pounds to the static pound pressure of the specifica-
tions above. This is accomplished by multiplying
the torque wrench reading by two. Thus should the
torque wrench reading be 50 foot pounds the static
pressure of the spring will be 100 lbs. Any spring
which does not fall within the above specification
or is distorted should be replaced.

Clean the carbon from the cylinder head, top of
pistons, valve seats and cylinder block.

Clean the valve guides with a wire guide brush;
clean the valves on a wire wheel brush, making
sure that all carbon is removed from the top and
bottom of the heads, as well as the gum which
might have accumulated on the stems.

Reface both exhaust and intake valves and the
valve seats at an angle of 45°.

Note: Each exhaust valve is seated against a seat
machined in the block on earlier engines and
against an exhaust valve seat insert shrunk into
the cylinder block on later engines. Instructions
regarding valve seats apply equally to both types
of valve seats.

Check each valve seat after grinding with a dial
indicator as shown in Fig. 11. The valve seat
should not be out-of-round more than .002”
(0,0508 mm.). After reseating, lap the wvalve to
the valve seat with fine valve grinding compound.
Check the clearance between the valve stems and
valve guides carefully. Standard intake valve clear-
ance is .0007” to0 .0022” (.01778 mm. to .05588 mm.)
and the exhaust valve clearance is .0025” to .0045”
(.0635 mm. to .1143 mm.).

Excessive clearance between the valve stems and
guides will cause improper seating and burned
valves. When there is too much clearance between
the intale valve stem and guide there is a tendency
to draw oil vapor through the guide on the suction
stroke causing excessive oil consumption, fouled
spark plugs and poor low speed performance.

To check the clearance of the valve stem to the
valve guide, take a new valve and place in each
valve guide and feel the clearance by moving the
valve stem back and forth. If this check shows ex-
cessive clearance it will be necessary to replace the
valve guide, if not, the valve stem is worn.

Exhaust Valve Seat Insert Replacement
See instruction page 14.

Removing and Replacing Valve Guide

Should it be necessary to replace the guides, use
valve guide driver tool W-177, Fig. 12, both to
remove the old guides and install the new. If this
driver is not available a suitable puller for the ex-
haust valve guides can be made from a piece of 2”

(50.8 mm.) pipe, 6” (152.4 mm.) long and a 34”
(9.525 mm.) bolt 10” (254 mm.) to 12” (304.8 mm.)
long with a threaded end, a small hexagon nut
which will pass through the hole in the cylinder
block and a 2” (50.8 mm.) washer with a 34"
(9.525 mm.) hole in it. When using tool W-177
the old exhaust valve guides are driven through
the block into the valve compartment.

When replacing the exhaust guides, maximum
engine performance can only be secured when the
top of exhaust guide is positioned one inch (25.4
mm.) below the top face of the cylinder block as
shown in Fig. 54. The standard driver is equipped
with an adapter ring which correctly positions the
guide. The lower end of the intake guide is position-
ed flush with the cylinder head casting as shown
in Fig. 54.

Should the standard driver be unavailable, a sub-
stitute may be made from a piece of 14” (12.7 mm.)
round steel 6” (152.4 mm.) long. Turn down one
end to 34” (9.525 mm.) in diameter for a distance

FIG. 54—VALVE GUIDE POSITIONS

of 2”7 (50.8 mm.) to form a pilot and shoulder.
Should this type driver be used, it will be necessary
to measure to correctly locate the exhaust valve
guides.

Valve Tappet Clearance

Check the clearance of the valve tappets in the
cylinder block which should be .0005”-.002” (.0127-
.0508 mm.). Check by moving each tappet back
and forth in the block. Should the clearance seem
excessive, it might be necessary to replace one or
more which are supplied .004” (.1016 mm.) over-
size. This operation is covered in the section under
“Camshaft and Valve Tappets.”

Valve Installation

Assemble the exhaust valve springs and retainers
with the closed coils of the springs placed up to seat
in the block. See Fig. 14. Install the valves in the
same position from which they were removed. If
of the ‘““free’” type having caps mounted over the
lower ends, be sure that the rotor caps and spring
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retainer locks are thoroughly clean and reinstalled
on the same valves from which they were originally
removed with the worn side of both locks contact-
ing the cap.

The rotor parts when new are made to be inter-
changeable. When correctly fitted there is from
.000” to .004” (.000 to .1016 mm.) clearance be-
tween the bottom of the valve and the cap when
the upper edge of the cap contacts the spring re-
tainer locks as shown in Fig. 51. This clearance is
just sufficient to allow the cap to raise the locks,
as the valve is opened, to relieve spring pressure
and allow the valve to rotate a small fraction of a
revolution during each lift cycle. There is some
wear of the rotor parts, however, this wear is com-
pensating so that clearance changes little. For this
reason it is essential that both the locks and cap be
reinstalled on the valve from which they were re-
moved with the worn face of both locks contacting
the upper edge of the cap. Should the contact face
of the locks be badly worn, install a new cap and
new locks or in the absence of new locks, turn the
old ones over to provide a new wearing surface.
After the valves are installed, turn the engine until
each valve is successively wide open. Try each
valve for free operation by turning it. If they turn
with slight effort, there is sufficient clearance for
free operation. Maximum up and down clearance
in the cap may be measured by mounting a dial
indicating gauge on the valve head and measuring
the vertical movement of the valve without com-
pressing the spring. Should there be insufficient
clearance to provide free operation, grind a slight
amount from the lower end of the valve stem.
Should there be too much clearance, lap a small
amount from the upper edge of the cap using fine
emery cloth placed on a smooth surface.

When installation of the exhaust valves is com-
pleted, remove the cloth blocks from the valve
compartment floor openings.

Install the intake valves and springs in the cylinder
head placing the ends of the springs having closed
coils down against the cylinder head.

IMPORTANT : Be sure to install a new rubber oil
seal ring on each intake valve stem before installing
the retainer locks. With the retainer and spring
compressed, position a seal ring on the valve stem
Jjust above the lock recess, install the locks and re-
lease the spring.

Clean the top of the block and pistons of all foreign
matter and install the gasket without using sealer
or other compound. Clean the cylinder head and
install it on the cylinder block placing a piece of
clean wood about 1” (25.40 mm.) thick between the
block and head. Install the intake valve push rods
shoving the rocker arms to one side to make the
installation. Remove the piece of wood and lower
the head until the rocker arm ball ends enter the
push rod sockets and then allow the head to seat on
the block. Install the cylinder head nuts with the
ignition wire clips over the end studs. Tighten the
nuts with a torque wrench in the sequence shown
in Fig. 55 to 60-70 ft. lbs. (8.3-9.6 kg.-m.) for
both stud nuts and screws. Do not overlook install-

ing the cap screw in the intake manifold directly
under the carburetor opening.

Clean and adjust the spark plugs, setting the elec-
trode gaps at .030” (.762 mm.). Install the plugs to
prevent any foreign matter entering the combustion
chambers during the remaining operations.

Reinstall the water pump by-pass tube and the
upper radiator hose. Reinstall the heater tube if so
equipped and install the heat indicator wire.

Reconnect the rocker arm oil line and the vacuum
booster tube. Reinstall the oil filler tube brace
bracket screw.

Recondition the carburetor as outlined in the
“Fuel” section. Install the carburetor using a new
gasket and connect the throttle and choke controls
and the fuel line.

Before starting the engine, which will heat the ex-
haust manifold, adjust the exhaust valve tappets.
If equipped with ‘““free” type valves of the type
having caps over the lower ends as shown in Fig.
51, adjust them to .016” (.406 mm.), although the
clearance of this type may be reduced to a minimum
of .012" (.304 mm.) should objectionable noise be
present. See step 6, Page 34. If standard type
valves or those having ball bearings built into the
spring retainers as shown in Fig. 52, adjust them
016" (.4064 mm.).

FIG. 55—CYLINDER HEAD TIGHTENING

Set the intake valve rocker arm adjustments
sufficiently close to the standard .018” (.4572 mm.)
adjustment to allow the engine to run without any
of the valves holding open.

Start the engine and allow it to run until operating
temperature is reached, after which check the
cylinder head nuts with a torque wrench to be sure
that they are tightened to specifications. With the
engine operating at idle speed make final adjust-
ment of the rocker arms to .018” (.4572 mm.) and
recheck the exhaust valve adjustments. Install the
rocker arm cover using a new gasket. Cement a
new gasket on the valve cover plate. Install the
cover and ventilator tube using a new gasket back
of the tube and new copper ring gaskets under the
attaching screw heads.

Recondition the distributor and set the ignition
timing according to instructions under “Distribu-
tor” in the “Electrical” section.
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Reconnect the air cleaner tube and road test the
vehicle.

Camshaft and Valve Tappets

The camshaft, Fig. 47, No. 25, rotates on four
bearings. The front bearing is a replaceable steel
shell bushing with babbitt face while the other
three are precision machined in the cylinder block
with no bushings. It is driven by helical cut timing
gears, a steel gear being used on the crankshaft
and pressed fiber on the camshaft.

The camshaft bearings are lubricated under oil
pressure through drilled passages in the crankcase.
End thrust of the shaft is carried by a thrust plate
bolted to the crankcase. The front bearing is a bab-
bitt lined steel shell pressed into place and staked
in to prevent rotation and endwise movement in
the crankcase as shown in Fig. 18.

The timing gears are lubricated through a jet
threaded into the crankcase which sprays oil from
the front main bearing on the tooth contact point
of the gears.

The valve tappets are lubricated through oil
troughs cast in the crankcase. The troughs are
filled by oil spray from the connecting rod ends
and passages are drilled through the tappet guides
to carry the oil to the tappets. A groove cut around
the center of the tappet shank carries the oil up
and down in the guide.

Removal of Camshaft or Valve Tappet

Drain the radiator and cylinder block, remove the
radiator and grille, cylinder head, valves and valve
springs. Follow instructions given under heading
“Grinding Valves.”

Remove the fuel pump and oil pump assemblies.

Remove the oil pan, crankshaft pulley with Puller
Tool No. W-175, Fig. 19, fan belt and fan as-
sembly.

Remove the front engine cover and the camshaft
gear and thrust plate. The camshaft and crankshaft
gears may be readily removed by using the recom-
mended puller, Tool No. W-172, shown in Fig. 20.

Tie the valve tappets up at their highest point of
travel with small “C” clamps or spring clip type
clothespins. Remove the shaft.

Before removing the tappets, carefully check their
clearance in the guides to replace those which have
excessive clearance. Oversize available is .004”
(.1016 mm.) which should be fitted with .0005” to
.002” (L0127 to .0508 mm.) clearance. Remove the
tappets and inspect the faces where they contact
the cams. Replace any that are scored, rough or
cracked.

Carefully inspect the shaft for scores and roughness
of cam and bearing surfaces. The camshaft and
bearings wear little as the shaft turns at half crank-
shaft speed so replacement of the shaft or bearing

is seldom necessary.

Replacing Camshaft or Valve Tappets

Install the valve tappets and clip them in position.
Install the camshaft and the camshaft thrust plate

and spacer. Install the valves.

Install the camshaft gear, setting the valve timing
as outlined under the heading ‘“Valve Timing.”
Clean the old gasket from the timing gear cover
and cement a new one in position. Examine the oil
seal to determine if it is serviceable and replace it
if in doubt. Install the cover.

The balance of the assembly is the reverse of dis-
assembly.

Camshaft Drive

Camshaft drive is through helical cut timing gears,
a steel gear being used on the crankshaft and a
pressed fiber gear on the camshaft. Lubrication is
positive through a jet, Fig. 47, No. 46, threaded
into the crankcase directly above the gear contact
and through a drilled passage to the front main
bearing.

Should it be necessary to replace the timing gears,
attention must be given to the end float of both the
camshaft and crankshaft and to the running clear-
ance of the gears. It is also advisable to check both
the jet and oil passage to be sure that they are clear.

FIG. 56—GAUGING CRANKSHAFT END PLAY

End float of the crankshaft is set by the running
clearance between the crankshaft thrust washer
and the front face of the front main bearing. The
standard end play is .004” to .006” (.1016 to .1524
mm.) which is controlled by a shim placed between
the thrust washer and the shoulder on the crank-
shaft. Check the end float with a dial indicator
gauge as shown in Fig. 56. If clearance is incor-
rect, adjustment is made by adding or removing
shims. Should the thrust washer be removed, be
sure that it is reinstalled with the beveled inner
edge toward the crankcase.

End float of the camshaft is determined by the
running clearance between the face of the camshaft
gear and the thrust plate, Fig. 47, No. 49,
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mounted on the crankcase. The standard clearance
is .004” to .007” (.1016 to .1778 mm.) which is
determined by the thickness of the thrust plate
spacer and which may best be measured without
disassembly by a dial indicator gauge. As a general
rule this clearance will change little through wear
or even when a new gear is installed. Should a check
show too little end float, place a shim of suitable
thickness between the gear hub and the spacer.
Too much end float may be corrected by dressing
off the spacer a suitable amount.

To predetermine the correct end float, if the gear,
spacer and thrust plate have been removed, meas-
ure the thickness of both the thrust plate and spacer
with a micrometer. The thickness of the spacer
must be approximately .006” (.1524 mm.) greater
than that of the thrust plate. When this is true and
the parts are assembled and drawn tightly together
by the gear retaining screw, the end float will be
within standard limits. When the spacer is installed,
be sure that the inner beveled edge is placed toward
the crankcase.

Standard running tolerance between the gears is
.000” to .002” (.000 to .0508 mm.) which should
be checked with a dial indicator.

When the gears have been removed, it is necessary,
when reinstalling them, to retime the valves.

Valve Timing

To set the valve timing, install the gears with the
crankshaft and camshaft so positioned that the
timing gear marks are in alignment as shown in
Fig. 23. For timing the ignition, see the “Elec-
trical’’ section.

To check the valve timing, carefully set the inlet
valve rocker arm adjustment for No. 1 cylinder
to .026” (.6604 mm.). Rotate the crankshaft clock-
wise until the piston in No. 1 cylinder is ready for
the intake stroke. To determine this, remove the
cover from the flywheel timing mark inspection
opening, Fig. 22, in the flywheel housing directly
under the starting motor. Note by reference to
Fig. 21 that the “IO” or intake open position is
not stamped on the flywheel. The “TC” or top
center position is marked and also the ““5°”’ before
top center position. The intake valve opens 9°
before top center. Note the distance between the
“TC” and “5°” marks and estimate the intake
open position. NOTE: Effective with the first
production of the 475 series, a 414" (11.43 cm.)
starting motor was used which necessitated changes
in the rear engine mounting flange which partially
covers the location of the flywheel timing mark
inspection hole. As a result, the hole was eliminated
and a single raised mark was placed on the timing
gear cover to line up with a mark on the crank-
shaft pulley to locate the “TC” position. In turn,
this single raised mark was later replaced by two
clearly indented marks; one to locate the 5° BTC
position, the other to locate the “TC” position.
With the crankshaft in this position, timing is
correct if the rocker arm is just tight against the
valve stem. Do not overlook resetting the rocker
arm adjustment to the correct running clearance.

Crankshaft

The crankshaft is of drop forged steel. To better
control balance the counterweights are independ-
ently forged and attached to the shaft with a dowel
and cap screw, which is tack welded for safety.

The flywheel is attached to the crankshaft with
tapered dowel bolts, the holes for which are taper
reamed at assembly. For information regarding
the special crankshaft to flywheel bolts required
when a new flywheel or crankshaft is installed,
refer to the subheading “Flywheel.”

The shaft rotates on three steel back babbitt lined
bearings with the front bearing taking the end
thrust. The bearing journal dimensions are given
in “Engine Specifications’ at the beginning of this
section.

Whenever it is necessary to remove the crankshaft
or install new crankshaft bearings, the engine must
be removed from the frame. Should the flywheel
be removed refer to the subheading ‘Flywheel.”

The bearings are made to size and do not require
line reaming. The running tolerance is .001” to
.0025” (.0254 to .0635 mm.). No adjustment is
possible and if they require attention they should
be replaced

When it is necessary to install new bearing shells,
it is advisable to first use a micrometer to deter-
mine if the shaft journals are out of round. Should
a check determine an out of round condition in
excess of the standard running clearance of the
bearings (either main or connecting rod) a satis-
factory bearing replacement cannot be made and
it will be necessary to regrind the shaft. Undersize
bearings available are .010”, .020” and .030”
(.2540, .5080 and .7620 mm.).

Before installing the shaft and bearings use a rifle
brush to clean out the oil passages thoroughly in
both the shaft and crankcase and if possible blow
them out with compressed air. Be sure the journals
are not nicked or scored and that all parts are
thoroughly clean. Give attention to the rear bear-
ing oil seal as outlined under the heading ‘‘Crank-
shaft Rear Bearing Seal.”

After installation check the running clearance to
be sure it is standard. A good way to do this is to
place a .002” (.0504 mm.) test shim between the
shaft and the shell. With the bearing cap nuts
drawn up to the recommended 65 — 75 ft. 1bs. (8.98
—10.3 kg.-m.) torque, the shaft should either be
locked or there should be a drag when it is turned
by hand proving that the clearance is correct. Do
not overlook removing the test shim.

The standard end play of the crankshaft is .004”
to .006” (.1016 to .1524 mm.) which is adjusted by
shims placed between the crankshaft thrust washer
and the shoulder on the crank. This clearance may
be checked with a dial gauge as indicated in Fig.
56. To adjust end play it is necessary to remove
the crankshaft gear with a puller, Fig. 20, and
the thrust washer. When replacing the washer, be
sure the side with the inner beveled edge faces
the front bearing.

Never file a main bearing cap or install shims be-
tween the cap and block as roundness and align-
ment of the bearings will be destroyed.
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To maintain accurate alignment in manufacture,
the bearing caps are machined as an integral part
of the cylinder block. To identify the caps as being
part of a given crankcase a daub of paint is placed
on the center bearing web and each bearing cap is
marked with the same color paint. Use care not to
inte_rchange the caps with those from any other
engine.

When the crankshaft is removed due attention
must be given the rear main bearing oil seal which
is discussed in the following paragraphs.

Crankshaft Rear Bearing Seal

A new crankshaft rear bearing seal has been placed
in production and can be used as a replacement seal
on all four cyclinder engines now in use. This new
seal is a metal supported rubber lip type, the upper
half of which can be readily installed without re-
moving the crankshaft as is necessary when using
the old type packing. To install, remove the rope
type packing, clean out the packing groove and in-
stall the upper half of the seal after first coating it
and the lower half thoroughly with grease for ease
of installation and initial lubrication.

When installing the rear main bearing cap in the
crankcase a little sealer should be placed on the
sides and face of the cap to prevent oil leakage.

The rubber packings, Fig. 27, between the bear-
ing cap and the case are cut to a given length and
will protrude approximately 24” (6.35 mm.) from
the case. When the oil pan is installed it will force
this packing tightly into the holes and effectively
seal any opening between the bearing-cap and the
crankcase.

Should trouble be experienced with oil leaking from
the rear main bearing there are several points which
should be checked which are listed below.

1. Be sure that the identifying paint daub on
the bearing cap is the same as that appearing
on the center bearing web.

2. The bearing to crankshaft clearance must not
exceed .004” (.1016 mm.).

3. Place sealer on the faces of the rear bearing
cap from the rear oil groove to the oil seal

grooves.

4, Be sure the rubber oil seals extend about 14”
(6.35 mm.) below the bottom face of the cap.

5. Be sure the oil pan gasket is not leaking.

6. Check to be sure the oil leak is not at the
camshaft rear bearing expansion plug or from
a sand hole in the crankcase.

Connecting Rod

The connecting rods are drop forged with the wrist
pin clamped in the rod. The connecting rod and
piston assemblies must be removed through the

top of the engine because of the counterweights.

The standard running clearance of the connecting
rod bearings is .0005” to .0025” (.0127 to .0635 mm.)
and the side clearance is .005” to .009” (.127 to
.2286 mm.) which may be measured by a feeler
gauge as shown in Fig. 28.

The connecting rod bearings are of the precision
shell type which require no fitting. When installing
new shells, align the oil spray holes in the upper
shell with the spray holes in the connecting rods.

The running clearance should be checked with a
.002” (.0508 mm.) test shim. Place the shim be-
tween the bearing and the shaft journal, tighten-
ing the nuts to the recommended 35-40 lbs. ft.
(4.8-5.5 kg. m.) torque. Without the test shim in
position, the shaft should turn freely. With the
test shim installed, the shaft should either be locked
or there should be a heavy drag when it is turned
by hand proving that the clearance is correct. Do
not overlook removing the shim.

The connecting rod cap nuts are locked with
stamped nuts which should be renewed when once
removed. These nuts should be installed with the
flat face toward the connecting rod nut. Turn the
locking nut finger tight and then tighten it one half
turn only.

Every time a connecting rod is removed from an
engine or a new rod is installed, it should be checked
for alignment on an aligning fixture, Fig. 29.

When straightening the rod, twist or bend in the
opposite direction slightly more than the original
twist or bend, then return the rod to true align-
ment. The rod will then retain correct alignment.

Longer main bearings with greater wearing sur-
faces are possible through the use of offset connect-
ing rods. When the rods are installed the offset,
Fig. 30, is placed away from the nearest main
bearing. The oil spray hole should be on the follow
side or away from the camshaft, facing the right
side of the vehicle. Due to the offset, No. 1 and 2
or No. 3 and 4 connecting rod cannot be inter-
changed for if they are reversed, the oil spray hole
will be on the wrong side. No. 1 and 3 or No. 2 and
4 can be interchanged.

Pistons 3

The engine is equipped with aluminum pistons
which are “T"’ slotted, cam ground, tin plated and
have a heat insulating groove at the top in which
no ring is installed. The pistons are fitted with
.003” (.0762 mm.) clearance. To determine this
clearance use a .003” (.0762 mm.) feeler gauge 34”
(19.05 mm.) wide which should give five to ten lbs.
(2.27-4.54 kg.) pull when removed, Tool W-173
Fig. 31. The gauge should extend the full length
of the piston on the thrust side which is opposite
the slot. Correct clearances may be secured by
selecting pistons of the correct size as there is slight
variation in the sizes of standard pistons.
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Pistons are available in the following oversizes:
.010”7, .020”, .030” and .040” (.2540, .5080, .7620
and 1.016 mm.).

Before any attempt is made to fit new pistons, the
cylinder bores should be carefully checked for out
of round and taper. See subheading ‘““Checking
Cylinder Bores.”

If an oversize piston is required, the cylinders must
be reconditioned with a cylinder boring machine.
See ‘““‘Checking Cylinder Bores” and ‘“Cylinder
Boring.”

NOTE: To provide greater strength and heat con-
ductivity in the F-head engine the piston head
thickness was increased from 3{” to 14” (4.76 to
6.35 mm.). Care must be exercised in replacing
pistons, singly or in sets, to get the correct parts
otherwise engine vibration will result due to un-
balanced pistons. This change was effective with
473 SW and 4 x 473 SW engine No. 16862; 473 HT
and 473-4WD engine No. 138609.

The pistons have an extra groove directly above
the top ring which acts as a heat dam or insulating
groove. In operation pressure is built up in this
groove on the power stroke which acts as a baffle
to reduce the passage of oil into the combustion
chamber. This groove also provides more even dis-
tribution of heat and better lubrication of the
piston rings.

Piston Rings

When installing a new set of piston rings without
reconditioning the cylinder bores, always remove
the ridge at the top of the cylinder bore with a
reliable ridge reamer, Fig. 32. Use care not to cut
below the top of the upper ring position in the bore.
It is always advisable to remove the ridge before
removing the pistons, keeping the piston tops
covered with cloth to prevent the cuttings falling
into the engine. When the rings are installed stagger
the end gaps around the pistons. A ring compressor
is essential for rapid assembly.

The width of the compression rings is 34" (2.3812
mm.) and that of the oil control ring is 3{;” (4.7625
mm.). While the compression rings are of the same
size, they are different in construction and must not
be interchanged. Install these rings as shown in Fig.
33, which is outlined below.

The upper compression ring has an inside beveled
edge which must be installed toward the top. The
face of the lower compression ring is tapered ap-
proximately .001” (.0254 mm.). The letters “T" or
“TOP” on the upper edge indicate how the ring
is installed.

When fitting the rings to the cylinder bores, Fig.
34, the end gap is .008" to .013” (.2032 to .3302
mm.). The groove clearance, Fig. 35, of the top
compression ring is .002" to .004" (.0508 to .1016
mm.). That of the center ring is .0015" to .0035"
(.0381 to .0889 mm.) and that of the bottom ring
.001” to .0025" (.0254 to .0635 mm.).

When a cylinder has been rebored or honed, stand-
ard production rings should be installed. If the
cylinders have not been rebored or honed so that

there is possibly a slight out of round condition not
to exceed .005” (.1270 mm.), a service type ring
must be installed.

Oversize rings which are available for rebored
engines are .010”, .020”, .030” and .040” (.2540,
.5080, .7620 and 1.016 mm.).

Service type rings for use when the cylinders have
not been rebored or honed are supplied in the fol-
lowing ranges of oversizes: Standard to .009”, .010”
to .019”, .020” to .029”, .030” to .039” and .040” to
.049” (.2540 to .4826, .5080 to .7366, .7620 to .9906
and 1.0160 to 1.2446 mm.).

Piston Pin

The piston pins are anchored in the rods with lock
screws, and the manufacturer does not recommend
the installation of oversize pins for experience has
shown that should a pin be worn sufficiently to
require replacement, the piston also should be
replaced.

The pins are fitted with a clearance of approximate-
ly .0001” to .0005” (.00254 to .01270 mm.) which
is equivalent to a light thumb push fit at room
temperature. See Fig. 36.

Assembling Piston to Connecting Rod

Some connecting rod aligning fixtures are designed
for checking alignment before the piston is installed
and others with the piston assembled. If the fixture
available is of the first mentioned type, align the
rods following fixture manufacturer’s instructions,
after which assemble the piston on the rod as out-
lined below.

Clamp the connecting rod in a vise using vise jaw
shields of soft metal or two pieces of hardwood,
one on each side of the rod, approximately three
inches from the piston pin end.

Start the piston pin in the piston with the lock
screw groove facing down. Assemble piston to the
connecting rod with slot No. 2, Fig. 37 in the
piston, on the opposite side from the oil spray hole,
No. 1 in the bearing end of the connecting rod.
Install the piston pin clamp screw.

Should the aligning fixture available require the
piston assembled before checking, do not overlook
aligning the rods after installing the pistons.

Checking Cylinder Bores

The best method to check the condition of the
cylinder bores to determine if reconditioning is
necessary is by the use of a dial gauge.

The gauge hand will instantly and automatically
indicate the slightest variation of the cylinder bores.
To use this gauge simply insert it in the cylinder
bores and move it up and down the full length. It
is then turned spirally or completely rotated at
different points, taking a reading at each point.
In this manner all variations in the cylinder bores
from top to bottom may be determined.

When cylinders are more than .005” (.1270 mm.)
out of true, it is best to rebore them. The instruc-
tions furnished by the manufacturer of the boring
equipment should be carefully followed.
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After the cylinders have been rebored within .002”
(.0508 mm.) of the final size desired, they should
be finished or polished with a cylinder hone. Do
not attempt to lap them with the piston. In opera-
tion the hone is placed in the cylinder bore and run
up and down the full length of the cylinder wall.
Follow this procedure until the piston running
clearance is correct as outlined under the sub-
heading ‘“Pistons.”

remove the distributor cover and note the position
of the distributing finger so that the pump may be
reinstalled without disturbing the ignition timing.
To install the pump without disturbing the timing,
the pump gear must be correctly meshed with the
camshaft driving gear to allow engagement of the
driving key on the distributor shaft with the pump
shaft driving slot, without moving the distributing
finger. Distributor assembly can be made only in

FIG. 57—ENGINE OIL CIRCULATION

Qil Pump Assembly

The oil pump, Fig. 40, is located externally on the
left side of the engine. In operation oil is drawn
from the crankcase through the floating oil intake,
Fig. 43, No. 3, then passes through a drilled pas-
sage in the crankcase to the pump from which it is
forced through drilled passages to the crankshaft
and camshaft bearings. See Fig. 57.

When it is necessary to remove an oil pump, first

one position as the slot and driving key are ma-
chined off-center and it is necessary to correctly
install the pump to provide this poslt:on Note
paragraphs under Installation and Timing for
complete information.

The pump employs an inner and outer rotor within
the pump body and an oil relief valve is mounted
on the pump body which controls oil pressure at
higher speeds.
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To disassemble the pump, Fig. 40, first remove
the gear which is retained by straight pin No. 8. It
will be necessary to file off one end of the pin before
driving it out with a small drift. By removing the
cover No. 2, the outer rotor and the inner rotor and
shaft No. 4 may be removed through the cover
opening.

Failure of the pump to operate at full efficiency
may usually be traced to excessive end float of the
rotors or excessive clearance between the rotors.
The clearance between the outer rotor and the
pump body should also be checked.

Match the rotors together with one lobe of the
inner rotor pushed as far as possible into the notch
of the outer rotor. Measure the clearance between
the lobes of the rotors as shown in Fig. 38. This
clearance should be .010” (.2540 mm.) or less. If
more replace both rotors.

Measure the clearance between the outer rotor and
the pump body as shown in Fig. 39. Should this
clearance exceed .012” (.3048 mm.) the fault is
probably in the pump body and it should be re-
placed.

End float of the rotors is controlled by the thickness
of the cover gasket which is made of special ma-
terial which can be only slightly compressed. Never
use other than a standard factory gasket.

Check the cover to be sure the inner surface is not
rough or scored and that it is flat within .001”
(.0254 mm.) tested with feeler gauges, Fig. 41.
Measure thickness of the rotors which must be
within .001” (.0254 mm.) of each other. Assemble
the rotors in the pump body and install the cover
without the gasket. When the cover screws are
tightened to normal tension, there should be inter-
ference between the rotors and the cover making
it impossible to turn the pump shaft by hand. Re-
move the cover and replace it with the gasket in
position which should free the rotors and shaft and
prove that end float of the rotors is less than the
thickness of the gasket when compressed or .004”
(.1016 mm.) which is satisfactory.

After assembling the gear on the pump shaft, check
the running clearance between the gear and pump
body with a feeler gauge. This clearance should be
from .003” to .010” (.0762 to .2540 mm.).

The pressure of the pump is controlled by an oil
relief valve, Fig. 40, No. 12, and may be altered
by installing or removing shims from between re-
tainer No. 9 and the spring. Adding shims increases
pressure and removing shims decreases pressure.
This adjustment will change the pressure at higher
speeds but not at idle speed.

The pressure at which the oil relief valve opens
with standard setting is approximately 35 Ibs.
(2.46 kg./sq. cm.). Safe minimum pressure is 6 1bs.
(1421 kg./sq. cm.) at idle and 20 lbs. (1.406 kg./sq.
cm.) at 2000 rpm. (35 mph.) (56 k.).

Floating Qil Intake

The floating oil intake, Fig. 43, is attached to the
crankcase with two screws. The construction of the

float and screen causes it to remain on top of the
oil, raising and lowering with the amount of oil
in the pan.

This construction prevents water or dirt, which
may have accumulated in the bottom of the oil
pan from circulating because the oil is drawn
horizontally from the top surface.

Whenever removed, the float, screen and tube
should be cleaned thoroughly to prevent any ac-
cumulation of dirt, also clean the oil pan.

Fluctuating oil pressure can usually be traced to
an air leak between the oil float support and the
crankcase. Be sure the float support flange, Fig.
43, No. 7, is flat. Clean both the flange and the
crankcase surfaces thoroughly before installing a
new gasket. Be sure the retaining screws are tight.
The oil pan screw torque wrench reading is 12 - 17
1bs. ft. (1.65 — 2.35 kg. m.)

Flywheel

The flywheel is attached to the crankshaft with
two tapered dowel bolts and four special head bolts.
When the flywheel is assembled to the crankshaft,
be sure the “TC” timing mark is correctly located
in relation to No. 1 crank throw. The correct loca-
tion is indicated by arrows stamped on the flywheel
center and on the crankshaft flange which should
be installed together. Be sure the crankshaft and
filywheel are clean and that there are no nicks or
burrs to prevent even seating of the flange. After
installation check the runout with a dial indicator
attached to the engine plate, Fig. 44. This should
not exceed .008” (.2032 mm.) on the outer edge of
the rear face of the flywheel. Torque wrench read-
ing 36-40 Ibs. ft. (4.9788-5.532 kg. m.)

When installing a new crankshaft or flywheel re-
place the tapered dowel bolts with straight snug
fitting special bolts furnished with these parts. The
crankshaft and flywheel should be assembled in
proper relation, then install the straight bolts pre-
viously used and tighten securely. Next use a 33"
(13.8887 mm.) drill to enlarge the tapered holes.
Ream the holes with a %3” (14.2875 mm.) straight
reamer and install the two special flywheel bolts
Willys Part No. 116295 with nut Part No. 52804
and lockwasher Part No. 52330, instead of the two
tapered dowel bolts formerly used. This procedure
overcomes the necessity of reaming the special
tapered holes.

NOTE: Effective with the first production of the
475 series, the 414” (11.43 cm.) starting motor
which was adopted necessitated a new 129 tooth
ring gear replacing the former 124 tooth ring gear.

Qil Pressure Gauge

All power units using the four cylinder F-head
engine are equipped with electric type oil pressure
gauges. This gauge requires a ‘“‘sender’ mounted
on the left rear side of the crankcase at an opening
into the main oil circulating line. A single wire
connects the “sender” to the indicating unit
mounted on the instrument panel.
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Should the instrument panel unit fail to indicate
pressure in the oil circulating system, stop the
engine immediately. Failure to register may in-
dicate no oil, a fault in the oil circulating system or
in the gauge units, or loose or dirty electrical con-
nections. See “‘Oil Pressure Gauge” in the “Electri-
cal” section.

Should a gauge or sender be at fault, install a new
unit because the gauges are sealed and cannot be
repaired.

Qil Filler Tube

Should it be necessary to remove an oil filler tube
of the type mounted on the right side of the engine,
loop a piece of iron wire several times around the
tube below the top and make a loop through which
a pry bar may be used to pry over the top of the
engine water outlet. Place a pull on the tube, tap-

ing it just above where it enters the crankcase.
When installing a new tube be sure that the beveled
lower end is away from the crankshaft. Place a
piece of hard wood over the top of the tube when
installing it to prevent damage to the cap gasket
seat.

Engine Support Plate and Mounting

The front engine support is bolted to the front face
of the crankcase and becomes the rear panel for
attachment of the timing gear cover.

The rear engine plate is attached to the rear of the
crankcase and provides a means for attachment of
the flywheel bell housing.

NOTE: With the adoption of the 414" starting
motor in series 475 production, a new bell housing,
rear engine plate and flywheel ring gear was re-
quired.
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SECTION 1V
Tornado OHC Engine

GENERAL

The ‘Jeep’ Tornado OHC engine (Fig. 58) is a newly
designed, overhead-cam type. Because of its revolu-
tionary design, careful attention should be given to
the procedures outlined in this manual to make sure
the correct overhaul methods are understood before
proceeding.

The engine serial number is stamped on the lower
right front of the cylinder block, just behind the
ignition coil. As is common in the automotive in-
dustry, some engines are manufactured with over-
sized cylinder bores and/or undersized crankshaft
journals. For the Tornado OHC engine, such devia-
tions are indicated by a code suffix to the engine
serial iumber as follows:

A — .010” [0,254 mm] undersized main and
connecting rod bearings.
B — .010” [0,254 mm] oversized pistons.
AB — Combination of A and B.

Before ordering parts or doing any work on a partic-
ular engine, it is important to check the engine
serial number to determine if oversize or undersize
parts are required.

Detailed specifications for the Tornado OHC engine
are given in the specifications section. When adjust-
ments are necessary, refer to these specifications so
that factory clearances may be maintained.

Description
This engine is equipped with an overhead camshaft
(10, Fig. 58), and the valves (1 and 19) and valve

parts are all mounted entirely on the cylinder head
(21). The camshaft, valves, valve springs (4 and
16), rocker arms (6 and 12), and the cylinder head

can be removed as an assembly for easy repair or
overhaul. The camshaft has only six cams, with the

same cam operating the intake and exhaust valve
rocker arm for each cylinder. The cylinder block
and crankcase are cast integrally, forming a rigid,
reinforced unit. The large main bearing caps (24,
30, and 38, Fig. 72) assure rigid support of the main
bearings (23, 29 and 39) and the crankshaft (34).
Cup-type core plugs (13) are used in the cylinder
block (14) to decrease the possiblity of coolant leak-
age at these points. The engine is equipped with a
fully counterbalanced crankshaft supported by four
main bearings. Crankshaft end play is controlled
by thrust flanges provided on the rear main bearing
(23). The engine is pressure lubricated. An oil pump
(26, Fig. 58), driven by a helical drive gear (28) on
the crankshaft, forces lubricant through drilled
passages to efficiently lubricate the main bearings
and connecting rod bearings. An external tube (11,
Fig. 72) conducts the oil, under pressure, from the
cylinder block (14) to the cylinder head (12) to
provide lubrication to the cams through the drilled
passage in the camshaft (7). An oil passage is cast
into the cam bearing support deck (8) to lubricate
the camshaft bearings. An oil fitting (45) is provided
on the front of the cylinder block to spurt oil on the
timing chain (4), crankshaft timing chain sprocket
(40) and the oil pump drive gear.

The cylinder block provides a full-length water
jacket around each cylinder to provide efficient
cooling. Water passages are also provided through
the intake manifold (20, Fig. 58) to preheat the
incoming fuel mixture and help vaporize the fuel
when the engine is cold. The coolant passages in the
cylinder head surround the valve and combustion
chamber areas to provide proper cooling of the
valves. Circulation of the coolant is controlled by
a thermostat in the thermostat housing mounted
on the intake manifold.
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FIG. 58 —TORNADO 230 ENGINE —FRONT SECTIONAL VIEW

1—Exhaust Valve

2—Exhaust Valve Guide

4—Valve Spring

5—Exhaust Valve Spring Retainer
Rocker

14—Lubrication Pi
15—Intake Valve
16—Valve i
17—Valve Guide Seal
18—Intake Valve Guide

ing Retainer

19—Intake Valve
20—Intake Manifold
21—Cylinder Head
22—Cylinder Head Gasket
23—Piston

26—0il Pump

27—0il Pump Helical Gear
28—0il Pump Drive Gear
29—0il Pan

30—Crankshaft

31—Timing Chain Cover
32—Timing Chain Cover Qil Seal
33—Distributor

34—Cylinder Block

35—Exhaust Manifold
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Engine Tune-Up

Contents

SUBJECT PAR. SUBJECT PAR.
Br Cleaner. ... o s i e e 11 FUELPUMD. oo e s b e s 13
BafEErys Sou ok lr S U0 s e R e 2 EuchBuppivmed - o e R | 12
CarRPEEOr. L don i s v e 15 L1 () R e S SR PR e e 9,10
B L IR A e LR R S 6 Focker Arm Clearance. . ... oo so e acas o s 7
Crankcane Nentlabion oy, ot 0 Sle e S5 S S R e e SO R e 3
CylindenBead . ... i s it R - Iame LD SOeTRCationS. . . <1 0. s e e 18
187350 FT 1 R s NSRS SR | 8 T T o - e WU SO PRSP - 1. 14
Fan BRI L i o lorian o wal S hee s e R S o 16

1. GENERAL

An engine tune-up should be performed at the end
of each 250 hours of use, to restore performance and
power lost through wear and deterioration resulting
from engine use. The tune-up should follow the se-
quence given below. Correction of items affecting
the fuel system should not be attempted until all
items affecting compression, ignition, and crank-
case ventilation have been satisfactorily checked
and any problems corrected.

2. Clean and Check Battery

Inspect battery and cables. If the battery is not
satisfactory, install a fully charged battery to allow
completion of the tune-up.

a. Check the specific gravity of the electrolyte in
each cell of the battery. A hydrometer reading of
1.260 indicates that the battery is fully charged. If
the reading is 1.225 or below, the battery needs re-
charging. If one or more cells is 25 ““points™ [.025]
or more lower than the other cells, this indicates
that the cell is shorted, the cell is about to fail, or
there is a crack in the battery partition in the case.
Unless the battery is repaired or replaced, battery
trouble will soon be experienced.

b. Check the electrolyte level in each cell, add
distilled water to maintain the solution 3¢” [9.5
mm] above the plates. Avoid overfilling. Replace
the filler caps and tighten securely. It is important
to keep the electrolyte level above the plates at all
times because plates that are exposed for any length
of time will be seriously damaged.

¢. Clean the battery terminals and cable con-
nectors. Prepare a strong solution of baking soda
and water and brush it around the terminals to
remove any corrosion that is present. The cell caps
must be tight and their vents sealed to prevent
cleaning solution entering the cells; after cleaning,
coat the terminals with heavy grease.

d. Inspect the battery cables and replace if badly
corroded or frayed. Check tightness of terminal
screws to ensure good electrical connections. Check
the tightness of the negative ground cable connec-
tion at the frame to ensure a good ground connection.
e. Load test the battery. Connect a voltmeter
across the battery. Run the starting motor for 15
seconds. If the voltage does not drop below 10 volts

on a 12-volt battery, the battery is satisfactory. If
the voltage falls below the figure given, yet the
specific gravity is above 1.225, the condition of the
battery is questionable.

f. Be sure the engine ground strap is tight at both
connections. It is connected between the right front
lower support bolt and the front engine coil bracket
bolt. It these connections are loose or dirty, hard
starting or failure to start may result.

3. Clean and Adjust Spark Plugs

Clean, inspect, and gap spark plugs. Do not install
spark plugs until completion of compression tests.
a. Use a spark plug cable removing and installing
pliers W-274 as shown in Fig. 59 to remove the leads
from the spark plugs.

Caution: Pulling on the cables to remove them
from the spark plugs will cause internal breaks in
the leads and will result in ignition failure. Always
use the special tool W-274 to remove the spark
plug cables.

b. Using a spark plug wrench, loosen each spark
plug one or two turns to break loose any carbon
deposits on the plug base.

c. Blow out all carbon and dirt from each spark
plug hole with compressed air. If compressed air is
not available, temporarily reinstall the spark plug

. - -8 ot

FIG. 59—-REMOVING SPARK PLUG WIRE CABLE
WITH TOOL W-274
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FIG. 60—SETTING SPARK PLUG GAP

cable using the special pliers, start the engine, and
accelerate to 1000 rpm. to blow out the carbon and
dirt. Stop the engine.

d. Remove the plugs carefully with a spark plug
wrench.

e. Inspect the plugs for serviceability. Especially
check for burned and eroded electrodes, blistering
of porcelain at the firing tip, cracked porcelain, or
black deposits and fouling. These conditions indi-
cate that the plugs have not been operating at the
correct temperature. Replace bad or worn plugs in
sets.

f. Measure the electrode gap of each new or exist-
ing plug with a wire gauge as shown in Fig. 60. Ad-
just each electrode gap to the specified gap by
bending the outer electrode mounted in the plug
shell.

g. Reinstall plugs. Torque with a wrench to proper
setting.

4. Torque Cylinder Head and Manifold
Torque the cylinder head bolts with a torque
wrench to 75-80 1bs ft. [10,3-11,0 kgm]. Follow the
sequence shown in Fig. 61. Do not overlook tighten-
ing the three 3; in. nuts, Nos. 15, 16, and 17.
Torque these to 15-20 lbs ft [2.07-2.76 kgm]. Torque
all intake manifold attaching nuts evenly to 15-20
lbs ft [2.07-2.76 kgm]. Torque all exhaust manifold
attaching nuts to 35-40 lbs ft [4.98-5.53 kgm)].

5. SERVICE CRANKCASE
VENTILATION SYSTEM

This engine model is equipped with a positive crank-
case ventilating system that removes the products
of combustion from the crankcase at all engine

11041

FIG. 61—ENGINE CYLINDER HEAD BOLT
TIGHTENING SEQUENCE

speeds. An improperly operating ventilation system
will cause rough idling, power loss, and the forma-
tion of sludge and varnish in the engine. Service the
system at every tune-up as follows:

a. Disconnect the vent hose (3, Fig. 4A) from the
oil filler tube and from the vent valve. Remove the
vent valve.

b. Blow out the vent tube with compressed air to
make sure it is completely open.

c. Disassemble the vent valve and wash the parts
with cleaning solvent; dry thoroughly. Check the
parts of the valve for wear and for a distorted
spring; replace the valve if the parts are damaged.
d. Reassemble the vent valve and install the valve
and hose. When reassembling the valve, make sure
that the end coil of the spring is snapped into the
groove just under the head of the valve.

e. Check the oil filler cap gasket to make sure it is
providing a tight seal of the system.

f. Check the breather cap (5); clean if necessary.

6. Check Compression

Take compression readings with a compression
gauge, as shown in Fig. 62, at each cylinder while
cranking the engine with a starter motor. Allow
only four compression strokes at each cylinder and
record only the first and fourth readings. Interpret
the readings as follows:

a. When pressure quickly comes up to specified
pressure and is uniform between all cylinders within
15 psi. [1.054 kg-cm?], it indicates that the engine
is operating normally with satisfactory seating of
rings, valves, valve timing, etc.

b. When pressure is low on the first stroke and
builds up to less than specified pressure, it indicates
compression leakage usually attributable to rings
or valves. To determine which is responsible, pour
1% oz. [15 cu cm] of tune-up oil into each cylinder.
Allow a few minutes for the oil to leak down past
the rings; then again test compression. If compres-
sion pressures improve over the first test, the trouble
is probably worn piston rings and bores. If com-
pression pressures do not improve, the trouble is
probably caused by improper valve seating. If this
condition is noticed on only two cylinders that are
adjacent, it indicates that there is a possible gasket
leak between these cylinders.

FIG. 62—CHECKING COMPRESSION
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If inspection of the spark plugs from these cylinders
discloses fouling or surface cracking of electrodes,
gasket leakage is probable.

c¢. When pressure is higher than normal it indicates
that carbon deposits in the combustion chamber
have reduced the size of the chamber enough to give
the effect of a raised compression ratio. This will
usually cause pinging under load that cannot be
satisfactorily corrected by timing. The carbon must
be cleaned out of the engine to correct this trouble.
d. Reinstall the spark plugs. Torque with a wrench
to proper setting of 28 to 30 lbs ft.

Advise the vehicle owner if compression is not
satisfactory.

7. ROCKER ARM CLEARANCE
ADJUSTMENT

Rocker arm clearance adjustment may be made
when the engine is either cold or hot. Adjust the
rocker arm clearance as follows:

Caution: Do not attempt to remove the rocker
arm cover to adjust the rocker arm clearance when
the engine is running. Always shut down the engine
before removing the rocker arm cover.

a. Remove the rocker arm cover.

b. Turn the engine over until the No. 1 cam nose
points down to the 6 o’clock position.

c. Insert a feeler gauge between the rocker arm
and the top of the valve stem as shown in Fig. 63.
The correct rocker arm clearance for the exhaust
valves is .008" [0,203 mm]. The correct clearance
for the intake valves is .006” [0,152 mm]. Use a
socket wrench to adjust the clearance. Turning the
rocker arm nut clockwise decreases the clearance;
turning the rocker arm nut counterclockwise in-
creases the clearance.

d. Adjust the intake and exhaust valve rocker arms
for all six cylinders in this manner, setting cam
nose to the 6 o’clock position before adjusting.

e. Install the rocker arm cover.

8. Check Distributor

a. The distributor cap should be inspected for
cracks, carbon runners, and evidence of arcing. If
any of these conditions exists, the cap should be re-
placed. Clean any corroded high tension terminals.
b. Inspect the rotor for cracks or evidence of ex-
cessive burning at the end of the metal strip. After
a distributor rotor has had normal use, the end of
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FIG. 63—ADJUSTING VALVE CLEARANCE

the rotor will become burned. If burning is found on
top of the rotor, it indicates the rotor is too short
and needs replacing. Usually when this condition is
found, the distributor cap segment will be burned
on the horizontal face and the cap will also need
replacing.

¢. Check the condenser lead for broken wires or
frayed insulation. Clean and tighten the connec-
tions on the terminal posts. Be sure the condenser
is mounted firmly on the distributor for a good
ground connection. Should a condenser tester be
available, the capacity should check from .25 to .28
microfarads. In the absence of a tester, check by
substituting a new condenser.

d. Examine the distributor points (6, Fig. 64). If
they show wear, poor mating, transferred metal, or
pitting, then new ones should be installed. Clean
the points with a suitable solvent and a stiff-
bristled brush.

e. Check the alignment of the points for a full,
square contact. If not correctly aligned, bend the
stationary contact bracket into proper closing
alignment.

f. The contact gap should be set at .020"" [0,508
mm)], measured with a wire gauge. Adjustment of
the gap is accomplished by loosening the adjusting
screw (7) and positioning the stationary contact (8)
until correct gap is secured. Be sure that the fiber
block on the breaker arm is resting on the highest
point on the cam while the adjustment is being
made. Recheck the gap after locking the adjustment.
g. Apply a very thin film of cam lubricant to the
cam to lessen fiber block wear.
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FI1G. 64—DISTRIBUTOR

1—Condenser 5—Breaker Arm Point
2—Lubricating Wick 6—Breaker Point
3—Adjusting Nut 7—Adjusting Screw
4—Breaker Cam 8—Stationary Contact
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h. Check point contact spring pressure, which
should be between 17 and 22 ounces [487 a 625
gr.]. Check with a spring scale hooked on the
breaker arm at the contact and pull at right angle
to the breaker arm. Make the reading just as the
points separate. Adjust the point pressure by
loosening the stud holding the end of the contact
arm spring and slide the end of the spring in or out
as necessary. Retighten the stud and recheck the
pressure. Too low a pressure will cause engine
missing at high speeds. Too high a pressure will
cause rapid wear of the cam, block, and points.

9. Check Ignition Timing

If a neon timing light is available, use it to check
ignition timing, following the instructions of the
timing light manufacturer.

Note: Always disconnect distributor vacuum line
when checking ignition timing. With engine at idle,
ignition timing should read 5° BTC. Reconnect
vacuum line after completing timing check.

In the absence of a timing light, turn the engine
over until No. 1 cam lobe is at the six o’clock
position, as shown in Fig. 65. Turn the engine
slowly until the 5° mark on the vibration dam-
per is in alignment with the timing pointer as
shown in Fig. 13. When the piston is positioned
5° BTC, timing is correctly set if the distributor

FIG. 65—CAM LOBE AND PISTON
IN FIRING POSITION

rotor arm points to No. 1 terminal in the distrib-
utor cap and the distributor points are just
ready to break. Timing may be altered by loosen-
ing the distributor adjustment nut (3, Fig. 64)

FIG. 66 —ENGINE TIMING MARKS
2—Vibration Damper

1—Timing Pointer

with Tool W-272. Turn the distributor clock-
wise to advance the timing and counterclockwise
to retard the timing. Torque the adjusting nut to
the specified torque.

10. Check Ignition Wires and Connections
Examine and clean the insulation on all ignition
wires and check all connections. Wires should be
free from roughness, firm, flexible, and free from
minute cracks. Bend wires to check for brittle,
cracked, or loose insulation. Because defective in-
sulation will permit crossfiring or missing of the
engine, defective wires should be replaced.

11. Service Air Cleaner

To service the air cleaner, unscrew the wingnut
under the oil cup and remove the oil cup. Scrape
all dirt from inside the oil cup and clean the inside
surface with cleaning solution. Refill with new oil
of the same viscosity as is recommended for the
engine crankcase to the oil level bead and install
the cup securely to the cleaner body stud; secure
with the wing nut.

Air cleaner body (less oil cup) should be removed
from the vehicle and cleaned. Agitate the cleaner
body thoroughly in cleaning solution to clean the
filtering element. Dry with air hose but do not
re-oil.

12. Check Fuel Line and Screens

Check all fuel line connections to guard against
leakage. Clean the fuel filtering screen and fuel
pump bowl.

13. Check Fuel Pump

The fuel pump should be checked for pressure,
volume, and vacuum as follows:

a. Fuel pump pressure is important, for low pres-
sure will seriously affect engine operation and high
pressure will cause excessive fuel consumption and
possibly flood the carburetor. Should there be any
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FIG. 67—CHECKING FUEL PUMP PRESSURE

doubt of normal operation, check the pressure with
a gauge as shown in Fig. 67, cranking the engine
with the starting motor. The minimum and maxi-
mum allowable pressures are 315 psi to 514 psi
[0,246 a 0,386 kg-cm?].

b. Test for volume, as a pump may build up suffi-
cient pressure but fail to produce sufficient volume.
Turn down the carburetor line fitting and, with the
tank connected, run the engine at 590 to 600 rpm,
for one minute, catching the fuel in a calibrated
container. At least one quart of fuel should be
pumped in this time. If less than one quart is
pumped in one minute, the fuel pump is inefficient,
the tank line is leaking air, or the fuel supply is
restricted.

c¢. To test the pump for vacuum, disconnect the
tank line and connect a vacuum gauge in its place.
With the fuel line to the carburetor disconnected,
run the engine at 590 to 600 rpm. Observe the
vacuum reading. If the gauge indicates less than
10 inches [25.4 cm] of mercury (Hg), the pump is
at fault.

d. To check the vacuum pump portion of the fuel
pump, disconnect both the manifold and windshield
wiper lines from the vacuum pump. Connect a
vacuum gauge into the windshield wiper side of the
pump. Operate the engine at 800 to 1000 rpm and
check the vacuum gauge reading. It should indicate
14 to 19 inches [35 a 48 cm] of mercury (Hg). If the
vacuum reading is not within this range, it indicates
a pump deficiency which could cause excessive oil
consumption or inefficient wiper operation.

14. Check Vacuum

Disconnect the manifold vacuum line from the fuel
pump. Install the vacuum gauge onto the line as
shown in figure 68 and install the proper adapter.
Start the engine. Connect a tachometer from the
distributor primary terminal to ground and set the
engine speed at 590 to 600 rpm. Observe the
vacuum reading and interpret as follows:

a. A steady reading from 14 to 16 inches [35,5 a
40,6 cm] of mercury (Hg) is a normal reading, in-
dicating that valve and spark timing, valve seating,
and piston ring sealing are all satisfactory.

b. A steady but below normal reading indicates a
condition common to all cylinders, such as a leak

at the carburetor gasket, late ignition or valve
timing, or uniform piston ring and bore wear.

¢. A slowly fluctuating or drifting reading indicates
that the idle mixture is incorrect, and the cause
should be looked for in the fuel system.

d. A rhythmic pulsating reading is caused by a
condition affecting one or more cylinders, but not
all, and indicates leaky valve, gasket blowby, re-
stricted intake port, or an electrical miss.

e. An intermittent pulsating reading is caused by
an occasional malfunction, such as a sticking valve
(all valves may be erratic in operation if the valve
springs are weak), electrical miss caused by insuffi-
cient distributor point tension or low coil voltage
coupled with inconsistent spark plug gaps or fouled
plugs, or dirt in the fuel system finding its way into
passages of critical size or valve seats in the
carburetor.

f. A normal reading that quickly falls off (with
engine running at 2000 rpm) indicates exhaust back

FIG. 69—CARBURETOR

1—Idle Mixture Adjusting Screw
2—Idle Speed Adjusting Screw
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pressure caused by a restriction in the exhaust
system.

g. Make indicated corrections or advise vehicle
owner of engine condition.

15. Adjust Carburetor

Before adjusting the idle speed and mixture, start
the engine and allow it to run until operating tem-
perature is reached. Then proceed as follows:

a. Set the engine idle speed with adjusting screw
(2, Fig. 69). Do not set the engine idle below 590
rpm.

b. Adjust the idle mixture adjusting screw (1), to
provide smooth idle. For richer mixture, turn the
screw out; for leaner mixture, turn the screw in.

Note: There are two sides to adjust. Fig. 69 shows
one side only.

16. Check Fan Belt

The fan belt drives the fan, generator, and water
pump. Inspect fan belt for serviceability and proper
tension. Correct tension is obtained when thumb
pressure midway between pulleys causes the belt to
flex 14" [114 cml].

Adjust the fan belt tension by loosening the clamp
bolt on the generator brace (3, Fig. 70) and swinging
the generator (4) away from the engine until proper
belt tension is obtained. Then tighten the clamp
bolt.

FIG. 70—BELT AD]JUSTMENT

1—Fan Pulley
2—Fan Belt

4—Generator
5—Vibratign Damper

3—Generator Brace

18 TUNE-UP SPECIFICATIONS

Item Specification Metric
BATTERY:
Voltage 12 volts
Terminal Ground Negative
Specific Gravity:
Fully Charged 1.260
Recharge at. .. 1.225
Load Test—minimum:
12-volt Battery 10 volts
SPARK PLUGS:
AC 5610659
Make and Model. . {Auto-Lite AE 42
Champion L-7
Gap 030" 0,762 mm.

Tightening Tbrque

20 to 30 lbs-ft.

CYLINDER HEAD BOLTS:

A 2_‘8__3 4,1 Kg-m.

TORQUE. . it . ! il _‘_7_5-80 1bs-ft. = 10.3‘11.l_) Kg-m.
INTAKE MANIFOLD NUTS:

TOROUR L e i . 150 e R _ 2,07-2,76 Kg-m.
EXHAUST MANIFOLD NUTS:

TORQUE. ... : : 35-40 1bs-ft. 4,98-5,53 Kg-m.
COMPRESSION PRESSURE 145-155 psi. 10,19-10,89 Kg-cm?
VALVE CLEARANCE:

Intake. 006" 0,152 mm.

Exhaust . b .008" 0,203 mm.
DISTRIBUTOR:

Breaker Point Gap 020" 0,508 mm.

Breaker Arm Tension a. 17 to 22 oz. ____4?_2__3_6_2_5 Er.
IGNITION TIMING.. 5° BTC

- Mark I_;Dcaticnl ;
ENGINE IDLE SPEED

Vibration Damper
590 to 600 rpm.
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Tornado OHC Engine
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FIG. 71 —TORNADO 230 ENGINE —FRONT SECTIONAL VIEW

1—Exhaust Valve 10—Camshaft 19—Intake Valve 2 28—0il Pump Drive Gear
2—Exhaust Valve Guide 11—Cam Bearing Support Deck 20—Intake Manifold 29—0il Pan

3—Valve Guide Seal 12—Intake Rocker Arm 21—Cylinder Head 30—Crankshaft

4—Valve Spring 13—Rocker Arm Cover 22—Cylinder Head Gasket 31—Timing Chain Cover

5—Exhaust Valve Spring Guide 14—Lubrication Pi 23—Piston 32—T|mmg Chain Cover Oil Seal
6—Rocker Arm 15—Valve Spring Guide 24—Connecting Rod —Distributor

7—Rocker Arm Stud 16—Valve mg 25—Front Engine Plate 3¢—Cylmd.er Block

8—Rocker Arm Ball 17—Valve Seal 26—0il Pump 35—Exhaust Manifold

9—Rocker Arm Guide 18—Intake Valve Guide 27—0il Pump Helical Gear
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FIG. 72—TORNADO 230 ENGINE —SIDE SECTIONAL VIEW

1—Cooling Fan

2—Fan Drive Pulley
3—Water Pump

4—Timing Chain

5—Camshaft Sprocket

6—Fuel Pump Eccentric

?—-—Cnmsg:ﬂ:

8—Cam Bearing Support Deck

9—Rocker Arm Cover
10—Intake Manifold
11—Lubrication Tube
12—Cylinder Head
13—Core Plug
14—Cylinder Block
15—Starting Motor
16—Clutch Housing
17—Filler Block Guard
18—Upper Rear Qil Seal
19—Clutch
20—Lower Rear Qil Seal
21—Rear Filler Block
22—0il Pan Seal
23—Rear Main Bearinz
24—Rear Main Bearing Cap
25—0il Intake Screen

3. ENGINE DISASSEMBLY

Engine disassembly is presented in the sequence to
be followed when the engine is to be completely
overhauled on an engine stand after removal from
the equipment. Most of the operations are also
applicable separately with the engine in the equip-
ment, provided that wherever necessary, that part
of the engine is first made accessible by removal of
accessories and other engine parts.

When disassembly operations are performed with
the engine out of the equipment, it is assumed, in

26—0il Pan

27—Connecting Rod Bearing Cap
28—0il Intake Pipe
29—Intermediate Main Bearing Cap Screw
30—Intermediate Main Bearing Cap
31—Dip Stick Guide
32—Breather Cap

33—0il Filter

34—Crankshaft

35—Front Filler Block

36—0il Pan Seal

37—Front Engine Plate
38—Front Main Bearing Cap
39—Front Main Bearing
40—Timing Chain Sprocket
41—0il Pump Drive Gear
42—l Slinger

43—Timing Chain Cover 0il Seal
44—Vibration Damper

45—0il Fitting

46—Timing Chain Cover
47—Connecting Rod

48—Piston

49—Piston Pin

this procedure, that the oil and water have been
drained.

4. Mounting Engine On Engine Stand
Support the engine with a hoist, using the lifting
eyes provided to position the engine on the engine
stand. Secure the engine clutch housing to the stand
mounting plate with four bolts. Release tension of
the hoist cables. Make sure the position lock on the
engine stand is tight to prevent the engine from
accidentally inverting.
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FIG. 73—EXTERNAL ENGINE PARTS —EXPLODED VIEW

1—Nut 24—Intake Manifold

2—Flat Washer 25—Lock Washer

et e 3 Drstick Guide
e nt P

5—Retainer 28—Lock Washer

6—Exhaust Manifold Gasket 29—Nut

7 h 30—Di; k

8—Lock Washer 31—

9—Bolt 32—Hose Clam

10—Clutch Housing Pan

1h— oot 35 Fiose Clamp

3. [ose
13—Lock Washer 36—Hose
14—Cap Screw 37—0il Filter
15—Nut 38—&&8:;
16—Lock Washer 39—0il p Gasket
17—Flat Washer 40—0il

19—Water Outlet Elbow Gasket 42—Nut

20—T t 43—Vibration Damper
21—Thermostat Housing 44—Pilot

22—Intake Manifold Gasket 45—Bolt

23—Stud 46—Cooling Fan

5. Remove Cooling Fan

Loosen the bolt that holds the generator (4, Fig. 70)
to the generator brace (3). Loosen the generator
bracket mounting bolts and push the generator
toward the engine to release fan belt tension; re-
move the fan belt (2). Remove the four bolts (48,
Fig. 73) and lock washers (47) that attach the cool-
ing fan (46), the fan hub (50), and the fan drive
pulley (51) to the water pump; remove the fan.

47—Lock Washer

51—Fan Drive Pulley
52—Hose Clamp

Pull sharply on the pulley to remove the hub and
pulley from the water pump shaft.

6. REMOVE WATER PUMP

Remove the hose (33, Fig. 73) that connects the
water pump and the intake manifold. Remove the
seven nuts (54), lock washers (55), and flat washers
(56) that attach the water pump (57) to the timing
chain cover; remove the water pump and gasket (58).
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7. Remove Oil Pump

Remove the three nuts (42, Fig. 73) and lock
washers (41) that attach the oil pump (40) to the
timing chain cover; pull straight out to remove the
oil pump. Check the oil pump as described in Par.
7).

8. Remove Distributor

Disconnect the vacuum line from the distributor
(62, Fig. 73). Disconnect the spark plug leads from
the distributor cap, using the special spark plug wire
removal tool W-274 (Fig. 59). Remove the nut (64,
Fig. 73) and lock washer (65) that attach the
distributor to the timing chain cover; pull straight
out on the distributor to remove it. Overhaul the
distributor as described in the OHC Engine
Electrical Section.

9. Remove Fuel and Vacuum Pump
Disconnect the fuel lines from the fuel and vacuum
pump (61, Fig. 73). Disconnect the vacuum lines
from the fuel and vacuum pump. Disengage the
spark plug wires from the cable bracket (69). Re-
move the two nuts (66), lock washers (67), and flat
washers (68) that attach the fuel pump to the
timing chain cover; remove the cable bracket, fuel
pump, and gasket (59). Overhaul the fuel pump as
described in the Fuel Section.

10, Remove Thermostat and Housing
Remove the three nuts (15, Fig. 73), lock washers
(16), and flat washers (17) that attach the water
outlet elbow (18) to the thermostat housing (21);
remove the water outlet elbow, gasket (19), and
thermostat (20). Remove the two hose clamps (35)
and the hose (36) from the thermostat housing and
from adapter on the cylinder block. Lift the thermo-
stat housing (21) and gasket (19) from the studs
(34) on the intake manifold.

11. Remove Intake Manifold

Remove the two hose clamps (32, Fig. 73 ) and the
water bypass hose (33) from the elbow (31) on the
intake manifold (24) and from the water pump (57).
Remove the nut (26) and lock washer (25) that
attach the intake manifold and the dipstick guide
(27) to the lower center stud on the cylinder head.
Remove the assembled dipstick (30) and dipstick
guide. Remove the four remaining nuts and lock
washers that attach the intake manifold to the studs
on the cylinder head; remove the manifold and
gasket (22).

12. Remove Exhaust Manifold

Remove the eight nuts (1, Fig. 73) and flat washers
(2), and the two nuts (4) and retainers (5) that
attach the exhaust manifold (3) to the studs on the
cylinder head; remove the manifold and gasket (6).

13. Remove Vibration Damper

Remove the bolt (45, Fig. 73) and pilot washer (44)
that attach the vibration damper (43) to the crank-
shaft. Install a vibration damper puller tool
C-3732-A as shown in Fig. 74, using the bolts pro-
vided. Turn in on the center screw to remove the
vibration damper from the crankshaft.

14. Remove Rocker Arm Cover

Disconnect the vent hose (9, Fig. 75) and hose
clamps (11) from the oil filler tube and from the
vent valve (10). Remove the four cap nuts (5), four

FIG. 74 —REMOVING VIBRATION DAMPER
WITH PULLER

flat washers (6), and three cable brackets (4) from
the rocker arm cover studs. Lift off the rocker arm
cover (1) and gasket (8) and remove the four seal
washers (7) from the studs. Remove the oil filler
cap (3) and the oil filler screen (2).

15. Remove Cylinder Head

(Timing Chain Cover Not Removed)
To remove the cylinder head with the timing chain
cover installed, proceed as follows:
a. Remove the rocker arm cover (Par. 14).

Caution : When camshaft sprocket is removed from
camshaft, make sure that the blade tensioner does
not drop out of retainer bracket as blade is free
to move vertically in bracket at upper end.

b. Install the camshaft sprocket removal and in-
stallation tool W-268 on the rocker arm cover studs
as shown in Fig. 76. Fasten with the rocker arm
cover nuts. Install the hook of the removal tool in
the sprocket and tighten the nut to relieve the ten-
sion on the camshaft.

c. Remove the cap screw (40, Fig. 75), lock washer
(41), flat washer (42), and fuel pump eccentric (39)
from the camshaft sprocket.

d. Pull forward on the camshaft sprocket to re-
move it from the pilot on the camshaft. With the
sprocket still engaged in the timing chain, release
the tension on the sprocket removal tool by loosen-
ing the nut (1, Fig. 76). Gently allow the sprocket
to rest on the bosses in the timing chain cover.

Caution: Do not rotate the crankshaft, when the
camshaft sprocket is removed from the camshaft
and is resting on the bosses in the timing chain
cover. This will severely damage the cover. If the
crankshaft is to be rotated at this time, first install
camshaft sprocket holding tool W-271. See Par. 25.
Do not attempt to remove the camshaft sprocket
from the timing chain, since this will upset the
crankshaft to camshaft timing,

e. Disconnect the lubrication tube (11, Fig. 19)
from the cylinder head and from the block.

f. Remove the three short head bolts (46, Fig. 75)
and flat washers (45) and the eleven long head bolts
(12) and flat washers (13).
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FIG. 75—CYLINDER HEAD AND OIL PAN EXPLODED FROM CYLINDER BLOCK
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FIG. 76—CAMSHAFT SPROCKET REMOVAL

AND INSTALLATION TOOL

INSTALLED ON ENGINE
1—Nut
2—Camshaft Sprocket Removal and
Installation Tool W-268

3—Camshaft Sprocket
g. Lift off the cylinder head assembly (44) and re-
move the gasket (16).

16. Removing Front Crankshaft Oil Seal

After the vibration damper is removed (Par. 13),
remove the front crankshaft oil seal as follows:

a. Turn the coarse-threaded housing of the front
crankshaft oil seal removal tool W-270 into the
front crankshaft oil seal.

b. Turn clockwise on the screw of the tool to force
the seal from its seat in the timing chain cover as
shown in Fig. 77.

c. A new seal can be installed without removing

FIG. 77—REMOVING FRONT
CRANKSHAFT OIL SEAL

1—Qil Seal
2—W-270 Puller
17. Remove Timing Chain Cover

Remove the hose clamps (1, Fig. 78) and hose (2)
from the water port of the timing chain cover (45).
Remove the bolts 49, 49, 52, 56, 59, 62, 65, and 67),

lock washers (17, 25, 39, 51, 55, 58, 64, and 68),
flat washers (13, 48, 50, 54, 57, 61, 63, and 68), and
nuts (14, 16, and 24), that secure the timing chain
cover to the front engine plate (11); remove the
timing chain cover, lifting eye (12), and cover
gaskets (4, 5, and 44). Slide the oil slinger (36) and
oil pump drive gear (35) from the crankshaft.

18. Remove Timing Chain and Tensioner
Remove the timing chain and tensioner as follows:
a. Remove the timing chain cover (Par. 17).

b. Install the camshaft sprocket removal and in-
stallation tool W-268 on the rocker arm cover studs
of the cam bearing support deck as shown in Fig.76 .
Install the hook of the removal tool (2) in the
sprocket (3) and tighten the nut (1) to relieve the
tension on the camshaft.

c. Remove the capscrew (40, Fig. 75), lock washer
(41), flat washer (42), and fuel pump eccentric (39)
from the sprocket. Pull forward on the camshaft
sprocket to remove it from the pilot on the cam-
shaft. Release the hook of the tool. Slide the timing
chain sprocket (34, Fig. 78) to remove it from the
crankshaft.

d. Remove the chain tensioner pin (7) to release
spring tension on the tensioner blade. Remove the
blade assembly (8) and tensioner spring (6) from
the lower tensioner mounting stud.

e. Remove the cap screws (19), flat washers (20),
and nuts (18) that attach the chain guide bracket
(21) to the front engine plate; remove the chain
guide bracket.

19. Remove Front Engine Plate

Remove the assembled sleeve (42, Fig. 78) and O-
rings (41 and 43). Remove the O-rings from the
sleeve. Remove the cap screws (9 and 31, Fig. 78),
lock washers (10 and 30), and the cap screw as-
semblies (32 and 33) that secure the front engine
plate (11) to the cylinder block and to the front
filler block (34, Fig. 75); remove the front engine
plate and gasket (15, Fig. 78).

20. Remove OQil Pan

Invert the engine if it is mounted on an engine
stand. Remove the cap screws (29, Fig. 75 ), flat
washers (30), the cap screw assemblies (28), and
spacers (27) that attach the oil pan (24) to the
cylinder block; remove the oil pan and gaskets (31).

21. Remove Oil Intake Screen and Pipe

Remove the cotter pin (21, Fig. 75) that attaches
the oil intake screen (22) to the oil intake pipe
assembly (20); remove the oil intake screen. Re-
move the main bearing bolt (23) that also attaches
the oil intake pipe assembly (23) to the cylinder
block; pull straight out to remove the oil intake pipe.

22. Remove Clutch

Remove the cap screws (12 and 14, Fig. 73) and
lock washers (11 and 13) that attach the clutch
housing pan (10) to the clutch housing: remove the
pan. Remove four of the bolts and lock washers that
attach the clutch assembly to the flywheel, leaving
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FIG. 80 —REMOVING RIDGE FROM CYLINDER BORE

two opposed bolts to be backed out alternately until
clutch spring pressure is relieved. Support the clutch
assembly with one hand while removing the two
remaining bolts. Remove the clutch assembly as
shown in Fig.79.

23. Remove Piston and Connecting Rod
Assemblies

To prevent breaking the piston lands, the ridge at

the top of each cylinder bore must be removed be-

FIG. 79 —REMOVING CLUTCH ASSEMELY
FROM CLUTCH HOUSING

FIG. 81 —ENGINE CRANKCASE,
EXPLODED VIEW

1—Expansion Plug
2—Cylinder Block
3—Elbow
4—Expansion Plug
5—Plug
6—Drain Cock
7—Breather Tube
'Tlr\ 8—Flywheel
~ 9—Lock Washer
3 10—Nut

11—Filler Block Guard
12—Upper Rear Seal

£ A
il o
o
o

o
",

WO
nC)

T

5
o

R

10967

13—Lower Rear Seal

14—Gasket Insert

1 5—Lower Filler Block

16—0il Pan Seal

17—Socket Head Machine Screw
18—Pilot Bushing

19—Crankshaft

20—Flywheel Bolt

21—Upper Rear Main Bearing
22—Lower Rear Main Bearing
23—Dowel

24—Rear Main Bearing Cap
25—Upper Intermediate Main Bearing
26—Lower Intermediate Main Bearing
27—Dowel

28—Rear Intermediate Main Bearing Cap
29—Sleeve

30—Crankpin Bearing
31—Connecting Rod Bearing Cap
32—Main Bearing Cap Bolt
33—Special Main Bearing Bolt
34—Lower Front Main Bearing and Cap
35—S5elf Locking Nut

36—Upper Front Main Bearing
37—Key

38— Connecting Rod

39—Cap Bolt

40—Piston Pin Bushing
41—Retaining Ring

42—Piston Pin

43—Piston

44—Dowel

45—Dowel

46—0iler

47—0il Rails

48—Spacer

49—Lower Compression Ring
50—Upper Compression Ring
51—Plug
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fore attempting to remove the pistons. To remove
the ridge, use a cylinder ridge reamer as shown in
Fig. 80. For proper use of the reamer, follow the
instructions furnished by the manufacturer. The
portion of metal removed from the bore should not
extend more than 4" [0,396 mm] below the ridge.

Caution: Do not rotate the crankshaft when the
camshaft sprocket is removed from the camshaft
and is resting on the bosses in the timing chain
cover. This will severely damage the timing chain
cover. Install camshaft sprocket holding tool W-271
on the cylinder block at the front cylinder head
bolt holes and raise the camshaft sprocket off the
timing chain cover bosses.

Remove the self-locking nuts (35, Fig. 81) that
attach the connecting rod bearing cap (31) to one
of the connecting rods (38). Remove the bearing
cap. Push the connecting rod and piston assembly
out of the cylinder block (2) with the handle end
of a hammer as shown in Fig. 82 until the piston
rings are free from the cylinder bore. Remove the
piston and connecting rod assembly from the top of
the cylinder block. Reassemble the connecting rod
bearing cap, with the bearings in place, to the rod
from which it was removed. Rotate the crankshaft
and follow the same procedure until all the piston
and connecting rod assemblies are removed.

FIG. 82 _REMOVING PISTON
AND CONNECTING ROD ASSEMELY

2—Connecting Rod

1—Hammer Handle

24. Remove Crankshaft and Flywheel

Remove the crankshaft and flywheel as follows:
a. Remove the nuts (10; Fig. 81), lockwashers (9)
and flywheel bolts (20) that attach the flywheel (8)
to the crankshaft (19); remove the fiywheel.

b. Remove the two socket head machine screws
(17) that attach the rear lower filler block (15) to
the cylinder block; remove the oil pan seal, (16)
filler block, gasket inserts (14), and lower rear seal
(13). Remove the bolts that attach the front filler
block (36, Fig. 75) to the cylinder block.

¢. Remove the main bearing cap bolts (32 and 33,
Fig. 81) that secure the main bearing caps to the
cylinder block.

d. Use a bar inserted under the recessed ends of the

bearing caps as shown in Fig. 83 to pry the bearing
caps from the cylinder block. Be careful not to
exert enough pressure to cause damage to the bear-
ing caps or the dowels. Pry alternately, a little at a
time, at each end of the bearing caps until each one
is free from the dowels. Lift the assembled crank-
shaft and flywheel from the cylinder block.

e. Install the main bearing caps and bearings on
the cylinder block in their original positions to pre-
vent them from becoming mismatched.

24A. Remove Flywheel

(Engine in Equipment)
When removing the flywheel with the engine in the
vehicle, do not remove the clutch housing (7, Fig.
73). Remove the oil pan (Par. 20) and lower rear
filler block (Par. 24-b) to gain access to the fly-
wheel bolts.

FIG. 83— PRYING MAIN BEARING CAPS
FROM CYLINDER BLOCK

25. Camshaft Removal
(Cylinder Head Removed)

Remove the camshaft as follows:

a. Lift the rocker arm guide (7, Fig. 84) from the
cylinder head assembly. Check the rocker arms (4)
to determine which do not have cam tension against
them. Turn these parallel to the camshaft. Tempo-
rarily install the camshaft sprocket on the camshaft
and rotate the camshaft to release tension from the
remaining rocker arms. Turn these parallel to the
camshaft also. Continue to do this until all rocker
arms are out of engagement with the camshaft.

b. Remove the two nuts (1) and lock washers (2)
that attach the camshaft retainer (3) to the cam
bearing support deck; remove the retainer. Some
engines have a shim installed between the retainer
and the deck. This shim must be retained and in-
stalled at reassembly.

¢. Pull forward on the camshaft to remove it from
the cam bearing support deck.

d. Remove the three nuts (11), lock washers (12),
and flat washers (13) that attach the cam bearing
support deck (14) to the cylinder head; remove the
cam bearing support deck.

26. Remove Rocker Arms

Remove the nuts that attach the rocker arms (4,
Fig. 84) to the rocker arm studs (40); remove the
rocker arms and rocker arm balls (5).

——
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Note: The rocker arms can be removed either be-
fore or after the removal of the camshaft.
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FIG. 84—CYLINDER HEAD, EXPLODED VIEW

1—Nut
2—Lock Washer
3—Camshaft Retainer
4—Rocker Arm
5—Rocker Arm Ball
6—Rocker Arm Nut
7—Rocker Arm Guide
§—Camshaft
9—Plug
10—Stud
11—Nut
12—Lock Washer
13—Flat Washer
14—Cam Bearing Support Deck
15—Plug
16—Temperature Sending Unit
17—0il Tube
18—Elbow
19—Expansion Plug
ZO—C)‘ﬁnder Head
21—Expansion Plug
22—Plug
23—Expansion Plug
24—Stud
25—Valve Lock
26—Valve Spring Retainer
27—Valve Spring
28—Valve Guide Seal
20—Valve Guide
30—Elbow
31—Hose Adapter
32—Exhaust Valve
33—Intake Valve
34—Expansion Plug
35—Expansion Plug
37—Stud
38—Plug
39—Stud
40—Rocker Arm Stud
41—Stud

27. Replacing Valve Springs

(Cylinder Head On Engine)
Valve springs may be replaced with the cylinder
head on the engine as follows:

a. Install spark plug air pressure adapter W-275
in the spark plug port of the cylinder requiring
valve spring replacement. Connect an air line to the
adapter.

b. Make sure the piston of that cylinder is on the
compression stroke so that both the intake and ex-
haust valves are closed. Turn on the air pressure to
the adapter to hold the valves in postion while the
springs are being compressed.

c. Remove the rocker arm and install the valve
spring compressor tool W-267 on the rocker arm
stud as shown in Fig. 85. Install the rocker arm nut
on the stud.

d. Pry on the tool as shown in Fig. 85 to compress
the valve spring far enough to remove the valve
locks (4); remove the locks, retainer (5) and valve
spring (3).

e. Position the new valve spring on the cylinder
head, making sure it is properly seated. Position the
valve spring retainer on the valve spring and com-
press the valve spring with the compressor tool.
Install the valve locks to retain the valve and
spring. Release the air pressure and remove the air
pressure adapter.

FIG. 85 —COMPRESSING VALVE SPRINGS

1—Valve Spring Compressor Tool W-267
2—Air Hose

3—Rocker Arm Nut

4—Valve Spring

5—WValve Lock

6—Valve Spring Retainer

28. Remove Valves

Remove the valves and attaching parts after re-
moving the cylinder head, as follows:
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a. Position the cylinder head on blocks high enough
to provide hand clearance under the assembly.

b. Remove valve springs as outlined in Par. 27.
Use hand pressure to hold the valve while com-

pressing the spring.

¢. Remove and discard the valve guide seal (28)
from the top of the valve guide.

d. Remove the remaining 11 valves and valve parts
in the same manner. Place the valves in a numbered
rack to make sure each valve will be reassembled in
the same valve seat from which it was removed. All
valve springs, spring retainers, and valve locks are
interchangeable.

29. Engine Inspection and Repair

The inspection and repair procedures detailed herein
are recommended to be followed when a complete
engine overhaul is to be made with the engine out
of the vehicle. These instructions can generally be
applied separately with the engine in the vehicle.
Inspection and repair instructions are included to
cover the cylinder block, crankshaft and bearings,
connecting rods and bearings, oil pump, valves and
rocker arms, pistons and rings, flywheel, timing
chain and sprockets, and the camshaft and bearings.
In addition, fitting operations for these engine com-
ponents are included.

Important: Before the inspection and repair pro-
cedures listed below are begun, the engine serial
number must be checked for the presence of code
letters denoting deviations from standard dimen-
sions. Refer to Par. 1.

30. Cylinder Block

The cylinder block must be thoroughly cleaned, in-
spected and repaired as detailed in the following
paragraphs.

31. Cleaning

The cylinder block may be steam cleaned or cleaned
with a suitable solvent. A scraper is recommended
to remove hard deposits, except on highly finished
surfaces. Special attention must be directed to the
cleaning of the oil passages, crankcase, and cylinder
walls to remove all sludge, dirt and carbon deposits.
After cleaning, use air pressure to dry the block
thoroughly.

32. Inspection

Examine the cylinder block for minute cracks and
fractures. Evidence of rust on the cylinder walls is
a good indication of a possible crack in the block.
Pressure testing the block will usually indicate the
presence of a crack. A pressure test may be made
by applying 30 to 60 pounds water and air pressure
in the water jackets of the block. With the water
iack ports sealed off, a drop in pressure will indicate
the presence of a crack.

Note: To make this test the cylinder head must be
installed and the inlet and outlet must be sealed
tight.

a. Examine all machined surfaces of the cylinder
block for burrs and scores. Check cylinder block

distortion by placing a straightedge along th= length
of the cylinder head surface of ths block. With a
feeler gauge check for clearance between the straight-
edge and the block as shown in Fig. 86, particularly
between adjacent cylinders.

b. Check the cylinder bores for out-of-round and
taper to determine whether the bores require honing
or reboring. For detail information refer to Par. 34.

¢. If main bearing caps are not removed carefully,
raising both sides of each cap evenly until free of
the dowels, the dowels may be bent. This is especial-
ly probable if a pry bar is used, first at one side of
the cap and then the opposite, to raise the cap from
the cylinder block. Bent main bearing cap dowels
can cause misalignment of the bearing cap and
resultant rapid bearing wear, necessitating early
bearing replacement. Therefore, remove each main
bearing cap carefully and if there is any reason to
believe any of the dowels may have been bent
during bearing cap removal, remove those dowels
and install new ones as detailed below.

FIG. 86 —CHECKING CYLINDER BLOCK
FOR DISTORTION

1—Cylinder Block
2—Straightedge
3—Feeler Gauge

33. Cylinder Block Dowel Replacement

Since the hardened dowels must fit tightly to ensure
correct cap alignment, gripping them with a tool
for removal is sometimess difficult. To simplify the
operation, file a notch on each side of the dowel to
accommodate a pair of diagonal cutters. Using a
piece of bar stock under the diagonals for leverage,
work the dowel out of the cylinder block. Before
installing a new dowel in the cylinder block make
sure the dowel hole is clean. Start the dowel
straight in the hole, then tap the dowel lightly with
a hammer until it bottoms.

34. Cylinder Bores

The cylinder bores may be reconditionsd by honing
or reboring. Use oilsoaked rags to protect crank-
shaft journals and other engine parts from abrasive
dust during all reconditioning operations.

Both honing and reboring of the cylinders must be
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closely coordinated with fitting the pistons to main-
tain specified tolerances.

Reboring the cylinders may be accomplished only
when adequate facilities and trained or experienced
service technicians are available. The engine must
be removed from the vehicle and mounted in a
suitable level holding fixture.

The amount of material to be removed is deter-
mined from the original diameter of the cylinder
bores (3.3430" to 3.3455"') [84,912 a 84,976 mm.]
diameter plus the amount of oversized in diameter
of the oversizasd pistons to be fitted.

The largest cylinder bore will determine the over-
size to which all cylinders must be rebored, since
the size and weight of all pistons must be uniform
to maintain proper engine balance. The maximum
rebore should not exceed .040” [1,016 mm.] from
standard.

Measure the cylinder diameters by making meas-
urements both parallel to, and at right angles to,
crankshaft over entire piston travel and at bottom
of cylinder, using a cylinder bore checking gauge
as shown in Fig. 87. Proceed as follows:

a. If bores are scored; if out-of-round exceeds .005”
[0,127 mm.]; if diameters differ more than .005"';
or if taper exceeds .005" on diameter, it is generally
recommended that cylinders be reconditioned by
boring and honing to the next oversize, using new
pistons of the proper size. If reboring is performed,
all cvlinders must be rebored to the same oversize,
allowing .0015” [0,0381 mm.] for final honing. All
cylinders bore diameters must be within .002"
[0,0508 mm.] after reconditioning.

.‘ . = @ i

FIG. 87—CHECKING CYLINDER BORE

1—Cylinder Bore
2—Cylinder Bore Checking Gauge
3—Lock Screw

b. If bore measurements are within the above
limits, but indicate hollows or waviness, cylinders
should be honed with 250 grit stones as shown in
Fig. 88. Pump hone up and down in cylinder while
it is rotating to produce a satin-finish, diamond
cross-hatched pattern approximately 30° with hori-
zontal. Hone only enough to correct waviness.

¢. If cylinder bore correction is unnecessary, break

FIG. 88—HONING CYLINDER BORE

the glaze on cylinder walls with a hone with 250
grit stones or with a suitable deglazing tool. Operate
the hone or deglazer to obtain diamond cross-
hatched pattern, same as above.

d. Regardless of the type of correction on cylinder
walls, clean out the bores thoroughly afterwards
and apply a light coat of clean engine oil. If cylin-
ders have been rebored or honed heavily, measure
cylinder diameters again to ensure proper selection
of piston size.

35. Pistons, Rings and Connecting Rods

The pistons and connecting rods were removed from
the engine as assemblies. If cylinders were rebored,
new oversized pistons and rings will have to be in-
stalled as determined at the time cylinders were
rebored. Use standard size pistons in cylinder bores
up to .009” [0,029 mm.] oversize measured at bot-
tom of bore. For oversize, use the following chart:

OVERSIZE PISTON APPLICATION CHART

Oversize Use in Oversize | Metric
Piston Cylinder Bore Range
010" 010" to 019" 0,251 a 0.483 mm.
020" 0207 to 024" 0,598 a 0,610 mm
030" 030" to .039" 0,762 a 0,931 mm.
040" J040" to .049" 1.016 a 1,244 mm,

Disassemble pistons and rods by removing piston
pin retaining rings as shown in Fig. 89 and pressing

10973
FIG. 89—REMOVING PISTON PIN RETAINING RINGS
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out pin. Keep ths parts of each assembly id=ntified
so they may be installed in the same cylinder from
which they were removed. Remove rings from
piston. Clean carbon from piston head and clean
ring grooves and drain holes.

Use care not to scrape metal from side of grooves
nor to make burrs on ring groove surfaces. Check
pistons for broken lands, cracks, or worn grooves.
Replace piston if necessary, using same size as old
piston. Proceed as follows:

a. Check fit of each piston to cylinder bore, when
block and pistons are clean and dry and at approxi-
mately 70°F [21°C] by using piston fitting gauge
and scale C-690 as shown in Fig. 90. Use a .004"”
[0,1016 mm.] thickness gauge (15" wide) [12.7 mm.]
if old pistons are to be used. When fitting new
pistons, use .0015" [0,0381 mm.] gauge. The piston
is fitted upside down in the block to facilitate the
operation, and the gauge must be extend the full
length of piston on the thrust side (side opposite
slot in piston skirt). Scale should register 5 to 10
pounds [2,26 a 4,53 kg.] pull to remove thickness
gauge from between cylinder wall and piston. Ex-
cessive pull indicates need for a slightly smaller
piston or additional honing of cylinder. Insufficient
pull indicates need for fitting a larger piston.

FIG. 90—FITTING PISTON IN CYLINDER BORE

1—Piston Fitting Gauge and Scale, C-690
2—Feceler Gauge
3—Piston

b. Check piston pin fit. The piston pin should be a
palm push fit at room temperature.

If the pin is loose, a new pin must be used. It may
be necessary to use a .003” [0,0762 mm.] or a .0)5"
[0,127 mm.] oversize pin and ream the piston with
piston pin reamer DD-82-2 as shown in Fig. 91 to
obtain a push fit.

N AR P S R il LI SO I PRI e

FIG. 91 -REAMING PISTON PIN BORE

c. After checking the piston pin fit in the piston,
check its fit in the connecting rod bushing. The pin
should just slip through the bushing under its own
weight. If the pin is too tight, ream the inside dia-
meter of the bushing with piston pin reamer DD-
82-2 as shown in Fig. 92 to .8597" to .8599" [21,836
a 21,841 mm.] for a standard pin or, if an oversize
pin is used, reamthe bushing. 003" to .005"" [0,0762 a
0,127 mm.] ovarsize. If the pin is too loose, install
a new bushing of proper size. Tae new bushing must
be installed with the oil hole align=d with the oil
hole in the connecting rod.

FIG. 92—REAMING CONNECTING ROD BUSHING

1—Reamer, DD-82-2 2—Connecting Rod
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d. Assembled piston and rod. Install the piston pin,
pushing it in by hand, and install the pin retaining
rings.

e. Check width of piston ring grooves, using a new
piston ring and feeler gauge as shown in Fig. 93.

FIG. 93—CHECKING PISTON RING
SIDE CLEARANCE

RING TO GROOVE CLEARANCES

Upper Compression Ring. .. ..002” to .0031”
[0,0508 a 0,079 mm.]
Lower Compression Ring. .. ..002” to .0031”

[0,0508 a 0,079 mm.]

Insert feeler gauge between ring and piston to bot-
tom of groove. Replace piston if ring grooves are
not within allowable tolerances.

If a feeler gauge larger than .006" [0,152 mm.] can
be inserted l{;’" [1,588 mm.] between piston and
upper compression ring, groove is worn excessively
bell-mouthed and piston should be replaced.

f. Check piston ring end gap by placing compres-
sion ring in cylinder bore below ring travel, using
head of a piston to push ring in squarely. Minimum
end gap must be .010"” [0,254 mm.] for compression
rings. If less, place ring in a jig and file ends to
obtain minimum gap. Excessive filing or ring gap
over .045"" [1,143 mm.] indicates improper size rings
were selected. Proper rings in cylinders rebored to
usual oversizes should have a .010" to .020" [0,254
a 0,508 mm.] end gap without filing. Select piston
rings of proper size for installation in the oversize
cylinder bores using the Piston Ring Application
Chart in Par. 36. Oil ring rail gap must be .015”
to .055” [0,372 to 1,397 mm.].

g. Install new ring set, using either production
replacement rings or oil control rings. Production
replacement rings are the same as the original
factory installed rings, while oil control ring sets
have different components, notably the oil ring
spacer. When installing the oil ring spacer for
Sealed Power rings, make sure that both the green
and orange dot are visible as shown in Fig. 94 at
the spacer gap to indicate that the ends have not
overlapped. If only one dot is visible, the condition
must be corrected. Follow instructions on ring
envelopes for proper installation. Use a piston ring
tool to install rings on pistons as shown in Fig. 95.

:

FIG. 94—CORRECTLY ASSEMBLED
SEALED POWER PISTON RINGS

Do not expand rings more than necessary to install;
also, be careful not to burr the piston with ends of
rings. Make sure upper compression ring is in-
stalled in groove with correct side up. Position
rings so gaps are stagzered according to instructions
on the envelope.

FIG. 95 —INSTALLING RINGS ON PISTON
1—Piston Ring Installing Tool
2—Piston Ring
3—Piston Rings Installed
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FIG. 96 —PISTONS AND RINGS,
ENLARGED CROSS-SECTIONAL VIEW

1—Upper Compression Ring
2—Lower Compression Ring
3—0il Control Rail

- 4 —Spacer

5—nl Control Rail

36. Piston Ring Application Chart

Actual For Best Fit
Ring Ri Use in
Size Ouemi:e“;hnw Cyl. Bore Oversize Ring Gan Fitting
Std. to 0097 Std to 009" -
Sy [Std. 3 0229 mm.| | [Std.a 0229 mm,] | No fitting necessary
0107 to 019" 007" Gap
020" 010" to .029" 10,254 a 0,483 mm.] 10,178 mm.]
(0,508 mm.] | [0.254 a 0,737 mm.] e 024 No fitting necessary
10,508 a 0,610 mm.]
025" to 029" 007" Gap
030" 030" to .039" (0,635 a 0.737 mm.] 19,178 mm.]
[0,762 mm.] | [0.762 a 0,991 mm.] 030" to .034" . No fitting necessary
[0,762 a 0,863 mm.|
035" to 039" 007" Gap
40" 040" to .048" (0,889 a 0,991 mm.| 0,178 mm.]
[1.016 mm.] | [1.016 a 1,244 mm.| 040" to 049" fitting necessary
[1,016 a 1.224 mm.]

37. Crankshaft

The crankshaft is machined from a heat treated
carbon steel forging and is carefully balanced both
dynamically and statically. The main bearing jour-
nals and crankpins are efficiently lubricated through
the drilled oil gallery and passages in the cylinder
block, through which oil is forced under pressure
to the main bearings and through the cheeks of the
crankshaft to the connecting rod bearings. After
machining, the entire crankshaft was treated with
Tufftriding process to increase hardness and
durability.

While the crankshaft is out of the engine, be very
careful when handling it to prevent damage to the
connecting rod crankpins and the main bearing
journals.

38. Crankshaft Cleaning

Clean out the drilled holes (oil passages) in the
crankshaft journals with a small rifle brush or with
a piece of wire. Blow out the passages with com-
pressed air after cleaning. Clean the crankshaft
thoroughly with a suitable cleaning solvent.

39. Crankshaft Inspection and Repair
Inspect the crankshaft for cracks, alignment, and
condition of the crankpins and the main bearing
journals. Cracks, misalignment, scored or worn
journals and crankpins necessitate crankshaft re-
placement. Also check the pilot bushing for wear or
damage in the rear end of the crankshaft.

Caution: Since the entire crankshaft was treated
with a Tufftriding process, it must be reprocessed
by the same method after any machining is done
on the bearing journals. This is absolutely necessary
or crankshaft failure will result.

40. Checking Crankshaft Alignment

To check alignment, mount the crankshaft in the
cylinder block with the front and rear bearings in
place but the two intermediate bearings removed.
With a dial indicator mounted on the crankcase
and the indicator button resting on the inter-
mediate bearing journals, one at a time, slowly
rotate the crankshaft and note the reading on the
indicator dial. Install the two intermediate bearings
and remove the front and rear bearings. Then
repeat the operation with the dial indicator, check-
ing at the front and rear bearing journals. The
maximum allowable run-out is .002"’ [0,0508 mm.].

41. Checking Main Bearing Journals

Check the crankshaft main bearing journals with a
3" micrometer. The standard journal diameter is
2.3747" to 2.3755" [6,032 a 6,038 cm] for all main
bearings. Allowable taper or out-of-round of the
journals is .001”" [0,0254 mm.].

42. Checking Connecting Rod Crankpins

Check the crankpin diameters with a micrometer
to assure they are not out-of-round or tapered more
than .001”" [0,0254 mm.]. The standard crankpin
diameter is 2.0627"' to 2.0619” [5,239 a 5,237 cm.].

43. Crankshaft Pilot Bushing

Inspect the crankshaft pilot bushing in the flywheel
end of the crankshaft. The pilot bushing may be
replaced with the engine in or out of the equip-
ment.

44. Crankshaft Main Bearings

The crankshaft main bearings are steel backed, high
lead-copper type which provide long bearing life.
They are the replaceable type which, when correctly
installed, provide proper clearance without filing,
boring, scraping or shimming. Upper and lower
bearing halves are retained in position with locks
notched on the bearing to fit into corresponding
notches in the cylinder block and bearing cap. All
four main bearings have the same bore diameter
but differ in width; only the two intermediate
bearings are the same and interchangeable. Upper
and lower halves of each bearing are different, since
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the upper halves have the oil supply holes and full-
length annular oil grooves. Lower halves have no
oil holes and only partial grooves. The bearing
halves must be installed in their proper positions.
Crankshaft bearings should be replaced as a com-
plete set of four bearings, each bearing consisting
of two halves.
The following undersize crankshaft main bearings
are available:

.002” [0,050 mm.]

.010"" [0,254 mm.]

.020” [0,508 mm.]
The .010" size is intended for use with a crankshaft
that has been turned to this size as standard. There
are cases where the crankshaft does not need to be
reworked and the slightly undersize bearings can
be used.
Bearing sizes are rubber stamped on the back side
of each bearing. The rear main bearing has an
integral flange to serve as a crankshaft thrust washer.

45. Crankshaft Main Bearing Inspection

The crankshaft journals must be carefully inspected
as detailed previously in Par. 41. Worn journals
will require undersize bearings. Scored, flaked or
worn bearings must be replaced. Bearing wear can
be checked by measuring the thickness, which
should be .0925” to .0928” (2,366 a 2,359 mm.] for
standard size bearings.

Measure the main bearing bores, using a telescope
gauge and micrometer as shown in Fig. 97. Measure
the bores at right angles to the split line and at
45 degrees to the split line. The standard bore
diameter is 2.5622"' to 2.5615" [6,508 a 6,506 cm.].
The bores should not be over .001” [,0254 mm.]
out-of-round or .001” in taper from end to end.
Also, the bores should not be more than .001" over-
size, considering the average diameter of the bore.

FIG. 97—MEASURING MAIN BEARING BORES

46. Fitting Crankshaft Main Bearings Using
Plastigage

After wiping and carefully inspecting the bearing

bore, install the proper bearing. See that the oil

hole in the bearing upper half registers properly

with the oil hole in the block, and that the bearing
lock fits properly in the notch in the block. Lubri-
cate the bearings with clean, light oil and install
the crankshaft.

The desired running fit (difference between the
diameter of the crankshaft journal and the inside
diameter of the fitted bearing) for a main bearing
is .001"" [,0254 mm.] with limits of .0005" to .0025"
[,0127 a ,06350 mm.].

Install the bearing lower half and the bearing cap
and draw the cap bolts down equally and only
slightly tight. Rotate the crankshaft by hand to be
sure it turns freely without drag. Pull the cap bolts
tighter, first one then the other, a little at a time,
intermittently rotating the crankshaft by hand until
the recommended torque of 85 to 95 1b./ft. [11,7 a
13,1 kg. m.] is reached. If the bearings are of the
correct size, and lubricated with light oil before
installation, the crankshaft should turn freely in
the bearings. If the crankshaft cannot be turned, a
larger bearing is required. If there is no binding or
tightness, it is still necessary to check clearance to
guard against too loose a fit. Never file either the
bearing cap or the bearing to compensate for too
much clearance. Do not use shims under a bearing
cap or behind a bearing shell. Do not run a new
bearing half with a worn bearing half.

The use of ‘““Plastigage” of the proper size to
measure .001” [,0254 mm.] clearance is recom-
mended for checking crankshaft main bearing
clearance. The method of checking clearance is
as follows:

a. Remove the bearing cap and carefully wipe all
oil from the bearing and the journal.

b. Lay a piece of “Plastigage” 14" [3,17 mm.]
shorter than the width of the bearing across the
journal (lengthwise of the crankshaft).

c. Install the bearing and cap and tighten first one
bolt, than the other, a little at a time, to the
specified torque. As the bearing tightens down
around the journal, the ‘“Plastigage’ flattens to a
width that indicates the bearing clearance.

d. Remove the cap and measure the width of the
flattened ‘‘Plastigage’’, using the scale printed on

Q O
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FIG. 98- CHECKING MAIN BEARING CLEARANCE
WITH PLASTIGAGE

1 —Plastigcage Scale
2—Plastigage
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the edge of the envelope (Fig. 98). The proper size
“Plastigage”” will accurately measure clearance
down to .001".

e. If the flattened “‘Plastigage’ tapers toward the
middle, or toward the end, or both ends, there is a
difference in clearance, indicating a taper, a low
spot, or other irregularity of the bearing or journal.

47. Fitting Crankshaft Main Bearings Using
Shim Stock

Thin feeler or shim stock may be used instead of
‘“Plastigage’” to check bearing clearances. The
method is simple, but care must be taken to protect
the bearing metal surface from injury by too much
pressure against the feeler stock. _

a. Cut a piece of .001” [0,0254 mm.] thick, by 15"
[12,7 mm.] wide, feeler stock 1{" [3,17 mm.] shorter
than the width of the bearing. Coat this feeler stock
with light engine oil and lay it on the bearing in
the cap, as shown in Fig. 99. With the shim in this
position, install the bearing and cap on the crankshaft.

10442

FIG. 99—SHIM STOCK IN POSITION
ON MAIN BEARING

1—0.001" Feeler Stock 4" Wide

b. Tighten the bearing cap bolts, first one and then
the other, a little at a time, to 85 to 95 lb./ft. torque
[11,7 a 13,1 kg. m.].

¢. Turn the crankshaft by hand not more than
one inch in either direction.

Caution: Turning the crankshaft more may imbed
the shim stock in the bearing, giving a false indi-
cation of fit and damaging the bearing.

If the bearing clearance is correct, the piece of
.001" feeler stock should produce a light to heavy
drag. If there is little or no drag, the bearing fit is
too loose; if the crankshaft will not turn, there is
not enough clearance. In either case another bearing
must be selected to provide the proper fit.

d. After the bearing has been correctly fitted,
remove the shim stock, wipe the bearing and journal
carefully, and apply clean engine oil to the surfaces.
Replace the cap and tighten the bolts first one,
then the other, a little at a time, to the prescribed
torque. Fig. 100 shows the rear main bearing in-
stalled. The crankshaft should now turn freely
without drag.

48. Connecting Rod Bearings

The connecting rod bearings, like the crankshaft
main bearings, are the replaceable type. When
correctly installed, the bearings provide proper
clearance without filing, boring, scraping, or shim-
ming. Upper and lower bearing halves are retained

FIG. 100—REAR MAIN BEARING INSTALLATION

1—Rear Main Bearing Cap
2—Bearing Cap Bolt
3—Filler Block

4—0il Pan Seal

in position with locks notched in the bearing to fit
into corresponding notches in the cap and connect-
ing rod. The position of the bearing lock and oil
hole in the bearings for numbers 1, 3, and 5 con-
necting rods is the opposite of those for numbers 2,
4, and 6 and, therefore, they are not interchange-
able. Connecting rod bearings should be replaced
as a complete set of six bearings, each bearing con-
sisting of two halves.
The following undersize connecting rod bearings
are available:

.002” [0,050 mm.]

.010” [0,254 mm.]

.012” [0,304 mm.]
.020” [0,508 mm.]

49. Connecting Rod Bearing Replacement
The bearings are replaced by removing the bearing
cap and the upper and lower bearing halves. The
new bearings must be installed so that the oil holes
align with those in the connecting rod and the locks
must fit into the corresponding notches in the rod
and cap and seat evenly. Each bearing cap must be
installed on the connecting rod from which it was
removed, and in the same position.

50. Connecting Rod Bearing Inspection

The crankpins must be carefully inspected as de-
tailed previously in Par. 42. Worn crankpins will
require undersize bearings. Scored, flaked or worn
bearings must be replaced.

51. Fitting Connecting Rod Bearings

The bearing fit may be roughly checked by shaking
the connecting rod by hand, prior to removal of the
bearing cap, to determine if it is loose on the crank-
shaft.

The bearing clearances may be measured with
“Plastigage’” or shim stock as follows:

After wiping and carefully inspecting the bearing
bore, install the proper bearing. See that the oil
hole in the bearing upper half registers properly
with the oil hole in the connecting rod and the lock
fits properly in the notch in the rod. Lubricate the
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bearing with clean, light oil. Never file either the
bearing cap or the bearing to compensate for too
much clearance. Do not shim under a bearing cap
or behind a bearing shell. Do not run a new bearing
half with a worn half.

The desired running fit (difference between the di-
ameter of the crankpin and the inside diameter of
the fitted bearing) for a connecting rod bearing is
.001”" [,0254 mm.] with limits of .0006"" to .0025"
[,0152 mm. a ,0635 mm.].

Install the bearing lower half and the connecting
rod cap and draw the cap bolt nuts down equally
and only slightly tight. Move the connecting rod
endwise, one way or the other, on the crankshaft
to be sure the bearing is not tight. Pull the nuts
tighter, first one then the other, a little at a time,
and keep trying the fit of the rod on the crankshaft
by hand until recommended torque of 40 to 45 Ib./
ft. [5,5 a 6,2 kg. m.] is reached. If the bearings are
of the correct size, and lubricated with light engine
oil before installation, the connecting rod should be
easy to slide with the thumbs back and forth
parallel to the crankpin. If the connecting rod is
tight on the crankshaft, a larger bearing is required.
If there is no binding or tightness, it is still neces-
saxf:ly to check clearance to guard against too loose
a nt.

The use of ‘“Plastigage’’ or shim stock of the proper
size to measure .001" [,0254 mm.] clearance is rec-
ommended for checking connecting rod bearing
clearances. This is the same material recommended
for checking crankshaft main bearings and the
method of checking is similar. Refer to Par. 46
and 47. Connecting rod bearings are fitted to the
same clearance as the main bearings but the torque
specification for connecting rod cap bolt nuts is
only 40 to 45 1b./ft. [5,5 a 6,2 kg. m.].

52. Crankshaft End-Play

The end play of the crankshaft is controlled by
flanges on the rear main bearing and the machined
surface on the number 8 cheek and on the inner
side of the oil seal flange of the crankshaft (Fig.
100). Allowable end play is .003” to .007” [,0762
mm. a ,1978 mm.]. If the crankshaft end play is
greater than .007”, the bearing flange is probably
worn, which will necessitate bearing replacement.

53. Checking Crankshaft End-Play

Install the vibration damper bolt and washer.
Mount a dial indicator on the front end of the
engine with the indicator button against the front
end of the vibration damper bolt (Fig. 101). Move
the crankshaft endwise to the rear as far as possible
and set the indicator dial at zero. Then move the
crankshaft forward, prying with a screwdriver as
shown. The indicator reading is the total amount
of end-play. Remove the dial indicator, cap screw
and washer.

54. Timing Chain and Sprocket

The timing chain sprockets are mounted at the
front of the crankshaft and at the front of the cam-
shaft, and are connected by a wide, heavy-duty
chain which transfers rotation from the crankshaft
to the camshaft. The lower sprocket is keyed to the
crankshaft. The camshaft sprocket is provided with

FIG. 101—CHECKING CRANKSHAFT END-PLAY

1—Dial Indicator
2—Crankshaft
3—Screwdriver

a dowel that mates with a hole in the flange of the
camshaft. Lubrication is provided by a steady
stream of oil from the engine pressure lubrication
system. This stream is directed at the chain and
lower sprocket. The chain carries the oil up to
lubricate the upper sprocket. Normally the chain
and sprockets will last for the life of the engine. If
one of the sprockets or the chain requires replace-
ment for any reason, however, it is necessary to
replace the chain and both sprockets to make sure
the proper tolerances are maintained.

55. Inspection and Repair

Check the general condition of both sprockets and
chain and inspect for evidence of excessive wear.
Replace excessively worn or damaged sprockets or
chain.

Check the chain for excessive wear or stretch. When
the chain is installed with the chain tensioner in
place, measure the distance between the chain sides
at the narrowest point (Fig. 102). This distance
should be a minimum of 3.38” [8,58 cm.]. If the
distance is less than required, the chain has
stretched or is worn excessively and must be re-
placed.

56. Timing Chain Tensioning Device

The timing chain tensioning device maintains a con-
stant pressure against the timing chain to com-
pensate for normal stretch and wear of the chain.
Check the contact face of the tensioner blade to
make sure the rubber facing material is not worn
through. Replace if badly worn. Check the ten-
sioner spring to make sure it is not distorted or
elongated.

57. Timing Chain Cover and Oil Seal

The timing chain cover is mounted on the front of
the engine to enclose the timing chain mechanism.
It also forms an integral part of the water pump
body and is provided with a coolant passage to dis-
charge the coolant from the pump. The timing chain
cover provides mounting surfaces for the distrib-
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FIG. 102—TIMING CHAIN MEASUREMENT

1—3.38 Inch Minimum at Narrowest Point

utor, oil pump, and fuel pump. It is provided with
an oil seal in the crankshaft opening.

Check the timing chain cover for cracks, distortion,
and damaged component mounting studs. Replace
loose or damaged studs. Check the fit of the fuel
pump push rod in the push rod bore. Clearance
should not exceed .0045" [,114 mm.].

It is recommended that the front crankshaft oil
seal be replaced each time the timing chain cover
is removed. Instructions for removing the oil seal
are given in Par. 16. Install the front crankshaft
oil seal after the timing chain cover is installed.
Refer to Par. 93.

58. Vibration Damper

The vibration damper is mounted on the front end
of the crankshaft. It is designed to eliminate the
torsional vibration set up in the engine. It also
serves as a drive pulley for the fan belt. Replace a
broken, distorted, or otherwise damaged vibration
damper.

59. Camshaft and Bearings

The overhead camshaft (Fig. 103) is supported by
four bearings in the cam bearing support deck that
mounts on the cylinder head. The camshaft is chain
driven from the timing chain sprocket on the front
of the camshaft. The camshaft sprocket mounts on
a pilot at the front of the camshaft and drives the
camshaft through a dowel.

The fuel pump is actuated by an eccentric that
mounts on the front of the camshaft sprocket.

The cam bearing support deck is provided with a
large oil passage through the center; a 14" steel
tube is inserted in this passage to conduct the
lubricating oil to the front of the support deck and
to prevent oil drain back when the vehicle is idle.
Qil passages are provided in the support deck to
lubricate the cam bearings. The oil passage to the
rear cam bearing also provides oil under pressure
to fill the oil passages in the camshaft to keep the
cams lubricated.

60. Camshaft and Bearing Inspection

Clean the camshaft thoroughly with a suitable
cleaning solvent. Make sure all oil passages are free.
Check the cams for scoring or wear. The cam faces
must be prefectly smooth throughout their contact
areas. Run out of the camshaft, measured with a
dial indicator at the intermediate bearing journals,
must not exceed .0005"” [0,0127 mm.].

Check the diameter of the camshaft journals with
a micrometer. The specified journal diameters are
listed below:

CAMSHAFT JOURNAL DIAMETERS

.1.9975'-1.9965"
[50,7365 mm.-50,7111 mm.]
Front Intermediate....1.8725"-1.8715"

[47,5615 mm.-47,5361 mm.]
Rear Intermediate. .. .. 1.7475"-1.7465"

[44,3865 mm.-44,3611 mm.]
Rear. . Jini ot 1.37257-1.3715"!

[34,8615 mm.-34,8361 mm.]
Check the cam bearing support deck for cracks or
distortion. Check the bearing surfaces of the cam
bearing deck for visible wear or scoring. Using a
telescope gauge and a micrometer, check the in-
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FIG. 103—CAMSHAFT AND CAM
BEARING SUPPORT DECK

1—Cam Bearing Support Deck
2—Camshaft

3—Rocker Arm Cover Stud
4—Rocker Arm Stud
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ternal diameters of the cam bearing deck bearings
as shown in Fig. 104. The specified internal di-
ameters are listed below:

CAM BEARING SUPPORT DECK BORES

| Front Intermediate .

Front 1.9995°-2.0005"

[50,7873 mm.-50,8127 mm.]
1.8745""-1.8755"

[47,6123 mm.-47,6377 mm.]
.1.7495""-1.7505"

[44,4373 mm.-44,4627 mm.]
.1.3745""-1.3755"

[34,9132 mm.-34,9377 mm.]
Compare each journal diameter with the corre-
sponding bearing diameter. If the bearings are de-
fective or permit more than .004"" [,1016 mm.]
running clearance, the cam bearing d=ck and/or the
camshaft must be replaced.

Rear Intermediate

Rear

[Trosm0
FIG. 104—CHECKING BEARING DIAMETER
OF CAM BEARING SUPPORT DECK

61. Replacing Rocker Arm Studs

If any of the rocker arm studs are worn, distorted,
or have damaged threads, replace as follows:

a. Position the cam bearing support deck on the
bed of an arbor press and position the support of
the rocker arm stud remover and installer tool
W-266 under the defective rocker arm stud as
shown in. Fig. 105.

b. Position the guide of the tool on the top of the

in the guide so that the end rests on the top of the
stud.

c. Press on the end of the driver to dislodge the
rocker arm stud from the cam bearing deck. Make
sure the support is properly positioned so that the
end of the stud can enter the center bore of the
support. Remove the stud.

d. Invert the cam bearing support deck on the bed
of the arbor press and install the support of rocker
arm stud remover and installer tool W-266 under
the deck and aligned with the hole for the stud.

e. Position the new stud in the hole in the bearing

stud with the chamfered end up. Position the driver-

deck, starting the threaded end first. Position the
guide of the installer tool W-226 on the knurled end
of the stud with the chamfered end down, as shown
in Fig. 106.

f. Press the stud into place until it is firmly seated
in the cam bearing support deck.

FIG: 105—REMOVING ROCKER ARM STUD
FROM BEARING DECK WITH TOOL W-266

1—Arbor Press

2 —Driver

3—Guide

4 —Rocker Arm Stud

5 —Cam Bearing Support Deck
6 —Support

* 2

FIG. 106—INSTALLING ROCKER ARM STUD
IN BEARING DECK WITH TOOL W-266

1—Arbor Press 3—Guide
2—Driver 4—Cam Bearing Support Deck

62. Valves, Springs, and Guides

The valves, springs, and guides are installed on the
cylinder head (Fig. 107) with the valve stems ex-
tending up through the head so that the valves seat
on the underside of the cylinder head. The valve
spring and associated parts are assembled on top
of the cylinder head and are locked to the end of the
valve stem. The valve retaining lock is the split
type which fits into a recess in the valve stem and
into a taper in the valve spring retainer. To repair
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or replace the valves, it is necessary to remove the
cylinder head from the engine.

63. Inspection of Valves,

Springs, and Guides
Clean the valves on a wire wheel, making sure that
all carbon is removed from the top and the under-
side of the heads and that all gum and varnish
deposits are removed from the stems.
Polish the valve stems with steel wool or crocus
cloth. Visually inspect all valves for warpage, cracks
or excessive burning, and discard if any of these
conditions exist. Replace any worn, pitted, or cor-
roded valves that cannot be cleaned with a wire
brush. Replace any valves when seats are pitted,
burned, or corroded so badly that they cannot be
cleaned up with a light refacing on a valve refacing
machine (Fig. 108).
Replace valves with marks or scoring, or abrasion
visible on the stem. Replace any valves with bent
stems. This condition will be immediately apparent
when the valve is installed in a valve refacing
machine.
Check the diameter of the valve stem at two or
three different places along the length of the stem,
using a micrometer. The stem diameter of the in-
take valve is .3400" to .3410" [8,636 mm. a 8,6614
mm.]. The stem diameter of the exhaust valve is
.3385"" to .3395" [8,5979 mm. a 8,6233 mm.]. Re-
place valves if the stems are worn.
Wash the valve springs thoroughly in solvent.

FIG. 108 —REFACING VALVES

1—Valve Refacer
2—Valve

FIG. 107—CUTAWAY VIEW OF
VALVES INSTALLED ON HEAD

1—Exhaust Valve
2—Valve Guide
3—Valve Guide Seal
4—Valve Spring
5—Valve Spring Retainer
6—Rocker Arm
7—Rocker Arm Stud
8—Rocker Arm Ball
9—Rocker Arm Guide
10—Camshaft
11—Cam Bearing Support Deck
12—Rocker Arm
13—Rocker Arm Cover
14—0il Tube
15—Valve Spring Retainer
16—Valve Spring
17—Valve Guide Seal
18—Valve Guide
19—Intake Valve
20—Intake Manifold
10991

Visually examine the springs and replace any that
are deformed or obviously damaged. Examine for
corrosion from moisture or for acid etching which
might develop into surface cracks and cause failure.
Measure the overall free length of the springs and
replace any that are not the standard length of
1.60"" [40,64 mm.] for both intake and exhaust valve
springs. Test each spring when compressed to the
two different spring lengths given below. These
values represent the valve closed and valve open
spring lengths. If any spring fails to register spring
tension equal to or greater than the minimum load
limit in pounds specified for that spring length, re-
place the spring.

VALVE SPRING TENSION VALUES
Length Minimum Load

1.26" [32,004 mm.] 57 Ib. [24,494 kg.]

.885” (22,479 mm.] 130 1b. [66,2536 kg.]

Note: When using a spring checking fixture as
shown in Fig. 109, it is necessary to convert the
torque reading, which is in pounds-feet, to the static
pound pressure specified above, according to the

FIG. 109—TESTING VALVE SPRING

1—Torque Wrench
2—Spring Checking Fixture
3—Spring




76 WILLYS INDUSTRIAL ENGINES

instructions furnished with the wrench. For ex-
ample, if the torque wrench reading is 50 lb./ft.,
and the wrench is 2 ft. long, the static pressure of
the spring is 50 x 2 or 100 lbs.

Clean the valve guides with a standard valve guide
cleaner or wire brush. Replace valve guides that
are damaged or worn enough to cause excessive
valve stem-to-valve guide clearance. (See Par.
66.) Standard intake clearance is .001” to .003”
[,0254 mm. a ,0762 mm.]. Standard exhaust valve
clearance is .0025” to .0045” [,0835 mm. a ,1143
mm.]. Check the clearance with a plug gage. If this
indicates excessive clearance, replace the wvalve
guide.

64. Refacing Valves

Refacing the valves may be accomplished with a
valve refacer (Fig. 108). The manufacturer’s in-
structions should be followed when using the re-
facing equipment.

Reface the valves to an angle of 45 degrees. Take
off only the minimum of metal required to clean
up the valve faces. If the outer edge of the valve
becomes too thin or sharp due to excessive grinding,
the valve must be replaced. The valves must be
lapped into the valve seats, using a suitable lapping
compound, after the valve seats are refaced as
described in Par. 67.

65. Cylinder Head Inspection

Inspect the cylinder head for cracks or leaks, dam-
aged or distorted gasket surfaces, damaged valve
seats, loose or worn valve guides, damaged threads,
loose or damaged studs. Check the area around the
core hole expansion plugs for sign of leaking. Refer
to Fig. 84 for plug location. Replace any leaking

plugs.

66. Valve Guide Replacement

Damaged, loose, or worn valve guides must be re-
placed. To remove the valve guides, use Valve
Guide Remover Tool W-265.

This tool is a mandrel to press the valve guide from
the cylinder head. Position the cylinder head on the
bed of an arbor press so that the valve guide is
squarely in line with the arbor of the press. Usz
metal blocks to block the cylinder head in position.
Position the driver of the remover tool into the top
of the valve guide. Press the valve guide out through
the bottom of the cylinder head as shown in A,
Fig. 110. For valve guide installation, use the same
tool that was used for removal, plus a spacing stop
that limits the distance that the valve guide can be
pressed into place. The valve guide is installed from
the top of the cylinder head. Intake and exhaust
valve guides are the same and are installed in ex-
actly the same way. To install the guide, make sure
that the valve guide bore in the cylinder head is
free from burrs, dirt, and carbon, and that the area
around the top of the bore is also clean. Position
the valve guide on the cylinder head and skip the
spacing stop of the valve guide installer tool over
the valve guide as shown in B, Fig. 110. Use the
same driver that was used as a valve guide re-
mover, inserting the pilot of the driver into the
hole in the top of the valve guide. Align the driver
squarely with the arbor of the press and press the
valve guide into place until the shoulder on the

F1G. 110—REMOVING AND INSTALLING
VALVE GUIDE FROM CYLINDER HEAD
WITH TOOL W-265

1—Arbor Press 4—Sto

P
2—Driver 5—Valve Guide

3—Cylinder Head

driver strikes the spacing stop. This will provide
proper positioning of the guide in the cylinder head.
Properly positioned, the top of the valve guide
will be .45” [11,43 mm.] above the machined sur-
face of the cylinder head.

After installing the valve guide, ream the guide to
0.342” to 0.343” [8,6868 mm. a 8,7122 mm.|.

67. Valve Seat Inspection and Refacing
Inspect the valve seats for cracks, burns, pitting,
ridges, or improper angle and reface. During any
general engine overhaul it is advisable to reface the
valve seats regardless of their condition.

If valve guides are to be replaced, this must be done
before refacing the valve seats.

Refacing the valve seats may be accomplished with
a 45 degree valve seat grinder in accordance with
the manufacturer’s instructions (Fig. 111).

The valve seat width after refacing should measure
no less than 3" [1,984 mm.] and no more than
34" [3,967 mm.]. Fig. 112 shows the valve face di-
mension. Valve seats that are too wide tend to trap
carbon particles that cause seat burning. Seats that
are too narrow will not transfer heat from the valve
to the coolant as rapidly as is necessary to keep
valves in proper operating condition. Check the
valve seat as shown in Fig. 113.

Caution: When using valve seat cutting tools,
care must be taken to remove only the minimum
amount of metal necessary to satisfactorily accom-
plish that phase of the operation being performed.
Excessive removal of material may damage the
head beyond repair by factory approved methods,
or nullify the reconditioning work that had been
accomplished on the valve seat up to that point.
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FIG. 111 -REFACING VALVE SEATS

A simple check can be made to prove the fit of the
valve in the valve seat by spreading a thin film of
prussian blue on the valve face and then inserting
the valve into the valve seat (Fig. 114). With hand
pressure, rotate the valve a quarter of a turn and
then remove the valve and observe the transfer of
prussian blue to the valve seat. An uneven transfer
of prussian blue will indicate an inaccurate valve
and valve seat refacing operation.

e ———
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FIG. 112—VALVE SEAT FACE DIMENSIONS

1—5G " to 34"

68. Crankshaft Rear Qil Seal

The rear end of the crankcase is sealed against oil
leaks by a seal consisting of the filler block guard
(1, Fig. 115), upper seal half (2), two gasket inserts
(4), a lower seal half (3), a rear filler block (5), and

i

FIG. 113—MEASURING VALVE SEAT FACE

FIG. 114—CHECKING FIT OF VALVE IN VALVE SEAT

1—Valve
2—Prussian Blue

an oil pan seal (6). The filler block guard is mounted
in a recess in the cylinder block. The upper seal half
fits into the filler block guard making a rubber-to-
metal seal. The inner diameter of the seal has a
fabric-faced synthetic rubber sealing surface which
engages the crankshaft. The lower seal half is identi-
cal to the upper half, and it mounts in the rear filler
block. The oil pan seal is cemented to the rear filler
block. Dowel pins in the rear filler block align the
parts properly during assembly. When the rear filler
block is bolted to the crankcase, the gasket inserts
are compressed to form a tight seal between the
parts of the seal. The gasket inserts, the two seal
halves, and the oil pan gasket should be replaced
each time the engine is disassembled.

69. Crankshaft Rear Filler Block
Clean rear filler block thoroughly. Remove the oil
pan oil seal and the cement used to attach it. Check
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FIG. 115—-CRANKSHAFT REAR OIL SEAL,
EXPLODED VIEW

1—TFiller Blcck Guard
2—Upper Seal Half
3—Lower Sea| Half
4—Gasket Insert
5—Rear Filler Block
6—0il Pan Seal

the dowel pins to make sure they are straight and
tight. Replace the dowel pins if necessary. To re-
place the oil pan seal, coat the pan seal groove in
the filler block with 3M Super Weatherstrip Ad-
hesive or equivalent for a distance of 2" from each
end; follow adhesive manufacturer’s instructions
carefully. Also coat the pan seal ends for a distance
of 2", Insert the nipple of the pan seal into the hole
in the bottom of the filler block. Press the ends into
engagement with the cemented portion. When in
position, the ends of the pan seal should be !y
below the top of the filler block as shown in Fig. 116.

FIG. 116 —OIL PAN SEAL
ASSEMBLED TO FILLER BLOCK

1—%" 3 —Filler Block
2—2F 4—0il Pan Seal

Allow the adhesive to dry before assembly to the
engine.

70. Crankshaft Front Filler Block

The front filler block is mounted on the front of the
cylinder block and on the front engine plate. It is
fitted with an oil pan seal to seal the area at the
front of the oil pan. Clean the front filler block
thoroughly, removing the old oil pan gasket and the
cement used to attach it. Install the new oil pan
gasket, following the procedure described for the
rear filler block in Par. 69.

71. Oil Pump

The oil pump is mounted externally on the timing
chain cover. It is driven by a helical gear on the
front of the crankshaft. The pump consists of an
inner and outer rotor within a pump body. It also
includes a pressure relief valve which opens a port
from the discharge side of the pump to the inlet
side when excessive pressure builds up within the
lubrication system. If inspection shows the pump
to be worn or defective, it should be replaced.

72. Oil Pump Inspection

Clean and inspect the oil pump as follows:

a. Wash the exterior of the pump with a cloth
dampened with cleaning solvent.

b. Check the entire pump for cracks or leaks.

c. Check the drive gear for cracked, chipped, or

I 11010

FIG. 117—CHECKING OIL PUMP SHAFT END-PLAY
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worn gear teeth. Replace the gear of it is damaged.
d. Mount a dial indicator on the oil pump to check
for end-play, as shown in Fig. 117. Move the pump
shaft to its extremes and check for total end-play.
If end-play exceeds .005” [,1270 mm.], replace the
pump.

Caution: The drive gear is a press fit on the oil
pump shaft, and must be removed and replaced
with an arbor press. Correct axial positioning of
the gear on the shaft is important. When installed,
the outside end of the gear hub must bte 7!5”
117,86 cm.| from the mounting face of the oil pump.
In this position, the centerline of the face of the
gear teeth will coincide with the bottom of the
distributor shaft slot in the end of the oil pump
shaft.

FIG. 118—0IL PUMP COVER REMOVAL

1—Cover
2—Gasket
3—Body
4—Relief Valve
5—Rotor

73. Oil Pan

Examine the oil pan carefully for evidence of corro-
sion, dents, or other damage. Replace with a new
pan if necessary. Special attention must be given
to the bolting flange to assure proper alignment and
a tight seal at the cylinder block. Whenever the oil
pan is removed, replace all gaskets regardless of
condition.

74. Flywheel

The flywheel is mounted to the rear flange of the
crankshaft. The crankshaft, filywheel, and clutch
assembly are statically and dynamically balanced
separately and as a unit; therefore, the components

@
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FIG. 119—0OIL PUMP, EXPLODED VIEW

6—Pump Body
7—Drive Shaft
E—Plug

9—Relief Valve Spring
10—Relief Valve

1—Sems Screw
2—Cover
3—Cover Gasket
4—Inner Rotor
5—Outer Rotor

should be assembled in their original relative posi-
tions to maintain this balance, if possible.

75. Flywheel Inspection

Inspection should be done only when assembling
the flywheel to the crankshaft when assembling the
engine. Clean the flywheel thoroughly with a suit-
able cleaning solvent and wipe dry. Inspect the
clutch face to the flywheel for burned condition,
rivet grooves or scuffed condition.

Check the flywheel for run-out, warping, and wear.
Mount the flywheel on the crankshaft, with the
crankshaft in the cylinder block. Mount a dial in-
dicator with the contact button of the indicator
resting against the clutch face of the flywheel (Fig.
120). Set the indicator at zero and rotate the fly-
wheel. Maximum allowable run-out is .005” [,127
mm.].

r—#




80 WILLYS INDUSTRIAL ENGINES

Relocate the dial indicator and check the run-out
on the surface where the clutch pressure plate cover
bolts to the flywheel. Maximum allowable run-out
is .005"" [,127 mm.]. Excessive run-out at the bolt
circle or the clutch face will seriously affect clutch
action; therefore, it is recommended that the fly-
wheel be replaced if the run-out exceeds the speci-
fied limits.

Inspect for worn, broken or chipped ring gear teeth
and replace the ring gear if necessary. Stripped
threads in the tapped holes for pressure plate cover
will require replacement of the flywheel.

FIG. 120—CHECKING FLYWHEEL RUN-OUT

76. Ring Gear Replacement

To remove the ring gear from the flywheel, drill a
34" [9,52 mm.]. hole through the ring gear and cut
through any remaining metal with a cold chisel.
Remove the ring gear from the flywheel. Thorough-
ly clean the ring gear surface of the flywheel. Heat
the new ring gear evenly to 605°-700°F. [343°-371°
C.], and place it on the cold flywheel, making cer-
tain that the chamfer on the teeth is opposite the
clutch side of the flywheel. Be sure that the ring
gear is firmly seated on the flywheel. Allow the ring
gear to cool slowly to shrink it onto the flywheel.

77. Clutch Housing

The clutch housing, which encloses the flywheel and
clutch, is bolted to the cylinder block. A removable
pan, bolted to the bottom of the housing, provides
access to the clutch and flywheel. The rear of the
housing provides the front support for the trans-
mission.

Examine the housing for cracks and distortion of
the machined surfaces. The front face must seat
evenly against the cylinder block or engine rear end
plate without evidence of warpage. The rear face
must be parallel to the front face. Improper align-
ment will seriously affect the alignment of the

power train. In addition, the hole in the rear of the
housing, which services as a pilot for the trans-
mission, must be concentric with the crankshaft.
With the clutch housing installed, the run-out of the
pilot hole and the rear face of the housing can be
checked with a dial indicator. Install a clutch plate
aligning arbor on the crankshaft pilot bushing, ex-
panding it so that it is tight and will not wobble.
Then attach the dial indicator to the arbor with the
indicator button resting against the rear face of the
clutch housing.

Rotate the flywheel, noting the run-out on the in-
dicator. Maximum allowable run-out is .005"" [,127
mm.]. Relocate the dial indicator so that the in-
dicator button will indicate the run-out of the pilot
hole in the clutch housing. Rotate the flywheel and
note the run-out which should not exceed .006”
[,L152 mm.].

If desired, a suitable fixture can be made to attach
to the flywheel with one of the flywheel bolts, pro-
vided the clutch is not installed on the flywheel, so
that the dial indicator can be mounted on it to
check housing run-out:

Note: Clutch housing run-out should be checked
after the clutch housing is installed when assem-
bling the engine.

78. Core Hole Expansion Plugs

Any evidence of coolant leakage around the core
hole plugs will require plug replacement. There are
five plugs in the left side of the cylinder block and
one at the rear (Fig. 121).

The expansion plugs may be removed by drilling a
15" [12,7 mm.] hole through the expansion plug,
drilling as close as possible to the flange of the plug.
Cut through the flange with a hacksaw blade, being
careful not to cut into the cylinder block. Drive a
small drift between the flange and block where the
cut was made. Pry the plug out of the block.
Before attempting to install the new plug, clean
the hole in the block thoroughly. Apply a thin coat
of gasket paste on the plug. Install the plug.

FIG. 121—CORE HOLE EXPANSION PLUGS
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79. Engine Assembly

The engine assembly procedure in the following
paragraphs is given in the sequence to be followed
when the engine is being completely overhauled.
Individual inspection, repair, and fitting operations
previously detailed are to be performed when neces-
sary throughout the assembly procedure. If a new
cylinder block fitted with pistons is used, many of
the operations will be unnecessary.

80. Install Valves and Valve Guide Seals
Always use new valve guide seals.

Install the valves and the wvalve guide seals as
follows:

a. Position the cylinder head on blocks high enough
to insert the valves from the underside of the head.

b. Apply a light coat of engine oil on the valve
stem before assembly. Insert the valve into the
valve guide from which it was removed.

FIG. 122—PLASTIC CAP OF INSTALLER TOOL W-273
POSITIONED ON VALVE STEM

e. Cut off the excess length of the cap. It should
extend l{;” below the groove on the valve stem.
Place the plastic cap included in each kit on the
top of the valve stem, as shown in Fig. 122, to
protect the Teflon insert. Lightly lubricate the cap.

FIG. 124—SLIDING SEAL DOWN TO VALVE GUIDE

d. Position the valve guide seal squarely on the end
of the valve stem and push it down with the thumb
until the thumb strikes the top of the plastic cap,
as shown in Fig. 123.

e. Use two thumbs, as shown in Fig. 124, to hold
the insert in place until the seal touches the top of
the valve guide. Remove the plastic cap.

f. Use the valve guide seal installation tool W-273
to push down on the valve guide seal until it is
fully seated on the valve guide, as shown in Fig. 125.

g. Position the valve spring (27, Fig.84) on the
cylinder head, making sure it is fully seated in its
recess on the head. Position the valve spring re-
tainer (26) on the top of the spring. Install the valve
spring compression tool W-267 on the rocker arm
stud as shown in Fig. 85 and compress the valve
spring far enough to install the valve locks to hold
the retainer to the valve stem. Release pressure on

FIG. 123—STARTING VALVE GUIDE SEAL
ON VALVE STEM

FIG. 125—SEATING SEAL ON VALVE GUIDE
WITH INSTALLER TOOL W-273
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the valve spring and check that the valve locks seat
properly in the groove in the valve stem.

Caution: Take care not to compress the valve
springs far enough to damage the valve guide seals
during reassembly.

h. Install the remaining 11 valves in the same
manner, being sure to install a new valve guide
seal on each valve guide.

81. Install Camshaft

Position the cam tearing support deck (14, Fig. 84 )
on the cylinder head: secure with three nuts (11),
lock washers (12), and flat washers (13). Tighten
the nuts to specified torque. Lubricate the bearing
with engine oil and carefully slide the camshaft
into the bearing support deck from the front, being
careful not to damage the bearings in the support
deck or the journals on the camshaft.

When the camshaft is fully seated, position the re-
tainer (3) on the front of the support deck; secure
with two nuts (1) and lock washers (2).

If a shim was installed between the retainer and the
support deck before disassembly, this shim must
be reinstalled. If the cam bearing support deck is
being replaced, the new deck must be inspected to
determine if a shim is to be installed at this point.
To do this, measure the distance between the
centerline of the cam bearing deck front mounting
holes and the retainer surface on the deck. If the
dimension is .810” [20,5 mm.], the retainer is to
be installed without a shim; .780” [19,8 mm.], a
shim is required.

82. Install Rocker Arms

Position the rocker arm (4, Fig. 84) and the rocker
arm ball (5) on the rocker arm stud (40). Install and
turn down the rocker arm nut (6) several turns, but
do not tighten the nut. Install the remaining 11
rocker arms in the same manner. Straighten each
rocker arm on its stud and install the rocker arm
guide (7) to hold each in place. Adjust the valve
clearance after the cylinder head is installed on
the engine.

If the rocker arms are being replaced, use new
rocker armrs of the latest design.

83. Install Crankshaft and Flywheel

Install the crankshaft and flywheel as follows:

a. With the cylinder block inverted, apply a coat
of Permatex Aviation Form-A-Gasket No. 3 or
equal to the outer edge and shoulder of the filler
block guard (11, Fig. 81). Install the guard firmly
in the seat in the cylinder block before the cement
hardens. Position the upper rear seal (12) in the
filler block guard.

b. Install the upper main bearings (21, 25, and 36)
in their seats in the cylinder block. Make sure the
oil hole is properly aligned and that the small pro-
jection is aligned with its notch. Lubricate the
bearings liberally with light engine oil.

c. Install the flywheel (8) on the crankshaft (19)
with six flywheel bolts (20), internal tooth lock
washers (9) and nuts (10). Position the assembled
flywheel and crankshaft on the cylinder block.
Lubricate the crankshaft main bearing journals.

FIG. 126—TIGHTENING MAIN BEARING CAP BOLTS

d. Position the lower main bearings (22, 26, and 34)
and bearing caps (24, 28, and 33). Tighten the bolts
(32 and 33) on each cap evenly to pull the cap into
place without bending the dowels or distorting the
bearing caps. Torque the bolts to 85 to 95 Ib. ft.
[11,8 a 13,1 kg. m] as shown in Fig. 126.

e. Do not install the hller blocks until after the oil
pan gaskets are installed on the cylinder block.

f. Rotate the ‘crankshaft. It should spin freely,
without binding. If the crankshaft binds, determine
and correct the cause of the binding. Refer to Par.
46 or 47 for proper clearance instructions.

84. Install Pistons and Connecting Rods

Before installing each piston and connecting rod
assembly in the cylinder block, generously lubricate
the entire assembly with clean heavy engine oil.
Install each piston and connecting rod assembly in
the cylinder to which it was previously fitted. When
installing each assembly, rotate the crankshaft so
that the crankpin is in the down position. Stagger
the ring gaps so that no two gaps are aligned verti-

[ 10999

FIG. 127—INSTALLING PISTON AND CONNECTING
ROD ASSEMBLY

1—Piston Ring Compressor
2—Piston
3—Hammer Handle
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FIG. 128—INSTALLING CONNECTING ROD
BEARING CAP

cally. Insert the connecting rod in the cylinder, with
the oil spurt hole toward the exhaust side of the
cylinder block. Fit a piston ring compressor tightly
around the piston. Then, using a hammer handle,
gently tap the piston into the cylinder (Fig. 127).

FIG. 129—CHECKING CONNECTING ROD
SIDE CLEARANCE

Install the upper crankpin bearing (30, Fig. 81 ) in
the connecting rod (38) and the lower crankpin
bearing (30) in the connecting rod bearing cap (31).
Lubricate the connecting rod bearing surfaces gen-
erously with clean light engine oil and install the
bearing cap (Fig. 128). Use new selflocking nuts and
tighten to 40-45 1b. ft. torque [5,5 kg. m a 6,2 kg.
m). Refer to Par. 34 and 35 for detailed informa-

tion in fitting pistons and rings in the cylinder
bores. Check the connecting rod side play with a
feeler gauge as shown in Fig. 129. Side clearance
should be .004” to .010” [0,1016 a 0,254 mm.].

85. Install Oil Intake Parts

If the old oil intake pipe (20, Fig. 75) is to be rein-
stalled, the end that inserts into the port in the
cylinder block must be retinned to insure a tight
seal. Press the end of the pipe into the port so that
the bracket aligns with the main bearing cap bolt
(23). Use this bolt to secure the pipe to the cylinder
block. Position the oil intake screen (22) on the oil
intake pipe; secure with the cotter pin (21).

86. Install Oil Pan

Install the oil pan as follows:

a. Apply a thin coat of non-hardening Permatex
over the engine surfaces of the oil pan gaskets (31,
Fig. 75); install the gaskets on the cylinder block.
b. Make sure new oil pan seals are installed on the
front and rear filler blocks. Install the lower rear
seal (13, Fig. 81) in the rear filler block. Position
the gasket inserts (14) in the recesses in the filler
block. Position the assembled filler block on the
cylinder block, making sure the dowels in the filler
block squarely engage the holes in the filler block
guard. Secure the filler block to the cylinder block
with two screws (17). Torque the screws to 12-15
Ib. ft. [1,66 a 2,07 kg. m].

c. Position the front filler block (34, Fig.75) on the
crankcase; secure with two bolts.

d. Apply a liberal coating of non-drying Permatex,
or equal, to the front and rear filler block seal
grooves in the oil pan. Position the oil pan on the
cylinder block and install the cap screws (29), flat
washers (30), the Sems cap screws (28), and spacers
(27). Torque the cap screws to 12 to 15 lbs. ft.
[1,66 a 2,07 kg. m].

87. Install Front Engine Plate

Apply a thin coat of gasket paste to both sides of
the front end plate gasket (15, Fig. 78). Position
the gasket on the front engine plate (11) and posi-
tion the front engine plate on the front of the
cylinder block. The dowels in the cylinder block
ensure proper alignment of the plate. Secure the
front engine plate to the front of the cylinder block
and the front filler block with cap screws (9, 31, 32,
and 33) and lock washers (10 and 30).

88. Install Cylinder Head

Install the cylinder head as follows:

a. Make certain that the entire top of the cylinder
block assembly and the lower mating surface of the
cylinder head are clean. Blow all dirt and carbon
from the blind tapped bolt holes in the cylinder
block before the cylinder head and gasket are
installed.

b. Position the all-metal cylinder head gasket (16,
Fig. 75) on the cylinder block so that the coolant
ports and vent ports are properly aligned. Use no
sealer or other compound on the gasket.

c. Position the cylinder head squarely on the cyl-
inder block, being careful not to damage the gasket.
Install the cylinder head bolts. Use a torque wrench
to tighten the cylinder head bolts to 75-80 1b. ft.
[10,3-11,0 kg. m], following the sequence indicated
in Fig. 61.

| s
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89. Install Timing Chain Tensioner

Install the timing chain bracket (21, Fig.78) on the
front engine plate (11) with two cap screws (19),
flat washers (20) and special seal nuts (18). Position
the tensioner blade assembly (8) and spring (6) on
the anchor stud on the front engine plate. Bow the
blade so that the hook at the upper end of the spring
is aligned with the notch in the top of the blade.
Insert the chain tensioner pin (7) so that it engages
the spring to the blade. Position the top of the
tensioner in the bracket on the front engine plate.

90. Install Timing Chain and Sprockets
Install the timing chain and sprockets as follows:

a. Turn over the engine until air starts to blow
from the No. 1 spark plug port to indicate that the
No. 1 piston is on the compression stroke. Continue
to turn over the engine until the keyways in the
crankshaft are in the 12 o’clock position to indicate
that the No. 1 piston is at top center (Fig. 130.)

b. Temporarily install the camshaft sprocket and
turn the camshaft until the nose of the No. 1 cam
and the dowel hole on the camshaft are pointing
downward to the 6 o’clock position. In this position
both valves are closed; this occurs when the associ-
ated piston is in the top center position of the com-
pression stroke. Remove the camshaft sprocket.

c. Install the woodruff key in the keyway in the
crankshaft nearest the cylinder block. Install the

FIG. 130—TIMING CHAIN INSTALLED

1—Camshaft Sprocket
2—Drive Dowel
e i

— inl
5—Timing Mark
6—Key
7—Timing Chain

timing chain sprocket removal and installation tool
W-286 on the rocker arm cover studs as shown in
Fig.76 .

d. Position the crankshaft timing chain sprocket
(34, Fig. 78) and the camshaft timing chain sprocket
(37) in opposite ends of the timing chain (43) so that
the keyway of the timing chain sprocket is up and
the dowel of the camshaft sprocket is down (Fig.
77). Position the parts so that the copper links of
the chain are aligned with the timing marks on the
sprockets.

e. Lift up the assembled chain and sprockets and
slide the timing chain sprocket on the crankshaft
so that the sprocket is fully seated.

f. Engage the hook of the camshaft sprocket re-
mover and installer tool in the camshaft sprocket
and tighten the nut to tension the chain and pull
the mounting hole of the sprocket into alignment
with the pilot on the end of the camshaft. Push the
sprocket onto the pilot of the camshaft so that the
dowel engages the hole in the flange of the cam-
shaft. This may require slight rotation of the crank-
shaft to secure perfect alignment.

g. Position the fuel pump eccentric (39, Fig. 75)
on the camshaft sprocket and install the cap screw
(40), lock washer (41), and flat washer (42).

h. Release tension of the special tool and remove
the tool from the rocker arm cover studs.

91. Valve Clearance Adjustment

Valve clearance adjustment is made after installa-
tion of the timing chain. Make the valve clearance
adjustment as follows:

a. Rotate the camshaft until the nose of the No. 1
cam points downward to the 6 o’clock position.

b. Turn down the rocker arm nut until a .008"
[,2032 mm.] feeler gage can just be inserted between
the rocker arm and the top of the valve stem of the
exhaust valve as shown in Fig. 63.

c. With the camshaft still in position, move to the
intake side of the engine and turn down the rocker
arm nut until a .006”" [,1524 mm.] feeler gage can
just be inserted between the rocker arm and the top
of the valve stem of the intake valve.

d. Turn the camshaft over until the nose of the
No. 2 cam points downward to the 6 o’clock posi-
tion. Adjust the valve clearance for the No. 2 cyl-
inder in the manner described above. Continue to
adjust until all valve clearances have been ad justed
in this manner.

92. Install Timing Chain Cover

Apply a thin coat of gasket paste to both sides of
the timing chain cover gaskets (4, 5, and 44, Fig.
78) and position the gaskets on the cover (45).
Make sure the Woodruff key (37, Fig. 81), oil pump
drive gear (35, Fig. 78), and the oil slinger (36) are
both installed on the crankshaft. Assemble the
sleeve (42) and O-rings (41 and 43) and install in
the oil port in the cylinder block. Lubricate the fuel
pump push rod (3) and install it in the timing chain
cover. Position the timing chain cover on the front
engine plate and secure with the bolts (40, 49, 52,
56, 62, 65, and 67), flat washers (13, 48, 50, 54, 57,
61, 63, and 68), lock washers (17, 25, 39, 51, 55, 58,
64, and 68), and nuts (14, 16, and 24). Be sure to in-
stall the lifting eye (12) on the upper right corner
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FIG. 131—INSTALLING FRONT CRANKSHAFT
OIL SEAL WITH TOOL W-269

of the front engine plate and the generator brace
(37) on the upper left of the cover.

93. Install Front Crankshaft Qil Seal

After the timing chain cover is installed, install the
front crankshaft oil seal in the timing chain cover.
Check the crankshaft to make sure it is free of burrs
or sharp projections that could damage the oil seal
during installation. Apply a thin coating of sealing
compound on the outer edge of the seal and position
the seal in the opening so that the seal lip faces
toward the inside of the cover. Use the front crank-
shaft oil seal installing tool W-269 as shown in Fig.
131 to drive the seal in place.

94. Install Exhaust Manifold

Make sure that the mounting surfaces of the cyl-
inder head and exhaust manifold are clean. Position
the exhaust manifold gasket (6, Fig. 73 ) and ex-
haust manifold (3) on the cylinder head, secure with
the two retainers (5), nuts (4), eight lock washers
(2) and nuts (1).

95. Install Intake Manifold

Make sure the mounting surfaces of the intake
manifold and cylinder head are clean. Position the
intake manifold gasket (22, Fig. 73) and the intake
manifold (24) on the studs at the intake side of the
cylinder head; attach with four nuts (26) and lock
washers (25), leaving the lower center nut and
washer off. Install the dipstick guide (27) in the
dipstick port and position the bracket of the guide
on the lower center stud; attach with the remaining
nut and lock washer. Torque the nuts to 15 1b. ft.
to 20 Ib. ft. [2,07 kg. m a 2,77 kg. m].

96. Install Thermostat Housing
and Thermostat

Position the thermostat housing gasket (19, Fig. 73)
and thermostat housing (21) on the studs at the
front of the intake manifold. Install the thermostat
(20) and gasket as shown in Fig. 132. The thermo-
stat must be installed before the gasket. Position
the water outlet elbow (18) on the thermostat
housing and secure with three nuts (15), lock
washers (16), and flat washers (17). Connect the
hose (36) from the outlet port on the housing to the

FIG. 132 -THERMOSTAT INSTALLATION

1—Gasket
2—Thermostat
3—Thermostat Housing

adapter on the cylinder head with two hose clamps
(35).

97. Install Vibration Damper

Install the vibration damper as follows:

a. Install the woodruff key in the keyway on the
crankshaft. Make sure the crankshaft, key, and
keyway are free of burrs. Align the keyway of the
vibration damper with the key and push the vibra-
tion damper onto the end of the crankshaft as far
as possible.

b. Turn the center post (1, Fig. 133) of vibration

11092

FIG. 133—INSTALLING VIBRATION DAMPER
WITH TOOL C-3732-A

1—Center Post
2—Nut
3—Thrust Washer
4—Plate
5—Damper
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damper removing and installing tool C-3732 into
the threaded bore in the end of the crankshaft.
Position the plate (4), thrust washer (3), and nut
(2) on the center post.

c. Hold the center post with a wrench and turn the
nut into the center post until the vibration damper
is fully seated.

d. Back off the nut and turn the center post out
of the end of the crankshaft.

e. Install the bolt (45, Fig. 73), and pilot washer
(44) to retain the vibration damper. Torque the
bolt to 100 1b. ft. to 130 Ib. ft. [13,8 a 17,8 kg. m].

98. Install Oil Pump

The oil pump is driven from the crankshaft by
means of a helical gear. The distributor, in turn,
is driven by the oil pump by means of a tongue on
the end of the distributor shaft which engages a
slot in the end of the oil pump shaft. Because the
tongue and the slot are both machined off center,
the two shafts can be meshed in only one position.
Since the position of the distributor shaft deter-
mines the timing of the engine, .and is controlled by
the oil pump shaft, the position of the oil pump
shaft with respect to the crankshaft is important.
Turn the crankshaft until air is blown from the No.
1 spark plug port to indicate that the No. 1 piston
is on the compression stroke. Continue to rotate
the crankshaft until the pointer on the timing chain
cover is aligned with the ““O" timing mark on the
vibration damper. Install the oil pump mounting
gasket (39, Fig. 73) on the oil pump (40) and posi-
tion the oil pump on the mounting studs on the
timing chain cover. Do not install the pump far
enough to engage the drive gear with the worm.
Insert a long-blade screwdriver into the distributor
shaft opening in the opposite side of the block and
engage the slot in the oil pump shaft. Turn the
shaft so that the slot is positioned at roughly the
4 and 10 o’clock position on a clock face, with the
narrow side of the shaft up.

Remove the screwdriver and, looking down the
distributor shaft hole with a flashlight, observe the
position of the slot in the end of the oil pump shaft
to make certain it is properly positioned. Replace
the screwdriver and, while turning the screwdriver
counterclockwise to guide the oil pump drive shaft
gear into engagement with the camshaft gear, press
against the oil pump to force it into position Re-
move the screwdriver and again observe the posi-
tion of the slot. If the installation was properly
made the slot will be in a position roughly equiva-
lent to 3 and 9 o’clock position on a clock face with
the narrow side of the shaft still on the top. If the
slot is improperly positioned, remove the oil pump
assembly and repeat the operation.

Secure the oil pump with three nuts (42) and lock
washers (41).

99. Install Distributor

Make sure that the oil pump shaft has been posi-
tioned as described in Par. 98. Rotate the distrib-
utor shaft so that the tongue at the end of the
shaft will engage the groove in the end of the oil
pump shaft. Position the distributor on the timing
chain cover so that the tongue engages the groove
in the oil pump shaft and install with a nut (64,
Fig. 73) and lock washer (65).

100. Install Fuel Pump

Rotate the crankshaft while watching the fuel pump
eccentric on the end of the camshaft so that the
low part of the eccentric will be adjacent to the fuel
pump push rod (3, Fig. 78) in the timing chain
cover. Position the fuel pump gasket (59, Fig. 73)
on the fuel pump mounting studs, hold the push
rod against the eccentric, and position the fuel
pump (61) on the studs. The fuel pump spring
will offer some resistance to the positioning of the
fuel pump. Additional resistance will indicate inter-
ference between the fuel pump arm and the push
rod. If interference exists, remove the fuel pump
and reposition it so that the fuel pump arm is
under the end of the push rod. The attaching nuts
(66), lock washers (67), and flat washers (68)
should be turned down evenly and alternately to
prevent cocking of the fuel pump. Be sure to install
the cable bracket (69) under the front attaching
parts.

101. Install Rocker Arm Cover

Make sure the gasket (8, Fig. 75) is properly
mounted on the rocker arm cover (1). Position the
four slot washers (7) on the rocker arm studs.
Position the rocker arm cover on the cylinder head
and secure with four cap nuts (5), and flat washers
(6). Install cable brackets (4) between the seal
washer and flat washer on the front three studs.
Connect the vent hose (9) to the outlet on the oil
filler tube and to the vent valve. Install the screen
(2) in the filler tube.

102. Install Water Pump and Cooling Fan

Make certain that the water pump mounting sur-
faces are clean on both the timing chain cover and
the water pump. Coat both sides of the water pump
gasket (58, Fig. 73) with gasket paste. Position the
gasket on the studs on the timing chain cover.
Position the water pump on the timing chain cover
and secure with seven nuts (54), lock washers (55),
and flat washers (56). Torque the nuts to 15 1b. ft.
to 20 1b. ft. [2,07 kg. m a 2,77 kg. m].

Position the water pump drive pulley (51), the fan
hub (50) and the cooling fan (46) on the hub of the
water pump; secure with four bolts (48) and lock
washers (47).
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SERVICE DIAGNOSIS

Poor Fuel Economy

Ignition Timing Slow or Spark Advance Stuck

Carburetor Float High

Accelerator Pump Not Properly Adjusted

High Fuel Pump Pressure

Fuel Leakage

Leaky Fuel Pump Diaphragm

Loose Engine Mounting Causing High Fuel Level
in Carburetor

Low Compression

Valve Sticking

Spark Plugs Bad

Spark Plug Cables Bad

Weak Coil or Condenser

Improper Valve Clearance

Carburetor Air Cleaner Dirty

High Qil Level in Air Cleaner

Clogged Muffler

Lack of Power

Low Compression

Ignition System (Timing Late)
Improper Functioning Carburetor or Fuel Pump
Fuel Lines Clogged

Air Cleaner Restricted

Engine Temperature High
Improper Valve Clearance
Sticking Valves

Valve Timing Late

Leaky Gaskets

Muffler Clogged

Low Compression

Leaky Valves

Poor Piston Ring Seal
Sticking Valves

Valve Spring Weak or Broken
Cylinder Scored or Worn
Valve Clearance Incorrect
Piston Clearance too Large
Leaky Cylinder Head Gasket

Burned Valves and Seats

Sticking Valves or too Loose in Guides
Improper Timing

Excessive Carbon Around Valve Head and Seat
Overheating

Valve Spring Weak or Broken

Valve Sticking

Valve Clearance Incorrect

Clogged Exhaust System

Valves Sticking

Warped Valve
Improper Valve Clearance

‘Carbonized or Scored Valve Stems

Insufficient Clearance Valve Stem to Guide
Weak or Broken Valve Spring

Valve Spring Cocked

Contaminated Oil

Overheating

Inoperative Cooling System
Thermostat Inoperative

Improper Ignition Timing

Improper Valve Timing

Excessive Carbon Accumulation

Fan Belt too Loose

Clogged Muffler or Bent Exhaust Pipe
Oil System Failure

Scored or Leaky Piston Rings

Popping-Spitting-Detonation

Improper Ignition

Improper Carburetion

Excessive Carbon Deposit in Combustion
Chambers

Poor Valve Seating

Sticking Valves

Broken Valve Spring

Valves Adjusted too Close

Spark Plug Electrodes Burned

Water or Dirt in Fuel

Clogged Lines

Improper Valve Timing

Excessive Oil Consumption

Piston Rings Stuck in Grooves, Worn or Broken

Piston Rings Improperly Fitted or Weak

Piston Ring Oil Return Holes Clogged

Excessive Clearance, Main and Connecting Rod
Bearings

Oil Leaks at Gaskets or Oil Seals

Excessive Clearance, Valve Stem to Valve Guide
(Intake)

Cylinder Bores Scored, Out-of-Round or Tapered

Too Much Clearance, Piston to Cylinder Bore

Misaligned Connecting Rods

High Road Speeds or Temperature

Crankcase Ventilator Not Operating

0Oil Too Thin

Crankcase Overfilled
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Fuel System—4 Cylinder Engines

FIG. 134 —CARTER CARBURETOR

Pump Operating Lever Assembly 10. Lowéreed Jet Assembly 19. Pump Jet
Idle Well

1.

2. Choke Valve Assembly 11. get 20- Pump Jet Strainer Nut

3. Choke Shaft and Lever Assembly 12. Metering Jet and Gasket Assembly 21. Pump Jet Strainer

4. Metering Rod Spring 13. Mem-i:g Rod 22. Intake Ball Check Assembly

5. Nozzle o 14. Nozzle Passage Plug and Gasket Assembly  23. Discharge Disc Check Assembly
6. Nozzle Retaining Plug 15. Idle Adjustment Screw 24. Pump Plunger Spring

7. Metering Rod Disc 16. Idle Adjustment Screw Spring 25. Pump Plunger and Rod Assembly
8. Needle, Pin, Spring and Seat Assembly 17. Idle Port Rivet Plug 26. Pump Arm Spring

9. Float and Lever Assembly 18. Throttle Valve 27. Pump Connecting Link

Carburetor — L Head Engine

The carburetor is of the plain tube type, Fig. 134,
with a throttle operated accelerator pump and
economizer device. It is a precision instrument
designed to deliver the proper fuel and air ratios
for all engine speeds. By proper cleaning and re-
placing all worn parts, the carburetor will function
correctly.

The carburetor may be divided into five circuits
which are:

. Float Circuit

. Low Speed Circuit

High Speed Circuit

. Pump Circuit

. Choke Circuit

By treating each circuit separately, the diagnosing
of trouble and the repair of the carburetor is made
much simpler.

nop W

Float Circuit or Fuel Level

The float circuit, Fig. 135, is important because it
controls the height of the fuel level in the bowl and
nozzle. If the fuel level is too high, it will cause
trouble in both the low and high speed circuits.
The float bowl, No. 3, acts as a reservoir to hold
a constant supply of fuel. The level of the fuel in
the bowl is controlled by the float and lever assem-

28. Pump Arm and Collar Assembly

bly No. 2, float bowl cover No. 4, and the needle
valve and seat assembly No. 1.

Low Speed Circuit

The idle or low speed circuit, Fig. 136, controls the
supply of fuel to the engine for idle speeds and
light load operation up to approximately 1500 rpm.
It supplies a small amount of fuel through the en-
tire operating range, gradually decreasing as speed
is increased above this speed.

During idle and low speed operation of the engine,
fuel flows from the float bowl through the idle well
jet No. 7 and the low speed jet No. 8, to the
point where it combines with a stream of air enter-
ing through by-pass No. 9. The combining of the
fuel with the air atomizes or breaks up the fuel into
a vapor.

This mixture of air and fuel continues on through
the economizer No. 10 until it begins to pass the
point where it is further combined with a stream
of air coming in through the lower air bleed No.
11. This mixture of fuel and air then flows down-
ward to the idle port chamber and thence into the
engine at port No. 12 and also through the idle ad-
justing screw seat just below. This mixture is richer
than the engine requires but when mixed with the
air coming past the throttle valve a combustible
mixture of the right proportion for idle speeds is
formed.
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FIG. 135—FLOAT CIRCUIT

The idle port No. 12 is slotted so that, as the throt-
tle valve is opened it will not only allow more air
to come in past it, but it will also uncover more of
the idle port allowing a greater quantity of fuel
and air mixture to enter the intake manifold.

When the idle speed position of the throttle is fixed
at 600 rpm., it leaves enough of the slotted port as
reserve to cover the range in speed between idle and
the time when the high speed system begins to cut
in.

The idle adjusting screw No. 13 varies the quantity
of the idle mixture.

High Speed Circuit

The high speed circuit, Fig. 137 cuts in as the throt-
tle is opened wide enough for a speed of about
1500 rpm. The velocity of the air flowing down
through the carburetor throat creates a pressure
slightly less than atmospheric pressure at the tip
of the main nozzle, No. 20. Since the fuel in the
float bowl is acted upon by atmospheric pressure,
the difference in pressure between the two points
causes fuel to flow from the bowl through the
metering jet and then through the main nozzle
into the throat of the carburetor.

At higher speeds the area of the opening between
the jet No. 17 and the metering rod No. 16 gov-
erns the amount of fuel entering the engine. At
wide open throttle only the smallest section of the
rod is in the jet.

Acclerating Pump Circuit

As the throttle is opened, the pump plunger and
lever are forced downward. This forces fuel from the
cylinder, closing intake ball check valve No. 29,
Fig. 138, and opening discharge ball check valve
No. 30 passing the fuel into the throat of the
carburetor through pump jet No. 33.

Pump action is prolonged by the pump arm spring
No. 35, because the hole in the pump jet No. 33,
restricts the flow of fuel while it is being forced out
by the pump. The prolonging of the pump dis-
charge gives the fuel in the high speed circuit suffi-
cient time to flow fast enough to satisfy the de-
mands of the engine.

As the throttle is allowed to return to its original
position, the pump plunger is lifted upward. This
creates a reduced pressure in the pump cylinder
which opens intake ball check valve No. 29 and
closes discharge ball check valve No. 30 thereby
drawing in a new charge of fuel from the bowl.

Choke Circuit

This circuit Fig. 139 is used only in starting and
warming up the engine, by restricting the amount
of air allowed to enter the carburetor thereby pro-
ducing a richer mixture. It consists of a choke shaft
and lever assembly No. 39, choke operating lever
and spring No. 40, choke valve No. 37, and screws
No. 38.

SERVICING AND ADJUSTMENT

Float Circuit

The float circuit is illustrated in Fig, 135.

If the float is loaded with fuel or if the holes for the
pins are worn, the carburetor will flood. Poor ac-
tion of the float needle will occur if the lip of the
float bracket is worn. In this event, it should be
smoothed with emery cloth.

FIG. 136 -LOW SPEED CIRCUIT
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FIG. 137 —HIGH SPEED CIRCUIT

The needle and seat may leak because of wear,
damage or sticking and will cause the carburetor
to flood. Needles and seats are available only in
matched sets. Never replace the needle without
replacing the seat.

To determine the float level, Fig. 140 first turn the
bowl cover gasket around and with the cover in
position as shown, the float by its own weight
should rest at 3{” as indicated by the gauge.

FIG. 138 -PUMP CIRCUIT

To change the float level press down with a screw
driver on the brass lip of the float, holding up on
the float while assembled to the cover of the car-
buretor. Bending the lip in this way allows it to re-
tain its curvature which is necessary for the correct
operation of the float valve.

Be sure the spring and pin in the valve are in po-
sition and that the spring has not been stretched.

Low Speed Circuit

In the low speed circuit, Fig. 136, it will be found
that the fuel does not come through the main met-
ering jet, but through the idle well jet, No. 7, and
the low speed jet No. 8, the openings of which are
carefully calibrated. If they are damaged they
should be replaced. The jets should always be
tightly seated. The by-pass and air bleed holes, No.
9 and 11 must be clear. Carbon deposit which
may form in the throat of the carburetor might re-
strict the air bleed holes to the extent that insuffi-
cient air will be supplied to mix the fuel before it
reaches the idle port, No. 12.

FIG. 139 —CHOKE CIRCUIT

This condition will usually be indicated if it is
necessary to screw the idle mixture adjusting screw,
No. 13, in closer than the minimum limit of 14 turn.
If the condition is bad, a rolling idle may continue
even after the idle mixture adjusting screw is
screwed entirely in against the seat. The air bleed
holes may be cleaned with a soft copper wire.

The idle port No. 12 must be kept clean and un-
restricted. If it is damaged the engine will not per-
form properly at low speeds and a new body flange
will be required.
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A letter ““C" enclosed by a circle is stamped on the
face of the throttle valve. When the valve is in-
stalled in the carburetor, this side should be toward
the idle port, and facing the intake manifold as
viewed from the bottom.

To properly center the valve in the throat of the
carburetor, the screws should be started in the
shaft, and then with the valve tightly closed (throt-
tle lever adjusting screw backed out) it should be
tapped lightly. This will centralize the valve in
the carburetor throat. Pressure should then be
maintained with the fingers until the screws are
tightened.

If the carburetor throat is restricted with carbon

deposit it will be necessary to open the throttle

wider than the correct opening to obtain the proper

engine idle speed. Opening the throttle more than

this amount in order to obtain the proper idle will

then uncover more of the slotted idle port than was

intended. This will result in leaving an insufficient

amount of the idle port as a reserve to cover the e
period between idle and 1500 rpm., where the high

speed system begins to cut in. A flat spot on ac- FIG. 141 PUMP TRAVEL GAUGING
celeration will result. Clean by scraping with emery

cloth.

To adjust the metering rod, back out throttle lever
adjusting screw “C”’, Fig. 142 and close the throt-
tle tight. Using gauge T-109-26, Fig. 142, (sup-
plied by Carter Carburetor Co.) loosen nut “B’ and
move pin until it seats in the notch of the gauge.
Tighten the nut securely. Remove the gauge and
install metering rod with disc, and connect the
spring through hole in the metering rod.

To check the setting, note the position of the oper-
ating pin in the eye of the metering rod. It should
just clear within the top of the eye (clearance not
to exceed !¢;”) when the metering rod is seated
and the throttle stop screw set for proper engine
idle.

Accelerating Pump Circuit

If the pump plunger is worn, sticks or if the spring
under the leather has lost its tension, replace the
plunger assembly No. 25, Fig. 134, .

FIG. 140—FLOAT LEVEL SETTING

High Speed Circuit

It is rarely necessary to remove the main nozzle,
No. 20, Fig. 137. It can usually be cleaned by re-
moving the plug and blowing it out with com-
pressed air. If it is damaged and requires replacing
make sure, upon installation that only one gasket
is between the nozzle and the seat.

If the carburetor has been in service for a long time
or has been tampered with, it may be found that
the metering rod is improperly adjusted or worn.
A worn metering rod will have the effect of a rich
mixture above 1500 rpm. If the metering rod is
worn, the metering rod jet will also be worn and
both should be replaced. Before adjusting the
metering rod adjust the accelerating pump stroke,
for the pump stroke adjustment will change the
metering rod setting. FIG. 142 -METERING ROD GAUGING
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If the pump intake check valve No. 29, Fig. 138
leaks part of the pump discharge will be forced
back through the valve into the float bowl, prevent-
ing a sufficient amount of fuel to be discharged
from the jet No. 33. If the valve can not be cleaned
with compressed air, it must be replaced.

If the pump discharge check valve No. 30 leaks,
air will be drawn into the pump cylinder on the
up stroke of the plunger. This gives an insufficient
discharge of fuel into the throat of the carburetor
on acceleration causing a flat spot. If the valve can
not be cleaned with compressed air, to prevent
leakage, it must be replaced.

If the accelerating pump arm spring No. 35 is weak
or damaged, it will cause poor acceleration.

If the hole in the accelerating pump jet No. 33 is
too large, the accelerating charge will be allowed to
pass too fast and will make the mixture too rich.

An enlarged jet must be replaced. A loose jet gives
the same effect. A clogged jet will cause a flat spot
on acceleration.

To adjust the pump stroke, pump gauge T-109-
117C (supplied by Carter Carburetor Co.) should
be used. First back out the throttle adjusting screw
“C”, Fig. 142 to fully close the throttle. To mea-
sure the stroke, place the gauge on top of the bowl
cover, Fig. 141, open the throttle wide and measure
to the top of the pump plunger rod. Close the throt-
tle tight and measure again. The difference, which
is the pump stroke, should be 174”. To adjust the
stroke bend the throttle connector rod at “‘A”.

IMPORTANT: Always set the pump stroke before
setting the metering rod. If set afterwards the
metering rod will be thrown out of adjustment.

If the throttle connector rod and throttle shaft arm
assembly are worn, it will allow the throttle valve
to be opened by the accelerator pedal before the
pump jet begins to discharge fuel, resulting in a
flat spot. Replace all worn parts because the opera-
tion of the metering rod is also affected.

Choke Circuit

The choke connector link No. 41, Fig. 139 connects
the choke and throttle levers and opens the throttle
slightly when the choke valve is closed, thus insur-
ing quick starting and freedom from stalling during
the warm up period.

Governor Assembly — Velocity Type

Some engines are equipped with a velocity type
governor which is installed between the carburetor
and the intake manifold. This governor protects the
engine by limiting engine speed and the adjustment
is set and sealed at the factory. This adjustment
should not be changed without definite reason.

An auxiliary hinged throttle valve is mounted in
the fuel passage through the governor. The velocity
of the fuel and air mixture tends to close the valve
which is connected to a calibrated spring through

FIG. 143 —FUEL PUMP

1. Strainer Bail and Seat 9. Rocker Arm

2. Filtering Screen 10. Rocker Arm Pin

3. Bowl 11. Rocker Arm Link

4. Fuel Inlet 12. Diaphregm and Pull Rod
5. Inlet Valve 13. Outlet Valve

6. Pump Chamber 14. Fuel Outlet

7. Dhaphragm Spring 15. Body Screw

8. Rocker Arm Spring

appropriate linkage. Tension of the spring deter-
mines the valve opening to provide control of en-
gine speed.

To adjust the governor cut the seal and remove the
locking pin from the adjusting cap. Run the engine
until it reaches operating temperature. Higher gov-
erned engine speed is obtained by turning the cap
clockwise; to reduce the speed turn it counter-
clockwise. Do not fail to reinstall the locking pin
and reseal the adjustment.

Some governors other than that described above
may be used by some unit manufacturers. Informa-
tion regarding these must be secured directly from
such manufacturers.

Governor Assembly — Centrifugal Type

Several different belt driven centrifugal type
governors are used. These are all supplied and in-
stalled by the unit manufacturers and information
concerning them must be secured from the appro-
priate manufacturer.

Fuel Pump

Industrial engines are equipped with fuel pumps
having fuel chambers only.

The principle of operation of all the pumps used is
the same and many parts are interchangeable.
Differences are external and obvious.

Fig. 143 illustrates the single chamber type fuel
pump.
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In operation, the rotation of the camshaft eccentric
operating arm No. 9, Fig. 143 pivoted at No. 10
pulls the link and diaphragm assembly No. 12
downward about 14”, against spring pressure No. 7
which creates a vacuum in pump chamber No. 6 to
provide the suction stroke.

On the suction stroke of the pump, fuel from the
tank enters inlet No. 4 into sediment bowl No. 3
and passes through strainer No. 2 and inlet valve
No. 5, into pump chamber No. 6. On the return
stroke spring pressure No. 7 pushes the diaphragm
upward, forcing fuel from chamber No. 6 through
outlet valve No. 13 and out through outlet No. 14
to the carburetor.

When the carburetor bowl is full, the float in the
carburetor closes the needle valve, thus creating a
pressure in pump chamber No. 6. This pressure will
hold diaphragm assembly No. 12 down against
spring pressure No. 7 where it will remain inopera-
tive until the carburetor requires more fuel and the
needle valve opens. Spring No. 8 is merely for the
purpose of keeping the rocker arm in constant con-
tact with the eccentric.

The diaphragms are manufactured of several lay-
ers of specially treated cloth which is impervious
to fuel.

The fuel pumps have a large reservoir and fluctua-
tion chamber. The sediment bowls are clamped to
the pump assemblies, making it a simple matter to
clean out any sediment. The inlet and outlet valve
assemblies are interchangeable. Each’valve assem-
bly is a self-contained unit made up of a valve cage,
a fiber valve and a valve spring. The valve assem-
blies are held in place by a valve retainer permitting
easy and speedy removal of the assemblies.

Dismantling Fuel Pump

The sequence of dismantling all single chamber type
pumps used is the same.

A disassembly sequence of the pump shown in Fig.
143, which is representative of all pumps used,
is given below.

To disassemble the pump release the thumb nut
holding clamp of sediment bowl No. 3 and remove
the bowl. Remove strainer No. 2 from the center
tower, remove cork gasket, remove the six screws
holding the cover flange to the pump body. Scratch
a line across the two castings to assure reassembly
in the same position. Lift off the top cover and
remove spring No. 8 which holds the rocker arm
No. 9 against the camshaft eccentric.

To unhook the diaphragm pull rod No. 12 from
the rocker arm link No. 11, press down and away
from the rocker arm side of the pump. Remove the
oil seal and the washer.

Remove the two screws holding the inlet and outlet
valve retainers and remove the retainers.

Wash all parts thoroughly in cleaning solution and
examine them for wear or damage.
Assembling Fuel Pump

Install the oil seal (rubber cup) on body followed
by the stud washer and spring which fits under the

diaphragm assembly. Hold the rocker arm No. 9
down, press down and put the diaphragm assembly
No. 12 in place. Install inlet valve assembly No. 5
with new gasket. The inlet valve is installed in the
body with the spring facing down. Install the out-
let valve assembly No. 13 with the outlet valve
spring up. Install the valve retaining plate and two
screws. Assemble the upper and lower housings
with the marks in alignment. Install the six screws
and tighten them evenly. Install cam lever spring
No. 8. Install a new bowl gasket, filter screen No. 2
and bowl No. 3 tightening into place with thumb
nut.

Fuel Pump Pressure

A fuel pump pressure checking gauge Tool No.
C-785, is essential to satisfactorily service fuel
pumps. Low fuel pump pressure will seriously
affect engine operation and high pressures will often
cause fuel leakage by the carburetor inlet valve.

The standard pressure of the single chamber fuel
pumps is 434 lbs. This pressure is gauged at an
elevation of 16” above the pump outlet and at an
engine speed of 1800 rpm.

Air Cleaner

Some engines are equipped with a “silencer’” dry
type air cleaner with a mesh filtering element.
These cleaners are clamped directly to the car-
buretor intake.

Clean and re-oil the filtering element at each 50
hours of engine operation or oftener if the engine
is operated under extremely dusty conditions.

To clean the filtering element remove it by loosen-
ing the cover wing nut holding it in the assembly.
Wash the accumulated dirt from the element by
plunging it up and down in the cleaning solution.
Dry the unit and re-oil it by dipping in engine oil.
Allow the excess oil to drain off before reinstalling
on the carburetor.

Some engines are equipped with oil bath type air
cleaners. While this type cleaner thoroughly re-
moves all dust from the air before it enters the
carburetor it must be serviced at regular intervals
for efficient operation.

This type cleaner should be removed, thoroughly
cleaned, and the oil in the reservoir changed as
often as operating conditions demand. When op-
erating under dusty conditions change the oil
daily or if extremely dusty, twice daily.

All information contained in L-head engine ‘“Fuel
Section’” on Page 83 applies to the F-head type
engine with the exception of that covering the
carburetor. This information is given below.

Carburetor — F Head Engine

The carburetor isa Carter Model YF with vacuum
and manual control of both the metering rod and
accelerating pump. It is designed to maintain the
correct air-fuel ratio at all times with either a
silencer type or oil bath type air cleaner. Five
separate circuits are used in the carburetor to con-
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trol and vaporize the fuel. A description of the
function and operation of each circuit provides an
overall description of the carburetor.

Some important changes were made in the car-
buretor during production. Before disassembling a
YF type carburetor refer to heading ‘“Important
Carburetor Changes’” on Page 06.

Float Circuit

The float circuit Fig. 145 consists of a float, float
pin, air horn gasket and the needle and seat as-

FIG. 144 —FLOAT LEVEL GAUGING

sembly. These parts control the fuel level in the
carburetor bowl, a supply being maintained for all
circuits under all operating conditions.

FIG. 145—THE FLOAT CIRCUIT

To prevent float vibration from affecting fuel level
the inlet or float valve is spring loaded. Should the
needle and seat become worn they must be re-
placed with a matched set, including the spring,
which is the only way they are supplied.

When reinstalling the float be sure to install the
float pin with the stop shoulder on the side away
from the bore of the carburetor.

Float Adjustment

The float level must be accurately set to insure
accurate metering of fuel in both the low and high
speed jets. See Fig. 144.

To set the float level remove the bowl cover assem-
bly and invert it as shown in Fig. 144. Remove the
bowl cover gasket and allow the weight of the float
to rest on the needle and spring. Adjust the level
by bending the float arm lip (not the arm) to pro-
vide 34;” clearance between the float and cover as
shown by the gauge A, in Fig. 144. Use care that
there is no compression of the spring other than
that caused by the weight of the float.

FIG. 146—THE LOW SPEED CIRCUIT

Low Speed Circuit

Fuel for idle and early part throttlz operation is
metered through the low speed circuit. It is il-
lustrated in Fig. 146.

Liquid fuel enters the idle well No. 4, through the
metering rod jet No. 9. Low speed jet No. 5, mea-
sures the amount of fuel for idle and early part
throttle operation. The air by-pass No. 7, econo-
mizer No. 8 and idle air bleed No. 6 are carefully
calibrated orifices which serve to break up the liquid
fuel and mix it with air as it moves through the
passage to the idle port No. 3 and idle adjustment
screw port No. 2. Turning the idle adjustment
screw No. 10 toward its seat in port No. 2 reduces
the quantity of fuel mixture supplied by the idle
circuit.
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By-pass No. 7, economizer No. 8, idle port No. 3,
idle adjustment screw port No. 2 and the bore of
the throttle body flange No. 1 must be clean and
free of carbon. Obstructions at any of the above
points will cause poor low speed engine operation.
Worn or damaged idle adjustment screw No. 10 or
low speed jet No. 5 should be replaced.

High Speed Circuit

Fuel for part throttle and full throttle operation is
supplied through the high speed circuit, Fig. 147.
The metering rod No. 2 and metering rod jet No. 10
control the amount of fuel admitted through nozzle
No. 1 for high speed operation. The lower end of
metering rod No. 2 is calibrated in size to accurately
meter the fuel required. As the rod is automatically
raised and lowered in jet No. 10 the opening in the
jet is varied in size to supply fuel proportionate to
the requirements through the higher speed and
power range. The metering rod is both mechanically
and vacuum controlled and is attached to the
metering rod arm assembly No. 4.

During part throttle operation, the vacuum in
chamber No. 9 pulls the diaphragm assembly No. 8
down holding metering rod arm assembly No. 4
against pump lifter link No. 3. Movement of the
metering rod is controlled by pump lifter link No. 3,
which is attached to the carburetor throttle shaft.
At all times the vacuum in chamber No. 9 is strong
enough to overcome the tension of pump dia-
phragm spring No. 7. Upper pump spring No. 6
serves as a bumper upon deceleration and a delayed
action spring on acceleration.

Under any operating condition, when the pump
diaphragm spring No. 7 overcomes the vacuum in
chamber No. 9, the metering rod No. 2 will move
toward the wide open throttle or power position.
Both the nozzle No. 1 and the anti-percolator air
bleed are pressed in parts and should not be re-
moved.

FIG. 147—THE HIGH SPEED CIRCUIT

Metering Rod Adjustment

Metering rod adjustment is important and should
be checked each time the carburetor is reassembled.
Before adjustment is made be sure that the flat of
metering rod arm No. 4 is parallel to the flat of
pump lifter link No. 3 as shown in Fig. 147.

With the throttle valve seated in the bore of the
carburetor at No. 12, press down on the upper end
of diaphragm shaft No. 5 until the diaphragm
bottoms in the vacuum chamber. The metering
rod should now seat in casting at No. 11 with the
metering rod arm flat against the pump lifter link.
If the metering rod does not seat in the body cast-
ing, or seats before the metering rod arm makes
flat contact with the pump lifter link, make adjust-
ment by bending lip on metering rod arm No. 4.

Choke Circuit

It consists of a manually operated choke valve, a
fast idle connecting rod and fast idle arm. The
choke valve is of the offset spring loaded type to
prevent over choking during the starting warm-up
period.

When the choke valve is moved to a closed posi-
tion for starting, Fig. 149, fast idle connector rod
A revolves fast idle arm B. This increases the engine
idle speed to prevent stalling during the warm-up
period. A fast idle connector rod return spring pre-
vents partial closing of the choke valve.

Fast Idle Adjustment

With the choke held in wide open position, lip A,
Fig.149, on fast idle arm should contact the boss on
the body casting. Adjust by bending fast idle link
at the offset as shown by B.

FIG. 148—THE PUMP CIRCUIT
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Accelerating Pump Circuit

The accelerator pump circuit, Fig. 148, provides a
measured amount of fuel for rapid acceleration and
smooth engine operation when the throttle is
opened at lower speeds.

In operation vacuum is applied to the underside
of diaphragm No. 8 at all times when the engine is
running. Lower and more uniform vacuum is pro-
vided by vacuum restriction No. 10 and vacuum
bleed passage No. 11.

When diaphragm No. 8 is in its maximum down
position at low throttle due to high vacuum in
chamber No. 9 the chamber above the diaphragm
is full of fuel which has been admitted through the
screen No. 6 and intake passage No. 7.

When the throttle i$ opened vacuum drops in
chamber No. 9 and diaphragm No. 8 is initially
forced upward by the spring on the diaphragm
shaft. The upward motion is picked up by accelera-
tor pump lifter No. 5 which is connected to the
throttle. This movement forces fuel from the cham-
ber above the diaphragm through discharge pump
check valve No. 3 and discharge pump jet No. 2.
This auxiliary discharge of fuel supplies engine re-
quirements for quick acceleration and heavy loads.
When the throttle is closed the diaphragm is again
pulled down by high vacuum and another mea-
sured charge of fuel enters the chamber above the
diaphragm through intake passage No. 7 to be
available for the next cycle of operation.

Pump jet No. 2 is permanently installed and should
not be moved.

Pump discharge check No. 3 must seat to prevent
air from entering chamber No. 1. Pump discharge
retainer No. 4 prevents up-ending of pump dis-
charge check No. 3.

Accelerating Pump Maintenance

If engine acceleration is unsatisfactory, remove the
pump diaphragm assembly. Check the diaphragm
for wear or damage. Be certain that intake screen
No. 6 is not clogged with lint or foreign matter.
Then remove pump check retainer ring directly a-
bove retainer No. 4 if used, pump check retainer
and pump check disk. Pump check disk must seat
as a leak will cause poor acceleration. Inspect and
replace all worn or damaged parts and clean and
blow out all passages with compressed air.

Note that when testing the pump for discharge
volume when the carburetor is off the engine only
approximately one-half of the maximum pump
capacity will be discharged. Vacuum, when the en-
gine is operating, controls the balance of discharge.

Important Carburetor Changes

The YF type carburetor before certain changes
were made is illustrated and described above.
Changes made in production were primarily in the
pump circuit and may readily be identified by com-
paring the illustration of the original circuit as
shown in Fig. 148 with the changed circuit as shown
in Fig. 151.

Note that the chief differences are in the use of a
ball check valve in place of a disk type at No. 3 in

FIG. 149—CARBURETOR FAST IDLE

Fig. 148, and the use of twin springs at the top of the
pump shaft with the elimination of the large spring
on the lower end of the pump shaft.

Basic information given applies to the carburetor
either before or after changes have been incor-
porated.

It is important that these changes be made in all
YF type carburetors. Carburetors in which new
type parts have not been installed may be identified
by the fact that a brass identification tag has not
been placed under one of the bowl cover retaining
screws.

The parts required are inexpensive and are supplied
in kit form both by Willys Motors and Carter
Carburetor Co. The two kits required are listed
below with installation information.

Kit Willys Part No. 119250 (Carter No. 75-807U)
consists of the following parts:

W: Carter
No. No. No. Part Name °’

1 804491 11-1616S Low Speed Jet Assy.

1 119227 61-431 Upper Pump Spring
(Outer)

1 119228 61-432 Upper Pump Spring
(Inner)

1 119226 75-806 Metering Rod

2 No Number Identification Tags

Kit Willys Part No. 119208 (Carter No. 116-27U)
consists of the following parts:

W. Carter
No. No. No. Part Name

1 119168 116-25 14” Aluminum Check
Valve

1 119167 221-13 Ball Check Weight

1 119169 63-152 Ball Check Weight
Retainer

1 No Number 14" Steel Ball
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Both of these kits should be installed at the same
time. To make the installation proceed as follows:

Remove the carburetor and clean it thoroughly.
Remove the float bowl cover and the accelerating
pump assembly. Clean all internal parts, blowing
out all jets and passages with compressed air if
available.

First install kit 119208. (Carter No. 116-27U.)

Form a new seat as shown in Fig. 150 with stainless
steel ball by tapping on the ball. Use 3%” brass
drift No. 1 and a light hammer.

Remove the stainless steel ball and install the 15"
aluminum ball Willys Part No. 119168 (Carter No.
116-25). Do not tap on the aluminum ball.

Check the ball and seat by pouring a few drops of
gasoline in the pump passage on top of the alumi-
num ball. If a good seat has been formed, liquid
gasoline will remain visible in the passage above the
aluminum ball for approximately 60 seconds be-
fore disappearing.

Install ball check weight, Fig. 151 No. 2, Willys
Part No. 119167 (Carter No. 221-13) and retainer.
No. 3, Willys Part No. 119169 (Carter No. 63-152).

FIG. 150—INSTALLATION OF CHANGE KITS

To install Kit Willys No. 119250 (Carter No.
75-807U):

Be sure that the accelerating pump diaphragm is
serviceable and reinstall the pump. When making
this installation discard the lower or large pump
shaft spring, the spring retaining key and also small
spring which is placed over the upper end of the
pump shaft. No new lower or large spring is in-
stalled. Place upper pump spring inner, Fig. 151
No. 4, Willys Part No. 119228 (Carter Part No.
61-432) as supplied in the kit over the upper end
of the pump shaft, followed by pump spring outer,
No. 6, Willys Part No. 119227 (Carter Part No.
61-431). Retain both springs in position by lock
No. 5 which was used to retain the original single
spring. Install new low speed jet assembly, Fig.
158 No. 5, Willys Part No. 804491 (Carter No.
11-1616S), and new metering rod, Willys Part No.
119226 (Carter No. 75-806).

FIG. 151 CARBURETOR WITH
KITS INSTALLED

Before reinstalling the float bowl cover, check the
float level setting as instructed on Page 94.

When installing the float bowl cover it is best to
install a new gasket. Also place one of the identi-
fication tags under a cover mounting screw to in-
dicate that the kits have been installed.

Adjust the metering rod as instructed on Page 95.
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Fuel System—6 Cylinder OHC Engine
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1. GENERAL

The fuel system consists of the fuel tank, fuel lines,
fuel pump, carburetor and air cleaner.

The most important attention necessary to the fuel
system is to keep it clean and free from water.

It should be periodically inspected for leaks.

Caution: Whenever an engine is to be stored for
an extended period, the fuel system should be com-
pletely drained, the engine started and allowed to
run until it stops from lack of fuel. This will avoid
oxidization of the fuel, that results in the formation
of gum in the units of the fuel system. Gum forma-
tion is similar to hard varnish and may cause the
fuel pump valves or the carburetor float valve to
become stuck or the filter screen blocked. Acetone,
obtainable in most drug stores, will dissolve gum
formation. In extreme cases it will be necessary to
disassemble and clean the fuel system; however,
often one pint [,6 liter] of acetone placed in the fuel
tank with about one gallon [4,5 liters] of gasoline
will dissolve any deposits as it passes through the
system with the gasoline.

2. CARBURETOR

The carburetor (Fig. 152) controls and vaporizes
the fuel through six separate systems: fuel inlet
system, idle system, accelerating pump system,
main metering system, power enrichment system,
and choke system. A description of the function
and operation of each system provides an overall
description of the carburetor.

For identification, the name ‘“Holley” is cast in the
fuel bowl and the part number is stamped on the
main body.

3. Fuel Inlet System

The fuel enters the fuel bowl through a filter screen
(Fig. 153) and into the fuel valve and seat assembly.
The amount of fuel entering the fuel bowl is deter-
mined by the space between the top of the movable
needle and its seat and also by the pressure from
the fuel pump. Movement of the needle in relation
to the seat is controlled by the float and lever
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FIG. 152—CARBURETOR

1—Choke Shaft

2—Choke Rod

3—Vacuum Fitting

4—Throttle Stop Screw

5—Pump Operating Lever and Pin Assembly
6—Idle Adjusting Needle

7—Adjusting Nut

8—Fuel Inlet Fitting

assembly which rises and falls with the fuel level.
As the fuel level drops, the float drops, opening the
needle valve to allow fuel to enter the float chamber.
When the fuel reaches a specified level, the float
moves the needle valve to a position in its seat
where it restricts the flow of fuel, admitting only
enough to replace that being used. Any slight
change in the fuel level causes a corresponding
movement of the float, opening or closing the fuel
inlet needle to immediately restore or hold the
correct fuel level. THIS FUEL INLET SYSTEM
MUST CONSTANTLY MAINTAIN THE SPECI-
FIED LEVEL OF FUEL AS ALL THE OTHER
METERING SYSTEMS ARE CALIBRATED
TO DELIVER THE PROPER MIXTURE ONLY
WHEN THE FUEL IS AT THIS LEVEL.



A float spring is incorporated under the float to
assist in keeping the float in a stable position. The
float chamber is vented internally by the vent tube
at all times.
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FIG. 153—FUEL INLET SYSTEM

1—Lock Screw
2—Adjusting Nut
3—Filter Screen
4—Fuel Inlet
5—Float Lever Shaft

6—Float Lever Spring
7—Valve Pin
8—Fuel Inlet Valve
9—Float
10—Baffle

4. ldle System

These carburetors utilize two identical idle systems
(Fig. 154), one for each primary barrel. Since the
two passages function identically, only one.side
will be considered. At idle, the normal air pressure
in the float chamber causes the fuel to flow through
the idle system to the greatly reduced pressure area
below the throttle plate. Fuel flows from the float
chamber through the main jet, then into the small
angular but horizontal passage (idle feed) that leads
across to a vertical passage.

Fuel flows up this vertical passage (idle well) past
the idle feed restriction. The fuel then flows through
a short horizontal passage and is mixed with air
coming in from the idle air bleed. This fuel and air
mixture flows down another vertical passage. At the
bottom of this passage, the fuel-air mixture branches
in two directions, one through the idle discharge
passage and the other to the idle transfer passage.

a. ldle Discharge Passage

Fuel flows past the pointed tip of the idle adjusting
needle which controls the mixture delivered at idle.
Turning the needle out increases the volume of the
mixture by allowing a greater flow of the fuel-air
mixture.

From the idle adjusting needle chamber, the fuel
goes through a short passage in the main body and
down another passage into the throttle body. The
fuel is discharged into the throttle bore below the
throttle plate.

4
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FIG. 154—IDLE SYSTEM

A—Fuel

B—Air

C—Fuel-Air Mixture
1—1Idle Feed Restriction
2—Idle Well

3—Main Jet

4—Idle Discharge Passage
5—Idle Discharge Hole
6—Idle Transfer Slot
7—Idle Transfer Passage
8—1Idle Adjusting Needle
9—Idle Discharge Passage

10—Idle Transfer Passage

11—Idle Air Bleed Restriction

b. ldle Transfer Passage

During off-idle operation when the throttle plate is
moved slightly, the fuel flows from the metering
body into the main body passage and then into the
throttle body passage. As the idle transfer slot is
exposed to manifold vacuum, fuel is discharged into
the throttle bore.

As the throttle plate is opened wider and engine
speed increases, the air flow through the carburetor
is also increased. This creates an increased vacuum
in the venturi to bring the main metering system
into operation. The flow from the idle system tapers
off as the main metering system begins discharging
fuel. The two systems are engineered to provide
smooth gradual transition from idle to cruising

speeds.

5. Accelerating Pump System

The accelerating pump, Fig. 155, is located in the
bottom of the fuel bowl. The pump begins to func-
tion when the pump operating lever is actuated by
throttle movement. When the throttle is opened,
the pump linkage, actuated by a cam on the throttle
shaft, forces the pump diaphragm up. As the dia-
phragm moves up, the pressure forces the pump
inlet check ball on its seat, preventing fuel from
flowing back into the float chamber. The fuel flows
from the short passage in the fuel bowl into the
long diagonal passage in the metering body. The
fuel passes into the main body and then in the pump
discharge chamber. The pressure of the fuel causes
the discharge check valve to raise and allows the

k—_
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FIG. 155—ACCELERATING PUMP SYSTEM

A—Fuel

1—Discharge Nozzle

2—Pump Discharge Check Valve
3—Diaphragm Return Spring
4—Pump Inlet Check Ball
5—Diaphragm

6—Discharge Passage
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fuel to travel into the pump discharge nozzle which g
directs the fuel down into the venturi. As the FIG. 157—MAIN METERING SYSTEM—VIEW I1
throttle is moved toward the closed position, the = foe)
linkage returns to its original position and the dia- C —Fuel-Air Mixture
phragm spring forces the diaphragm down. As the N
diaphragm returns to its original position, the pump ¥ =¥ ctucye Sopee
inlet check ball is moved off its seat and the dia- 5—Main Jet
phragm chamber is filled with fuel from the float
bowl.

6. Main Metering System

At normal engine operating speed, the fuel flows
from the float chamber through the main jet, Fig.
156, which measures or meters the fuel flow into the
bottom of the main well. The fuel moves up the
main well past the main well air bleed hole in the
side of the well. The mixture of fuel and air moves
up the main well and passes into the short hori-
zontal passage leading to the main body, then
through the horizontal channel of the discharge
nozzle. This fuel is discharged into the booster
venturi, and then in the air stream of the carburetor
venturi. Filtered air enters through the main meter-
ing body by inter-connecting passages. This mixture
of fuel and air, being lighter than raw fuel, responds
faster to any change in venturi vacuum and vapor-
izes more readily when discharged into the air
stream of the venturi. The throttle plate controls
the amount of fuel-air mixture admitted to the in-
take manifold, regulating the speed and power out-
put of the engine in accordance with throttle
position.

o ;o =
Ang

FIG. 156 —MAIN METERING SYSTEM—VIEW 1 7. Power Enrichment System

i i A vacuum passage in the throttle body transmits
—Alr . -
C—Fuel-Air Mixture manifold vacuum to the power valve chamber in

T aws N the main body. The power valve, Fig. 158, which is

e . v located in the main metering body, is affected by
3 Main Jet this manifold vacuum. The manifold vacuum, act-
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FIG. 158—POWER ENRICHMENT SYSTEM

C—Fuel-Air Mixture
1—Power Valve Restriction
2—High Speed Air Bleed
3—Discharge Nozzle
4—Booster Venturi
5—Manifold Vacuum
6—Main Well

7—Main Jet

ing on the diaphragm at idle or normal load condi-
tions, is strong enough to hold the diaphragm closed,
and overcome the tension of the power valve spring.
When high power demands place a greater load on
the engine and manifold vacuum drops below a pre-
determined point, the power valve spring over-
comes the reduced vacuum, opening the power
valve. Fuel flows from the float chamber, through
the valve, and out the small holes in the side of the
valve through the diagonal restrictions in the main
metering body, and then into the main well. In the
main well, the fuel joins the fuel flow in the main
metering system, enriching the mixture. As engine
power demands are reduced, manifold vacuum in-
creases. The increased vacuum acts on the dia-
phragm, overcoming the tension of the power valve
spring. This closes the power valve and shuts off the
added supply of fuel which is no longer required.

8. Choke System

The choke system permits a richer fuel-air mixture
which is required for starting and operating a cold
engine. Most of the vaporized fuel condenses to a
liquid on contact with the cold surfaces of the in-
take manifold. In this liquid form, it burns too
slowly and incompletely in the cylinders and will
cause stalling and loss of power. The choke plate,
which is operated manually, may be closed during
the cranking period and partially opened during

the warmup, confining manifold vacuum below the
choke plate. The greater vacuum causes both main
metering system and idle system to discharge fuel
into the cylinders.

During the full choking period, the choke plate or
plates are held closed. As choking is manually de-
creased, the choke plates are rotated. After the
engine has reached normal operating temperature,
the temperature of the intake manifold will be high
enough to prevent condensation and choking will
no longer be necessary.

9. Carburetor Disassembly

a. Remove the four throttle body screws and lock
washers (33, Fig. 159); remove the assembled
throttle body and shaft assembly (34) and gasket
(21).

b. Remove four screws (46) and gaskets (45); re-
move assembled fuel bowl (49), gasket (58), as-
sembled metering body (59), and gasket (60).

c. Disassemble the fuel bowl. Remove the float
retainer (36) using the float retainer remover tool
W-277. Remove the float and hinge assembly (51)
and spring (37). Remove the baffle plate (50). Re-
move the fuel inlet fitting (40), gasket (39), and
filter screen (38). Remove the fuel level check plug
(48) and gasket (47). Remove the fuel valve seat
lock screw (57), gasket (56), adjusting nut (55),
gasket (54), fuel inlet valve and seat assembly (53),
and seal (52). Remove the four screws (41); remove
the fuel pump cover assembly (42), diaphragm
assembly (43), and diaphragm return spring (44)
from the fuel bowl.

d. Disassemble the metering body. Remove the
two main jets (35), using main jet remover and
installer tool C-3748. Remove the power valve as-
sembly (18) and power valve body gasket (61),
using power valve remover tool W-276. Remove the
two idle adjusting needles (20) and seals (19).

e. Disassemble the throttle body and shaft as-
sembly. Lightly scribe both throttle plates as an
aid in reassembly. Remove the four throttle plate
screws (22); remove the two throttle plates (32).
Slide the throttle shaft (23) out of the body; re-
move the throttle stop screw (25) and spring (24).
Remove the pump cam lock screw (26); remove the
pump cam (31). Slide off the pump operating lever
and pin assembly (27); remove the adjusting nut
(30), pump operating screw (28), and spring (29).
f. Disassemble the main body. Remove the screw
(11) and washer (12); remove the choke control
lever and bracket assembly (8) and choke rod seal
(6). Remove the choke control clamp screw (10)
and nut (7); remove the clamp (9). Remove the
swivel screw (13). Remove the two screws (15);
remove the choke plate (1). Slide the choke shaft
(16) from the main body; unhook the choke rod.
Remove the screw (5), pump discharge nozzle (4),
gasket (3), and pump check valve (2).

10. Carburetor Cleaning
Clean all parts except the diaphragm, seals, or
leather parts in a cleaning solution. Compressed
air should be directed through all passages. Replace
all worn or damaged parts.
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11. Carburetor Assembly

Caution: The principal screws of the carburetor
must be properly torqued with a torque wrench at
assembly. Otherwise leaks may occur or the car-
buretor will not function properly. Proper torque
values are given in the following paragraphs. Note
that torque values are given in pounds-inches.

a. Make sure all gaskets and parts supplied in the
repair kits replace the used parts when reassembling.

b. Reassemble the main body. Install the pump
check valve (2, Fig. 159), gasket (3), and pump dis-
charge nozzle (4); secure with the screw (5). Torque
the screws to 31-46 lb.-in. [36-53 kg.-cm.]. Slide
the choke shaft (16) in the body. Position the choke
plate (1) on the shaft; secure with two screws (15).

FIG. 159—TYPICAL CARBURETOR, EXPLODED VIEW

1—Choke Plate

2—Pump Check Valve

3—Pump Discharge Nozzle Gasket
4—Pump Discharge Nozzle
5—Pump Discharge Nozzle Screw
6—Choke Rod Seal

7—Choke Wire Clamp Screw Nut
8—Choke Control Lever and Bracket
9—Choke Wire Clamp
10—Choke Wire Clamp Screw
11—Choke Wire Bracket Retainer

30—Adjusting Nut
31—Pump Cam
32—Throttle Plate

12—Choke Wire Bracket Retainer Lock Washer 33—Throttle Body Screw and Lock Washer

34—Throttle Body
35—Main Jet
36—Float Retainer
37—Float Spring
38—Filter Screen

13—Choke Lever Swivel Screw
14—Main Body

15—Choke Plate Screw
16—Choke Shaft

17—Choke Rod

18—Power Valve Assembly
19—Idle Adjusting Needle Seal
20—Idle Adjusting Needle
21—Throttle Body Gasket

22—Throttle Plate Screw
23—Throttle Lever and Shaft Assembly
24—Throttle Stop Screw Spring
25—Throttle Stop Screw

k Screw 47—Fuel Level Check Plug Gasket

28—Pump Operating Adjusting Screw |
29—Pump Operating Adjusting Screw Spring

39—Fuel Inlet Fitting Gasket
40—Fuel Inlet Fitting
41—Fuel Pump Cover Screw
42—Fuel Pump Cover

43—Diaphragm

44—Diaphragm Return Spring
45—Fuel Bowl Screw Gasket
46—Fuel Bowl to Main Body Screw

48—Fuel Level Check Plug

49—Fuel Bowl

50—Baffle Plate

51—Float

52—Fuel Valve Seat ‘O™ Ring
53—Fuel Valve and Seat

54—Fuel Valve Seat Adjusting Nut Gasket
55—Fuel Valve Seat Adjusting Nut
56—Fuel Valve Seat Lock Screw Gasket
57—Fuel Valve Seat Lock Screw
58—Fuel Bowl Gasket

59—Metering Body

60—Metering Body Gasket

61 —Power Valve Gasket
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Hook the choke rod to the bracket on the choke
shaft. Install the swivel screw (13) on the choke
control lever and bracket assembly (8). Position
the clamp (9) on the bracket assembly; secure with
the screw (10) and nut (7). Position the choke con-
trol lever and bracket assembly on the main body
(14); secure with a screw (11) and washer (12).
Hook the other end of the choke rod in the hole in
the lever and bracket assembly.

c. Reassemble the throttle body and shaft as-
sembly. Install the pump operating screw (28) in
the spring (29) and in the pump operating lever and
pin assembly (27): secure with the nut (30). Posi-
tion the pump cam (31) on the throttle shaft (23);
secure with the pump cam lock screw (26). Install
the throttle shaft in the body; position the two
throttle plates (32) on the throttle shaft, matching
the marks made at disassembly; secure the throttle
plates with four screws (32). Install the throttle
stop screw (25) and spring (24) in the bracket on
the throttle shaft. Slide the stud of the pump oper-
ating lever and pin assembly in the throttle body,
fitting the arm under the pump cam.

d. Reassemble the metering body. Install the seals
(19) on the idle adjusting needles (20); install the
needles, one in each side of the metering body (59).
Install the power valve assembly (18) and gasket
(61) in the metering body. Torque the power valve
to 160 1b.-in. [174 kg.-cm.]. Install the two main
jets (35), using the main jet remover and installer
tool C-3748.

e. Reassemble the fuel bowl. Position the dia-
phragm (43) and diaphragm return spring (44) on
the fuel pump cover assembly (42). Install the
assembly on the fuel bowl; secure with four screws
(41). Torque the screws evenly to 16-22 Ib.-in.
[18-25 kg.-cm.]. Screw the adjusting nut (55) on the
fuel inlet and seat assembly (53). Position the seal
(52) and the gasket (54) on the fuel valve and seat
assembly; install the assembly in the fuel bowl. In-
stall the gasket (56) and fuel valve seat lock screw
(57) in the threaded end of the fuel valve and seat
assembly. Install the fuel check plug (48) and gasket
(47) in the fuel bowl. Insert the filter screen (38)
in the fuel inlet fitting (40); install the assembled
fuel inlet fitting and gasket in the fuel bowl. Install
the baffle plate (50). Position the spring (37) in the
fuel bowl; install the float and hinge assembly over
the spring; secure with the float retainer (36).

f. With the lock screw (57) loosened so that the
adjusting nut (55) can rotate, turn the assembled
fuel bowl upside down. Adjust the position of the
adjusting nut until the float lever is parallel with
the floor of the fuel bowl. Tighten the lock screw.
g. Position the gasket (60), assembled metering
body (59), gasket (58), and assembled fuel bowl (49)
on the main body (14); secure with four screws (46)
and gaskets (45). Torque the screws to 40-60 1b.-in.
[46-69 kg.-cm.].

h. Position the gasket (21) and assembled throttle
body (34) on the main body; secure with four
throttle body screws and lock washers (33). Torque
the screws evenly to 36-49 lb.-in. [41-56 kg.-cm.].
i. When installing the carburetor on the engine,
use a new carburetor to manifold gasket of the
latest design.

12. Fuel Level Adjustment

a. With the engine mounted level and operating,
remove the fuel level check plug (48, Fig. 159). The
fuel level should be within + 43" [1,59 mm.] of the
bottom line of the check plug port.

b. To adjust the level, loosen the lock screw (57)
slightly with a screw driver and turn the adjusting
nut with a %" [15,63 mm.] wrench. Turn the nut
clockwise to lower the fuel level, counterclockwise
to raise the fuel level (14 turn equals approximately
Us” [1,59 mm.] in fuel level).

c. After adjustment, tighten the lock screw. Oper-
ate the engine until the fuel level again stabilizes;
recheck the level at the sight plug. Readjust, if
necessary, until the correct fuel level is attained.

13. Idle Adjustment

a. Operate the engine on a level surface.

b. Seat the idle adjusting needles (20) and back
off one half turn.

Note: Do not seat the idle adjusting needles too
tightly as this will groove the tips and prevent a
smooth idle, requiring replacement of the idle ad-
justing needles.

¢. Run the engine at a fast idle until the operating
temperature reaches normal. Adjust the throttle
stop screw (25, Fig. 159) to idle the engine at the
correct rpm.

d. Set the idle adjusting needle to obtain the
smoothest running and maximum idle speed. Turn
the adjusting needle off over the “high spot” until
it again begins to slow down. The setting half way
between these two points and slightly on the rich
side will result in a satisfactory idle mixture setting.
Set both idle needles. Final adjustments may vary
slightly from these settings but should not exceed
15 turn difference between screws. If final adjust-
ment increases idle rpm, reset throttle stop screw
to specified rpm. Recheck idle adjustment.

14. Pump Override Spring Adjustment

With the throttle held in the wide open position
and the pump operating lever and pin assembly (27)
held in a fully compressed position, check the clear-
ance between the adjusting screw (28) and the arm
of the pump operating lever. The clearance at this
point should be .015” [,38 mm.].

15. Fuel and Vacuum Pump

The fuel pump (Fig. 160) is mounted on the upper
right side of the engine block. It is operated by its
cam lever contacting a push rod operated by an
eccentric on the engine camshaft. Upward move-
ment of the pump diaphragm is accomplished by
push rod action against the lever which pulls the
diaphragm upward and compresses the diaphragm
spring. This action induces a low pressure within
the fuel chamber, allowing fuel to be forced through
the intake valve from the supply tank. As the
eccentric continues to rotate, the cam lever allows
the diaphragm spring to exert pressure on the dia-
phragm. This action forces fuel from the fuel cham-
ber through the discharge valve to the carburetor.
The cam lever is of one-piece construction, hinged
by a full floating pin. One end of the lever contacts
the camshaft eccentric push rod and the other end

_
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FIG. 160—FUEL PUMP

is connected to the diaphragm shaft so that cam-
shaft action on the lever pulls the diaphragm up,
but downward movement of the diaphragm is ac-
complished only through spring action. The pump
delivers the fuel to the carburetor only when the
fuel pressure in the outlet line is less than the pres-
sure maintained by the diaphragm spring. If fuel
is not needed in the carburetor, the carburetor
needle valve is closed by the buoyance of the float,
and the pump builds up pressure until it overcomes
the tension of the diaphragm spring. This stops the
flow of fuel from the pump.

Two air domes are built integrally in the pump, an
intake air dome and discharge air dome. A small
pocket of air is maintained in the intake side of the
pump body. This air is decompressed during the
intake stroke, allowing atmospheric pressure on the
fuel in the supply tank to force fuel to the pump in
a steady flow. This provides a ready supply of fuel
to the intake valve at all times. Another pocket of
air built into the discharge side of the pump body
is sealed from the fuel by a second diaphragm. This
eliminates any possibility of air being absorbed by
the outgoing fuel. The discharge air domes dampens
pulsations in fuel pressure and allows the pump to
provide a more constant supply of fuel during the
pump intake cycle.

16. Disassembly
Before disassembling the pump, mark the three

castings with a file to ensure positioning in the
same relation upon assembly. Remove the screws
which attach the housing valve to the pump body.
Separate the body and housing and remove the
diaphragm. Remove the screws attaching the cover
to the housing valve. Remove diaphragm and
strainer.

17. Cleaning

Clean all metal parts of the fuel and vacuum pump
in solvent: brush with a stiff-bristled brush. Drain
or blow off solvent with dry, compressed air. Do
not remove valves from housings. Check all parts
to see that they have not been cracked or broken
and that screw threads are not damaged. Refer to
Par. C-14 for fuel and vacuum pump testing.

18. Assembly

Position the strainer and new diaphragm and in-
stall cover using screws. Hold the cam lever down
and position the diaphragm. Fasten the pump body
to the housing valve using screws.

19. Fuel Pump Installation

Caution: It has been determined that the timing
chain cover, and/or fuel pump mounting flange,
can be damaged if the proper procedure for mount-
ing the fuel pump is not followed.

1. Remove the rocker arm cover.

2. Turn the crankshaft until the fuel pump ec-
centric allows maximum travel of the fuel pump
push rod. Position the fuel pump gasket on the
timing chain cover studs.

3. Hold the push rod up against the eccentric, then
slip the fuel pump into position on the studs. The
pump housing should fit snugly against the cover
with only enough pressure to overcome resistance
of the fuel pump spring. If it does not, there is
interference between the fuel pump arm and the
push rod. If interference exists, remove the fuel
pump and reposition it so that the fuel pump arm
is under the end of the push rod.

4. Never try to force the fuel pump into place by
tightening the mounting nuts.

20. Air Cleaner

Servicing the air cleaner is covered as part of the
periodic lubrication and servicing of the engine.
Refer to the instructions in Section I for air cleaner
service.

FUEL SYSTEM SPECIFICATIONS

CARBURETOR:
Make .
Model .
Part No.
Fuel Level Setting.

Holly
2300
R-2415-A
+ 4" 1,59 mm.]
from bottom of check plug

FUEL PUMP:
Make
Model
Type. -
Operating Pressure (@ 600 rpm.
Fuel Intake Vacuum (¢ 600 rpm.. . .
Vacuum Pump Vacuum (¢ 800-1000 rpm.

Carter
MP-34548
Piston Type Booster
3%-5'% psi. [0,25-0,39 kg-cm?|
10" |25,4 cm.| Hg (mercury ) minimum
14-19" 135-48 cm.! Hg (mercury ) minimum
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Electrical System
4 Cylinder Engines

In the following paragraphs will be found infor-
mation about the battery, distributor, coil, gen-
erator, voltage regulator and starting motor. These
anits, with the connecting wires, make up the en-
gine electrical system. Periodic inspections of these
units is highly important, for small faults may be
discovered and corrected, which if neglected might
develop into expensive repair operations. A quick
check at each engine lubrication will provide in-
surance against such repairs and the resulting
costly delays.

Information given below applies only to the stand-
ard components supplied by Willys as part of com-
plete engine assemblies. Information of components
other than those supplied as original equipment
must be obtained from the unit manufacturer.

Battery

The battery acts as a storage reservoir of electrical
energy produced by the generator. To store suffi-
cient energy for operation of the electrical system
(starter, ignition, etc.) when the generator is not
producing, the battery and battery wiring must
receive regular attention. The principle attention
is to maintain the electrolyte at the correct level,
regularly check with a hydrometer and maintain
the cable connections tight and clean. Also be sure
the battery is held snugly in position to avoid
damage due to vibration.

At each engine lubrication check the battery con-
dition with a hydrometer. This practice will result
in increased battery life and protection from costly
delays due to battery failure.

A hydrometer reading of 1.260 indicates that the
battery is fully charged. Should the reading fall
below 1.225 it will be necessary to recharge or re-
place the battery. Unless the cause of the battery
discharge is definitely known it is advisable to load
test each cell to check for an internal short. A
shorted battery will not hold a charge and must
be repaired or replaced.

After testing with the hydrometer check the electro-
lyte level adding distilled water to maintain the
solution 34" above the plates. Avoid over filling.
Do not fail to replace the filler caps and tighten
them securely.

Check the battery cable connections at the battery
terminals to be sure they are tight and clean.
Copper sulphate which builds up on the terminals
may be quickly removed by using a strong solution
of baking soda and water. After cleaning, coat the
terminals with grease to reduce formation of sul-
phate. The negative terminal is usually grounded
by a cable bolted to the frame. Be sure a good tight
connection is made at this point.

An engine ground cable, to connect the engine with
the frame, is required if the engine is mounted on
rubber insulators. If the terminal connections of
this cable are loose or dirty, it will cause hard start-
ing of the engine. Attention should be given to this
ground cable, if used, during each inspection, and
also at the time the engine is tuned.

Ignition System
The power in an internal combustion engine is de-
rived from burning a fuel and air mixture in the
engine cylinders under compression. To ignite these
gases a spark is made to jump a small gap in the
spark plug within each combustion chamber. The
ignition system furnishes this spark. The spark
must occur in each cylinder at exactly the proper
time and the spark in the various cylinders must
follow each other in sequence of firing order. To
accomplish this the following units are required:
The battery, which supplies the electrical energy;
The ignition coil, which transforms the battery
low-tension current to high-tension current which
can jump the spark plug gap in the cylinders
under compression;
The distributor, which delivers the spark to the
proper cylinders and incorporates the mechanical
breaker, which opens and closes the primary
circuit at the exact time;
The spark plugs, which provide the gap in the
engine cylinders;
The wiring, which connects the various units;
The ignition switch which controls the battery
current when it is desired to start or stop the
engine.

Distributor

The distributor is mounted on the right side of the
engine and is operated by a coupling on the oil
pump shaft which is driven by a spiral gear on the
camshaft. The spark advance is fully automatic
being controlled in some distributors with centrifu-
gal weights only built into the assembly as shown
in Fig. 161 and in others by a combination of cen-
trifugal weights and vacuum control.

While some parts of the distributor may be checked
or replaced with the unit mounted on the engine it
is best to periodically remove it for a thorough
check of the following points.

To remove the distributor assembly the following
procedure should be followed:

1. Remove high-tension wires from the distribu-
tor cap terminal towers, noting the order in
which they are assembled to assure correct
reassembly. No. 1 spark plug terminal tower
in the distributor is the lower right hand
tower at the distributor cap spring clip, start-
ing with this tower the wires are installed in
a counter-clockwise direction 1-3-4-2 as shown
in Fig. 163.

2. Remove the primary lead from the terminal
post at the side of the distributor.

3. Unlatch the two distributor cap springs and
remove the cap.

4. Note the position of the rotor in relation to
the base. This should be remembered to
facilitate reinstalling and timing.

5. Remove the screw holding the distributor to
the crankcase and lift the assembly from the
engine.

6. Wash all parts thoroughly in a suitable clean-
ing fluid.

e e i i
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Distributor Cap

The distributor cap should be inspected for cracks,
carbon runners and evidence of arcing. If any of
these conditions exist, a new cap should be installed.
Clean any corroded high tension terminals.

Rotor

Inspect the rotor for cracks or evidence of excessive
burning at the end of the metal strip.

After a distributor rotor has had normal use the
end of the rotor will become burned. If burning
is found on top of the rotor, it indicates the rotor is
too short and needs replacing. Usually when this
condition is found, the distributor cap segment will
be burned on the horizontal face and the cap will
also need replacing.

FIG. 161 —DISTRIBUTOR

Condenser

The condenser prolongs the life of the distributor
points by preventing arcing at the contacts. It
also provides a hotter spark by creating a reverse
surge of current which rapidly breaks down the
magnetic field of the coil by demagnetizing the
core. Should the condenser be leaky a weak spark
will be experienced.

Check the condenser lead for broken wires or frayed
insulation. Clean and tighten the connections on the
terminal posts. Be sure the condenser is mounted
firmly on the distributor for a good ground con-
nection.

Should a condenser tester be available the con-
denser capacity should check from .23 to .26 micro-
farads. In the absence of a tester check by substi-
tuting a new condenser.

Distributor Points

The contact points should be clean and not burned
or pitted. The contact gap should be set at .020”
measured with a wire gauge. After adjusting,
tighten the lock and recheck the gap. If new con-
tacts are installed they should be aligned to make
contact at the center of the contact surfaces. Bend
the stationary contact bracket to be sure of proper
alignment and then recheck the gap.

The contact spring pressure is very important and
should be between 17 and 20 ounces. Check with
a spring scale hooked on the breaker arm at the
contact and pull in a line at right angles to the
breaker arm. Make the reading just as the points
separate. This pressure should be within the above
limits for if it is too low, missing will occur at
high speeds and if too high the cam, block and
points will wear rapidly. Adjust the point pressure
by loosening the stud holding the end of the con-
tact arm spring and slide the end of the spring in
or out as necessary. Retighten the stud and re-
check the pressure.

Governor Mechanism

The spark advance of some distributors is auto-
matically controlled by a centrifugal governor built
in the distributor body and that of others by a
combination of centrifugal weights and vacuum
control. The centrifugal type governor should be
checked for free operation. Hold the governor
shaft and turn the cam to the left as far as possible
and release it. The cam should immediately return
to the original position without drag.

Should a distributor test fixture be available it is
best to make a check through the entire advance
range, following the instructions of the fixture
manufacturer.

Disassembly

If inspection indicates that the distributor should
be disassembled for rebuild, proceed as outlined
below:

1. Remove the cap.
2. Remove the rotor.

3. Remove the dust cap which is seated in the
housing with finger tight press fit.

4. Remove the breaker plate assembly. To do
this, remove the two mounting screws and
disconnect the strap lead by removing one
screw directly above the primary lead terminal
on the side of the housing. Rotate the assem-
bly to align the slot in the edge of the breaker
plate with the primary lead terminal insu-
lators and screw and lift the assembly from
the housing. Removal of condenser and dis-
tributor points is obvious.

5. Remove the shaft assembly. To do this, file
off the upset end of the pin which is placed
through the collar and shaft at the lower end
of the housing and drive out the pin with a
suitable punch. Remove the collar and washer
and pull the shaft from the housing.
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6. Should it be necessary to remove the cam
assembly, first remove the felt wick from the
upper end. Use long nose pliers to compress
and remove the spring locking clip located at
the bottom of the drilled center opening of the
cam and remove the cam.

The balance of disassembly 1s obvious.

If the shaft and bearings are worn sufficiently to
allow .005” or more looseness of the shaft, they

Installation and Ignition Timing

If the engine crankshaft has been rotated, with
the distributor off, it will be necessary to place No.
1 piston in firing position to correctly install the
distributor. To locate this position, some engines
have marks placed on the flywheels, and other
engines have marks placed on the timing gear
covers and crankshaft pulleys. The flywheel marks
may be viewed through an opening directly back

FIG. 162 —DISTRIBUTOR — EXPLODED

1. Cap 15. Bearing 29. Connector Screw

2. Rotor 16. Advance Arm Thrust Washer 30. Terminal Post

3. Cam OQiling Wick 17. Adwvance Arm 31. Cam Spacer

4. Condenser Mounting Screw 18. Drive Shaft Collar 32. Breaker Arm Spring Clip Screw
5. Lockwasher 19. Shaft Collar Rivet 33. Spring Clip Screw Washer

6. Condenser 20. Lower Thrust Washer 34. Spring Clip

7. Breaker Plate 21. Connector 35. Distributor Points

8. Cam and Stop Plate 22. Bushing 36. Breaker Plate Screw

9. Governor Weight 23. Terminal Washer 37. Washer

10. Governor Spring 24. Terminal Nut 38. Locking Screw
11. Drive Shaft 25. Terminal Lockwasher 39. Plate Seal

12. Thrust Washer 26. Insulating Washer 40. Felt Washer
13. Base 27. Terminal Insulation 41. Snap Ring

14. Oiler 28. Connector Lockwasher

must be replaced. Before installing new bearings,
soak them in medium grade engine oil and allow
them to drain. Wipe all oil from the upper part of
the housing. At assembly, apply a film of grease to
the upper drive shaft washer and put a small
amount of grease in the bearing bore just above the
bearings. Lubricate the governor mechanism spar-
ingly with medium grade engine oil. After assembly
place 3 to 5 drops of engine oil in the oiler mounted
on the side of the housing and 5 drops on the felt
located in the center opening of the cam directly
below the rotor. Place a very light smear of grease
on the cam and 1 drop of oil on the breaker arm
pivot.

Before installing the distributor, check the friction
spring mounted on the lower end of the drive shaft
and replace it if worn or damaged.

of the starting motor by loosening the cover and
sliding it to one side.

To locate the firing position of No. 1 piston, first
remove No. 1 spark plug and turn the engine until
No. 1 piston is moving up on the compression stroke
as indicated by compression pressure being forced
through the spark plug opening. Turn the engine
slowly until either mark ““5°” is in the center of the
flywheel inspection opening or the marks on the
crankshaft pulley and timing gear cover are in

Oil the distributor housing where it bears in the
cylinder block and install the distributor on the
cylinder block. Mount the rotor on distributor shaft
and turn the shaft until the rotor points towards
No. 1 spark plug terminal tower position (when cap
is installed) with the contact points just breaking.
See Fig. 163.

B e e
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Move the rotor back and forth slightly until the
driving lug on the end of the shaft enters the slot
cut in the oil pump gear and slide the distributor
assembly down into place. Rotate the distributor
body until the contact points are just breaking.
Install the hold-down screw being sure that dis-
tributors equipped with vacuum advance are free
to turn in the mounting socket. Note that the
vacuum advance control of some distributors is
connected directly to the breaker plate. When so
connected the breaker plate must be free to turn
rather than the distributor body.

Connect the primary wire from the coil to the
distributor. Install spark plugs. Install spark plug
wires, placing them in the distributor cap terminal
towers starting with No. 1 (Fig. 163) and installing
in counter-clockwise direction in firing order se-
quence which is 1-3-4-2. Start the engine and
run it until thoroughly warm and then recheck
the timing with a neon timing light. When using
the neon light to set distributors equipped with
vacuum advance control it is advisable to dis-
connect the vacuum tube to make the control in-
operative, otherwise the distributor may be ad-
vanced slightly, resulting in a false setting. Do
not fail to reconnect the tube.

FIG. 163—FIRING POSITIONS

Accelerate the engine and check the automatic
advance action by noting the movement of the

flywheel or crankcase pulley mark.

NOTE: For low octane gasoline set the timing at
top center indicated by “TC"” mark on the fly-

wheel.

Distributor Removal —
All Models Except Tornado OHC

The distributor is mounted on the right side of the
engine and is operated by a coupling on the oil
pump shaft which is driven by a spiral gear on the
camshaft. The spark advance is fully automatic
being controlled by vacuum and centrifugal

weights.

To remove the distributor assembly the following
procedure should be followed:

1. Remove high-tension wires from the dis-
tributer cap terminal towers, noting the order
in which they are assembled to assure correct
reassembly. No. 1 spark plug terminal tower
in the distributor is the lower right hand tower
at the distributor cap spring clip, starting
with this tower the wires are installed in a
counter-clockwise direction 1-3-4-2 on the

four cylinder engines as shown in Fig. 164.

FIG. 164 —FIRING POSITIONS — FOUR CYLINDER
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2. Remove the primary lead from the terminal
post at the side of the distributor.

3. Disconnect the wvacuum tube.

4. Unlatch the two distributor cap springs and
remove the cap.

5. Note the position of the rotor in relation to
the base. This should be remembered to
facilitate reinstalling and timing.

6. Remove the screw holding the distributor to
the crankcase and lift the assembly from the
engine.

7. Wash all parts thoroughly in a suitable clean-
ing fluid.
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FIG. 165 —DISTRIBUTOR “O"” RING INSTALLATION

BREAK CORNERS .005"

Distributor ‘“O’’ Ring Installation

A rubber seal “O” ring, Auto-Lite Part No. XA-
744W, is being installed on the distributors of vehi-
cles now in production. This ““O” ring is to prevent
oil leakage around the distributor body shank. For
engines where this oil leakage may be present and
on which the distributor has no “O” ring, the ac-
companying illustration, Fig. 165, shows the in-
stallation procedure. To install the ring, remove the
distributor from the engine and machine a groove
in the shank as shown in the illustration. The dis-
tributor need not be disassembled as the drive
shaft extension can be inserted in the chuck of the
lathe. Chuck against the !{;” diameter shaft. After
machining the groove, slip on the “O” ring and
reinstall the distributor.

Generator — 6 and 12 Volts

Two types of generators are mostly used on Willys
Industrial Engines. One type is a 45 ampere, air

cooled, two brush unit. This type generator is
used with the conventional control, having the
circuit breaker, voltage regulator and current
limiting regulator units built into the control
unit. Fig. 167.

The other type generator is a 15 ampere, air
cooled, three brush unit. This generator is used
with a control having only two units — a circuit
breaker and a voltage regulator. A current limit-
ing regulator is not used since the maximum
generator output is limited by the generator third
brush.

Repair and maintenance procedures for both
types of generator are the same and are given
below.

Generator Maintenance

A periodic inspection should be made of the charg-
ing circuit. The interval between these checks will
vary depending upon type of service. Dust, dirt
and high speed operation are factors which con-
tribute to increased wear of bearings and brushes.
A visual inspection should be made of all wiring,
to be sure there are no broken or damaged wires.
Check all connections to be sure they are tight and
clean.

If the commutator is dirty or discolored it can be
cleaned by holding a piece of No. 00 sandpaper
against it, while it is turning slowly. Blow the sand
out of the generator after cleaning. Should the com-
mutator be rough or worn the armature should be
removed and the commutator turned and undercut.
See heading ‘‘Armature.”

The brushes should slide freely in their holders.
Should they be oil soaked or if they are worn to
less than one-half their original length they should
be replaced. When new brushes are installed they
should be sanded to provide full contact with the
commutator. See Fig. 166. Draw a piece of No. 00
sandpaper against the brush contact surface and
between the brush and commutator until full
contact is secured and blow the dust and sand
from the generator. Generators should not be
checked for output until the brushes are seated.

Brush spring tension is important. High tension
causes rapid brush and commutator wear while
low tension causes arcing and reduced output.
Test the tension with a spring scale. The tension is
35-53 oz. On the 15 amp. generator, brush spring
tension is 26-46 oz.

———a
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Dismantling Generator

Due to the fact that the regulator and battery
are part of the generator circuit, and the generator
output is extremely low when the battery is fully
charged, it is advisable to check the generator cir-
cuit to determine definitely if the generator is at
fault. Shculd this check prove that no current is
passing to the battery, the fault must be localized
either in the generator or regulator. Two tests to
localize the trouble are given under ‘“Preliminary
Inspection”, paragraph 2 on page 113.

FIG. 166 —SANDING GENERATOR BRUSHES

If it is definitely determined that trouble exists
within the generator, which necessitates dis-
mantling, remove the generator support bolts which
will permit removing the generator assembly from
the engine.

ARMATURE TERMINAL

OILER WICK

POLE PIECE
COMMUTATOR

The sequence of disassembly of all generators
supplied is similar as outlined below.

Remove the generator band and to facilitate
removal of the commutator end plate and avoid
damage to the brushes, the tension of the springs
should be released from the brushes. Use a wire
hook to lift the brush springs and at the same time
pull the brushes partly out of the brackets and
let the springs down against the sides of the brushes
to hold them up in the brackets.

Remove the two frame screws in the commutator
end plate and remove the end plate assembly.

Next pull the armature and drive head assembly
from the generator housing. Remove the generator
pulley from the armature by removing the nut
and washer. Do not lose the Woodruff key when
the pulley is removed. After this, remove the drive
end head assembly which includes the oil seal and
bearing. To remove the bearing, remove the three
screws and lockwashers in the grease retainer and
remove the retainer and felt washer, after which,
remove bearing, oil guard and felt washer.

Repair Procedure
Armature

If the commutator is rough or worn, turn it down
in a lathe. After turning, the mica insulation be-
tween the segments should be undercut to a depth
of 15”.

To test the armature for a ground, connect one
prod of a test lamp to the core or shaft (not on
bearing surface) and touch each commutator seg-
ment with the other prod. If the lamp lights, the
armature segment is grounded and the armature
must be replaced.

To test for short in armature coils, a growler,
Fig. 169, is necessary. Place the armature on the

FIELD TERMINAL QILER

TURE FIELD COIL FAN AND DRIVE
R PULLEY
- — = .
I — | -
| iETe
BALL BEARING

DRIVE END HEAD

FIG. 167 —GENERATOR
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growler and lay a thin steel strip on the armature
core. The armature is then rotated slowly by hand
and if a coil is shorted, the steel strip will vibrate.
Should a coil be shorted the armature must be
replaced.

If precision test equipment is available, the custom-
ary accurate tests can be made in accordance with
instructions furnished with the testing equipment.

Brushes

For service information regarding brushes see head-
ing ‘“Generator Maintenance.”

Field Coils

Inspect the field coils for chafed wires and using
test lamp prods check for both open and grounded
circuits. To test for open coil, connect the prods
to the two leads from each coil. If the lamp fails
to light, the coil is open and must be repaired or
replaced.

To test for ground, place one prod on ground and
the other on the field coil terminal. If a ground is
present the lamp will light and the coil must be
repaired or replaced.

If accurate test equipment is available, check the
field coils for current draw which should be with-
in the limits of 1.60 — 1.78 amperes at 6 volts for
both coils.

A shorted coil will of course show a much higher
draw, while an open coil will show no draw. In
either case the generator output will be below
normal.

To replace a field coil, disconnect the field termin-
als, use a heavy screwdriver to remove the field
pole piece screws, then the coils together with the
pole pieces may be removed. When replacing the
coils, set the pole piece screws by staking with a
center punch.

CAR FRAME

FIG. 168—GENERATOR WIRING DIAGRAM

Brush Holders

With test prods check the insulated brush holder
to be sure it is not grounded. Touch the brush
holder with one prod and the end plate with the

other prod. If the lamp lights, a grounded brush
holder is indicated.

Inspect the brush holders for cracks, distortion
and improper alignment. The brushes should slide
freely and should be in perfect alignment with the
commutator segments.

FIG. 169—GROWLER

Reassembling Generator

Install the felt grease retainer and washer in the
drive end head. Check the bearing to be sure it is
clean and fill it one-half full with a high melting
point grease. Install the bearing and also install
the inside felt washer and attach the bearing
retainer with the lockwashers and screws. Place
the drive end head over the front end of the arma-
ture shaft. Install the Woodruff key in the arma-
ture shaft and install the drive pulley, being sure
the key is in position. Secure in position with the
washer, nut and cotter pin.

Place the assembly on end so it rests on the pulley
with the commutator end up. Then place the gen-
erator housing and field coils assembly in position,
turning the front end bracket so the dowel pin in
the housing enters the hole in the end head. The
commutator end plate, including the brushes held
in a raised position, should then be placed on the
shaft and the field coils connected.

Next install the long frame screws and lower the
brushes onto the commutator. If new brushes have
been installed, draw a piece of No. 00 sandpaper
between the brushes and commutator with the
back of the sandpaper against the commutator,
Fig.166. This will properly seat the brushes.
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Assembly of the generator is completed by in-
stalling the cover band.

When reinstalling the generator on the engine, the
bracket bolt torque wrench reading is 31 - 35 ft. lbs.
NOTE: The 45 ampere generator now installed
on industrial engines superseded in 1953 a 35
ampere unit. A new voltage regulator for the
45 ampere generator was adopted at the same time.
These units must be used in pairs. A new type
generator used with an old type regulator, or vice
versa, will cause either a loss of ampere capacity
or a burned out generator.

Current — Voltage Regulators

The regulator described below is used with the
45 ampere, two brush generator and has three
units, Fig. 170, 1. The circuit breaker unit, 2.
The voltage regulator unit and, 3. The current
limiting regulator unit.

The regulator used with the 15 ampere three brush
generator has two units only: 1. The circuit
breaker unit and 2. The voltage regulator unit.
The maximum generator output is limited by the
generator third brush.

The descriptions and testing procedures given
below for the circuit breaker unit and the voltage
regulator unit apply to both types of regulator.
The following regulator instructions cover four
distinct sections as follows:

1. A description of the function and fundamental
design of the various parts of the regulator.

2. A detailed procedure for checking and ad-
justing the regulator while mounted on the
unit.

3. A tabulation of the usual regulator complaints
with the checks and repairs necessary to
eliminate the trouble.

4. Specifications of the unit which are listed at
the end of the manual.

Description and Operation

These regulators are used with shunt type gen-
erators and have three units each with a separate

FIG. 170 -VOLTAGE REGULATOR

function to perform. These units, Fig. 170, are the
circuit breaker unit, No. 3, the voltage regulator
unit No. 1, and the current limiting regulator unit,
No. 2.

Circuit Breaker

It consists of an electromagnet and a set of contacts.
The contacts are mounted with one on a stationary
bracket, and the other on a movable armature
which is controlled by the electromagnet. The
movable contact is mounted on a spring arm so
that as the contacts open and close a slight wiping
action is produced.

The electromagnet of the circuit breaker has two
windings, one, the shunt coil which is connected
across the generator output like a voltmeter and
the other a series coil connected in series with the
generator output like an ammeter. These two coils
are wound in the same direction so that when the
generator is charging the battery, the magnetism
of the series coil increases the total magnetism.
When the battery discharges back through the
generator, the magnetism of the series coil is re-
versed and the magnetism of the two coils is
opposed. This results in a decreased pull on the
armature and spring action opens the contacts.

The sequence of operation of the circuit breaker is
as follows:

When the generator is not running, the contacts
are open. When the generator is started, the voltage
builds up at the armature terminal and in the shunt
coil and as soon as it reaches the value for which
the circuit breaker is calibrated, there is sufficient
magnetism created by the shunt coil to pull down
the armature, closing the contacts which auto-
matically connects the generator to the battery.
With the contacts thus closed the current in the
series coil is flowing from the generator to the
battery or in the same direction as the current in
the shunt coil, so that the pull on the armature is
increased by the magnetism of the series coil.

When the engine is stopped and the generator loses
speed, the voltage falls, and as soon as the gener-
ator voltage drops below the battery terminal
voltage, the current flows from the battery to the
generator, reversing the direction of current in the
series coil so that the magnetism created by the
series coil opposes and reduces the magnetism of
the shunt coil. This reduces the pull on the armature
to a point where spring action opens the contacts.

Voltage Regulator

The function of the voltage regulator is to hold
the generated voltage at a predetermined value as
long as the circuit values allow the voltage to build
up to the operating voltage.

The electromagnet of the voltage regulator unit has
a winding of many turns of fine wire and is con-
nected across the charging circuit so that the sys-
tem voltage controls the amount of magnetism.
The contacts of the voltage regulator unit are con-
nected in the generator field circuit so that the field
circuit is completed through the contacts when they
are closed and through a resistor when the contacts
are opened.

When the voltage rises to a predetermined value
there is sufficient magnetism created by the regu-
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lator winding to pull the armature down. This opens
the contacts and inserts resistance in the field cir-
cuit of the generator thus reducing the field current.
The generated voltage immediately drops, which
reduces the pull on the armature to the point where
the spring closes the contacts. The output again
rises and the cycle is repeated.

These cycles occur at high enough frequencies to
hold the generated voltage at a constant value and
will continue as long as the voltage of the circuit
is high enough to keep the voltage regulator unit
in operation. With the addition of a current load
great enough to lower the battery voltage below
the operating voltage of the unit, the contacts will
remain closed and the generator will maintain a
charging rate as limited by its speed or the current
limiting regulator (as limited by the third brush
on the 15 amp. generator).

Due to the effect of heat on the operating charac-
teristics of regulator windings it is necessary to
compensate for the changes in coil resistance when
the regulator is operating under varying tempera-
ture conditions. This is accomplished through the
use of a nickel iron magnetic by-pass on the volt-
age regulator unit. This shunt by-passes some of
the magnetic flux when the unit is cold and allows
most of the flux to act on the armature when the
unit is hot. Thus when the coil is hot and not as
efficient, the magnetic shunt reduces the amount of
flux needed to vibrate the armature.

The compensation is usually more than enough to
offset the changes in regulator coil resistance due
to heat. The excess compensation allows the regu-
lator to operate at higher voltages under cold
operating conditions than under hot conditions.
This is necessary as it requires a higher voltage to
charge a battery with its internal resistance in-
creased by low temperatures.

Current-Limiting Regulator

The function of the current-limiting regulator is
to limit the output of the generator to its maxi-
mum safe output.

The electromagnet of ‘the current regulator unit
consists of a winding of heavy wire that is connected
in series with the generator output. When the gen-
erator output reaches a predetermined value, the
current in the winding produces enough magnetism
to overcome the spring tension and pull the arma-
ture down. This opens the contacts and inserts re-
sistance in the field circuit of the generator. With
the field current reduced by the resistance, the
generator output falls and there is no longer enough
magnetism to hold the contacts open. As soon as
the spring closes the contacts, the output rises and
the cycle is repeated. These cycles occur at high
enough frequencies to limit the output to a mini-
mum fluctuation.

Preliminary Inspection
1. Wiring
Check the wiring to see that it is properly
connected to the generator.

2. Generator Performance

Make sure the generator operates correctly
without the regulator in the circuit. Remove
the armature and battery leads from the regu-
lator and connect an ammeter between them.
Remove the field lead from the regulator and
while operating at idle speed touch the field
lead to the regulator base. Increase the speed
slowly noting the charging rate. DO NOT IN-
CREASE THE OUTPUT ABOVE THE
RATED OUTPUT OF THE GENERATOR.
If the generator output will not build up in-
spect the wiring harness for shorts and opens
and remove the generator for an overhaul.
To check the generator circuit when a suitable
ammeter is unavailable, Fig. 168, disconnect
the ammeter cable at the regulator. Connect
one lead of a 6 volt test lamp to the regulator
terminal marked “ammeter’’ and with the
engine running, ground the other lead. Should
the test light fail to burn there is a fault either
in the generator or regulator. To localize the
fault, disconnect both the “Field” and ‘‘Ar-
mature’’ cables at the generator. Connect a
wire from the “Field” terminal to ground and
use a 60 watt, 110 volt test lamp to ground
the “Armature’ terminal. If the generator is
charging satisfactorily the test lamp will glow
at approximately 1500 rpm. engine speed and
the fault will be definitely localized in the
regulator.

. Incorrect Regulator

Make sure the regulator is the correct type
for use with the generator.

. Battery

Check the specific gravity and terminal volt-
age of the battery. If the battery is not up to
specifications substitute temporarily for test
purposes a fully charged battery of the same
type and capacity.

. High Resistance Connections

Inspect the wiring between the generator,
regulator and battery for broken wires and
high resistance connections. Pay special at-
tention to the ground connections at all three
units.

Connect a reliable ammeter with 1 ampere
graduations in series with the regulator “B”’
terminal and the lead removed from this ter-
minal. Run the generator at a medium speed
and turn on the lights or accessories until the
ammeter shows a 10 ampere charging rate. At
this charging rate measure the voltage drop
between the following poirts using an accu-
rate voltmeter graduated in .1 volt divisions.
The voltmeter should not show a reading
above the maximum noted.

. Generator ‘““A” terminal to regulator “A”

terminal — .1 volt max.

. Generator “F’’ terminal to regulator “F”’ ter-

minal — .05 volt max.

. Battery terminal to regulator “B" terminal

— .1 volt max.

. Regulator ground screw to generator frame

— .03 volt max.
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Stop the engine then bring it up to approxi-
mately 2500 generator rpm. Adjust the
amperage to 14 maximum output by turning

e. Regulator ground screw to battery ground
post — .03 volt max.

f. Generator frame to battery ground post

.03 volt max.

Test Procedure
1. Circuit Breaker (End unit — with heavy wire

winding)

Connect a reliable ammeter in series with the
regulator “B’’ terminal and the lead removed
from the terminal. Connect an accurate volt-
meter from the regulator “A’ terminal to the
regulator base and place a reliable thermome-
ter near the regulator (about 2 inches from
the regulator cover but not touching the regu-
lator).

Disconnect the field lead from the regulator
“F" terminal and insert a variable resistance
(3 amp. — 50 ohm capacity) between the lead
and the regulator terminal.

Run the generator at about 1000 generator
rpm. Insert all the resistance in the field
circuit, then slowly reduce the resistance
noting the voltage reading just before the
change caused by the closing of the circuit
breaker. Increase the charging rate to the
figure specified for the regulator being tested
then reduce the charging rate by inserting re-
sistance in the field circuit. Note the volt-
meter and ammeter reading just before the
circuit breaker opens and the ammeter read-
ing drops to zero. The closing voltage and the
opening voltage or current should be within
the limits specified.

An accurate method for noting the exact in-
stant of the opening or closing of the circuit
breaker is to connect a headphone (2000 ohms
or higher) to the battery and armature termi-
nals of the regulator. When the contacts open
or close a click will be heard in the headphone.
To adjust the closing voltage change the
armature spring tension by bending the hanger
at the lower end of the spring. Increase the
spring tension to raise the closing voltage or
decrease the tension to lower the voltage. To
adjust the opening voltage raise or lower the
stationary contact keeping the contacts per-
fectly aligned. Increasing the contact gap
lowers the opening voltage. Change the con-
tact gap by expanding or contracting the
stationary contact bracket, keeping the con-
tacts aligned. Do not adjust the gap between
the contacts to less than the specified mini-
mum.

. Voltage Regulator (end unit — with fine wire
winding)

Connect the ammeter as noted above and
connect the voltmeter from the regulator “B”’
terminal to the regulator base. Remove the
variable resistance from the field circuit.
Run the generator at 14 maximum output for
15 minutes to make sure the regulator is at
normal operating temperature. Have the cover
on the unit during this warm up period and
when taking readings.

on lights or accessories and then note the
voltmeter reading. This reading should be
within the limits specified for the voltage
regulator operation. To adjust the operating
voltage change the armature spring tension
by bending the hanger at the lower end of the
armature spring. After each adjustment stop
the engine then restart it. Bring it up to speed
and adjust the current before taking a reading.
In order to obtain an accurate indication of
the operation of the voltage regulator unit
connect a headphone (2000 ohms or higher)
between the “F” terminal and ground to pick
up the sound of the opening and closing of the
contacts. The clicks should be regular and
clear without irregularities or missing. If the
tone is not clear and regular remove the regu-
lator cover and inspect the contacts. The con-
tacts should be flat and not burned excessively
and should be aligned to make full face con-
tact. If the contacts need cleaning refer to
paragraph 4 for the method.

. Current regulator (center unit — with heavy

wire winding)

Connect the regulator and instruments as
described above for the voltage regulator
(paragraph 2) and run the generator at ap-
proximately 3000 generator rpm. Turn on
lights and accessories so that the generator
must charge at its maximum rate. The am-
meter should show a reading within the limits
specified. To adjust the opening amperage
change the armature spring tension by bend-
ing the hanger at the lower end of the arma-
ture spring. After each adjustment stop the
engine then restart it. Bring the engine up to
speed and take an ammeter reading. Have the
cover on the unit when taking readings.

In order to obtain an accurate indication of
the operation of the current regulator unit
connect a headphone (2000 ohms or higher)
between the regulator “F’ terminal and
ground to pick up the sound of the opening
and closing of the contacts. The clicks should
be clear and regular without irregularities or
missing. If the tone is not clear and regular
remove the regulator cover and inspect the
contacts. The contacts should be flat and not
burned excessively and should be aligned to
make full face contact. If the contacts need
cleaning refer to paragraph 4 for the method.

. Contacts

Inspect the contacts on all three units. In
normal use the contacts will become grayed.
If the contacts are burned or dirty or if they
are not smooth, file the contacts with a #6
American, Swiss cut, equalling file. Move the
file parallel and lengthwise to the armature.
File just enough so that the contacts present
a smooth surface toward each other. It is not
necessary to remove every trace of pitting.
After filing, dampen a piece of linen or lintless
bond tape in refined carbon tetrachloride and
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draw the tape between the contacts. Repeat
with a dry piece of tape. Use clean tape for
each set of contacts.

5. Recheck
Operate the unit at 14 maximum output for
5 minutes with the cover on the regulator. Re-
peat the testing procedure for all units as
described in paragraphs 1, 2 and 3 above. Be
sure cover is on regulator when taking
readings.

Quick Checks

Low Charging Rate with a Fully Charged
Battery

A fully charged battery and a low charging rate
indicates normal regulator operation.

A further check of the regulator operation can be
made by using the starting motor for 5 to 10
seconds with the ignition switch in the ‘“‘off”” posi-
tion. Then start the engine and operate at a genera-
tor speed of 2500 to 3000 rpm. The charging
rate should rise to its maximum value then taper
off to a minimum charge as the battery becomes
charged.

High Charging Rate with a Fully Charged
Battery

This is usually an indication that the voltage regu-
lator is not operating correctly. The high voltage
will cause the battery to gas excessively and will
shorten the life of the ignition contacts and, in
general, will have a detrimental effect on all con-
nected load.

Connect an ammeter in series with the regulator
“B" terminal and the lead removed from the termi-
nal. Run the generator at a medium speed and per-
form the following operation. After each test is
completed reconnect whatever leads have been
opened.

1. Operation
Disconnect the field lead at the generator.

Effect
Output drops to zero.
. Output does not drop.

Cause and Remedy

a. Shorted field circuit in regulator or in wiring
harness. See test 2.

b. Shorted field circuit in generator. Inspect
generator.

o P

2. Operation
Disconnect the field lead at the regulator.

Effect
. Output drops to zero.
. Output does not drop.

Cause and Remedy

. Shorted field in regulator. See test 3.

. Shorted wiring harness. Repair or replace
wiring harness.

ow
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3. Operation
Remove the regulator cover and hold the
voltage regulator contacts open.

Effect
. Output drops to zero.
. Output does not drop.

Cause and Remedy

a. Regulator contacts sticking, regulator out of
adjustment or regulator inoperative. Check
operation, test 5; check for high resistance,
test 4; clean contacts, test 6.

b. Shorted field circuit in the regulator. Clean
the regulator contacts and inspect the regu-
lator visually for incorrect wiring between
units and shorted leads.

o

4. Operation
Operate the units at 10 amperes output and
measure the voltage drop from the regulator
base to the generator frame.
Effect

a. Voltage reading below .03 volts.

b. Voltage reading above .03 volts.

Cause and Remedy

a. Ground circuit O.K. See test 5.

b. Inspect ground circuit for poor connections
and eliminate the high resistance. See test 5.

5. Operation
Connect a headphone from the regulator field
terminal to the base and hold the current regu-
lator contacts closed.
Effect

a. A steady beat is heard.

b. An unsteady beat is heard.

c. No beat is heard.

Cause and Remedy

a. Voltage regulator operating. Reset regulator
as in the operation test on Page 102.

b. Dirty or sticking contacts. Clean contacts as
in test 6. 2

c. Inoperative voltage regulator unit. Adjust
regulator operation as in the operation test
Page 102. If the regulator cannot be adjusted
within limits remove for an overhaul.

6. Clean the voltage regulator contacts with a
#6 American Swiss cut equalling file. File
lengthwise and parallel to the armature and
then clean the contacts with clean linen tape.
First draw a piece of tape that has been wet
with carbon tetrachloride between the con-
tacts then follow with dry tape. Reset the
regulator operation as in the operation test
Page 102.

Low Battery and a Low or No Charging Rate

Check all wiring for loose connections, frayed in-
sulation and high resistance connections and cor-
rect any fault.

Make sure the generator operates correctly with-
out the regulator in the circuit. Remove the “A”’
and “B” leads from the regulator and connect an
ammeter between them. Remove the field lead from
the regulator and while operating at idle speed
touch the field lead to the regulator base. Increase
the speed slowly noting the charging rate. Do not
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increase the output above the rated output of the
generator. If the generator output will not build
up, inspect the wiring harness for shorts and opens
and remove the generator for an overhaul.
Connect an ammeter between the battery lead and
the regulator “B” terminal. Connect the field lead
to the regulator “F’ terminal and connect the
armature lead to the regulator “A’ terminal. Con-
nect a voltmeter from the regulator ‘A’ terminal
to the regulator base. Operate the generator at a
medium speed and perform the following tests:

1. Operation
Read the voltmeter.
Effect

a. Voltage builds up.

b. Voltage does not build up.

Cause and Remedy

Open series circuit. See test 2.

. Regulator out of adjustment, field circuit

open, grounded series circuit. See test 3.

2. Operation
Remove the regulator cover and with the
generator operating at a medium speed hold
the circuit breaker contacts closed.

Effect

Ammeter shows charge.

. No generator output.

Cause and Remedy

a. Open circuit breaker shunt winding, incorrect
setting of circuit breaker or dirty contacts.
Clean contacts and reset circuit breaker as in
the operation test on Page 114. If the circuit
breaker cannot be set the shunt coil is open
and the regulator should be removed for an
overhaul.

b. Clean the circuit breaker contacts and try
the test again. If there is still no charge the
series windings are open and the regulator
should be removed for an overhaul.

3. Operation
Run the generator at idle speed and momen-
tarily connect a jumper from the “F”’ terminal
to the regulator base.

Effect
Voltage build up.
. Voltage does not build up.

Cause and Remedy

a. Open field circuit or regulator out of adjust-
ment. See test 4.

b. Grounded series circuit. Remove regulator
for an overhaul.

4. Operation
Operate at a medium speed with the jumper
removed. Remove the regulator cover and
hold the voltage regulator contacts closed.

Effect
. Voltage builds up.
. Voltage does not build up.

Cause and Remedy

a. Voltage regulator contacts burned or dirty or
incorrect regulator setting. Clean the contacts
and adjust the regulator as in the operation
test on Page 114.

b. Clean contacts and try again. If the voltage
still does not build up. See test 5.
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5. Operation
Remove the regulator cover and hold the
current regulator contacts closed.

Effect
Voltage builds up.
. Voltage does not build up.

Cause and Remedy

a. Current regulator contacts burned or dirty or
incorrect regulator setting. Clean the con-
tacts and adjust the regulator as in the opera-
tion test on Page 114.

b. Clean the contacts and perform test 5 again.
If the voltage still does not build up remove
the regulator for an overhaul.

o p

Starting Motors — 6 and 12 Volts

NOTE: A 414" starting motor was placed in the
production of industrial engines during 1953.
The 4” starting motor is still used on some in-
stallations however. The service procedures out-
lined below apply to both starters.

Maintenance Procedure

A periodic inspection should be made of the starting
circuit. While the interval between these checks
will vary according to the type of service, it should,
under normal conditions, be made every 500 hours
of operation. At this check the following points
should be inspected.
1. Wiring
The starting circuit should be inspected to be
sure all connections are clean and tight and
that the insulation on the wires is not worn or
damaged. The starting circuit should be given
a voltage loss test to make sure there is no
loss of starting motor efficiency due to high
resistance connections. In making this check
the voltage loss from the battery terminal to
the starting motor terminal should not exceed
.30 volts maximum for each 100 amperes. The
loss in voltage between the battery ground
post and the starting motor frame should not
exceed .10 volts maximum for each 100 am-
peres. If the voltage loss is greater than the
above limits the voltage should be measured
over each part of the circuit to locate the re-
sistance causing voltage loss.
2. Commutator
If the commutator is dirty or discolored it
can be cleaned with 00 sandpaper. Blow the
sand out of the motor after cleaning.
Should the commutator be rough or worn the
motor should be removed from the engine
for cleaning and reconditioning.
3. Brushes
The brushes should slide freely in their holders
and make full contact on the commutator.
Worn brushes should be replaced.
4. Lubrication
Add 3 to 5 drops of medium engine oil to the
oiler in the commutator end cap, if so
equipped, at every lubrication. Note that
some starting motors are equipped with sealed
type bearings at both ends and no lubrication
is required.
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FIG. 171 -STARTING MOTOR

Overhaul Procedure

At periodic intervals the starting motor circuit
should be thoroughly checked and the moror re-
moved from the engine for cleaning and checking.

1. Disassembly

To remove the starting motor from the engine
disconnect the leads and cover the battery
lead with a short piece of hose to prevent
short circuiting. Take out the flange bolts
holding the motor to the fiywheel housing.
The motor will then lift off and can be taken
to the bench for a complete overhaul.

Some starting motors are equipped with Ben-
dix type drive while others with the over-
running clutch type with either manual or
electrically operated engagement.

When disassembling the motor, each part
should be removed, cleaned and inspected for
wear or damage. If so equipped, the Bendix
Drive should be cleaned and inspected for
wear and a distorted spring. If equipped with
the overrunning clutch type drive, the clutch
should be thoroughly checked. Bearings should
be checked for proper clearance and fit. All
insulation should be free of oil and in good
condition. The armature, field coils and
brushes should be checked for grounds and
open circuits.

2. Brushes
The brushes should slide freely in their holders
and make full contact on the commutator.
Worn brushes should be replaced.
When replacing brushes that have the lead
riveted to the brush holder the terminal should

be unclinched and unsoldered. The new brush
lead should be tightly clinched in the terminal
then soldered to make a strong, low resistance
connection. Brushes that are soldered to the
field coil lead should be unsoldered and have
the loop in the field coil lead opened. The new
brush pigtail should be inserted to its full
depth in the loop and then clinched before
resoldering. A good soldering job must be done
to insure no loss of starting motor efficiency
due to a poor contact.

Brush spring tension should be checked with
a spring scale. To check the tension of re-
action type brush springs hook the scale under
the brush spring near the brush and pull on a
line parallel with the side of the brush. Take
the reading just as the spring leaves the brush.
If the brush spring tension is too low there
will be a loss of efficiency due to poor brush
contact. If the tension is too great the com-
mutator and brushes will wear excessively and
have short life. It is therefore important that
the brush spring tension be kept within the
limits specified. To change the spring tension
twist the spring at the holder with long nosed
pliers.

. Commutator

Check the commutator for wear and dis-
coloration. If the commutator is only slightly
dirty or discolored it can be cleaned with 00
or 000 sandpaper. Blow the sand out of the
motor after cleaning the commutator. If the
commutator is rough or worn the armature
should be removed and the commutator
turned down in a lathe.

T T D NP R
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4. Armature Soak the bearing in oil before assembling in
The armature should be visually inspected for the bearing bore.
mechanical defects before being checked for The pinion end of the armature shaft of start-
shorted or grounded coils. ing motors equipped with over-running clutch

type drive should be given a light wipe with
very light oil when assembling. Bendix drive
type should be washed in kerosene and as-

For testing armature circuits it is advisable to
use a set of test probes.

To test the armature for grounds touch one sembled without lubrication.

point to a commutator segment, and touch the Brushes should be correctly installed and con-
core or shaft with the other probe. Do not nected as previously outlined in order to be
touch the points to the bearing surface or to sure of proper starting motor efficiency. Proper
the brush surface as the arc formed will burn brush seating should be insured by sanding
the smooth finish. If the lamp lights, the coil the brush to fit the commutator. To sand the
connected to the commutator segment is brush wrap a strip of 00 sandpaper around the
grounded. commutator and turn the armature slowly in

the direction of rotation. Blow the sand out

o fi ted armature coils a growler, :
To test for shor — ; g of the motor after sanding.

Fig. 169, is necessary. The armature is placed

against the core and a steel strip held on the 8. Lubrication
armature. The armature is then rotated slowly The starting motors are equipped with absor-
by hand. If a shorted coil is present the steel bent bronze bearings. These bearings are able
strip will become magnetized and vibrate. to absorb 259, of their own volume in oil.
When the starting motor is overhauled the
5. Field Coils bearings should be soaked in oil and the bear-
Using test probes check the field coils for both ing seats should be given a light wipe of oil.
opens and grounds. To test for grounds place 9. Bench Test
one probe on the motor frame or pole piece The motor should first be checked to see that
and touch the other probe to the field coil the free running voltage and current are with-
terminals. If a ground is present the lamp will in specifications. To test, connect the motor
light. to a battery, ammeter and voltmeter. If the

current is too high check the bearing align-
ment and end play to make sure there is no
binding or interference.

Using a spring scale and torque arm check the
stall torque to see that the motor is producing
its rated cranking power. The stall torque will
be the product of the spring scale reading and
the length of the arm in feet. If the torque is
not up to specifications check the seating of
the brushes on the commutator and the in-
ternal connection of the motor for high re-
sistance.

The Bendix should be checked for correct
operation. The Bendix pinion should be
checked to see that it shifts when the motor
is operated under no load.

To test for open circuits place the probes on
the field coil terminal and an insulated brush.
If the light does not light the coil is open
circuited.

FIG. 172 —STARTING MOTOR WITH CLUTCH DRIVE

6. Brush Holder Inspection
Using test probes touch the insulated brush
holder with one probe and a convenient
ground on the commutator end head with the
other probe. If the lamp lights it indicates a

FIG. 173—STARTING MOTOR BENDIX DRIVE

grounded brush holder. Starting Switch Test

7. Assembly of Motor Inspect the control wiring between battery, push
When assembling absorbent bronze bearings button, if so equipped, and switch for breaks, loose
always use the proper arbor as these arbors terminals and worn insulation. Tighten all connec-
are designed to give the proper bearing fit. tions and make sure the switch is firmly mounted
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to the motor and makes a good ground connection.
Check the voltage drop across the switch during
normal starting. If the drop is in excess of .20 volts
per 100 amperes (approximately .50 to .75 volts
during normal starting) replace the switch. If the
switch does not close and open properly when the
control button is operated remove the switch and
check its closing and opening voltages on the test
bench.

New Starting Switch

The larger 414" starter is equipped with a new elec-
trically controlled starting switch with the control
connected to the ignition switch. This starting
switch is a solenoid type which electrically closes
the circuit between the battery and the starting
motor. When the ignition key is turned to the ex-
treme right, a contact is made which energizes the
solenoid winding and closes the circuit. The sole-
noid is spring loaded and the circuit is opened when
the ignition key is allowed to return to the “Igni-
tion On"’ position. No repairs or adjustments can
be made on this switch and if trouble develops in
one it must be replaced by a new switch.

Bendix Starter Drive

The Bendix type fiywheel drive Fig. 173, is used on
some starting motors. This drive is designed so that
as the starting motor is energized, centrifugal force
sends the counter-weighted gear into engagement
with the teeth on the flywheel. When the engine
starts and the speed of the engine exceeds the com-
parable speed of the starting motor, the drive pinion
is forced out of engagement with the flywheel.

The Bendix spring absorbs the shock of engage-
ment. There are two types of Bendix drives and
springs: right hand and left hand. The type used
on these models is of the right hand type.

To determine a right or left hand Bendix drive,
turn the drive pinion so the threads on the shaft
will show. Hold the end of shaft toward you and
note spiral of thread: right hand spiral, right hand
drive, left hand spiral, left hand drive.

To determine a right or left hand spring, note the
spiral of the coil: if to the right, it is a right hand
spring — if to the left, it is a left hand spring.

If the Bendix drive spring shows signs of being
distorted, a new spring should be installed.

Do not lubricate the Bendix drive sleeve. Wash it
thoroughly with kerosene and install it dry but be
sure it is clean.

Cverrunning Clutch Drive

Some starting motors used are equipped with the
overrunning clutch type drive, Fig. 172. In this drive
the clutch and pinion slides on companion splines
and the pinion in manually engaged, with the fly-
wheel teeth, by the starting switch control arm
before the electrical connection is made at the start-
ing switch. Should the switch control arm fail to
completely mesh the pinion, engagement is com-
pleted by spring No. 4 (Fig. 172) as soon as the
armature starts to rotate. When the engine starts,
the flywheel drives the pinion faster than the
starting motor armature bringing the overrunning
clutch into action to disengage the pinion and pre-

vent the engine from driving the armature at ex-
cessive speeds.

Should the overrunning clutch fail in service it
will be necessary to install a new assembly.

Bendix Folo-Thru Drive

The larger 414" starter is equipped with the Ben-
dix Folo-Thru type drive which is designed to over-
come premature demeshing of the drive pinion
from the flywheel ring gear until a predetermined
engine speed is reached. See Fig. 174.

No repairs or ad justments are possible on this drive
and a complete new unit must be installed if
trouble develops.

FIG. 174—BENDIX FOLO-THRU DRIVE

Lubrication of Bendix Folo-Thru Drive

A periodic cleaning and relubrication of the drive
is advisable, the frequency of which will depend
on the type of service to which the vehicle is sub-
jected and the locale of operation.

Remove the starting motor from the engine and
take off the outboard housing. The pinion and bar-
rel assembly will be in the demeshed position on
the screwshaft. Do not move it forward until
after that portion of the armature shaft ahead of
the pinion has been cleaned. If accidentally rotat-
ed to the outer end of the screwshaft it will lock
in that position and cannot be forced back.

Do not disassemble the drive for any reason.

Do not dip or wash the drive in any cleaning
solution.

Do not remove the drive from the armature
shaft.

Remove excess oil, grease or foreign matter from
the armature shaft by wiping it with a clean cloth.
Dampen the cloth with kerosene if necessary. A
light film of SAE 10 oil may then be applied to
the shaft.

Now rotate the pinion and barrel assembly to the
fully extended position, thereby exposing the
screwshaft triple threads. Use a cloth dampened
with kerosene to wipe them clean. Do not use
gasoline or any commercial cleaner. If the dirt
is thick and gummy, apply the kerosene with a
small brush. Tilt the starting motor so that a small
amount will run under the control nut. Relubricate
with a thin film of SAE 10 oil. Use SAE 5 at ex-
tremely low temperatures.

Reassemble the starting motor to the engine with
the drive in the extended position. Carefully mesh
the pinion with the flywheel ring gear before tight-
ening the starter motor mounting bolts. It may
require a slight rotation of the pinion to index it
into the ring gear. When the engine starts the
drive pinion will automatically demesh from the
ring gear and return to its normal position.

\——
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ELECTRICAL SYSTEM
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1. GENERAL 3. Distributor Removal

The Tornado 230 engine uses a 12-volt electrical
system. Make sure a 12-volt battery is provided;
and, if the engine is to be used in a vehicle, that
12-volt bulbs and other accessories are provided.
Use caution around a 12-volt system as an acciden-
tal short circuit is more capable of damaging elec-
trical units.

In the following paragraphs will be found informa-
tion about the distributor, generator, voltage regu-
lator, and starting motor. These units with their
connecting wires make up the electrical system
furnished with the engine. To complete the elec-
trical system, it is necessary to furnish a 12-volt
battery. Some method of engine ignition control
should also be provided.

2. Ignition System

The power in an internal combustion engine is de-
rived from burning a fuel and air mixture in the
engine cylinders under compression. To ignite these
gases a spark is made to jump a small gap in the
spark plug within each combustion chamber.

The ignition system furnishes this spark. The spark
must occur in each cylinder at exactly the proper
time and the spark in the various cylinders must
follow each other in sequence of firing order. To
accomplish this, the following units are required:
a. The battery, which supplies the electrical energy:
b. The ignition coil, which transforms the battery
low tension current to high tension current which
can jump the spark plug gap in the cylinders under
compression ;

c. The distributor, which delivers the spark to the
proper cylinders and incorporates the mechanical
breaker, which opens and closes the primary circuit
at the exact time;

d. The spark plugs, which provide the gap in the
engine cylinders;

e. The wiring, which connects the various units;

f. The ignition switch, which controls the battery
current when it is desired to start or stop the engine.

The distributor is mounted on the right side of the
engine and is operated by a coupling on the oil
pump shaft which is driven by a worm gear on the
crankshaft.

To remove the distributor assembly the following
procedure should be followed:

a. Remove high tension wires from the distributor
cap terminal towers, noting the order in which they
are assembled to ensure correct reassembly. No. 1
spark plug terminal tower is in the 5 o'clock posi-
tion. Starting with this tower, the wires are in-
stalled in a counterclockwise direction in firing order.
b. Remove the primary lead from the terminal post
at the side of the distributor.

c. Unlatch the two distributor cap springs and re-
move the cap.

d. Note the position of the rotor in relation to the
base. This should be remembered to facilitate re-
installing and timing.

e. Remove the nut holding the distributor to the
timing chain cover: lift the assembly from the
engine.

4. Distributor Cap

The distributor cap should be inspected for cracks,
carbon runners, and evidence of arcing. If any of
these conditions exist, the cap should be replaced.
Clean any corroded high tension terminals.

5. Rotor

Inspect the rotor for cracks, or evidence of excessive
burning at the end of the metal strip.

After a distributor rotor has had normal use, the
end of the rotor will become burned. If burning is
found on top of the rotor, it indicates the rotor is
too short and needs replacing. Usually when this
condition is found, the distributor cap segment will
be burned on the horizontal face and the cap will
also need replacing.

e e e e i o L i S
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FIG. 175—DISTRIBUTOR

1 —Condenser 5—Breaker Arm Point
2—Lubricating Wick 6—Breaker Point
3—Adjusting Nut 7—Adjusting Screw
4—Breaker Cam £ —Stationary Contact

6. Condenser

The condenser prolongs the life of the distributor
points by preventing arcing at the contacts. It also
provides a hotter spark by creating a reverse surge
of current which rapidly breaks down tlke magnetic
field of the coil by demagnetizing the core. Should
the condenser be leaky, a weak spark will be ex-
perienced.

Check the condenser lead for broken wires or frayed
insulation. Clean and tighten the connections on
the terminal posts. Be sure the condenser is mounted
firmly on the distributor for a good ground con-
nection.

Should a condenser tester be available the ccn-
denser capacity should check from .25 to .28 micro-
farads. In the absence of a tester check by sub-
stituting a new condenser.

7. Distributor Points

The contact points should be checked for burning
and build-up of metal. If build-up does not exceed
154"" [about 0,4 mm.] file or grind the points clean,
bend into perfect closing alignment.

The contact points should be clean and not burned
or pitted. The contact gap should be set at .020"
[.508 mm.], measured with a wire gauge. After ad-
justing, tighten the lock and recheck the gap. If
new contacts are installed they should be aligned
to make contact at the center of the contact sur-
faces. Bend the stationary contact bracket to be
sure of proper alignment and then recheck the gap.
The contact spring pressure is very important and
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should be between 17 and 22 ounces [.482-.620 kg.].
Check with a spring scale hooked on the breaker
arm at the contact and pull in a line at right angles
to the breaker arm. Make the reading just as the
points separate. This pressure should be within the
above limits for if it is too low, missing will occur
at high speeds and if too high the cam, block and
points will wear rapidly. Adjust the point pressure
by loosening the stud holding the end of the contact
arm spring and slide the end of the spring in or out
as necessary. Retighten the stud and recheck the
pressure.

8. Distributor Disassembly

a. Loosen the clips (33, Fig. 176) and remove the
distributor cap (1) from the distributor housing
(20). Remove the rotor (2) from the drive shaft
(12). Remove the terminal screw (5) and washer (6)
that secure the low tension lead (36) to the breaker
contact plate (7), remove the low tension lead,
capacitor lead, and the contact set lead from the
terminal. Lift the contact set off the breaker contact
plate pivot pin. Remove the screw (39) and washer
(38) that secure the capacitor (37) to the contact
plate; remove the capacitor. Remove the low ten-
sion Jead insulating grommet from the distributor
housing; remove the low tension lead (36). Remove
the advance diaphragm arm retainer clip (4) from
the arm pivot pin.

b. Remove the cam felt wick (8), cam retainer clip
(9), cam and stop plate (10), and spacer (11) off the
drive shaft. Remove the two governor weight
springs (35) and governor weights (34) from the
governor assembly plate on the drive shaft.

¢. Remove two mounting screws (30) washers (31),
and clip mountings (32) that secure the cap hold-
down clips (33) to the distributor housing; remove
the clips. Lift the arm of the advance diaphragm
housing (17) off the pivot pin and remove the screw
(30) and washer (31); remove the breaker contact
plate from the housing.

d. Remove the vacuum tube nipple (13), gasket
(14), two spacers (15) and the diaphragm spring
(16) from the diaphragm housing (17). Remove the
two screws (18) and lockwashers (19) that secure
the diaphragm housing to the distributor housing;
remove the diaphragm housing.

e. Drive out the coupling rivet (27) that secures
the coupling (28) to the drive shaft (12); remove
the coupling and thrust washer (22). Remove the
drive shaft from the distributor housing.

f. Remove the bolt (24), lockwasher (25), and
washer (26) that secure the advance arm (23) to
the housing; remove the advance arm. Remove the
oiler (29) from the housing.

g. If necessary, press out the two drive shaft
bushings (21) from the distributor housing.

h. Clean all metal parts by dipping them in a
cleaning solvent; brush with a stiff bristled brush.
Drain or blow off cleaning solvent with dry, com-
pressed air.

9. Assembling Distributor
a. Soak two bushings (21), if removed, with clean
engine oil and press into position in the housing.
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FIG. 176—DISTRIBUTOR

1—Cap 21 —Bushing
2—Rotor 22— Thrust Washer
3—Contact Set 23—Advance Arm
4—Retainer Clip 24— Bolt

5— Terminal Screw 75—Lock Washer
6—Washer 26— Washer
7—Breaker Plate 27— Rivet

8 —Wick 28— Coupling

9— Retainer 29— Oiler

10—Cam and Stop Plate 30— Screw
11—Spacer 31 —Washer

12— Drive Shaft 32— Mounting Clips
13 —Nipple 33—Holddown Clips
14 — Gasket 34— Governor Weight
15—8pacers 35 —Spring
16—Spring 36— Low Tension Lead
17—Diaphragm Housing 37 — Capacitor
18—Screw 38 — Washer
19—Washer 39 - Screw
20—Housing

Press one flush with the top of the bore, the other
flush with the bottom.

b. Install the drive shaft oiler (29, Fig. 176 in the
distributor housing (20). Mount the advance arm
(23) on the housing: secure with a bolt (24), lock-
washer (25), and washer (26). After every overhaul
and every 50 hours of engine operation, add 3 to 5
drops of oil to the drive shaft oiler.

c¢. Install the drive shaft (12) in the distributor
housing, being careful not to nick or score the
bearing inserts. Position the thrust washer (22) and
coupling (28) on the drive shaft: secure with the
coupling rivet (27). Drive shaft end play, should be
measured with a feeler gage: .003"" to .010"” [,076 a
,254 mm.] end play is allowed. Shaft side play
should not exceed .005"" [,127 mm.].

d. Install the two governor weights (34) and their
springs (35) on the governor assembly plate on the
drive shaft. Lubricate the governor mechanism
with a few drops of clean engine oil. Install the
spacer (11) and the cam and stop plate (10) on the
drive shaft; secure with the cam retainer clip (9).
Saturate the cam felt wick (8) with clean engine oil
and install on top of the cam.

e. Position the two mounting clips (32) and hold-
down clips (33) on the distributor housing: partially
insert the two screws (30), and washers (31). Posi-
ticn the breaker contact plate (7) in the housing;:
secure with the two clip mounting screws and
washers and a third screw and washer.

f. Insert the arm of the advance diaphragm into
the opening in the distributor housing. Install the
arm on the arm pivot pin in the breaker contact
plate; secure with the retainer clip (4). Secure the
advance diaphragm housing (17) to the distributor
housing with a screw (18) and washer (19). Install
the diaphragm spring (16), two spacers (15), gasket
(14), and vacuum tube nipple (13) in the diaphragm
housing.

g. Insert the low tension lead (36) into the grom-
met opening in the distributor housing; install the
insulating grommet in the housing wall. Position
the capacitor (37) on the breaker contact plate;
secure with a screw (39) and washer (38). Install
the breaker contact set (3) on the breaker plate
pivot pin. Connect the contact set lead, the capac-
itor lead and the low tension lead terminal to the
lead mounting terminal with the screw (5) and
washer (6). Lubricate the contact set pivot pin with
one drop of oil. If the contact set is of nylon con-
struction, do not lubricate. See engine tune-up
section for contact adjustment and vacuum ad-
vance checking.

10. Setting Ignition Timing
The procedure for setting the ignition timing is
given in the engine tune-up séction.

11. Distributor Installation
Install the distributor as directed in Par. 99 of the
engine section.

12. Spark Plugs

Clean and gap spark plugs as described in the
tune-up section. Inspect them for excessive burning
and erosion of electrodes, blistering of porcelain at
the firing tip, black deposits, or fouling. These
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conditions indicate that the plugs have not been
operating at the correct temperature.

Note: Prolonged idling just before removing and
checking the plugs should be avoided as it may
produce false indications.

Spark plug operating temperatures may have been
too hot, too cold, or normal as described.

a. At too hot a temperature, the tip of the insu-
lator will show dark spots and blisters after fairly
short service. As high-temperature operation is con-
tinued, the whole insulator nose will discolor, show-
ing fused and blistered deposits near the electrodes
as well as considerable erosion and burning of the
electrodes. After extreme service, the porcelain it-
self may be fused, cracked, and blistered at the tip.
The electrodes will show extreme erosion and burn-
ing and possibly even surface cracking.

Note: If such cracking appears on certain plugs
after fairly short service, it may be caused by water
leaks in the associated cylinders.

b. At too cold a temperature plug operation, in the
early stages, will result in a dull black sooting of
the plug. This condition frequently is found in new
vehicles during the break-in period and is no in-
dication of trouble in this case. As the condition
progresses, black deposits of oil and carbon build
up on the base of the shell and on the insulator
until, in extreme cases, the space between insulator
and shell may be almost completely filled. Excessive
electrode erosion will seldom be found in cases of
cold plug operation. These indications can be pro-
duced by the use of an excessively rich air-fuel
mixture and the carburetor should be checked if
this condition is suspected. Fouling will also be
caused by leaking rings or intake valve guides that
permit excessive oil to reach the combustion cham-
bers. The use of a hotter plug will help burn away
some of this fouling but the mechanical condition
of the engine should be corrected.

¢. In normal temperature operation the plug will
accumulate grayish-tan to reddish-brown deposits
with fairly uniform discoloration of the insulator
nose and slight, localized electrode erosion. If the
insulator shows any blotches, blisters, irregular dis-
coloration, etc., look for hot-plug symptoms. Too
hot or too cold plug operation may be caused by
the use of plugs of other than the specified heat
rating but if the plugs are as specified, a hotter or
colder plug may be desirable. However, under-or
over-heating is usually caused by factors other than
the type of spark plugs and the cause should be
determined before changing plugs. The design of
the engine calls for plugs equivalent to Champion
L-71 (as installed in production) though any factor
that consistently affects engine operating tempera-
ture may cause this requirement to change. Over-
heating may be caused by insufficient tightening
of the plug in the head, which interferes with the
flow of heat away from the firing tip. If this is the
case, the plug gasket will show very little flattening.
Over-tightening, in turn, will produce too easy a
heat flow path and result in cold plug operation.
This will be evident by excessive flattening and de-

formation of the gasket. Prevailing temperatures,
condition of the cooling system, and air-fuel mixture
can effect the engine operating temperature and
should be taken into consideration.

13. Generator

The generator is an air-cooled, two-brush unit
which cannot be adjusted to increase or decrease
output. It is designed to produce a high output at
fairly low speed and depends on the external control
of a voltage regulator to limit output at higher
speeds. Coils of the generator are shunt connected.
It is rated at 12 volts and 35 amps.

14. Generator Maintenance

The charging circuit should be inspected at periodic
intervals. The inspection intervals will depend upon
the type of service and the condition of operation.
Dust, dirt and high speed operation are factors
which govern the service requirements by factors
contributing to increased wear of bearings and
brushes. The generator and its circuitry should be
inspected at least once a year under normal operat-
ing conditions.

Visually inspect all wiring and connections, in-
cluding insulation. All connections should be clean
and tight; give special attention to ground connec-
tions at the generator and regulator.

Check the generator mounting bolts to be certain
they are tight, and check belt tension to prevent
slipping under load. Check the generator for ex-
cessive grease and dirt accumulation on the head
ends and fan to avoid over-heating due to loss of
ventilation.

Through the openings in the commutator end head,
inspect the condition of the commutator and the
brushes. If the commutator is rough, pitted, or
worn, the armature should be removed and the
commutator turned and undercut, See Par. 16.
Check that the brushes are free to move in the
holders and that the springs have sufficient tension
to maintain good brush contact. Should the brushes
be oil soaked or worn to less than one-half their
original length, they should be replaced. When new
brushes are installed, sand them to proper contour
for full contact surface against the commutator. Do
not check the generator for full output until the
brushes are fully seated.

Brush tension is important to brush and commu-
tator wear and to arcing of the brushes. Test the
spring tension with a spring scale and set to 18 to
36 oz. [0,510 kg. a 1,020 kg.]. Excessive tension
causes excessive wear, and insufficient tension causes
brush arcing.

Lubricate the generator end heads every 6000 miles
[9000 km.] with 3 to 5 drops of SAE 30 oil in the
oiler cups.

15. Disassembly

If generator trouble is suspected because of an ex-
tremely low charging current, localize the fault be-
fore removing the generator for repair. Such fault
may be in the regulator, the cables or the battery.
See Paragraph 22 of this section for localizing tests.
Be sure the wiring and insulatioa is in good con-
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dition and properly connected. To test the wiring
and connections electrically, connect an ammeter
between the regulator battery terminal and the lead
removed from this point. Run the engine at a
medium speed (about 2000 RPM) and turn on the
lights and accessories for a load of about 10 amperes.
With this current load, take a voltage reading with
a 10 volt meter between the following points:

a. Generator armature terminals to insulated bat-
tery post—.6 volts maximum.

b. Generator field terminals to regulator field ter-
minal—.05 volts maximum.

c. Generator frame to regulator base—.03 volts
maximum.

d. Generator frame to battery ground post—.03
volts maximum.

Make additional tests to locate high resistance cir-
cuit if higher readings are found in any test. If
quite certain the trouble is in the generator, remove
the generator support bolts and detach the genera-
tor from the engine.

Reach through the openings in the commutator end
head and release the brush springs. Lift the brushes
away from the commutator to avoid damaging them
during removal. (See Fig. 95.) Remove the thru
bolts (45) and pull the commutator end head (5)

away from the frame (11). To remove the bearing
(2), remove the oil retainer (1) and press out the
bearing. Remove the oiler (4), and the wick (3),
To remove the brushes, remove the screws (6), and
lockwashers (7) and slide the brushes (8) out of the
brush arms (10). Remove the brush arms from the
brush holders in the frame, unhook the brush
springs. Pull the armature (44) and drive head (34)
from the generator frame. Remove the shaft nut
(33) and Jockwasher (32) and take the drive pulley
and fan assembly off the shaft. Do not lose the
woodruff key (43) when the pulley is removed.

To remove the ball bearing, remove the three screws
(41), lockwashers (40), the bearing retainer (39)
and gasket (38). The bearing (37), retainer (36) and
felt washer (35) may now be removed.

16. Armature

If the armature is rough or worn, turn it down in a
lathe. The mica should then be undercut to a depth
of 16" to %" [0,8 mm: a 1,2 mm.].

To test the armature for a ground, connect one prod
of a test lamp to the core or shaft (not on bearing
surface) and touch each commutator segment with
the other prod. If the lamp lights. the segment is
grounded and the armature must be replaced.

FIG. 177—GENERATOR, EXPLODED VIEW

33— Shaft Nut

1—0il Retainer 17—Hex Nut

2—Bearing 18— Ground Screw 34— Drive End Head
3—Felt Wick 19-- Lockwasher 35— Felt Washer
4—0Qiler 20—Hex Nut 36— Felt Washer Retainer
5—Commutator End Head 21 - -Lockwasher 37—Ball Bearing
6—Brush Lead Screw 22—Hex Nut 38— Gasket
7—Lockwasher 23— Lockwasher 39— Bearing Retainer
8—Brush Set 24 — Washer 40—Lockwasher
9—Brush Spring 25— Insulating Washer 41—Rctainer Screw
10—Brush Arm 26— Insulating Bushing 42—Felt Washer
11—Frame 27—Stud 43— Woodruff Key
12—Insulating Bushing 28 —Left and Right Field Coil 44— Armature
13—Washer 29 —Pole Shoes 45—Thru Bolt

14 —Lockwasher 30—Pole Shoe Screw 46— Lockwasher
15—Hex Nut 31— Drive Pulley and Fan Assembly

16—Lockwasher 32— Lockwasher
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To test for a short in the armature coils, a growler
is needed. (See Fig. 178.) Place the armature on the
growler and lay a thin strip of steel on the armature
core. Rotate the armature slowly by hand and the
steel strip will vibrate if a coil is shorted. The arma-
ture must be replaced if a coil is shorted.

FIG. 178—GROWLER

17. Field Coils

Inspect the coils for chafed wires and using test
lamp probes check for both open or grounded
circuits. To test for an open coil, connect the test
prods to the two coil lead wires. If the lamp fails
to light, the coils are open and must be repaired
or replaced.

To test for a ground, place one prod on a field coil
terminal wire and the other prod on the frame. If
the lamp lights, a ground exists and the coil must
be repaired or replaced. The coils may be removed
from the frame for cleaning, repair or replacement.
Remove the pole shoe screws (30) and remove the
pole shoes (29). Release the coil terminals by dis-
assembling the field and armature terminals and
removing stud (27) and ground screw (18).

If accurate test equipment is available, check the
current flow through the coils with 10 volts applied.
The current should be 1.6 to 1.7 amperes. A shorted
coil will show a much higher current draw and an
open coil will show no current draw. In either case
the generator output will be below normal.

When reinstalling the field coils, stake the pole shoe
screws with a center punch to avoid loosening.

18. Brushes

Service information *for the brushes may be found
in Paragraph 19.

19. Brush Holders

With the test prods, check the insulated brush
holder to be sure it is not grounded. Touch the
brush holder with one prod and the end plate with
the other prod. If the lamp lights, a brush holder
is grounded. When the test probe touches the
grounded brush holder, the lamp will light
Inspect the brush holders for distortion or excessive
rust. Replace the brush springs if they are exces-
sively burned or rusted. Make sure the brushes
slide freely in the holders. If the brushes are oil
soaked, charred, or less than one-half their original
length, they should be replaced.

Brushes should be reseated for complete surface
contact when replaced. Do this by wrapping a
piece of 00 sandpaper around the commutator,
abrasive side out, beneath the brushes, and rotating
it in the same direction it rotates while operating.
After sanding, blow the carbon and sandpaper dust
out of the generator. Final testing of the generator
should allow operation at normal load current for a
run-in period before testing for full load output.

20. Generator Assembly

Check ball bearing (37, Fig. 177) for looseness or
roughness after cleaning in solvent and blowing dry.
A rough or excessively worn bearing should be
replaced. Pack bearing one-half full with high tem-
perature ball bearing grease. Soak felt washer (35)
in SAE 30 oil before assembly. Porous bronze
bearing (2) should be cleaned and checked for
excessive wear. If excessively worn, use a suitable
arbor press to remove old and install new bearing.
Soak the bearing in SAE 30 oil and apply a thin
film of oil to the bearing surface of the armature
shaft when assembling. Put 3 to 5 drops of SAE 30
oil in the oilers (4) when assembled.

Position the felt washer (35) and washer retainer
(36) in the bore of the drive end head (34): install
the ball bearing (37). Position the gasket (38) and
bearing retainer (39) on the drive end head: secure
with the three screws (41) and lockwashers (40).
Slip the felt washer (42) on the armature shaft.
Install the shaft of the armature (44) through the
drive end head, seating the shaft in the bearing
in the head. Position the key (43) in the shaft
keyway and install the drive pulley and fan assem-
bly over the shaft and key, aligning the keyway in
the assembly with the key in the shaft. Secure the
drive pulley and fan assembly to the shaft with the
lockwasher (32) and nut (33). If the field coils and
pole shoes have been removed, install the field coils
and pole shoes, securing the pole shoes with the
pole shoe screws (30). Carefully install the armature
through the frame; making sure that the coils do
not scrape. Seat the drive end head on the frame
end. Slide the brush arms on the studs in the frame;
install the brushes in the brush arms and secure
the brush leads with the screws (6) and lockwashers
(7). Install the brush springs; seating the brushes
on the commutator. If the sleeve bearing (2) has
been removed from the commutator end head, press
in a new sleeve bearing and install the oil retainer
(1). Position the commutator end head on the
frame; secure the assembly with the two thru
bolts (45) and lockwashers (46).
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When installing the generator on the engine, the
bracket bolt torque wrench reading is to be 20 to
25 lbs. ft. [2.8 a 3.4 kg.m.].

21. Generator Test Procedure

Connect the generator as shown in figure 179. Using
the carbon pile rheostat, adjust the voltage +10
volts. The motorizing draw should be 3.1 to 3.5
amperes. If motorizing draw is high, fault may be
in bearing fit or alignment, or mechanical inter-
ference between aramature and pole shoes, or
improper end play. Rap the frame sharply with a
rawhide hammer to free the armature. Tighten the
pole shoes.

Install the generator in a test bench and connect
so it is driven at a speed of 1750 maximum rpm.
The generator should deliver 15 volts, 16 amperes
minimum. Increase the speed to 2300 maximum
rpm. The generator should deliver 15 volts at
35 amperes.

Caution: Do not operate at more than 35 amperes
for more than a few seconds.

11084
FIG. 179—GENERATOR TEST
1—Ground 6—Ground
2—Voltmeter 7—Ground
3—Ammeter 8—Jumper
4—Carbon Pile Rheostat 9—Generator

5-—-Battery

22. Current-Voltage Regulators

The regulator (Fig. 180) must match the generator
for voltage, current, polarity and common source
of manufacture. If this is not done; loss of current
capacity or a burned out generator may result.
These regulators are used with shunt type genera-
tors and have three units, each with a separate
function to perform. These units are the circuit
breaker unit, the voltage regulator unit, and a
current limiting regulator unit. Each unit is dis-
cussed in the following paragraphs.

23. Circuit Breaker

It consists of an electromagnet and a set of contacts.
The contacts are mounted with one on a stationary
bracket, and the other on a movable armature
which is controlled by the electromagnet. The
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FIG. 180—CURRENT-VOLTAGE REGULATOR

movable contact is mounted on a spring arm so
that as the contacts open and close a slight wiping
action is produced.

The electromagnet of the circuit breaker has two
windings, one, the shunt coil which is connected
across the generator output like a voltmeter and
the other a series coil connected in series with the
generator output like an ammeter. These two coils
are wound in the same direction so that when the
generator is charging the battery, the magnetism of
the series coil increases the total magnetism. When
the battery discharges back through the generator,
the magnetism of the series coil is reversed and the
magnetism of the two coils is opposed. This results
in a decreased pull on the armature and spring
action opens the contacts.

The sequence of operation of the circuit breaker
is as follows:

When the generator is not running, the contacts
are open. When the generator is started, the voltage
builds up at the armature terminal and in the shunt
coil and as soon as it reaches the value for which
the circuit breaker is calibrated, there is sufficient
magnetism created by the shunt coil to pull down
the armature, closing the contacts which auto-
matically connects the generator to the battery.
With the contacts thus closed the current in the
series coil is flowing from the generator to the
battery or in the same direction as the current in
the shunt coil, so that the pull on the armature is
increased by the magnetism of the series coil.
When the engine is stopped and the generator loses
speed, the voltage falls, and as soon as the generator
voltage drops below the battery terminal voltage,
the current flows from the battery to the generator,
reversing the direction of current in the series coil
so that the magnetism created by the series coil
opposes and reduces the magnetism of the shunt
coil. This reduces the pull on the armature to a
point where spring action opens the contacts.

24. Voltage Regulator

The function of the voltage regulator is to hold the
generated voltage at a predetermined value as long
as the circuit values allow the voltage tq build up
to the operating voltage.

The electromagnet of the voltage regulator unit has
a winding of many turns of fine wire and is con-
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nected across the charging circuit so that the system
voltage controls the amount of magnetism.

The contacts of the voltage regulator unit are
connected in the generator field circuit so that the
field circuit is completed through the contacts when
they are closed and through a resistor when the
contacts are opened.

When the voltage rises to a predetermined value
there is sufficient magnetism created by the regula-
tor winding to pull the armature down. This opens
the contacts and inserts resistance in the field
circuit of the generator thus reducing the field
current. The generator voltage immediately drops,
which reduces the pull on the armature to the
point where the spring closes the contacts. The
output again rises and the cycle is repeated.

These cycles occur at high enough frequencies to
hold the generated voltage at a constant value and
will continue as long as the voltage of the circuit
is high enough to keep the voltage regulator unit
in operation. With the addition of a current load
great enough to lower the battery voltage below
the operating voltage of the unit, the contacts will
remain closed and the generator will maintain a
charging rate is limited by its speed or the current
limiting regulator.

Due to the effect of heat on the operating charac-
teristics of regulator windings it is necessary to
compensate for the changes in coil resistance when
the regulator is operating under varying tempera-
ture conditions. This is accomplished through the
use of a bimetal hinge on the voltage regulator.
This design feature limits the initial system voltage
when cold, with a resultant reduction in ignition
primary current. During the warmup period, this
feature materially reduces ‘‘blue point” tendencies
that occur with high system voltage. In extremely
cold temperatures the initial voltage may be several
tenths of a volt lower than the cold operating value
for the first few minutes of operation. The com-
pensation is usually more than enough to offset
changes in the regulator coil resistance. The excess
compensation allows the regulator to operate at
higher voltages under cold operating conditions.
This is necessary because a battery requires higher
voltages for charging at low temperatures because
of increased internal resistance when cold.

25. Current-Limiting Regulator

The function of the current-limiting regulator is to
limit the output of the generator to its maximum
safe output.

The electromagnet of the current regulator unit
consists of a winding of heavy wire that is con-
nected in series with the generator output. When
the generator output reaches a predetermined value,
the current in the winding produces enough magnet-
ism to overcome the spring tension and pull the
armature down. This opens the contacts and inserts
resistance in the field circuit of the generator. With
the field current reduced by the resistance, the
generator output falls and there is no longer enough
magnetism to hold the contacts open. As soon as
the spring closes the contacts. the output rises and
the cycle is repeated. These cycles occur at high
enough frequencies to limit the output to a mini-
mum fluctuation.

26. Preliminary Inspection

a. Wiring—Check the wiring to see that it is
properly connected to the generator.

b. Generator Performance— Make sure the genera-
tor operates correctly without the regulator in the
circuit. Remove the armature and battery leads
from the regulator and connect an ammeter between
them. Remove the field lead from the regulator and
while operating at idle speed touch the field lead to
the regulator base. Increase the speed slowly noting
the charging rate.

Caution: Do not increase the output above the
rated output of the generator.

If the generator output will not build up inspect the
wiring harness for shorts and opens and remove the
generator for an overhaul. To check the generator
circuit when a suitable ammeter is unavailable,
disconnect the armature cable at the regulator.
Connect one lead of a 6-12v test lamp to the regu-
lator terminal marked ‘‘armature” and with the
engine running, ground the other lead. Should the
test light fail to burn there is a fault either in the
generator or regulator. To localize the fault, dis-
connect both the “Field” and “Armature’ cables at
the generator. Connect a wire from the “Field”
terminal to ground and use a 60 watt, 110 volt test
lamp to ground the “Armature” terminal. If the
generator is charging satisfactorily the test lamp
will glow at approximately 1500 rpm. engine speed
and the fault will be definitely localized in the
regulator.

c. Incorrect Regulator—Make sure the regulator
is the correct type for use with the generator.

d. Battery—Check the specific gravity and termi-
nal voltage of the battery. If the battery is not up
to specifications substitute temporarily for test
purposes a fully charged battery of the same type
and capacity.

e. High Resistance Connections — Inspect the
wiring between the generator, regulator and battery
for broken wires and high resistance connections.
Pay special attention to the ground connections at
all three units. Connect a reliable ammeter with 1-
ampere graduations in series with the regulator B
terminal and the lead removed from this terminal.
Run the generator at a medium speed and turn
on the lights or accessories until the ammeter shows
a 10-ampere charging rate. At this charging rate
measure the voltage drop between the following
points using an accurate voltmeter graduated in 1-
volt divisions. The voltmeter should not show a
reading above the maximum noted.

Generator “A” terminal to regulator ‘““A’" terminal
—.1-volt maximum.

Generator “F” terminal to regulator “F”’ terminal
—.05-volt maximum.

Battery terminal to regulator “B” terminal—.1-
volt maximum.

Regulator ground screw to generator frame—.03-
volt maximum.

Regulator ground screw to battery ground post
—.03-volt maximum.

Generator frame to battery ground post—.03-volt
maximum.
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27. Test Procedure

a. Circuit Breaker-Connect an ammeter between
the regulator B terminal and the wire removed
from that terminal as shown in figure 181. Con-
nect a voltmeter between the regulator A termi-
nal and the regulator mounting base. Disconnect
the field lead from the regulator F terminal and
insert a variable resistance (3 amp. - 50 ohm)
between the lead and the regulator terminal.
Run the generator at about 8000 rpm. Insert
all the resistance in the field circuit, then slowly
reduce the resistance, noting the voltage reading
just before the change caused by the closing of the
circuit breaker. Increase the charging rate to that
specified for the regulator under test and then
reduce the charging rate by inserting resistance in
the field circuit. Note the voltmeter and ammeter
readings just before the circuit breaker opens and
the ammeter reading drops to zero. The closing
voltage and the opening voltage or current should
be within the specified limits. An accurate method
for noting the exact instant of the opening or closing
of the circuit breaker is to connect a headphone
(2000 ohms or higher) to the battery and armature
terminals of the regulator. A click is heard when
the contacts open or close. Adjust the closing volt-
age by bending the lower spring hanger to change
spring tension. Increase the spring tension to raise
closing voltage or decrease tension to lower the
voltage. Adjust the opening voltage by raising or
lowering the stationary contact, keeping the con-
tacts perfectly aligned. Increasing the contact gap
lowers the opening voltage. Do not adjust the
contact gap to less than the specified minimum.
When adjusting air gaps the gauge is placed against
the brass stop rivet of the armature, on the side
toward the center of the core. On regulators where
no brass stop rivet is used on the current regulator,
the gauge is placed over the center of the core.

b. Voltage Regulator—Connect the ammeter as in
step a. Connect the voltmeter between the regulator
B terminal and the regulator base as shown in
Fig. 182. Remove the variable resistance from the
field circuit. Insert a !4-ohm fixed resistance in
series with the ammeter. Run the generator at half

@

output for 15 minutes to bring the regulator to
normal operating temperature. Since the tempera-
ture voltage compensation is accomplished by the
use of a thin bi-metal hinge, voltage calibration is
more sensitive to stray air currents when the cover
is removed during adjustment. For this reason more
warm-up time is necessary after each trial adjust-
ment to allow the voltage to stabilize. Keep the
cover on the regulator during warm-up and also
when taking readings.

Stop the engine and then restart it and bring it up
to about 2500 rpm at the generator. Adjust the
amperage to about half maximum output by turning
on lights and accessories, then note the voltmeter
reading. The voltage should be within the limits
specified for the voltage regulator. To adjust the
voltage, change the spring tension by bending the
hanger at the lower end of the spring. After each
adjustment, stop the engine and restart it, bring it
up to speed and adjust the current before taking a
reading. To obtain an accurate indication of the
opening and closing of the voltage regulator con-
tacts, connect a headphone between the F terminal
and ground. Clicks should be regular and clear,
without irregularities. If the tone is not clear and
regular, remove the cover and inspect the contacts.
The contacts should be flat and not excessively
burned and should be aligned to be full face contact.
If they need cleaning refer to paragraph d for the
method.

c. Current Regulator—Connect the regulator and
test equipment as in step b. Remove the !4-ohm
fixed resistor from the circuit and connect a carbon
pile rheostat across the battery as shown in Fig. 183.
With the generator running at about 300 rpm, turn
on lights and accessories to require maximum cur-
rent rate from the generator. Adjust the limiting
amperage by changing spring tension. After each
adjustment, stop the engine and restart it, bring it
up to speed and take a reading. Keep the cover on
the regulator when taking the readings. Use a
headphone as described in paragraph b to hear the
tone of contact operation. Rough and erratic tone
indicates the need for contact inspection. If they
need cleaning, refer to paragraph d for the method.

Y

L@

B
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FIG. 181—CIRCUIT BREAKER TEST

1—Armature
2—Field
3—Generator
4—Field Rheostat
5—Armature
6—Field

7—Battery

E—Regulator

9—Voltmeter
10—Ammeter
11—Battery

oo
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FIG. 182 —VOLTAGE REGULATOR TEST

1—Armature

2—Field

3—Generator

4—Armature

5—Field

6—DBattery
d. Contacts—The regulator contacts, both upper
and lower, are tungsten. The voltage regulator and
the current regulator stationary contact bracket is
combined as one integral part so that the gap ad-
justments must be made simultaneously. Final
adjustment of the contacts may be done by a slight
bending of the stationary contact support as re-
quired. Inspect the contacts on all three units. The
contacts become grayed in normal use. Tungsten
contacts normally require no service. If pitted, a #6
American-Swiss Cut equalling file may be used to
remove oxides and irregularities. Due to th= ex-
treme hardness of tungsten contacts it is virtually
impossible to remove all pitting, and is unnecessary
to do so. Removal of the oxides normally restores
satisfactory operation. After filing, dampen a piece
of linen or lintless bond tape in refined carbon
tetrachloride and draw the tape between the con-
tacts. Repeat with a dry tape to remove all carbon-
tetrachloride. Use a clean tape for each set of
contacts.

e. Recheck—Operate the unit at half maximum
output for five minutes with the cover on the
regulator. Repeat the test procedure for all units

7—Regulator
8—Voltmeter

9—Ammeter
10— !4 OHM Fixed Resistor
11—Battery

as described in a, b, and c above. Be sure the cover
is on the regulator when taking readings.

28. QUICK CHECKS

29. Low Charging Rate With a Fully
Charged Battery

A fully charged battery and a low charging rate
indicates normal regulator operation. A further
check of regulator operation can be made by using
the starting motor for 5 to 10 seconds with the
ignition switched off. Then start the engine and
operate the generator at about 2500 rpm. The
charging rate should rise to maximum and then
taper off to a minimum charge as the battery
recovers charge.

30. High Charging Rate with a Fully
Charged Battery

This is usually an indication the voltage regulator
is not working properly. The high voltage shortens
ignition contact life and causes excessive battery
gassing. Connect an ammeter in series with the
regulator B terminal and the lead removed from
that terminal. Run the generator at medium speed
and perform the following operations. After each

(0)

0]
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FIG. 183—CURRENT REGULATOR TEST

1—Armature
2—Field
3—Generator
4—Armature
5—Field
6—Battery

7—Regulator
8—Voltmeter
9—Ammeter

10—Carbon Pile Load Rheostat
11—Battery



WILLYS INDUSTRIAL ENGINES 131

test is completed, reconnect leads which have been
opened.

31. Test One

Disconnect the field lead at the generator.

a. Output drops to zero—shorted field circuit in the
regulator or the wiring harness. See test 2.

b. Output does not drop—shorted field circuit in
the generator. Inspect the generator.

32. Test Two

Disconnect the field lead at the regulator.

a. Output drops to zero—shorted field in regulator.
See test 3.

b. Output does not drop—shorted wiring harness.
Repair or replace the wiring harness.

33. Test Three

Remove the regulator cover and hold the voltage
regulator contacts open.

a. Output drops to zero—regulator contacts stick-
ing, regulator out of adjustment, or regulator in-
operative. Check operation (test 5), check for high
resistance (test 4), and clean contacts per Par. 36.
b. Output does not drop—shorted field circuit in
the regulator. Clean the regulator contacts and
inspect the regulator for incorrect wiring between
units and for shorted leads.

34. Test Four

Operate the units at 10 amperes output and measure
the voltage drop from the regulator base to the
generator frame

a. Voltage reading below .03 volts—ground circuit
is satisfactory. See test 5.

b. Voltage reading above .03 volts—inspect the
ground circuit for poor connections and elirhinate
resistance. See test 5.

35. Test Five

Connect a headphone from the regulator field termi-
nal to the base and hold the current regulator
contacts closed.

a. A steady beat is heard—voltage regulator oper-
ating. Reset regulator as in the operation test
Paragraph G-27.

b. An unsteady beat is heard—dirty or sticking
contacts. Clean contacts per instructions in Para-
graph G-36.

c. No beat is heard—inoperative voltage regulator
unit. Adjust regulator operation as in the operation
test. If the regulator cannot be adjusted within
limits, remove for overhaul.

36. Cleaning of Contacts

Clean the voltage regulator contacts with a #6
American-Swiss cut equalling file. File lengthwise
and parallel to the armature and then clean the
contacts with clean linen tape. Wet a piece of tape

in carbon tetrachloride and draw it between the
contacts. Then wipe with a clean dry tape.
Reset the regulator operation as in the operation
test, Par. 27. When adjusting the air gaps, the
gauge is placed against the brass stop rivet of the
armature, on the side toward the center of the core.
On regulators where no brass stop rivet is used on
the current regulator, the gauge is placed over the
center of the core.

37. Low Battery and a Low or Zero
Charging Rate
Check all wiring for loose connections, frayed insu-
lation and high resistance connections; correct any
fault. Make sure the generator operates without
the regulator in the circuit. Remove the A and B
terminal leads from the regulator and connect an
ammeter between them. Remove the field lead from
the regulator and touch it to the base while operat-
ing at idle speed. Increase the speed slowly, noting
the charging rate. Do not exceed the rated output
of the generator. If the output does not build up,
inspect the wiring harness for shorts and opens.
Remove the generator for overhaul if no other fault
is found.
Connect an ammeter between the battery lead and
the regulator B terminal. Connect the field lead to
the regulator F terminal and connect the armature
lead to the A terminal. Connect a voltmeter from
the regulator A terminal to the base. Operate the
generator at a medium speed and perform the
following tests:

38. Test Six

Read the voltmeter.

a. Voltage builds up—open series circuit. See test 7.
b. Voltage does not build up—regulator out of ad-

Jjustment, field circuit open, grounded series circuit.
See test 8.

39. Test Seven

Remove the regulator cover and operate the gener-
ator at medium speed, holding the circuit breaker
contacts closed.

a. Ammeter shows no charge—open circuit breaker
shunt winding, incorrect setting of circuit breaker,
or dirty contacts. Clean contacts and reset circuit
breaker as in Par. 27a. If the circuit breaker can-
not be set, the shunt coil is open and the regulator
should be removed for overhaul.

b. No generator output—clean the circuit breaker
contacts and try the test again. If there is still no
charge, the series windings are open and the regu-
lator should be removed for overhaul.

40. Test Eight
Run the generator at idle speed and momentarily
connect a jumper from terminal F to the base.

a. Voltage builds up—open field circuit or regulator
out of adjustment. See test 9.

b. Voltage does not build up—grounded series cir-
cuit. Remove regulator for overhaul.
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41. Test Nine

Operate at medium speed with the jumper removed.
Remove the regulator cover and hold the voltage
regulator contacts closed.

a. Voltage builds up — voltage regulator contacts
burned, dirty, or incorrect setting. Clean the con-
tacts and adjust the regulator as in Par. 27.

b. Voltage does not build—clean the contacts and

repeat the test. If the voltage still does not build
up; see test 10.

42. Test Ten

Remove the regulator cover and hold the current
regulator contacts closed.

a. Voltage builds up — current regulator contacts
burned or incorrect setting. Clean the contacts and
adjust per Par. 27.

b. Voltage does not build up — clean the contacts

and repeat the test. If the voltage still does not
build up remove the regulator for overhaul.

43, STARTING MOTOR

The starting motor is similar in construction to the
generator, but the design of the parts is different
because it is necessary for the starting motor to
handle a large amount of current for short intervals.
Both motor and generator require a frame, field
coils, armature, and brushes. Fig. 184 illustrates a
typical starting motor, the internal construction of
which is representative of the model discussed here.

44. Maintenance Procedure

A periodic inspection should be made of the starting
circuit. While the interval between these checks will
vary according to the type of service, it should,
under normal conditions, be made every 500 hours
of operation. At this check the following points
should be inspected.

FIG. 184 —-TYPICAL STARTING MOTOR

19—Intermediate Bearing
20—Bendix Drive

10—Frame
11—Insulating Washer

1—End Plate
2—Plug
3—Thrust Washer 12—Washer 21—Screw

4—Prush Plate Assembly 13—Nut 22—Lock Washer
5—Screw 14—Lock Washer 23—Thrust Washer
6—Lock Washer 15—Insulating Bushing 24—Key
7—Insulating Washer 16—Pole Shoe Screw 25—Armature
8—Terminal 17—Sleeve Bearing 26—Thru Bolt
9—Field Coil and Pole Shee Set 18—Drive End Frame 27 —Insulator
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45. Wiring

Inspect the starting circuit to make sure that all
connections are clean and tight. Check for worn or
damaged insulation on the wires. Perform a voltage-
loss test to make sure there is no Joss of starting
motor efficiency resulting from high resistance con-
nections. Voltage loss from the battery terminal to
the starting motor terminal should not exceed .30
volts for each 100 amperes. Voltage loss between
the battery ground post and the starting motor
frame should not exceed .10 volts for each 100
amperes. If the voltage loss is greater than these
limits, measure the voltage loss over each part of
the circuit until the resistance causing the voltage
loss is located and corrected.

46. Commutator

Sluggish starting motor operation may be caused by
a dirty commutator or worn brushes. The com-
mutator on 12-volt starting motors cannot be
cleaned while the starting motor is mounted on the
engine and it will be necessary to remove it and
proceed as for an overhaul. Should the commutator
in any starting motor be rough or worn, it should
be removed for cleaning and reconditioning.

47. BRUSHES

The brushes should slide freely in their holders and
make full contact on the commutator. Worn brushes
should be replaced.

48. Overhaul Procedure

At periodic intervals the starting motor circuit
should be thoroughly checked and the motor re-
moved from the engine for cleaning and checking.

49. Disassembly

To remove the starting motor from the engine, dis-
connect the leads and cover the battery lead with a
short piece of hose to prevent short circuiting. Re-
move the flange bolts holding the starting motor to
the flywheel housing. Remove the starting motor
from the engine.

Each part of the starting motor should be removed,
cleaned, and inspected for evidence of wear or
damage. The Bendix Drive should be cleaned and
inspected for evidence of wear or a distorted spring.
Bearings should be checked for proper clearance
and fit. All insulation should be free of oil and in
good condition. The armature, field coils, and
brushes should be checked for good ground and lack
of open circuits.

50. Brushes

The brushes should slide freely in their holders and
make full contact on the commutator. Worn brushes
should be replaced.

Check brush spring tension with a spring scale.
Hook the scale under the brush spring near the
brush and pull on a line parallel with the side of the
brush. Take the reading just as the spring leaves
the brush. It is important that the brush spring
tension be kept within 32 to 40 oz [,91 a 1.13 kg.].
If the tension is too low, there will be a loss of
efficiency from poor brush contact. Too great a

tension will cause excessive brush and commutator
wear. To change the tension, twist the spring at the
holder with long-nosed pliers.

Worn brushes should be replaced.

51. Commutator

Check the commutator for wear and discoloration.
If the commutator needs cleaning, use 00 sandpaper
and afterward make sure all the sand is removed. If
the commutator is rough or worn, it should be
turned down in a lathe until all roughness is gone.
Remove tool marks by sanding with 00 sandpaper.
Undercut the mica segments to a depth of &
[0,79 mm.] in an undercutting fixture. After under-
cutting, check the armature on a growler, Fig. 178.
The procedure for this check is given in Par. 52.

52. Armature

Visually inspect the armature for mechanical defects
before checking for shorted or grounded coils. Use
a set of test probes for testing armature circuits. To
test the armature for grounds, touch one point of
the test probes to a commutator segment and touch
the other point to the core or shaft. Do not touch
the points to the bearing surface or to the brush
surface as the arc formed will burn the smooth
finish. If the lamp lights, the coil connected to the
commutator segment is grounded.

To test for shorted armature coils, a growler as
shown in Fig. 178 is necessary. The armature is
placed against the core and a steel strip 1s heid on
the armature rotated slowly by hand. If a shorted
coil is present, the steel strip will become magnetized
and will then vibrate.

53. Field Coils

Using test probes, check the field coils for both
ground and open circuits. To test for ground, place
one probe on the motor frame or pole piece and
touch the other probe to the field coil terminals.
If a ground is present, the lamp will light.

To test for open circuits, place the probes on the
field coil terminals and on an insulated brush. If
the light does not light, the coil is open circuited.

54. Brush Holder Inspection

Using test probes, touch the insulated brush holder
with one probe and a convenient ground on the
commutator end head with the other probe. If the
lamp lights, it indicates a grounded brush holder.

55. Assembly of Starting Motor

When assembling absorbent bronze bearings, al-
ways use the proper arbor designed to give the
proper bearing fit. Soak the bearing in oil before
assembling in the bearing bore.

Brushes should be correctly installed and connected
as outlined in Par. 50, in order to be sure of proper
starting motor efficiency.

Soak the bearings in oil and give the bearing seats
a light coating of oil.

56. Bench Test
Check the starting motor for free-running voltage
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and current within specifications. To test, connect
the starting motor to a battery, ammeter, and volt-
meter. If the current is too high, check the bearing
alignment and end play to make sure there is no
binding or interference.

Use a spring scale and torque wrench and check the
stall torque to see that the motor is producing its
rated cranking power. The stall torque will be the
product of the spring scale reading and the length
of the arm in feet. If the torque is not up to specifi-
cations, check the seating of the brushes on the com-
mutator and the internal connection of the starting
motor for high resistance.

Check the Bendix Drive for correct operation. The
Bendix Drive pinion should shift satisfactorily when
the starting motor is operated under no-load
condition.

57. Bendix Folo-Thru Drive

The Bendix Folo-Thru drive is designed to over-
come premature demeshing of the drive pinion from
the flywheel ring gear until a predetermined engine
speed is reached. See Fig. 185.

No repairs or adjustments are possible on this drive
and a complete new unit must be installed if trouble
develops.

58. Lubrication of Folo-Thru Drive

A periodic cleaning and relubrication of the drive
is advisable, the frequency of which will depend on
the type of service to which the vehicle is subjected
and the locale of operation.

Remove the starting motor from the engine and
take off the outboard housing. The pinion and
barrel assembly will be in the demeshed position on
the screwshaft. Do not move it forward until after
that portion of the armature shaft ahead of the
pinion has been cleaned. If accidentally rotated to
the outer end of the screwshaft it will lock in that
position and cannot be forced back.

Do not disassemble the drive for any reason.

Do not dip or wash the drive in any cleaning solution.
Do not remove the drive from the armature shaft.
Remove excess oil, grease or foreign matter from
the armature shaft by wiping it with a clean cloth.

10859
FIG. 185 BENDIX FOLO-THRU DRIVE

Dampen the cloth with kerosene if necessary. A
light film of SAE 10 oil may then be applied to the
shaft.

Now rotate the pinion and barrel assembly to the
fully extended position, thereby exposing the screw-
shaft triple threads. Use a cloth dampened with
kerosene to wipe them clean. Do not use gasoline
or any commercial cleaner. If the dirt is thick
and gummy, apply the kerosene with a small brush.
Tilt the starting motor so that a small amount will
run under the control nut. Relubricate with a thin
film of SAE 10 oil. Use SAE 5 at extremely low
temperatures.

Reassemble the starting motor to the engine with
the drive in the extended position. Carefully mesh
the pinion with the flywheel ring gear before
tightening the starting motor mounting bolts. It
may require a slight rotation of the pinion to index
it into the ring gear. When the engine starts, the
drive pinion will automatically demesh from the
ring gear and return to its normal position.
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SERVICE DIAGNOSIS

SYMPTOMS

Generator:

Low Charging Rate—
Dirty Commutator...... .
Poor Brush Contact.........
Regulator Improperly Adjusted. .. e e e
High Resistance in Charging Circuit. . .. s
Ground Strap Engine to Frame Broken.. .....
Toose or Dirty Tetomioals. .. . .. .. wcenvs.n
Slipping Generator Belt.
Worn Out Brushes. .
Weak Brush Spring Tensmn
Out of Round Commutator. .

Fails To Charge—
Open Charging Circuit.
Sticking Brushes. . .
Dirty or Burned Commutator
Grounded Commutator. .
OpenCircuitinField.,......,,........‘,
Weak Soldering on Armature. ... . ..
Grounded Wiring. ..............
Defective Regulator. .. .. .covn viicnnirnnn .

Too High Charging Rate—
Regulator Improperly Adjusted...... . ..
Short in Armature............... e AT
Grounded Field-to-regulator Wire . . ... ..
Shorted Cellin Battery. ... ... 0 ... o ie v

Starting Motor:

Slow Starter Speed—
Discharged Battery or Shorted Cell..... ... ...
Ground Strap Engine to Frame......... ... .. ..
Loose or Dirty Terminals...... ..
Dirty Commutator. .
Worn Out Brushes. . ot S R L R,
Weak Brush Spring Tensmn ..................
Poor Brush Contact. .
WORUBEREMEE T, . L0 o v e v e siaim s

Will Not Turn Engine—
Open Circuit at Starter. .
Starter Drive Broken or Stuck. . . ... ... ...
Battery Discharged. ... ......_ .............

Distributor:
Hard Starting—
Distributor Points Burned or Pitted..... .. .. :
Breaker Arm Stuck on Pivot Pin. ... ..... ....
Breaker Arm Spring Weale. ..................
Points Improperly Adjusted..................
Spark Plug Points Improperly Set............
Spark Plug Wire Terminals in Distributor
6 T rs s L) o e O S
LoOBE ERemstitill . = - e s e
Loose or Dirty Terminals on Ground Strap—
Engine to Frame.............. S
Condenser Faulty .. .
Improper Ignition Tlmmg

PROBABLE REMEDY

Clean Commutator

Repair or Install New Brushes
Adjust

Clean and Tighten Terminals
Replace

Clean and Tighten

Adjust Belt

Install New Brushes

Replace

Repair

Correct

Repair or Replace

Clean Commutator
Replace

Repair

Repair

Repair

Replace Regulator

Adjust or Replace
Replace

Correct

Replace Battery

Recharge or Repair

Clean Terminals and Tighten
Clean and Tighten

Clean with No. 00 Sandpaper
Install New Brushes

Replace

Repair or Install New Brushes
Replace

Correct
Repair or Replace
Recharge Battery

Clean Points or Replace (Adjust)
Clean and Lubricate

Replace

Adjust .020"”

Adjust .030"”

Clean
Check Circuit

Clean and Tighten
Replace
Set Timing

B i i e e e
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ELECTRICAL SYSTEM SPECIFICATIONS

GENERATOR (Auto-Lite):. . .. ......... 12-Voit
............................... Auto-Lite
MadaII U Wicnes ke Laaci E0h . GJP-7402-B
Chroamd Beladiy e o2 o i i B . Negative
Controlled Output 35 amp
.............................. CV Regulator
Ratio — Generator to Crankshaft:
Fevolutions .- - .ot e v nade s, 1.75to 1
Cut-in Engine rpm.. .. .. . 758
Rotation — Drive End . . . spatase Sl Clockwise
Armature End Play................... .003" to .010"
[0,076 a 0,254 mm.]
Prashen e Lo e N s 2
Brush Spring Tension. . . .............. 18 to 36 oz. [0,5 a 1 kg.]
Bearing— DriveEnd........ ......... Ball
Bearing — Commutator End. . ... ... .. Bronze
Field Coil Draw @ 10 volts. . ... ... . .. 1.6 to 1.7 amp.
Motorizing Draw @ 10 volts. ... ... ... 3.1 to 3.5 amp.
Output Test @ 1750 max. RPM.. .. .. 15.0 volts-16 amps.
Output Test (@ 2300 max. RPM.. ... .. 15 volts-35 amps.
REGULATOR (Auto-Lite): ... ... .. .. 12-Volt
............................... Auto-Lite
) TR T R R e LR R = e VBO-4201E-4A
................................ Vibrator

GNETREOE TPUE. .o v.e ocv nnvisie s v ais 12.4 to 12.3 @ 1325
Reverse Current to Open. . . .. TR 3 to 5 amp.
Regulated Voltage. . .................. 14.1 to 14.7
Regulsted Current. . . ... .ccocovnnor o 39 amp. max.

STARTING MOTOR (Auto-Lite):. . ... . 12-Volt
R e Auto-Lite
BEOHEY. | i e s s s i b E MDY-7021
Rotation — Drive End Counterclockwise
Brashel o, Joeh e Sapima s e 4
Brush Spring Tension. . ..... ... .. 32 to 40 oz. [90.0 a 1100 gr.]

R o s e s e T S e 3 Bronze
Lock Test:

e sy SRR s S e e R R 70°F [21°C.]

P e PSRN S SRR 405

LT b b e e bt g e M g 4.0

Stall Torque (min.) 9 1b-ft. [1,24 kg-m.]
No Load Test:

G L S S SO Y ST N ) 70°F. [21°C.]

Amps. (max.) 60

Mol by e e e T 10

RPM (min.) 4200
Drive:

G ns o e S e R L L R R Bendix Folo-Thru

Phivn WEees. . o sies i T Front

Number of Teeth — Pinion. . ........ 9

DISTRIBUTOR (Auto-Lite):

- L L R e SR Auto-Lite
et D P S e IAT-4411
Type Advance Centrifugal
e I 1-5-3-6-2-4
Breaker Point Gap .020" [0,508 mm.]
Breaker Arm Tension .. ............. 17 to 22 oz. [482 a 624 gr.]
Cam ROl . e i e 38°
Max. Auto Advance.... .............. 7.5 (@ 1700 rpm.
Max. Vacuum Advance. . .. ............ 5° @ 15" [38 cm.] of Mercury (Hg)
Condenser Capacity................... .25 to .28 mfd.
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SECTION VII
Specifications

FOUR CYLINDER ENGINES

The following specifications apply to the “L" Head Engine as used in Model CJ-3A and the “F" Head type Engine as used

in the current 4 cylinder ‘Jeep' vehicles.

NN - . RIS e
ST IRERUETRIIPET . v o v o s oh s sae e nsias sisels e enssnnse
Maximum Brake Horsepower. . ...........co0unuen..
T T T N N SR L
Compression Ratio (Standard). .....................
COTNDPS IR T .. oot PO, L
(Cranking speed—wide open throttle)
oo T SRR e £ 0 5 T § 0 O
L ] e
T e e RS S S I SRS 1O (U
Cylinder Head Material ... . .............cciciveitan

Pistons
oo T e b
Weight—Less ngs and Pin....
(All pistons in one engine shou[d bc of cqual
welght within 1§ oz.)
Material . N 4
Finish. . . .

(Near bottom of skirt at rtght ang!e to plston :
pin, but must be selectively fitted to bores)

Cylinder Bore:
Standard Diameter. . . ................
Maximum Advisable Out-of-Round . . .
Maximum Advisable Tapcr
Maximum Rebore .
Clearances:
Top Land. 3 :
Piston Sinrt on Thrust Sldc .....

Piston Ring Groove Dcpth
L R
Compression. .
Piston Ring Groove Width:
R e T
Compression—Upper. . .
Compression—Lower . . .
Piston Pin Hole Bore. .

Piston Rings
Misberial. 28 o s s s SRS ot
Compression Rings:

Numbcrperptston.
Width. ; -
Thlckness_ i

Oil Rings:

Number per Piston
Width.
Thlckness. :

Ring Gap. .

Side Clearance in Groove:
Upper Compression Ring
Lower Compression Ring
Oil Ring. . . .

(‘LII Hcﬂd T)’pc
4 Cyl. “L"
3 r

435"
134.2 cu. in.
15.63
60 @ 4000 rpm.
105 @ 2000 rpm.
6.48to 1
110 @ 160 rpm.

185 rpm.
600 rpm.
1-3-4-2
Cast Iron

T Slot—Expansion Controlled

12.49 oz.

Aluminum Alloy

Cam Ground, Tin Plated

3.15"
3.1245-3.1249

3.125"-3.127"
005"
.015"
.040"

0177-.019"
5to 10 lbs pull on
003" x 3{ " Feeler

170"
.160"

.1875"-.1885"
.0955"-.0965 "
.095"-.096"
.8120"-.8122"

Cast Iron-Chrome Plated

2

15"
.1307-.140"

1
"
.135°-.145"
.007"-.023"

.0027-.004"
.0015"-.0035"
.0017-.0025"

“F" Head Type
4 Cyl. “F”
35"
434"
134.2 cu. in.
15.63
72 (@ 4000 rpm.
114 ft. lbs. @ 2000 rpm.
69tol
125 @ 185 rpm.

185 rpm.
600 rpm.
1-3-4-2
Cast Iron

T Slot—Expansion Controlled

13.508 oz.

Aluminum Alloy

Cam Ground, Tin Plated

3.75°
3.1245-3.1249

3.125"-3.127"
.005"
015"
.040"

.017"-.019"
5 to 10 lbs. pull on
.003" x 3" Feeler

.1617-.168"
.151"-.158"

.1875"-.1885"
.0955"-.0965 "
.095"-.096 "
.8120"-.8122"

Cast Iron-Chrome Plated

2
34"
144"

3"
.135%-.145"
.007°-.023"

.002"-.004"
.0015"-.0035"
.001"-.0025"

R IR e SR NONPOUE v
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FOUR CYLINDER ENGINE—Continued

Connecting Rods, Piston Pins and Bearings
Connecting Rod:

*Replaceable bearing used at front Journal only.

Valves, Springs and Tappets
Valve Arrangement
Valves:

9%

40 oz.
Locked in Rod
Steel Backed Babbitt
Replaceable Shells
113"

154"
.0005"-.0025"
.0057-.009"

Locked in Rod
286"
.8117"-.8119"
Push Fit

Forged Steel
4614 lbs.
Front .
154"
2.3341"-2.3331"

1.927%-1.923"
1.995"-2.005"
1.9375"
.0014"-.0029"
Steel Backed Babbitt
Replaceable Shells
Not Used

Alloy Cast Iron
1—In Front

Gear
Pressed Fiber—Steel Hub

Steel Backed Babbitt
.0017-.0025"
Thrust Plate

Spacer
.004"-.007 "

2.188"
25"
1 L 4
254"

L-Head

Chrome Nickel 3140
Stellite or Eatonite

53"
1g"
45°
.3733"-.3738"
.0015"-.00325"
359"

51345”
11557
i
.3725"

.0025"-.0045"
.351

934"

40 oz.
Locked in Rod
Steel Backed Babbitt
Replaceable Shells
1154"

154"
.0005"-.0025"
.005"-.009"

Locked in Rod
230"
.8117°-.8119"
Push Fit

Forged Steel
464 Ibs.

Front
.004"-.006"
154"

2.3341"-2.3331"

1.927"-1.923"
1.995"-2.005"
1.9375"
.0014"-.0029"
Steel Backed Babbitt
Replaceable Shells
Not Used

Alloy Cast Iron
1—In Front

Gear
Pressed Fiber—Steel Hub
Steel Backed Babbitt

.0017-.0025"
Thrust Plate
Spacer
.0047-.007"

2.188"
214"

L:

1
234"

F-Head

AISI 5150—AISI TS-8150

Head 2112 or 2155

2 §
45°
.3733"-.3738"
.0007"-.0022"
260"

5 ' ]
Tias
45°
.371%-.372"
.0025"-.0045"
351
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FOUR CYLINDER ENGINE—Continued

Valve Springs:

Intake
Free Length. .

Spring Pressu.re—Valve e T R S

Spring Pressure—Valve Open. .

Exhaust

Free Lempth. .. .. ..........:

Spring Pressure—Valve Closed. . . . ..

Spring Pressure—Valve Open

53 1bs. @ 276"
120 1bs. @ 134"

215"

53 1bs. @ 274"
120 1bs. @ 134"

215"
53 1bs. @ 274"
120 lbs. @ 134"

Closed Coil End of Spring.. . ... ... St s Placed Up Placed Up
Valve Tappets:
Overall Length. ... 274" 224"

Stem Diameter...... ... ..
Clearance to Guide.

.6240"-.6245"
.0005"-.002"

.6240"-.6245"
.0005"-.002"

Adjusting Screw. . TN | | i T SRS Self Locking Self Locking
Operating Tappet Clearance

o e 016" .018"

Exhaust. . . 016" 016"
Tappet Clcarance for Tlrmng

Intake. . ........ .020" 026"

B it im i o e i Not Used Not Used
Intake Valve Opens 9° BTC 9° BTC
Intake Valve Closes. e sri] 50° ABC 50° ABC
Exhaust Valve Opens 47° BBC 47° BBC
Exhaust Valve Closes. . 12° ATC 12° ATC
Valve Rotators......................... Not Used Thompson on Exhaust Only

Timing Marks. .

Pal Nuts (Stamped Locking Nuts)

Timing Gear Cover

Timing Gear Cover

0il Pump
f g - - g Internal Rotor Internal Rotor
Drive from Camshaft. Helical Gears Helical Gears
0Oil Pressure Relief..... . Plunger Type Valve Plunger Type Valve
Safe Minimum Pressure 6 lbs. @ Idle 6 lbs. (@ Idle
20 lbs. @ 35 mph. 20 lbs. @ 35 mph.
Relief Valve Opens. 35-40 lbs. 35-40 1bs.
TORQUE
APPLICATION IN
FT.-LBS.
Seyhiider Btad S NS 0 T e Tan s sealeds s 2 DS 60 — 70
Cylinder Head Seresmsbongsd mougs 5oan | Lo e st s i 60 — 70
Above should be rechecked with engine at operating temperature
Spark Plugs to Cylinder B, .10, . .. .o o on sion s i srtes 25—33
LR T T e 65— 175
Yt Connecting Rod Cap Bole Mt ... o« b 38 e ane e 50 — 55
34” Connecting Rod CapBolt Nut. . ............................ 35—45

Rocker Arm Bracket to Head NGt .....ov o oo svmeimesmres et s 30— 35
Eanilhg Lock Bolt . o .o 0. et i@ ee coliisie RS el - e s 35—40
Hrywhieel to Crankshalft. . . 0. 0, oo cvnnntneial she s sz o 35—41
Camshaft Gearto Camshaft Bolt...................c.covimuiinns. 30— 40
Camshaft Thrust Plate Bolts (4 cyl.). . . ... ... ... ............. 20— 25
Camshaft Thrust Plate Bolts (B cyl.). ... ..o coioin i v ininans, 14 — 20
Ul PanitD Cran R enae oWl e Furmmisinse mon o ais wam e sie 12—17
NS O T e e S e i e e 29 — 35
ke Mandold. . SRt e BRGITRE. L e DT e e e e e 29— 35
Water Outlet Elbow to Cylinder Head. .. ........................ 20— 25
Water Pump to Cylmnder Block . | .. ... ..covici i sainenaiinins 12 —17
Starti Motor: MonmREing S0 TEO0C s S R b e 20— 25
L L L T . O 25— 35
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TORNADO OHC ENGINE SPECIFICATIONS

ENGLISH METRIC
ENGINE:
g o T R e Ll S st s & Overhead Camishaft . b o0V sproshft e
Number of C _,rlmders ............... P | [
B I oo v s vimns & b s TR e 315" 84,93 mm.
LI 43" 111,12 mm
Piston szplacement ............. BT 230 cu. in. 4,24 1tr.
Bore Spacing (Center-to-Center). . . . e ) 3.876" 9,846 cm
AT R R R TR S, e S ELD N B 153624 I | caasiasmss
Compression Ratio. ... ...... ... 8.50:1 5T
Compression Pressure. ... .. 145-155 psi. 10,195-10,898 kg?
Horsepower ESAE) ..... R G PG T ns - il soawiesl) sriEEct ae
Hgrsepower (max brake). .............. 0@ A0 pm. 1 ome s
Torque (max. @ 1750)..... .. . .. R N e 210 1b-ft. 29,03 kg-m
FAEBpeed .o s : D ey s SR Tom: = 0 lesimlT wloonsaai
PISTONS:
BRI N 0. . . - o5 s s s P e SRR Aluminum Alloy
DIESCHIPAION s b ce e o v nnnmmsree s e e s ERe R Cam Ground, Closed Type
Tin Plated
Clearance Limits
T A R A UNAPRRPIY B F -+ .0190"-.0255" 4,763-4,923 mm.
c T B S N e TR .0007*-.0017" 0,0178-0,04318 mm.
SR IROREORTY . . icn v vvics iomre Shmiya it e mie Selective Feeler Fit | | Gaiiaasi
Ring Groove Depth:
No.tand No. TRIBE. - ... oovcivsrmmenasnsssses .1875"-.1938" 4,763-4,923 mm.
o Gt T e e .1900"-.1963 " 4,826-4,986 mm.
Cylinder Bore—Standard:
AR, OO TOUNA . &5 i siaseiivsis s veramioiadoy 005" 0,127 mm.
L T et L Fa o .005" 0,127 mm.
e U s PO PR A T o L T P .040" 1,016 mm.
PISTON RINGS:
Function:
E T W1 A o U T R R LR o P Compression = | = L..c.iee...
VUL i sl SN N S 0il
Material:
. Fo Vi) EISARCREL 08 TREU SR SRt o . | e srpaiate
Chrome Plated Face
B e i s s s v AT R e A e et Cast Iron
L s g T e R e 2 Steel Rails
with Chrome Plated Face
Steel Spacer Expander
Gap:
NWo.land No: 2. ......c0ccnuiiauremnsssinssicses .010"-.045" 0,254-1,143 mm.
T 1 T R e R R e S SO e S S Y .015"-.055" 0,372-1,397 mm.
Side Clearance, No. 1and No. 2.... ... ... ........- .002"-.0031" 0,0508-0,079 mm.
PISTON PINS:
I N e ol ORI e e G SERTOS Beent " e
TR T e T 2.779" 7,059 cm.
ERRATEI e o e TN .. 1 s e e T 8 S .8592" 2,185 cm.
Clearance in Pbon . . 1l e flog .0002" 0,0051 mm.
Ca P Bl 0 e A S .004 "-.0008" 0,01016-0,02032 mm.
CONNECTING RODS:
R WD L et I T P R S e e SAR-1035 Forgad Steel ' - | e e
e 29.6 oz. 839,16 gr
Length (Center-to-Center). . .. ....................... 7.000" 17.78 cm.
Bearing:
PRI . L e T ol R e e e SR Removable
[F oA R L | L R e S SR R Seel Flaukidll 2taltl ol 8o . ..
Copper-Lead, Tin-Plated
3 LI T S R BRI 5 - S T 1.000" 2.54 cm.
P A N O 2 - e P .0006"-.0025" 0,0125-0,0635 mm
o g g 1 ol N S5 S 40-45 1b-ft. 5,5-6,2 kg-m.
CRANKSHAFT:
s P T JUS S L SR SRR Qe SAE 1045 or 1046
Forged Steel
Tufftriding
Hardening Process. .............oioiameuconacnananns Trilding . i 07 et s et
End Thrust Taken by. .. ... .. ... iiiiiiiiaiananns Rear T ] I M oS e
e T N T .003"-.007" 0,0762-0,1978 mm.
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TORNADO OHC ENGINE SPECIFICATIONS — Continued

ENGLISH
CRANKSHAFT: — Continued
Main Bearings:
TYPE. . cuns Removable
Material .. .. Steel-Backed,
Copper-Lead, Tin Plated
EERERERIIEE - e e s s s i e e S e S e ST .0005"-.0025"

Journal Diameter. .. ...

Allowable Taper.

58 T SRR R e SR e
Crankpin Journal Diameter. ..
Flywheel Runout. .. ..

CAMSHAFT:
Location.........
Material. . .......

Type of Drive.....
Journal Diameters:

NORE. D i bl

Front Intermediate.

Rear Intermediate. .

o R R ST
Bearing Material. . . . . s
Number of Bearings. . ... ........
Bearing Diameters:

Front.

Front Intermediate. . . . .

Rear Intermediate. .

2.3747 '—2,.3755'
001
85-95 1b-ft.
2.0619"-2.0627"
.005"

Overhead Cam
Cast Iron Alloy

Chain and Sprockets

1.9975"-1.9965"
1.8725"-1.8715"
1.7475"-1.7465"
1.3725%-1.3715"

Aluminum Alloy SAE 306
4

1.9995"-2.0005"
1.8745"-1.8755"
1.7495"-1.7505"

METRIC

0,0127-0,0635 mm.
6,032-6,038 cm.
0,0254 mm.
11,7-13,1 kg-m.
5,237-5,239 cm.
0,127 mm.

50,7365-50,7111 mm.
47,5615-47,5361 mm.
44,3865-44,3611 mm.
34,8615-34,8361 mm.

50,7873-50,8127 mm.
47,6123-47,6377 mm.
44,4373-44,4627 mm.

. b A (U - S o S 1.3745"-1.3755" | 34,9132-34,9377 mm.
End Play. . .. i .007"-.018" I 0,177-0,457 mm.
VALVE SYSTEM: I
Valve Clearance: |
Tabtike L .008" i 0,203 mm.
e 3 R R WD T e .008" 0,203 mm.
Timing: . |
Intake: | , i
Opens (“BTC). .. g 15° :
Closes ((ABC)......... e 2 =5} 55" |
1 E e e | R i (AT A - 250° |
Exhaust: ! |
Opens (TBBE). . < vi- 55 - SeEan | 55° [ i s o
Closen (ATC). ......... e 15° '
Duration-deg. . .. .. = 250° |
Valve Overlap. ... . 30° |
Valves:
Intake:
Overall Length < S 4.675"
Head Diameter........... 1.895"
Angleof Seat. ... . ... ... 45% - RIS RO
Stem Diameter........... .34007-.3410" 8,636-8,6614 mm.
Stem-to-Guide Clearance. .001"-.003" 0,0254-0,0762 mm.
Exhaust:
Overall Length. .. ... .. : S | 4,485" 11,392 cm.
Head Diameter. .. ............... 1,618" 4,11 em
Angleof Seat. .. ........ : o It | SR - T
3T B T R G L P P .3385"-.3395" 8,5979-8,6233 mm.
Stem-to-Guide Clearance. . . . | .0025"-.0045" 0,0835-0,1143 mm
Springs (Intake and Exhaust): I
FreeLength............... A 1.60" 40,64 mm.
Pressure (@ Length: ;
ValveClosed.,............. | 1.26" @ 57 lb. 3,2004 cm. (@ 24,494 kg.
Valve Open. ....... o e Gl L o] .885”" (@ 130 lb. 2,2479 cm. @ 66,2536 kg.
LUBRICATION SYSTEM: |
Type of Lubrication: i
MBI BRATHIER . - -~ n s e e s Ficlmlive: < YRS HAGA OENQE . TERE
Connecting ROAS. . .5 67 ... vi v ! Pressure
Pinton OO . et el = Splash
Camshaft Bearings. . . . D e | PR — - —— —— 4 - Lenveianes
e R e e == Splash
Timing Chain Sprockets. ... . ... ...cccncecocccssons | Nozzle
Cytinder Walls. . .. .. .conieencrnrarserins SaTa bt Splash

OO0 TORBEE. . oo

Internal Rotor
Crankshaft Gear
50 psi. @ 2000 rpm.
Stationary Screen
Full Flow
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TORNADO OHC ENGINE TORQUE SPECIFICATIONS

|
Pounds - Feet f kg-m

Au‘ Cleaner Mounting Bracket to Axr Cleaner Bolt. .. . ocvovcvnv i 12-15 ! 1,7-2,1
Air Cleaner Mounting Bracket to Front Engine Plate Bolt. .. | 12-15 1,7-2,1
e S SO SR ' 0,30
Cam Bearing Deck to Cylinder Head Nut.. ... ... .. S T l 15-20 2,1-2,8
Camshaft Thrust Plate to Cam Bearing Deck Nut. ... ... ... e 12-15 1,7-2,1
Carburetor to Intake Manifold Nut. .. ... ... ... ... ... et e 12-15 1,7-2,1
Clutch Housing to Cylinder Block Screw. .. ................ .. T R 40-50 5,5-6,8
Coil Mounting to Front Engine Plate. . . .. ... ...... .. ... STy e 12-15 1,7-2,1
Connecting Rod Bolt Cap Nut. . R s S 40-45 5,5-6,2
Cylinder Head and Cam Bearmg Deck to Cylmdcr E T o S A AR R 75-80 10,4-11,0
Cylinder Head to Cylinder Block Bolt. ... ................. ... . ... $, Mg cur's 75-80 10,4-11,0
FantoWater Pump Bolt. ........ ... ... ... ... .iimiumonaaaannn. e Pt 12-15 1,7-2,1
Filler Block, Front or Rear, to Cylinder Block Screw. ... . AR e S 12-15 1,7-2,1
FlywheeltoCrankshaft Nut. .. ......................... e e s SREEE 35-40 4,8-5,5
Front Engine Plate to Cylinder Block Serew - 34", ... ... ... ... .. ... ... ......... 12-15 1,7-2,1
Front Engine Plate to Cylinder Block Bolt - 38"... ... .. ... .................. SR 15-20 2,1-2,8
Front Engine Plate to Filler Block Screw. ... ...... ....... e mimp: Shraeat e SRS e S b 12-15 1,7-2,1
Fuel Line, Intake, and Spacer to Oil Pan Screw. .. ... ... .. S 12-15 1,7-2,1
Fuel Pump Eccentric and Sprocket to Camshaft Screw..... ... ... . 40-45 5,5-6,2
Fuel Pump to Timing Chain Cover Nut.................. ... .. .. 12-15 1,7-2,1
Generator and Bracket to Front Engine Plate Bolt. . ... ... ... .. ... .. .. .... 12-15 1,7-2,1
Generator Bracket to Front Engine Plate Bolt. B N I R 12-15 1,7-2,1
Generator Strap to Generator Screw........... .. Sl A er . P ey Fon = 5L 12-15 1,7-2,1
Tgnition Coil Terminal NUt. ... ... ..o ittt einiiamant s 25-30 in. lbs. 0,28-0,34
Ignition Distributor to 'I‘nmng Chain Cover Nut.. - . ......c..cvsiiais R T . 12-15 1,7-2,1
Insulator to Engine Support Bracket Bolt. .. ...... ... .. .. .. ... .. ... £ ez 15-20 2,1-2,8
Insulator to Front Engine Plate Nut.. B A e P b R e 25-30 3,4-41
Insulator to Transmission Screw. . ... ... ... ... ... ... SR DRSNS LT : 15-20 2,1-2,8
Lifting Eye to Cylinder Head Screw. . ... ... ... iiiiiiiiiiiienn. 15-20 2,1-2,8
Main Bearing CapBolt. . ................. s e e gt A B A 85-85 11,8-13,1
Manifold, Exhaust, to Cylinder Head Nut. ... ... .. .. ....... [l o s L 35-40 4,8-5,5
Manifold, Intake, to Cylinder Head Nut. ... ... ... ... ................ 15-20 2,1-2,8
il Filter Adapter toCylinderBlock............................ v e S e T 45-50 5,5-6,8
il Pan to Cylinder Block Screw. . ... ... .. ... ..ottt 12-15 1,7-2,1
Oil Pump to Timing Chain Cover Nut. .. .........o.viiieinmiaoat i 12-15 1,7-2,1
Rocker Arm Cover Mounting Nut. ... .. _..... .. ... ................. 12-15 1,7-2,1
Spacer to Frame Crossmember Nut. ... . .. ..cooiiiuiiiiiiiorsa e s 15-20 2,1-2,8
Spacer to Insulator Bolt.. i S : 15-20 2,1-2,8
Spark Plug to Cylinder I-Iead ..... sttt A 4 20-30 2,8-4,1
Starter Solenoid to Relay Terminal Nut.... .. e s I e o v T 25-30 in. 1bs. 0,28-0,34
Starting Motor to Clutch Housing Bolt. . ... .............. 25-30 3.4-4,1
Timing Chain Cover to Cylinder Block Bolt - 3" . .......... . .. 12-15 1,7-2,1
Timing Chain Cover to Cylinder Block Bolt - 387, .. ... . ... ... . ... .. ... ....... 15-20 2,1-2,8
Timing Chain Cover to Cylinder Head Bolt. I St el es o 12-15 1,7-2,1
Timing Chain Guide Bracket to Front Engme Plate Nut.. . ... .. | U5 A 9-12 1,2-1,7
Vibration Damper to Crankshaft Bolt. . ........ ... ... ... ........ .. T S | 100-130 13,8-17,9
Voltage Regulator to Splash Apron Serew. .. .. .......... .. ... ... ..o a3 5-8 0,69-1,1
Water Outlet Connection to Intake Manifold Nut.. ... ... .. .. .. .. ... ... ........ 12-15 1,7-2,1

12-15 1,7-2,1

Water Pump to Timing _Eham Cover Nut.............
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SECTION VIII

PARTS LISTS

4 and 6 Cylinder Industrial Engines

Model F-4, Jeep
Model L-4, Jeep
Tornado OHC 6 Cylinder

Industrial Engine Department
Willys Motors, Inc.
Toledo, Ohio
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PROCEDURE FOR ORDER
AND RETURN OF PARTS

ORDERING

Address all purchase orders and inquiries to the original equipment manufacturer or distributor.

All orders must indicate whether parts are to be for resale or remanufacture. If for remanufacture,
a Federal Tax Exemption Certificate must accompany your order!

All orders must have your terms, shipping instructions, conditions, etc., embodied therein.

RETURNING
In order to eliminate the loss of material returned to this company with consequential delay in the
issuance of ¢redits, we ask that you comply with the procedure that follows:

L

Please request specific approval for the return of defective, damaged, surplus, or incorrect parts
from the Industrial Engine Department, Willys Motors, Inc., Toledo 1, Ohio. Indicate your pur-
chase order number, invoice number and date received.

Upon receipt of the request, a determination will be made as to whether the material is acceptable
for return and, if so, you will be advised the location of the department within our plant to which
it is to be sent.

To be acceptable for return and credit, all material must be tagged ‘‘Authorized return — (date
of letterg by (name of person authorizing return), (part return), (part number) and (quantity
returned).”

We ask that you adhere strictly to this procedure in returning parts. No credits will be issued on re-
turns except on the above basis.
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GROUP INDEX

GROUP 10 - ENGINES

-01
-02
-02A
-03
-04
-05
-06
-07
-08
-09
-09A
-10
-10A
=11
-12
-13
-14
-15
-16
-16A
-17
-18
-19
-20
-21
-22
-23

Engine

Cylinder Block

Cylinder Head

Crankshaft

Crankshaft Bearings

Connecting Rods and Bearings
Piston and Pins

Piston Rings

Valves, Valve Guides and Springs
Valve Tappets

Valve Rocker Arms and Push Rods
Valve Spring Cover

Rocker Arm Cover

Camshaft and Timing Gears
Timing Gear Cover

0il Pump

Oil Pan

Qil Float

0Qil Filler Tube and Level Indicator
0il Filter

0Qil Distribution

Crankcase Ventilation

Manifolds

Manifold Heat Control

Flywheel and Ring Gear

Flywheel Housing

Engine Mountings

GROUP 12 - FUEL SYSTEM

-04 Carburetor Carter #6365
-04A Carburetor Attaching Parts
-09 Fuel Pump
GROUP 14 - COOLING SYSTEM
-04 Water Pump
-05 Fan, Fan Pulley and Belt
-06 Thermostat
GROUP 15 - ELECTRICAL
-01 Generator
-02 Starting Motor Attaching Parts
-03 Distributor
-04 Voltage Regulator
-05 Coil Wiring and Attaching Parts
-06 Spark Plugs and Wires
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Group 10 WILLYS INDUSTRIAL ENGINES

19

E 111213141516 17 18

39 38 37-’_36 -~ 35 34 33 32 0

FIG. 180—4F-ENGINE, SIDE SECTION

Eﬁf' Description G;'rg\':p I;%f_' Description GrN?p
1 PUD o crirta s il o 14-05 12 Valve, exhanst: : ccwiane s daies 10-08
2 Pomp; water. . .o oiae e s dan 14-04 13 Valve, Inlel. < o cuvni 5 o8 wiiie 10-08
3 HOBE, Dy-DBSS « « o o ¢ ¢s o + 0+ o+ 1402 14 Spring, inletvalve .......... 10-08
4 Thermostal . . . .. vov s s s ains 14-06 15 Guide, inletvalve. .......... 10-08
5 Fitting, water outlet. . ... ... 10-02A 16 AT, DOCKET ' & o4 sciis anlaie 10-09A
RERRE iy R R | L 10-06 17  Screw, adjusting, exhaust
: 4 Bracket, rocker arm shaft. . . . 10-09A VRINO: ivio's » o wiaraiaie Waiaares 10-09
8  Shaft & Plug, rocker arm ... .10-09A 18 COVer, TOCKEY AFM. o.vs o5 o s e 10-10A
9 Spring, rocker arm shaft ... .10-09A 19 Tabe ol ne. o vovimosinhe s v i 10-17

10 CRD, DreRier . on oo o o aiiees 10-10A 20 Head, cylinder. . . « c c s s 0 5.0 s 10-02A
11 Screw, lock, rocker shaft . ... 10-09A 21 Rod, push, inlet valve........ 10-09A
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WILLYS INDUSTRIAL ENGINES Group 10
4F - ENGINE, SIDE SECTION (Cont'd)

Ref. e Group Ref. Group
No. Description No. No. Description Mo:
22 Guide, exhaust valve ....... 10-08 B8 . SapportioibHost .. Tl L 10-15
23 Manifold, exhaust ......... 10-19 37 1 e T S e e e 10-15
24  Spring, exhaust valve ....... 10-08 R T L A e s e e 10-14
25 PiRaDIonS s as .« nateie s 10-06 39 Rod, connecting.........s.45 10-05
26 Block;, eylinder . . ... .... .. 10-02 SO T b e 1 i S S P 10-23
27 Screw, adjusting, tappet .. ... 10-09 41 Gear, crankshaft . .. .. ...... 10-11
28 Plate, engine, rear ........ 10-23 42  Qil Seal, crankshaft . . ....... 10-03
830 CapEhall Bis o e s 10-11 43 L tme SR e e S 10-03
30 Flywheel Bt i <. < - sac o 10-21 44 Spacer, crankshaft gear. .. .. .. 10-03
31  Seal, crankshaft rear, 45  Jet, oil timinggear ......... 10-02
............... 10-03 46 Bolt, gear to camshaft ....... 10-11

32 Packing, crankshaft, cap 47 Spacer, camshaft thrust

................. 10-03 plake e s e e s o 10-11
33 Tappet, inlet valve. ... .. ... 10-09 48  Plate, thrust, camshaft .. .. .. 10-11
34 Crankshaft (Eit) .. .. 0000, 10-03 49 'Gear, camehaft. .. .. ...:. .. 10-11
35 Dowel, crankshaft bearing. ... 10-03 50 Belt, fan and generator. ... ... 14-05
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WILLYS INDUSTRIAL ENGINES

Group 10
FIG. 181—4F-ENGINE, END SECTION

Ref =) Group Ref -

No Description No. No. Description
1 Carburetor .......¢.ce0.. 12-04 7T Rod, push ...cescoocncess
2 Retainer, inlet valve spring. . . 10-08 8 Guide, inletvalve ..........
- UL o 75 1S 3 3 1 O 10-16 9 'Phog, 8park ... ... ccciasies
4 Screw, adjusting . ......... 10-09 10 Walvesdnlek ot s sve v voasaiaee
5 Nut, adjusting screw ....... 10-09 11 Valve, exhaust ............
8 AT TOCMOY L i i s e e 10-09A 12 Gasket, cylinder head. .. ... ..
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WILLYS INDUSTRIAL ENGINES Group 10
4F - ENGINE, END SECTION (Cont'd)
I;g_‘ Description Glﬁﬁ‘.’p gﬁf_ : Description G;?p
13 Guide, exhaust valve ....... 10-08 25 Support, oilfloat . ... ....... 10-15
14 Manifold, exhaust ......... 10-18 26 ISRt Ral] 1 MR el Ll . . 10-15
15 Spring, exhaust valve . . .. ... 10-08 27 ErEnERRatE. - Y i e e 10-03
16 Ventilator, crankcase....... 10-18 28 Plate, enginerear . . ........ 10-23
17  Gear, driven, oil pump. .. ... 10-13 29 Block eplngder. . . ... 10-02
18 Camahatt .. .. icai s it 10-11 30 Rod: eonneetIng b . vceeie o s 10-05
19 Pump,oll. ... i e-aaaet 10-13 31 Tupeoaililevelis. = C . L. ... .. 10-16
20 Phger, relief ... ...+ .0 10-13 g Shodradllevel -5 5 - el a 10-16
21 Spring, relief, plunger . .. ... 10-13 33 BAEIOIRE S s s e e s . 15-03
22  Retainer, relief spring . .. ... 10-13 84 PR v s s s 10-06
23 Pan, 01l - o va st aie s s nls 10-14 35 Head eylindér “. . . . oo vvo v » 10-02A
24  Plug, drain, oilpan........ 10-14 36 Spring, inletvalve.......... 10-08
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Group 10 WILLYS INDUSTRIAL ENGINES

FIG. 182—4L-ENGINE, SIDE SECTION

%zf_' Description G;g‘j‘p ng' Description
1 FaN o il et o e sw ivadiia U5 e 14-05 oo Kit, fiywheel . . . .. . cchnie o
2 POmD, WaleE R s e 14-04 15 TRIDELE VAR . 2in o » srbie e ey B o
3 Pistonand Pin .. .. c: .. - .- 10=08 16 Kit; crankshatt . . . . o avwe s
4 Pin; DEBlOR o o s s vs wisas v a 10-06 17 i 31 T il | 4 et R S
5 Elbow, outlet . . . visniizcs e 10-02A 18 fRod, connecting, No. 1-3 . ....
6 Valve, Infake . . cuviiwies v i 10-08 Rod, connecting, No. 2-4 .. ...

Valve, exhaust ........... 10-08 19 Gear, crankshaft . . . ........

7 Head, cylinder ...........10-02A 20 Belt, fan oo : siiviaaivs vg
8 Manifold, exhaust ......... 10-19 21 Nut, crankshaft . . . .........
9 Block, cylinder . ..........10-02 22 Pulley, crankshaft . .........
10 Spring, valve . ....ueue = o 10-08 23 Plate, engine, front CJ-2A .. ..
11 Screw, tappet . ........... 10-09 Plate, engine, front CJ-3A .. ..
12 Plate, engine, rear . ....... 10-23 24 Gear, camshaft . . . .........
13 Camehaft ...:..:50:5056% 10-11
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WILLYS INDUSTRIAL ENGINES Group 10
FIG. 183 —4L-ENGINE, END SECTION
Ref. . Grou Ref. s=he Grou
No Description No.p No. Description No.p
1 Kit, spark plug, wiring. .. ... 15-06 10 Body, ventilator. . . ......... 10-18
2  Gasket, cylinder head.... ... 10-02A e DR ETIGT T T SN B 10-13
3 Piston and Pin, Std. . . ... ... 10-06 12 T T L R SR R I~ 10-14
4 (Valve, intake . ........... 10-08 T R S 10-14
Valve, exhaust s cccv s on v 10-08 14  Support, oilfloat . .. ........ 10-15
5 Head, cylinder ........co.0 10-02A 15 FIoat, ofl . ..« ! o aivoiein s o oo 10-15
6 Guide, intake valve......... 10-08 16 Kit, crankshaft .. . .. o000 oise 10-03
Guide, exhaust valve ....... 10-08 17 Indicator, ol - ¢ cccuisew s slos 10-16
7 Spripng. VAIVE . .. vconivoa o eoe 10-08 18 Rod, connecting, No. 1-3 ... .. 10-05
8 Manifolds, intake and exhaust. . 10-19 Rod, connecting, No. 2-4 ... .. 10-05
9 Screw, valve tappet . ....... 10-09 19 Tobe, oll filler ¢ ... wuw .’ ios 10-26
151




Group 10 WILLYS INDUSTRIAL ENGINES
:: :I‘:. Part No. Description 4L
GROUP 10-01—ENGINE
911676 Engine Assy. (Short) Incls. Cyl. Block and All Internal Parts. .......... 1
804811 Engine Assy. (Short) Incls. Cyl. Block and All Internal Parts. .. ........
810585 S T A D N ) e et Tl AR R S
Consists of:
641096 1 Gasket, cylinder block, front
807036 1 Gasket, cylinder head
648935 1 Gasket, exhaust manifold, center
648795 2 Gasket, exhaust manifold, end
634814 1 Gasket, exhaust pipe flange
638737 2 Gasket, fuel pump to cylinder block
630365 1 Gasket, gear cover
648970 1 Gasket, insulator, carburetor
806515 1 Gasket, oil drain plug
630398 1 Gasket, oil float support
639980 1 Gasket, oil pan
641482 1 Gasket, oil pump cover
646147 1 Gasket, oil pump to cylinder block
634813 2 Gasket, oil pump relief spring retainer
51875 4 Gasket, valve and rocker cover stud
648798 1 Gasket, valve rocker cover
630305 1 Gasket, valve spring cover
630299 1 Gasket, ventilator to valve cover
648852 1 Gasket, water outlet fitting
637053 1 Gasket, water pump to cylinder block
647468 1 Oil Seal, front end, crankshaft
800093 2 Qil Seal, crankshaft, rear bearing
808098 2 Oil Seal, rocker arm cover
637790 2 Packing, crankshaft bearing cup
801344 Gainket Sl enb b TR b by e o o e i o by s o e
Consists of:
807036 1 Gasket, cylinder head
648795 2 Gasket, exhaust manifold (end)
648935 1 Gasket, exhaust manifold (center)
634814 1 Gasket, exhaust pipe flange
648970 1 Gasket, insulator, carburetor
51875 4 Gasket, valve and rocker cover stud
648798 1 Gasket, valve rocker cover
630305 1 Gasket, valve spring cover
630299 1 Gasket, ventilator to valve cover
648852 1 Gasket, water outlet fitting
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ENGINE
WILLYS INDUSTRIAL ENGINES Group 10

Fig. and
St Ho. Part No. Description 4L |4

GROUP 10-01 -ENGINE (Cont'd)

810584 Cagiket Beruengine ooestnit] . s e il s et e b 1
Consists of:

630365 1 Gasket, chain cover

641096 1 Gasket, cylinder block, front

638540 1 Gasket, cylinder head

634814 1 Gasket, exhaust pipe flange

638737 1 Gasket, fuel pump to cylinder block

638640 1 Gasket, intake and exhaust manifold

634811 1 Gasket, intake to exhaust manifold

630398 1 Gasket, oil float support

639980 1 Gasket, oil pan

806515 1 Gasket, oil pan drain plug

641482 1 Gasket, oil pump cover

646147 1 Gasket, oil pump to cylinder block
634813 1 Gasket, oil relief spring retainer

802030 Gasket Set, engine valve job. . ........... Bpeteny Jeow has cewinn ack.  wel 1

Consists of:

638540 1 Gasket, cylinder head

634814 1 Gasket, exhaust pipe flange

638640 1 Gasket, intake and exhaust manifold

634811 1 Gasket, intake to exhaust manifold
51875 2 Gasket, valve cover screw

630305 1 Gasket, valve spring cover

630299 1 Gasket, ventilator to valve cover

639650 1 Gasket, water outlet elbow
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WILLYS INDUSTRIAL ENGINES

Description

Nut, crankshaft

Pulley, fan drive
Cover, gear
0Oil seal, crankshaft
Slinger, oil
Gasket, gear cover

----------

............ 10-12

oooooooooooo

Description

Nut, crankshaft
Key.....
Pulley, fan drive
Cover, gear
0il Seal, crankshaft
Slinger, oil
Gasket, gear cover. . ..

..........

ooooooooooooo

o
RO W3 RN gg‘

FIG. 184 —CYLINDER BLOCK, FLYWHEEL HSG.
AND GEAR COVER—4L

Ref.
No.

7
8
9

10

11
12

Ref.
No.

8
9
10
11
12
13

FIG. 185—CYLINDER BLOCK, FLYWHEEL HOUSING
AND GEAR COVER—4F

Group
Description No.
Plate, engine front ..... ... 10-23
Gasket, cylinder block front .. 10-23
Block and Bearings ........ 10-02
Plate, engine, rear ........ 10-23
Housing, flywheel ........ 10-22
HEIOr, Iront .. ..oniessies —

Group

Description No.

Plate, engine, front (spec.ord.) —
Gasket, cylinder block, front. . 10-23

Block and bearings ........ 10-02
Plate, engine, rear ........ 10-23
Housing, flywheel (spec. ord.) . —
Insulator, front .......... 10-23




ENGINE

WILLYS INDUSTRIAL ENGINES Group 10
Fig. and
ngf. No. Part No. Dnlﬂ'ipﬂen 4L |4F
GROUP 10-02—CYLINDER BLOCK
918089 Block and Bearings, with piston fitted, cylinder assembly................ 1
018014 Block and Bearings, with piston fitted, cylinder assembly................ 1
381519 Sorew. Beafing CHD TO RTARBCRIE T Lo = o caiireie e T s e 6|6
642561 Bolt, hex. hd., 7{5"-14 x 234" (Bearing caps to cylinder block)..........|[8 | 8
GM-120383 LT ) P P R e i SN RS 818
A-1126 A S T S T e s e e T e e SRR i T s s ) El e |
641050 et ol Hpum geat . i e 1 S IS
GM-103895 | Plug, expansion, DSl S e i e L T R L -
GM-103897 | Plug, expans:on, 124" (Camshalt rear Dearing). . . voicveas ioii s asona 1kl
GAL 103865 | Blug pipe. 16° S Wil e it B0 N L 3|4
645256 Plug, pipe, 15" slotted (To plug hole for filter in cylinder block).......... 212
GM-103866 | Plug, pipe, 147 5q. hd... ... oooooiiiiiii 111
376373 L 1S e e T I e Ly e NG | SRR L e o e RO 212
635886 Stud, 14” x 1” (Ignition coil to cylinder block). ........................ grpg
647650 Tube, bypass, cyimder bIoclt Water PHID. 0. -« . oo s iiams aa o s 2isn i : (0 W :
GROUP 10-02A—CYLINDER HEAD
807763 Head, cyiinder, (BAB b0 T IRAFIOY . .. oo s covosiioin s e w s ars s s amiasia 1
186-10 | 800572 Head, cylinder, assembly (6.9to 1 Ratio)...........cooiviienunnnnan... 1
801000 Bolt, hex. hd., 7{s”-14 x 1114;” (Cylinder head intake manifold to cyl. block). ¢
669118 Washer flat, spec:al. SN SN, vl T S e DS W T o v i 8
186-20 | 805730 Bolt, oylinder head TGt 04 X A4 o s s e s s e e 14
186-8 GM-137404 | Connector, 345" inverted P AT e R TR TR o < e S S 1
186-17 | 800293 Bitting wabce ofitietdovlinder headitl . oo, 0L o s e, 1
186-18 | 673488 Screw and Lockwasher, hex. hd., (5"-18 x 28" . ... v iiiiiinnnn 3
186-11 807036 R R e Ty P BB e e SRS L & S R S 1
186-16 | 648852 Gaske WEbEP ORUISE BHHBE. .- - Tl oo oo o el s e e 1
186-12 | 649720 Nipple, hose, L T M S A ORI, SRR . A 1
186-9 645256 Plug, plpe, SR L e, e A NS T 2
186-7 GAGTO386E | Pl iRt B0, B o o e i s b e e e e 1
GM-103195 | Stud, carburetor mounting, /3 A5 R S W e . SRR I, (S 2
649708 Stud, rock;e%- shatt support, 32T 16X 3G .. ... e cLiiviii i ci i 4
638539 b TE i o s, LIS e R S R U - 15 | 14
646398 Stud, 74"-14 x 413, |Cylinder head m°““t‘“g{ ........................ 14
802548 Stud, %5”-14 x 334” (Cylinder head to cylinder block)................... 15
A-1192 L B T A ML P L L H ot P ot R B i L 1
GM-122138 | Bolt, hex. hd., 34”-16 x 115" }Water outlet elbow to{ ................... 3
GM-120382 | Lockwasher, 35" cyhndetiBead ™« Vi i scriri. 3
638540 ekt cylinder heads . . R e e 1
639650 Gosket. water outlet elbow . . ;.. o s e e s e s R e B el s s s e 1
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Group 10 WILLYS INDUSTRIAL ENGINES

FIG. 186 CYLINDER HEAD AND ROCKER ARM COVER —4F

Ref. Group Ref. Group
No. Description No. No. Description No.
1 Cap; DEasthier o . coivas 5 5 s 10-10A 13 Hose, by-pass to water pump. 14-02
2 Nut, cylinder head stud .. ... 10-10A 14 Clamp, by-pass hose ....... 14-02
3 Clip, ignition cable ........ 15-06 15 THErmMOBERL | . s s osvieaing s 14-06
4 Washer, cableclip ........ 15-06 16 Gasket, water, outlet fitting .. 10-02A
5 Cover, rockerarm ........, 10-10A 17 Fitting, water outlet. . . ... .. 10-02A
6 Gasket, rocker arm cover. ... 10-10A 18 Lockwasher, outlet fitting
7 Phug: plpe, 1/2F s lh oLl 10-02A (Use assembly). . .. ...... 10-02A
8 Connector, vacuum tube ... .. 10-02A 19 Bolt, outlet fitting (Use
9 Plug, pipe, 1/8" slotted hd.. .. 10-02A assembly) . .. ccc0000 a0 10-02A
10 Head, cylinder ........... 10-02A 20 Bolt, cylinder head

11 Gasket, cylinder hd. ....... 10-02A 7/16-14 x 4-1/4". . .. ... .. 10-02A
12 Nipple, hose ............ 10-02A
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ENGINE
WILLYS INDUSTRIAL ENGINES Group 10
:l:f :J":. Part No. Description 4L |4F
GROUP 10-03—CRANKSHAFT
381519 Bl ey ln e BeRP R R T . s e e e s e e e e B 6| 6
GM-120384 | Lockwasher, 14” (Bearing cap to crankshaft bolt)...................... 6| 6
187-1 635377 Blowel, cranEalielb DeapIng s s e s e s e -
185-2 GM-124549 | Key, woodruff, No. 9 (Pulley to crankshaft). .......................... : (5
187-6 647078 it cranleshaft and dowel DO BB BIZE) . . -0 vivn i cviia e aine s e s : -l o |
Consists of:
116295 2 Bolt, dowel crankshaft
646316 1 Crankshaft
GM-114608 2 Lockwasher, dowel bolt
GM-114696 2 Nut, dowel bolt
A-7696 1 Tag, instruction, crankshaft to flywheel dowel bolt
184-1 387633 Starting crank'nut, crankshaft pulley. .. . .cccvvvrovinnem i cnaen ; S ]
184-4 647468 Dibsenl rankshalft o Bonbend - . o is s S s e e e e RS 1514
800093 Enl Ent] CrAREONARE POt DIPBTINME . o 1o v v s o mins o i ik o e St o e e b 6 0% 2
637790 Pacling, crankshatt heating CaP; TeAL. ..« i ik i s aes o sasis e A 6
184-2 645623 VR e (o o B L T B R S o O 1 1
646698 Paleny. craniBhnfE TR BIOOVR Dol s . oo v ominorsismmis o momsnie ara e s = i B e |
811579 ey tan Grave W8 LY 7 s T s e e e el : B 1
187-8 630262 e sy s S ¥ ST e R A S b BN i
184-5 375877 SHRTer cranEBNRIE O1E 7 .o oo i s s ilis e sy e A e e o e G A B |
187-12 | 641281 SIOHEEY, CRAOESHOEE PEAT . . o s e v it e e B e a8 AR s Mt 38 !
187-9 634796 T TR N e e v 1oL ) e S S T RS SRR S 1 1
* Use as required.
GROUP 10-04—CRANKSHAFT BEARING
NOTE: Connecting Rod Bearing Sets
Consists of: (1) Upper and (1) Lower half bearing
187-2 645160 Bearing Set, crankshaft, front, std. 81Z€. .. .. .. oo i vii icaiia v aane ohie 1 1
187-3 645161 Bearing Set, crankshaft, center,std.size.............. .. ... .. ... ... ... 141
187-4 645162 Bearinp het, crankshaft, rear, 9td. BIZE. ... . .o.vvvin i vrn s e e o |
804333 Bearing Set, crankshaft, front, .002” undersize. ........................ | 5 |
804334 Bearing Set, crankshaft, center, .002” undersize........................ i I
804335 Bearing Set, crankshaft, rear, .002” undersize................cv0iunun.n 5 ]
645163 Bearing Set, crankshaft, front, .010” undersize. .. ...................... W
645164 Bearing Set, crankshaft, center, .010” undersize. ....................... 111
645165 Bearing Set, crankshaft, rear, .010” undersize. ... ...................... 1 1
805242 Bearing Set, crankshaft, front, .012” undersize. ........................ I |4
805243 Bearing Set, crankshaft, center, .012” undersize. .. ............c..cvuon.. 1 |3
805244 Bearing Set,crankshaft, rear, .012"% undersize . . . . ceousan - sidsma s noinev 1 13
645166 Bearing Set, crankshaft, front, .020” undersize. .......cceciceiecnaannn, -1
645167 Bearing Set, crankshaft, center, .020” undersize. .............co0inn.... B [
645168 Bearing Set, crankshaft, rear, .020”" undersize.................cccniinnaan 1 kad
645169 Bearing Set, crankshaft, front, .030” undersize. ................cc.u.n.. 1 |3
645170 Bearing Set, crankshaft, center, .030” undersize. ....................... 1 1
645171 Bearing Set, crankshaft, rear, .030" undersize. . ................c....... s 1] 4
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Group 10

WILLYS INDUSTRIAL ENGINES

FIG. 187—CRANKSHAFT AND BEARINGS—4L AND 4F

Ref. Group Ref. Group

No. Description No. No. Description No.
1 Dowel, bearing ......... 10-03 8 Shim, crankshaft .......... 10-03
2 Bearing, front, upper ..... 10-04 9 Washer, thrust . . .: . c 0.l . 10-03
3 Bearing, center, upper. .. .. 10-04 10 Key, crankshaft gear ....... 10-03
= Bearing, rear, upper ...... 10-04 11 Gent, crankshatt . .0 0. L. 10-11
5 Bolt, flywheel to crankshaft. .. 10-21 12 Spacer, crankshaft gear ..... 10-03
6 Crankshafl 2.0 oo s o oo 10-03 13 oL T e T LR s e B T I 10-03
T Dowel, flywheeltocrankshaft . . 10-21 14 IR  Son i Va Seesainaeheons 10-03
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WILLYS INDUSTRIAL ENGINES Group 10
FIG. 188—CONNECTING ROD AND
PISTON 4L AND 4F
Ref. Group
No. Description No.
1 Ring, piston, top groove . . ... 10-07
2 Ring, piston, second groove .. 10-07
3 Ring, piston, third groove ... 10-07
4 Pistonand Pin ...........10-06
5 Screw, lock, piston pin ..... 10-06
6 Lockwasher, piston pin screw. . 10-06
7 Rod, connecting . . « « v s 2«2 10-05
8 Bolt, connecting rodcap..... 10-05
9 Nut, connecting rod cap bolt. . . 10-05
10 Bearing Set, connecting rod. .. 10-05
11 TN PIBTOH. - &« = vvaincerk s e sisie 10-06
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Group 10 WILLYS INDUSTRIAL ENGINES
Fig. and
B No. TotNe. Description AL |4F
GROUP 10-05—CONNECTING ROD AND BEARINGS
188-7 641774 Rod, connecting, No. 1 and 3 cylinder, less bearing, assembly............ 219
188-7 641775 Rod, connecting, No. 2 and 4 cylinders, less bearing, eembly ... 212
188-10 | A-7233 Bearing Set, connecting rod, standard size. ...............cooiiiiinn 4| 4
A-6975 Bearing Set, connecting rod, .002” undersize............ ..o 4 | 4
A-7234 Bearing Set, connecting rod, .010” undersize............ ...l 4|4
805233 Bearing Set, connecting rod, .012” undersize. ... 4| 4
A-7235 Bearing Set, connecting rod, .020” undersize. . ........... ool 4 | 4
A-7236 Bearing Set, connecting rod, .030” undersize............ ... 4| 4
188-8 641768 Bolt, connecting r0d CaP. . . oo ittt e 8|8
188-9 641769 Nut, connectingrod cap bolt. . ... ... ...ttt 8 |8
GM-107823 | Nut, stamped, 34”-24 (Connecting rod cap bolt nut foele) .. 8 |8
GROUP 10-06—PISTON AND PINS
188-11 | 636961 Pin, DI D05 S00a8ion s« Sv vommdntesssiinneesioenda:s i i bR ey e 4 | 4
188-5 632157 Screw; 10ck PIStOR PIN. . .. oo vuaivitin st st simes e s v s o 414
188-6 GM-120382 Eochmnshar BNt o0 To 0. B e s BREHS, v et s e et A el 414
188-4 801476 Piston and pin, assembly, std......... ... il 4 | 4
801537 Piston and pin, assembly, .010” oversize....... ... 4 | 4
801538 Piston and pin, assembly, .020” OVersize..............oooiioiiciiaiann 4 |4
801539 Piston and pin, assembly, .030” OVersize.................oooiiiiiiaiann 4 |4
801540 Piston and pin, assembly, .040” oversize............... ... o it 4 |4
GROUP 10-07—PISTON RINGS
Expander Type with Chrome Plate Compression Rings
919194 Ring set, piston, std.-.009” oversize............. ... s 1 1 |
919195 Ring set, piston, .010-.019” OVersize. .............cooieiomiiiaaenanns it {7
919196 Ring set, piston, .020-.029” oversize.............oooooiiiiiiiiiiiian 4 25
919197 Ring set, piston, .030-.039” OVersize. ............covuioioooaiiiainnaens bl |
GROUP 10-08—VALVES,
VALVE GUIDES AND SPRINGS
802587 Cap, 100, 888emblY. . ... ... oo ot i e e 4 | 4
119137 Guide, valveexhatist. . ... c..oh.olinanes v amaen comawi E el s sa iy 4 14
119136 (P g e T 1 e U T O SR e R S S AT Y 4
119138 Gode. ValVe aNISE NS, . . e s e o ARG RGN S e Vs 4
189-13 | 375994 Lock, valve Spring, TEtRINET. .. ... .G ve e sioms cahsmsdin s ores o oss 8
189-12 | 637044 Retainer, engine valve Spring. . .. ...........voermiieaaeiiioannno.. 8
643334 Lock, exhaust valve spring retainer. ... ...........oooiuenoioareaaans 16 | 8
190-12 | 800986 Oil seal, inlet valve spring retainer. ... ........c.o oerserroceocssisesess 4
190-11 | 649751 Retainer, inlet valve spring, Upper...............ciutioararrannan .. 4
189-11 | 638636 Spring, exhaust valve. . ............c.iiiieiiiiiiiiiriiitraintasaanas 8 |4
190-13 | 800417 Spring, inlet valve. ... ........... it 4
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WILLYS INDUSTRIAL ENGINES Group 10
Fig. and
Ref. No. Part No. Description 4L |4F
GROUP 10-08—VALVES,

VALVE GUIDES AND SPRINGS (Cont’d)
802639 RRIVE, BXDAYIRY. < oo ve s e ey e s S e S e A o et R TR e 4
190-15 | 646421 I T R e i e R e e R U (R T S 4

119136 Ginide, ValVE Sten, ML, o0 it v ariiaia i s i e S e A S e 4
119138 Ghide Y alE sl e v e S s R 4
119137 (unde-valve stem: SEBAUSE. 0 s inh T i ais e e b ey e e T 4 | 4
189-10 | 807342 Valve, engine, exhaust, stellite (928342) .. .. ....uouuunrnenunnnsnnnnnss 4 |4
189-10 | 807341 L T T e e R R g P A L i £ -
806174 Ingert. stellite exhamst WBIVE. . s e e s s bt ae 4 |4
GROUP 10-09—VALVE TAPPETS

800550 Heappet-inlet valve (B .. cu s ctr ot s e s e e s 4
919727 Fapbet 101t Valve DODETONETRIBEY. . . o oix ovin s vs v omnnaios o b snessewsans 4
804772 Tappet assembly, (With adjusting screw) inlet and exhaust (Std.)........ 8 | 4
919703 Tappet assembly (With adjusting screw) inlet and exhaust (.004” oversize). |8 | 4
640020 Screw, tappet adjusting (Self locking type). ::....vvviieniiiinnnnnnnn.. 8 | 4

GROUP 10-09A—VALVE ROCKER ARMS

AND PUSH RODS

190-2 805375 Arm, valve rocker; Iefe assembly ... .5 o0l DI il Tl i s e e e e e 2
190-7 805376 Arm miverocker Sipht assembly. © o r i e e e 2
190-8 802295 Bracket; thcker SUalE - == o o L i e e s 4
641769 Nut, hex., 35”-24, special (Rocker shaft bracket to mounting stud). . ... 4
800200 e R DU T S s S Al i e s SR SRR L s e 4
804622 R, prbh . anlet e L L T L s st ale e e s 4
190-4 648803 e R T TR O O LD S g R G Rt e I S s 2
190-5 805368 Sholt andypug, Tocker aim; assetnhIV. . 000 ol SRl e s e e s 1
190-3 649666 Sioey oatve TaeRer BREIEIC . . 0o e s b e s m i e e e e e 2

GROUP 10-10—VALVE SPRING COVER
630303 R R T o B S e e ey R I M s e e ) : G e ¢
657087 Cover, exhanst valve Sping. SeMIDIV . .c2 . il cc i it insiin s ine s 1
630305 L R e L ity 1 st £ A .00 4 o e A T e RN N 8 0 S O y 2 i
51875 Gasket, valve SpPring COVEr CAP BCTEW. .. .. e cessosossmooasnaennsansons <8
645003 Screw, cap valve spring, 37- 18 x 3UG" . . . ..o il 2 i
645094 Serew; cap vatve sprng; M-8 X IMT . . ot il i e s e s I 11
805476 S N COVET, WROE. 1 o v o v wlaaale salalesms o dbe oo e et o aio s s b o e a5 e e e 6 1
674993 R ABHEr AT LERIION, VAT s 0t i s e e i L SR EER MR . 22

(Valve cover cap screw, between cover and gasket washer)

161




Group 10 WILLYS INDUSTRIAL ENGINES
:3' ;:‘ Part No. Description 4F
GROUP 10-10A—ROCKER ARM COVER
(Trailing Tube Crank Case Ventilation)
186-1 701357 Cap,; breather assembly - .k ¢ oo vovasn SO AL cd s e S s 1
186-5 648851 Cover, rocker armiysasgemably s oo soped il D0 L L L sl e 1
(Positive Crankcase Ventilation)
908663 e ol e T e v e e i s s e s SRR et AR 1
186-2 GM-120368 $E gt E LA Sl e et L hebe Gl SRR Lo o O DRI SO SR S 2
GM-446363 Washer, plain, 3" (Rocker arm cover to valve cover)................. 2
186-6 648798 NG VEIVE SOUREP BEBCONVEE . . , <o e o v - s oo isanaunbabasgs bangsssss 1
906459 R R N PO BT COURE. (s o s r s nmaisesn st Do n e b st st L o 2
649709 Stud, rocker arm BOVEE ST 24 X B s inaee e e vt s 2
808097 Stud roeker arm eOVER . L SR PRI L L L b s v s S e 2
GROUP 10-11—CAMSHAFT AND TIMING GEARS

641284 T T e el b o s SRR ety & ol PRIIESE LI BRI L
189-9 645595 Buahmg camahaft, (I e e R S e R e b el IR o S g R 1
T e B8 e e L e et S e b b s R S R R i L 1
187-11 | 641282 Gear, crankshaft e N T T S WPORTY S SRS i L 1
189-5 641283 Gear,camshaft(Sﬁteeth).........................' .................. 1
189-1 GM-122260 Bolt hex B T 10 1047 1Gearto [ ... cacvidiiiiiiiaies s, 1
189-2 GM-136857 Lockwasher, 75" ext. CEIBRBAEE | i i5a BB s BEROR. R0 1
CM 124549 | Koy Wttt B0 & oo ot o s s snii g s s VPR R e a4 2

(1 required camshaft gear to camshaft) (1 required gear to crankshaft)
189-8 GM-124552 | Key, woodruff, No. 13 (Gear to crankshaft)............................ 1
180-6 802576 Plate, thimst cRshalt. . o i ey op Bl cuasutiit oot v OIS o 6 it 1
190-21 | GM-423569 Screw and lockwasher, hex. hd., 38”-16 X 34”7 . . .. oot iniiinannn 2
189-7 641049 Spacer; canhal bRt DIBYE ., 2o via i ramt e 1o s c Al ks s 1
642520 Washer, camrshalt Pent L. L0 Tl b o snreiem i riee iR hen o S a2 e 1
GROUP 10-12—TIMING GEAR COVER

184-3 643834 e S e T T L A e o e ke A5 Lo U R ey S TSR I 1
GM-123520 Bolt bex Bl SaY B LY b b B S B b o B e s 3
GM-120647 Bolt, hex Bd . 36 =28 217 .0 i it s i 2t by s s A R o st 1
GM-271193 Nut and lockwasher, hex., 33”-24 (Front cover to engine plate)........ 4
184-6 630365 EIARIO DT COVEE . o ob a e ot i s S e AN L R R R 1
640185 Plug, nut, / L T N R R e RO e Y O v h Yl 1
375917 Ring, retammg, rear cover Tt Ted 1 bl R S R s S S s (e s e 3
GM-178551 asher, 34”, int. and ext. (Engine ground strap). ................ 2
G O T I O e Phad i Lt imas S dnra B el o 0 00 KOEHSH S Lo o 6
GM-423569 Screw and lockwasher, hex. hd., 34”-16 x 34”...................cunn 6

(Front cover engine plate to block)
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FIG. 189 -CAMSHAFT TIMING GEARS AND VALVES—4L

Group
Description No.

Bolt, gear to camshaft ..... 10-11
LockwWasher ... e shieisvs e 10-11
Washer, camshaft gear. .. ... 10-11
Gear, crankabaft o .o . tidh . 10-03
Gear, camahafl. ... v vosivs 10-11
YIRS, IBERBE e i i - 10-11
Spacer, thrust plate . . . ..... 10-11
Key, camshaft gear . ... 10-11
Bushing, camshaft ........ 10-11

Ref.
No.

10

11
12
13
14
15
16

{

Group

Description No.
Valeeatintale b i - 5aas 10-08
NAIVRL OXDRHBE. ...oeovis oemsie s 10-08
HOPEIE. VAV oo o diml it o 10-08
Retainer, valve spring ...... 10-08
Tock, TRERINET . o - isemin oo 10-08
SCPeW, PPt | . euiaie slersias 10-09
- S O U W S 10-09
CAMBDRIE . oo dalob s bninds - 10-11
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WILLYS INDUSTRIAL ENGINES
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FIG. 190—CAMSHAFT, TIMING GEARS AND VALVES—4F

Grou
Description No.
Nut. hex.. BFAIGVEREI S0, . oL 10-10A

Arm, rocker, left, assembly. . 10-09A
Spring, rocker arm shaft ...
Screw, lock, rocker shaft . ... 10-09A
Shaft and Plug, rocker arm . . .
Nut, hex., 5/16"=24 ", .~ ... 10-09
Arm, rocker, right, assembly. 10-09A
Bracket, rocker arm, shaft. .. 10-09A
Screw, adjusting, inlet valve

DRPPEt' & et i e e s e 10-09
Lock, inlet valve spring,

upper, retainer ......... 10-08
Retainer, inlet valve spring,

Ty St B SO R 10-08
0Oil Seal, inlet valve spring

rotalner ... sscenian e v 10-08
Spring, inlet valve ........ 10-08
Rod, push, inlet valve ...... 10-09A

Ref.
No.

15
16
17
18
19
20
21

22
23
24

Group

Description No.

Yale, mlet 0 % ... e aieiests 10-08
Tappet, inletvalve ........ 10-09
ESRERRETE ey ko T el 10-11
Bushing, camshaft, front ., ... 10-11

Spacer, camshaft thrust plate, ., 10-11

Plate, thrust, camshaft . . ... 10-11
Screw, and Lockwasher, thrust

plate torBlock ™ .=, <o v, 10-11
Bolt, gear to camshaft . ... .. 10-11
Lockwasher, gear tocamshaft . 10-11
Washer, camshaft gear. ... .. 10-11
Gear, -CoanEshaIt " 45 « TN 10-11
Gear, “CamShRIL- “© i sl 10-11
Key, woodruff, No. 9....... 10-11
Tappet, exhaust valve ...... 10-09
Screw, adjusting, exhaust

valvetappet . . . ......... 10-09
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FIG. 191—OIL PUMP—4L AND 4F

Ref. Group Ref. Group
No. Description No. No. Description No.

1 Screw and Lockwasher ...... 10-13 8 Pin OrEve BRAT, .. v oo v 00 v s 10-13

2 Cover., ' Body ... .-« ~senis s 10-13 9 Retainer, oil relief spring 10-13

3 Gaaket, COvRY . ..« cnrnos oo 10-13 10 Gasket, oil relief spring

4 Shaft and BOOT < . 2 - »cnsin = a 10-13 FRERINBE Sas s 5.6 0a e a s e 10-13

5 BOOY -5 aoaisssanasnes 10-13 11 Spring, oil relief plunger. . . .. 10-13

6 Genar, driven . i: < sissaalas 10-13 12 Plunger, oil relief ........ 10-13

7 Gasket, pump to cylinder block. . 10-13
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ENGINE
Group 10 WILLYS INDUSTRIAL ENGINES

FIG. 192—OIL PAN FLOAT AND SUPPORT 4L AND 4F
Ref. Group Ref. Group
No. Description No. No. Description No.
1 Eaal okl Lot auetn, o o« o vinin 10-15 6 PN, Off RS IAIL s s 10-14
2 Gasket, oil float support . ... 10-15 7 Screw and Lockwasher, hex. hd.
3 Support, oilfloat . .. ....... 10-15 D/IBT=10 X OB e e 10-14
4 Screw and Lockwasher, hex.hd. 8 Plug, drain; oll'pan . . « .« ».. o 10-14
VL | o Vi R 10-15 9 Gasket, oil drain plug ...... 10-14
5 Gasket. Gl pan . o 2 e e 10-14
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ENGINE

WILLYS INDUSTRIAL ENGINES Group 10
::‘}: ::‘: Part No. Description 4L |4F
GROUP 10-13—OIL PUMP
804484 Pump, oil, assembly (Castironbody).............cooiviiiinniiinnna.. 141
191-1 GM-431938 Screw and lockwasher, hex. hd., 34”-18 x 1” }Oil pump to { ........ 8
800233 Bolt and lockwasher, hex. hd., 3;”-18 x 214" cylinder block]........ 212
191-5 804486 Body, oil pump, astembly (Cast I000). 1. . ......c.c .cosviviiiiorinsnnns R
191-2 641479 B e et r e i v e b e e L e N e S el PO ' O
191-1 641740 Screw and lockwasher, hex. hd., 147-20x 38" . . .. .. .. ... iiinnnnn.. 313
191-3 641482 RS O DU GO e e o iy s i s aas s s e simiedsa I8 B
191-10 | 634813 Gasket, oil pump relief spring retainer. . . .......c.viveivervrinrnenenns ) 58 1 .
191-7 646147 Gaaket, 01l pump to eyInder BIOCK . . < .l c<k vinavio s 0ls s oinis s s 55 sisine sinoisn ; o T |
191-6 | 641047 T R R R B e e el SRR R 1 ia
643362 it repair, oil phmp (Baton'DUMDP). - oo ccnenensnnssssasimassensiss i [
Consists of:
641482 1 Gasket, cover
634813 1 Gasket, oil pump relief spring retainer
641047 1 Gear, driven
330964 1 Pin, driven gear
641742 1 Shaft and rotor (Inner and outer) assembly
191-8 330964 B TR R L R T 1 o o ocess cwn oot msmban rensy sym iaormnbr e sn o mrm) arasi i e 1Y
191-12 | 630518 s e T T e e SR P I S e e e 111
191-9 630390 TR Al s PUED TEHPE BDUIDE . o+ - - occivoss vis siaiere siarsibiaisinme siutsiasis’s slas 151EE
191-4 641742 Shaft and rotors (Inner and outer) assembly. .......................... 1=143
191-11 | 808385 o T T e S RS I 14t )
805842 U e e T R s E NS oY SRS e 5 I 5 )
GROUP 10-14—0OIL PAN
192-6 A-7238 T TR AT L R et W s eroml L S e B e A8 1. 113
192-7 GM-187527 Screw and lockwasher, hex. hd., 3{"-18 x 3¢” }Oil pan to cylinder block|. |14 | 14
GM-423560 Bolt and lockwasher, hex. hd., "-18 x 14" and gear cover <6 140
192-9 806515 T L e T, e e A e ooy I P e 4 I 4
192-5 639980 T e e R R S R A T T T S 1 1
192-8 639979 LTS T e e it At . MR s B 111
905595 Plag. GIn i RN T RPIIC] . . o= e e s s i e e b 8 O s |
GROUP 10-15—O0OIL FLOAT
192-1 630396 Fioat. ot as@ewible = ot oo cnoop e i O i s v e s 1 11
GM-120123 Pin, cotter, 168 x 1347 (Ol Hoat tO spport). 0. .0l L. cee St i 1. 1.1
192-2 630398 S L e I R e W s PSS U LA PR (RIS 5 g 1 1
192-3 630397 Support,oilfloat................ e e S M e e o 1. 11
192-4 GM-451975 Screw and lockwasher, hex. hd., 35"-18 x 34" . . .. ... ..., < EL
(Float support to cylinder block)
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WILLYS INDUSTRIAL ENGINES

ig. and
Fig- o2 part No. Desartpiion 4L e
GROUP 10-16—OIL FILLER TUBE
AND LEVEL INDICATOR
Positive Crankcase Ventilation
911417 Tiibe, assembly. o1l Gller (158G I0NEY . . . .. . . iisesasinssnns i 1
912947 Tube, assembly, oil filler (1531%” Iong). .. ... .....ciiiiinniniiennnnianns 1
913134 Tube, assembly, oil filler (1835” long). . .. .. ........coiiiiiiiiiiniinnnn 1
926700 Tube, asesmbly. oil Bller IO JORE). . - .l mi e e e risn simaleis 1
812119 Tube assembly, oil Bller (O MONE) 0 oo i oo st s s an L e ¢
912910 Cap and level indicator P R T S e S NGRS LI S M : o |
812111 Cap and Tevel indicator CIBIETNonE) .. ... Lo oo et simavass s I e
807392 Capandlevel indicatr (2786° long) .. . .. ... oot iviniiiicernanasics 1
926826 Capand levelandicator (3014 Jang) .. ol L e e e 1
A-5105 Bracket fller t0bemOnntoE cit o 0. b s s e e e s s s Sl s ¢
Trailing Tube Crankcase Ventilation
804899 Chl level indicator Tl .t ol e e e e e s e B RS e 1
804527 Tabeansembiv-smoirabor o - 102 L oh e SRt sl L B St 3
(Filler cap in Group 10-10A)
GROUP 10-16A—OIL FILTER

808042 P A L e e s e e ok e e A o L |
800316 Bolt, hex., washer hd., 3”-10 x 8" ‘ ......... 4
800319 Nut, speed, 3”-10 (Thick) [Partof bracket|| = |......... 2
800320 Nut, speed, 3{;”-10 (Thin) No. 800313 Mounting filter|........ 12
GM-120741 Bolt hex. hd., 3”-24 x 34" to bracket ..o 3
GM-271187 Nut and lockwasher, assembly, §{5 -24 N B 4
GM-120393 ST e 1 A S e S B (B, TRt 4
119772 Clamp, filter, DoAY MOUNEINE . . . ... cns e anom oo cimeesn s sgeisonass 2.1.2
119773 Bt IORL A CIOMOD o o s b sr s nats oo se i 78 Va8 pAlSI MmN ba s 2202
119775 Loclkwasher, mounting clamp bolt. . . . .. .. .o iiiismtnicncimsnnsisis 2 o6 2
119774 Ly SR e ra TR Oy Trh i e ) o e s Bossihomepemeliue gupeaiy SRR R v dll K o
800313 Bracket, oil filter, assembly, mountmg ................................ 1
802087 Bracket, oil filter, assembly, mounting. . .........coveeriiinaiiaa., 1
GM-431938 Screw and lockwasher, assembly, hex. hd., 3"-18 x 1”7................ 1
118507 Bolt -0l BHET COVEL 2, o - 5 s aininis b e spdep s o by o574 o o PSR wtes Lig X
909335 Kit, filter element and gasket............. Lol S S ELACLRIAE o 10411
345961 Crommet, ME " TUBRIET. . .« . . s ipmivorsie snmSeios « 2 Epmals dh o5 « s FEERER RS 1
647584 Thbe. assembly, 0il BREr, IDIEE. .. ..o «onw il sutaisiainminie s bsisls SR TS 2% Al
647585 Tube assembly; ofl filter, Inlet: ..o ooso dishinss o oas o nEhpap. S oms 1
910290 ‘Pabe, assembly, 0l BIer; outlet. ... o« vanviims ssivd@as svie s veiene eimasiles 1 {3
GM-128302 R Tl R N A PSR ————"— f N 85 |
G Ehaw, 4% TR, 00%. o s sosvnammn i Ve s i s shmoni s 1 3
808608 IEOW, 34" L P, x 16", DIDe, 487, .0 v cni vimimissin s snm snsn nmmiww ewnhn 112
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WILLYS INDUSTRIAL ENGINES Group 10
Fig. and
Mo vy Part No. Description 4L |4F
GROUP 10-17—OIL DISTRIBUTION
800549 Bracket, oil Hine ¢lip. .. .- cccvtiniiiieiannrriiitentieiiiiiiiiniaannn 1
GM-9409106 Bolt, hex. hd., and lockwasher, assembly, }4”-20 x L el (e SR 1
(Bracket to cylinder block)
645539 Clip, 34" (Oil line to accelerator cross shaft bracket).................... 1
GM-137404 | Connector, inverted flared tube, 3(5”. .. ..., 1
GM-137420 | Elbow, 34" flared tube (Oil line to cylinder block)...................... 1
648865 Tube, oil line, crankcase tocylinderhead...............cooiiiiiiiit, 1
GROUP 10-183—CRANKCASE VENTILATION
Positive Crankcase Ventilation
630299 Gasket, ventilator to valve SPring COVET. .. ....vuuerarecacennnananaans 1A
A-6919 Body, crankcase ventilator, assembly. . ........ ... o i 311} 1
GM.137492 | FIO0W: PIOREBGT . . la vt s vmisisais aleine dinie o u'e nain niere s sisieisote ais salej/a s o a's o 1
A-6885 ElIbow, DIDE, 147 .- i vvevveesisiinssnassncansrannssiossssasssasesssns 1
641083 Tube, crankcase ventilator valve, assembly..................oiinnnnnn 1
A-6895 Valve, crankcase ventilator, assembly. ..........ccooiiiiiiniiat. 1] 3
809656 Elbow, 90°% street, 14" PIPe.....cccoviieiiiieinnracrssicrcanssecnnns 1
810617 Nipple, pipe, reducing, 24” x 18”7, . .....coviiiuiiiiieniiiiiaeienanans 1
810109 Coupling, pipe, reducing, 24" x 24", ... 1
GM-192466 | Nipple, pipe, 26” X 1347 10ng. . .. oot 1
GM-178910 | Tee, 14", inverted, flare. . ........cvoumnneoiiinitiiianananenansaans 1
640185 Plug, 14{”,inverted, flare. . .. ......ccocriiiiiiiiiiitiiitiiianantaaas 1
GM-137421 | Elbow, 14”, inverted, flare x 14" pipe........cooovmmiiiiiiiiianannn.. 1
908705 T T T e S R A e R N P e T S S R 1
GM-125912 (o T P e SRS P G ORI P TR R 1
Trailing Tube Crankcase Ventilation
630295 Crankcase, ventilator, assembly.........covvmiereiiiiiansnernraaanans 1
630298 Baffle, crankcase, ventilator. .........c.c.oviiiiiiiiiiiiiiiiiiiii e 1
630299 Gasket, ventilator to valve spring cover............... N i s 1
GM-103877 | PIug, 14", DIDC.. .o ccvveeacrrectsassnnsscssnscacansesaasssansnncons 1
TR e e e el T SRR SRR S 1
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Group 10 WILLYS INDUSTRIAL ENGINES
1 2 3 4
5
FIG. 193—MANIFOLDS—4L
Ref. Group Ref. Group
No. Description No. No. Description No.
1 Manifold, exhaust T s 9 Washer. spring . ... ..ot 10-20
2 Gankel . . i i 10-19 10 Lever, counterweight . .. .. .. 10-20
3 {Manifold, intake (for Governor). 10-19 11 LT T o SR NS 1N o, 10-20
Manifold, intake (no Governor). 10-19 12 NOTEW, 18Ver. . . v aaleie e 10-20
4 Clip, accelerator spring ... 12-08 13 Not, IBVOr SCIew .. « s s ol o s 's 10-20
5 {Stud (with Governor) ....... 10-19 14 HpEIng L VRIS e s ks 10-20
Stud (without Governor). .. . .. 10-19 15 Nut, exhaust pipe stud ...... 10-19
6 LOCKWABHET . iv. . osveans 10-19 16 Stud, exhaustpipe ......... 10-19
7 2] e S s RN T e 10-19 17 DAL, VRIVE [o . . as s s st s 10-20
8 Stop, spring 10-20
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WILLYS INDUSTRIAL ENGINES Group 10
Fig. and
5t s, Part No. Description 4L |4F
GROUP 10-19—MANIFOLDS
194-4 648766 Manifold, exhaust, agsembly. ... ...ccvvvvrvrrerracantcanessrssaoarsescs 1
53287 Nut, hex., 34”-24 (Manifold to mounting studs).............cooveennn 5
GM-120394 Washer, plain, 1367 . it s s e i s s s wibe eln amie s e |
194-5 648935 Gasket, exhaust manifold, center..............c.oiiiiieieniranereananns 1
194-2 648795 Gasket, exhaust manifold, end. . .. .....c.coiiiiiiiiiiiiiiiiicnennnns 2
801345 Gaaket, set, manifold. . ... . cmeceernrrese vacsnesenimnessesssvsnsbones 1
Consists of:
648935 1 Gasket, exhaust manifold, center
648795 2 Gasket, exhaust manifold, end
194-7 634814 1 Gasket, exhaust pipe flange
1006 1O EIRNE L Baud B 1B X 1M it vie et e a bt n s 4
194-3 | A-564 e R R e e SREEGL L BERNTE e g 2
645305 Manifold, intake and exhaust, assembly............... .ot 1
638640 Gasket, intake and exhaust, manifold........... ... . ciiiiiinntn 1
634811 Gasket, intake toexhaust. . . .. .covinrirnnnrai ittt 1
A-7835 e AR b e, | LR e S S O O 1
Consists of:
634814 1 Gasket, exhaust pipe flange
638640 1 Gasket, intake and exhaust manifold
193-2 634811 1 Gasket, intake to exhaust manifold
193-3 645361 Manifold, intake, assembly . .. .......oueneriiiiiiiiiiii i 1
193-1 801826 Manifold, exhaust, assembly. ..........ccoooiiiaiiiiiinn. 4 T 1
193-7 GM-122017 | Bolt, hex. hd., 3 - 1B 2 1%, . ... . ccii i cauinresr st s +
GROUP 10-20—MANIFOLD HEAT CONTROL
636438 Bearing, heat control valveshaft. ........... ... .. oot 2
193-11 637211 Key, heat control Iever. ... ......coiiiiemieeiiiiieiiiiananennnen. 1
646089 Kit, valve, heat control, manifold............. .o, 1
Consists of:
636438 2 Bearings, valve shaft
637211 1 Key, control lever
637210 1 Lever, counterweight
GM-120910 1 Screw, rd. hd., No. 10-24 x 34"
GM-120361 1 Nut, hex., No. 10-24
637206 1 Shaft, control valve
647042 1 Spring, bi-metal
639743 1 Stop, bi-metal spring
636439 1 Valve, heat control
637209 1 Washer, bi-metal spring
193-10 637210 Lever, counterweight, heat control valve. . ............. .o 1
193-12 | GM-120910 Shsone ot Sl B IR MY o e e e e e s pee 1
193-13 | GM-120361 Nut, hex,, NO. 10-24.. ... ..cccovvvunmomomnonsmssnssasannmsansosses 1
193-17 | 637206 Shaft, heat control Valve. . ... ....covinneascneesaosisaestinirsnnseens 1
193-14 | 647042 Spring, bi-metal, heat control valve............. ... 1
193-8 639743 Stop, heat control valve Spring...........ccoeerrneeannneeriieniiaaen. 1
636439 Valve heatcontrol. . o0 - fcoecioccmvonioeiniisiisissinananeesisasnesyess 1
193-9 637209 Washer, heat control valve SPring. . .........ovvvmeeeieeaearnatnee ens 1
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Group 10 WILLYS INDUSTRIAL ENGINES

FIG. 194—EXHAUST MANIFOLD—4F

Ref. Group Ref. Group
No. Description No. No. Description No.
1 Nt Sl - iseiieew s s 10-19 5 Ganket, eenler .injoidniad ok 10-19
2 Gaaket; end . c.cvhe s vraes 10-19 6 Studs 3/8"-16 x 1-9/16" . .. .. 10-19
3 Studs 3/8"-16 x 2-1/8" . ..... 10-19 7 Gasket, exhaust pipe flange . . . 10-19
4 ManHold oo s G e s s dis 10-19 8 Washer, 13/32" plain 10-19
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ENGINE

WILLYS INDUSTRIAL ENGINES Group 10
:i‘:: ;'4": Part No. Description 4L |4F
GROUP 10-21—FLYWHEEL AND RING GEAR
For Engines Equipped with Solenoid Activated 4)4 Starter
639578 Bushing, clutch shaft. . ...... ..o ciiiiiiiiiiniiiiiiiiciiiianiaranens 1011
187-7 632156 Dowel, flywheel to crankshaft. .. ...... ... ... 2 |2
802925 Gear, ring, flywheel (129 teeth). .. ..........oioiiiniiiiiiiineann, I 8
805454 Kit, flywheel and dowel bolt. ..........oviiiiiieriiiiin e 10083
Consists of:
804314 1 Flywheel assembly
116295 2 Bolt, dowel
GM-124934 2 Nut, dowel bolt
GM-135629 2 Lockwasher, dowel bolt
A-7696 1 Tag, instruction
187-5 | 632157 L e T T S S SR ) (RS 4|4
GM-120369 Nut, hex., 34"-24 Flywheel to crankshaft{................ 6|6
GM-138489 Lockwsiher, 167  DEEEEE PMG SEEIay doni J L Livesesessauansi 6 |6
NOTE: Bolt, nut and lockwasher, listed in Flywheel Kit, are for
straight doweling of flywheel to crankshaft to eliminate
need for special tapered reamer.
For Engines Equipped with 4” Bendix Type Starter
116295 Bolt; 14”-20 x 13{s” (Flywheel to crankshaft dowel)..................... 2
639578 Bushing, clotCh 8Balts oo a0 v onemie 8 fo o v s sitaate’s o o 5 s aiavetaicanaivss #ingss 1
632156 Dowel, fiywheel to crankahaft. . ... ... ciiie sovsine vinlinn cinmmiamimesiness 1
635394 e S e ST OIPUR Y gl e o LU RS LRI 1
A-7503 Kit, Aywheel and dowel DOME. .. o oo ccie coioinnesion matinmimiae sins, vasei sielsisiaes 1
Consists of :
A-1443 1 Flywheel
116295 2 Bolt, dowel
GM-114496 2 Nut, dowel bolt
GM-135629 2 Lockwasher, dowel bolt nut
632157 TR B R LTI TR AR S e (10 S S 4
GM-120369 Nut, hex., 33”-24 Flywheel to crankshaft{................ 6
GM-138489 s R B R e e R (1 S ) 6
GROUP 10-22—FLYWHEEL HOUSING
630101 R TS T e e et FE e 2 |2
375217 Cover, timing hole, flywheel housing. .. ............................... 1 1
GM-172427 Eeteta ey Shelld St 0y o AR e bR e e e e e e O 1|
GM-120380 E0ckasher, 1430, fo doh onmisnitans S aasis o v ss usis oy S rais i 1 41
GROUP 10-23—ENGINE MOUNTINGS
184-8 641096 fiasket. cylinder block, fropt. 5ola wwintds seafansd £ .4 o oL ot : I |
Special order| Plate, engine, front, assembly. .. ... .. ... .. .. ittt {8 B |
GM-423569 Bolt, hex. hd., 353”-16 x 34" }Front engine plate to { ................ 3 13
Lockwasher, 24", ext. eyhindec-hlock el s oo s o 313
184-10 | 642237 Plate, engine, rear—4 Bendix typestarter. ...............coiiiinenn.. 1
184-10 | 804381 Plate, engine, rear—414” solenoid typestarter. . .. ..................... 1 k1
SPECIAL NOTE: Front engine plates to be ordered by identifying
manufacturer of unit in which Willys Engine is installed.
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FUEL SYSTEM
Group 12

WILLYS INDUSTRIAL ENGINES

Fig. and
Ref. No.

Part No.

Description

A-7690
647744

923806
116172
116174
116540
116670
116660
923804
647745

647746

806305
920337
923995

923808
117928
118549
924162
917154

924161
923800

GROUP 12-04—CARBURETOR CARTER

Carburetor assembly (Carter No. 572SA) 1” bore for EG.S..............
Carburetor assembly (Carter No. 636SA)........c.coiiiiiniiiiiannnnin..
*Do not furnish—Use Zip Fit replacement carburetor.
Zip Fit, replacement carburetor (Carter No. Z-636W)...................
Float and Tever a8serably . il Sl Ll ms ~ateis o aasa i loe o S e i
Needle, spring and seat assembly (Fuelinlet)..........................
Metering rod (std.) (For Carburetor No. 647744).................... e
Metering rod (1st. lean) (For carburetor No. 647744). . .................
Metering rod (std.) (For carburetor No. A-7690). :.........ccuiuiunn....
Zip Kit, Carburetor cleanout (For carburetor No. 647744)...............
Kit, repair, carburetor (For carburetor No. 647744)........ ey 4 T
Consists of:
1 Arm, throttle shaft, assembly
1 Check, intake ball, assembly
1 Check and plug, discharge disc, assembly
1 Clip, clevis, throttle connector rod
2 Gasket, body flange
1 Gasket, bowl cover
1 Gasket, nozzle
1 Gasket and baffle, insulator, assembly
1 Jet, idle well
1 Jet, low speed, assembly
1 Jet, pump :
1 Jet and gasket, metering rod, assembly
1 Link, pump connector
1 Needle, spring and seat
1 Plug, rivet, idle port
1 Plunger and rod, pump, assembly
1 Rod, metering
1 Rod, throttle connector
2 Screw, attaching throttle valve
4 Spring, pin
1 Strainer, check, pump
Gasket set, carburetor (For carburetor No. 647744).....................
Consists of:
2 Gasket, body flange
1 Gasket, bowl cover
3 Gasket, metering rod jet and plug
3 Gasket, needle seat and plug
1 Gasket, nozzle
1 Gasket, strainer plug
1 Gasket and baffle, insulator, assembly
Carburetor assembly (Carter No. 9388 and 938SA).....................
Carburetor assembly (Carter No.938SC).............cvuiiinnniannnn.
Carburetor assembly (Carter No. 938SD)........ccciiiviininnninnnnn..
**Do not furnish — Use Zip Fit replacement carburetor.
Zip Fit — Replacement Carburetor (Carter No. Z-938W)................
F10at and 1eUeT BREEINBLY + < wie it = by < aiers 15 R F SO w8 e aaiwe e e e
Needle, spring and seat assembly (Fuelinlet)..........................
T TR R e PR S R SR | NSRS, i

T e T ey e R e L e Ll e e
NOTE — For carburetors No. 806305 and No. 920337, do not furnish

metering rods. Use field fix kit, to convert to carburetor
No. 923995.
it earhuretor, Beld Bx. oo s onviiiens su ddn e st ds i e S e A
Zip Kit. COTBOFEtOr CREBRIONE . .« < oo oo nieis sioin s winim somm sim om0 5 670w R

el
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FUEL SYSTEM
WILLYS INDUSTRIAL ENGINES Group 12
Fig. and
Ref. No. Part No Description 4L |4F
GROUP 12-04—CARBURETOR CARTER (Cont'd)
808520 Gasket set, cArDUTeLOr . o o oo vcvvvreerarromesseneaseoseenesncencsssnnns 1
Consists of :
117953 1 Gasket, body flange
117954 1 Gasket, bowl cover and air horn
648970 1 Gasket, flange
116168 1 Gasket, needle seat
924160 Kit, carburetor repair (Re-carburation). ..............ciiiiiiiaian., 1
Consists of:
648970 1 Gasket, flange
118549 1 Needle, seat and spring assembly
924162 1 Metering rod (Std.)
920969 1 Jet, metering rod
117953 1 Gasket, body flange
117954 1 Gasket, bowl cover and air horn
025541 1 Diaphragm assembly
119883 1 Gasket, pump lifter
920967 1 Needle, pump check
Carburetor — Zenith Governator
802190 Carburetor assembly with integral governator (2200 o s 1 VR S 1
907846 Carburetor assembly with integral governator (2600 r.p.m.).............. 3
119955 Gasket set, carburetor. . . . ...vuiivreaaiiiiiiiitiie et i 1
119943 Kit, carburetor TEPAIT. . .. i ccuuvurreinannonusrnocanneeeescesaeannnns 1
118638 Kit, governor ball bearing. . ........c.vveerrrennnnnnreanaaeaan. 1
GROUP 12-04A—CARBURETOR ATTACHING PARTS

A-6357 Gasket and diffuser, insulator, assembly.............. .. o i, 1
GM-120369 | Nut, hex., 34”-24, carburetor to manifold stud. ...................oo0nn 2
632159 Stud, carburetor tomanifold. .. ...... ..ol 2
GM-137404 | Connector, 3{;” inverted flared tube........... ... ..oy 1
GM-137421 | Elbow, 14{” tube, 90 degree. . ........cvivreennnnccnuccrsnntassaananns 1
648970 Gasket, insulator, carburetor. ... .....covernteirnniiaiiantiaaaaas 1
GM-120369 | Nut, hex., 34”-24 (Carburetor to manifold)..................cooiinnnnn 2
GM-103865 | Plug, pipe, 247 8. hd.. . .. ... oot iiiiiireiceniiii i iiiiiiia i 1
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FUEL SYSTEM

Group 12 WILLYS INDUSTRIAL ENGINES
Fig. and
Ref. No.  PortNo. Description 4L |4F
GROUP 12-09—FUEL PUMP
119238 Fuel pump, assembly (AC Spark Plug Div. Type No. 572) .............. L1
640586 A N L s S e S b 1 i
Cons:sts of:
116695 1 Diaphragm and rod, assembly
120594 1 Gasket, bowl
116760 2 Gasket, cage
120111 1 Gasket, mounting
115880 1 Link, rocker arm
115870 1 Oil seal, fuel pump
116761 1 Pin, rocker arm
115654 1 Screen, filtering
GM-132696 1 Screw, retainer
119959 1 Spring, diaphragm
115643 1 Spring, rocker arm
919131 2 Valve, assembly
116762 1 Washer, pin
119257 Fuel pump, assembly, with primer lever (AC type No. 8312)............. L2
808034 Eit SeL D feirir. o . e O i T o vt o R e e 1811
Consists of:
116695 1 Diaphragm and pull rod, assembly
116694 1 Spring, diaphragm
118486 2 Valve, assembly
116748 1 Gasket, valve, assembly
115880 1 Link, diaphragm operating
115654 1 Screen, fuel pump
116761 1 Pin, rocker arm
116762 1 Washer, rocker arm pin
115643 1 Spring, rocker arm
120594 1 Gasket, bowl
118704 1 Gasket, mounting
912017 Fuel pump, assembly (Carter No. M21958).................. S 1413
912018 0, El DRSS TepaRr - T L U T et o R e 4 2 [0}
Consists of':
1 Diaphragm
1 Diaphragm, air dome outlet
1 Gasket, flange

1 Plug, cam lever pin
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WILLYS INDUSTRIAL ENGINES

COOLING SYSTEM
Group 14

o
g8

N b GO DO

FIG. 195—WATER PUMP—4L AND 4F

Group
Description No.

o LT 0 SR R 14-05
Bearingand Siaft ... ..ot 14-04
BREINE e e s S eais ssraies 14-04
Plug, pipe, 3/8" sq. hd. .. ... 14-04
Nipple, hose, by-pass ...... 14-04
Body - waterpump......... 14-04

Group
Description No.
Washer, water pump seal . ... 14-04
Sealiwaler, | .. SI00A L LL 14-04
Impeller, water pump....... 14-04
Gasket, water pump to cylinder
5 T s Se S RRD R e S~ 14-04
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COOLING SYSTEM

Group 14 WILLYS INDUSTRIAL ENGINES
Fig. and
e ghoraeg Part No. Description 4L |4F
GROUP 14-04—WATER PUMP
649717 Pump, water assembly (4.31” dia. pulley). ...............cooiiinnnn.. 21 e
808962 Fump, waber assembily (4.62" @ DHIEY) s cvvvinnsiiinsssinimieavonns : [ s |
800002 Pump, water assembly (Double drive belt pulley) ...................... i B s
800232 Bolt and lockwasher, hex. hd., %{"-18 x 214" s Sl i 3
673488 Screw and lockwasher, hex. hd 34”-18 x 74” }Pump to cylinder block 21 2
GM-431938 Screw and lockwasher, hex. hd., 3;”-18 x 17 4GB
195-6 649718 P R T e e e e e S L R A e S
* 1 required.
When pump assembly or pump body is used on engine assemblies
that do not have cylinder head water bypass, remove pipe nipple
Part No. 649720 from pump assembly No. 649717 and plug hole
with 14” pipe plug GM-103866, pump body No. 649718 for this
usage must have tapped hole plugged with 14” pipe plug GM-
103866.
195-10 | 637053 Ciaalcet, sater POm £ CHRAEE BIOCK: . ... o..ociicinnns smmmion s sovinms st s 11
195-9 639993 Impeller, Water PUMD. . ......outn ittt ei et iaanaas 1151
A-6839 Kit, water pump repair. . . .....cocoeinianeinn - Sima eSO S NSO 15k
Consists of:
1 Gasket, water pump to block
1 Seal, water pump assembly
1 Shaft, bearing and slinger, water pump assembly
1 Spring, water pump bearing retainer
1 Washer, water pump seal
921476 PO RS DEMPARIDEHEE oo v e 0o o s s s i e & o e SR 044 1 2
Consists of:
1 Impeller
1 Seal
1 Washer
195-5 649720 Nipple, hose, by-pass T TRDIE s s e s SRR R S B e e AR g |
SOEN TR IR0 | B e Bl I M o v viivin e s neon e r e w e s AN A 11
G- 303366 1| EIaE Dibe; M - LB oo e s e s e S e s SRR 1 ksl
195-8 646732 L L L T R D A i A e S s : &)
195-2 808129 Shatt besrinz anid shinger; ansembly . . . ... ... oo acnns it onsmon 1543
195-3 636298 Spring, water pump bearing retainer. . ... .ciiveiverisinesansasaiasinss s I e
195-7 640034 S Hher TR PRy BEaL - ol | s A e B e e 1 e |
GROUP 14-05—FAN, FAN PULLEY AND BELT
A-447 RN Bt SR BRI O o e i ol b o o ma bl b oo o W B 1412
802285 Fan, cosembly (PusBer t¥PE). ...« . covvicsrsnsvsnssusesseesvassesees 14) 1
GM-9409106 Screw and lockwasher, assembly, hex. hd., 4”20 x 14" ............... 4|4
909558 SpRcET EDeC Al AR THOBEIEIRE Y. © © (. oooiieinsicininssiiiosuiinaienees 1181
GM-121973 Screw, et Bl ST 0 ARG . s s s e A e e e e 4| 4
GM-120380 PR r e T o R S SR O SR, 4|4
636299 Pulley, fan snd water pump (3317 Al ). ... csiianicssnianshssssssnias 1411
808736 Pulley, fan and water pump (4.62” dia.).........coiiiiiiiiiiiniinennn. YT
649721 Pulley, fan and water pump (Double drive belts). . ..................... : ) i
913290 Belt, fan and generator drive (5.15” dia. crankshaft pulley).............. 131 ¥
811733 Belt, fan and generator drive (7.54” dia. crankshaft pulley).............. 1311
118866 Belt, package, fan and generator drive (Two belts for dual drive).........J1 | 1
GROUP 14-06—THERMOSTAT
812050 Thermnostal, aIeBIY. ... . .. iidiinieisiaat sie i s ey ie ene ees R 131 3
639651 L L e o I S 1
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ELECTRICAL

WILLYS INDUSTRIAL ENGINES Group 15
Ref Mo, Port No. Description 4L |4F
GROUP 15-01—GENERATOR
6 Volt Generators
649918 Generator assembly (35 amp.) (AL No. GDZ-6001-D)..........cccuuunn
809655 Generator assembly (45 amp.) (AL No. GGW-4801-D).................. o s
924886 Generator assembly (45 amp.) (AL No. GGW-7404-A).................. Y *
*Replace with Service Generator No. 925045 (Less pulley).
925045 Generator assembly (45 amp.) (AL No. GGW-7404S) (Less pulley)....... B [
812069 Generator assembly (15 amp. enclosed) (AL No. GHD-6001 AC)......... bl [
(Includes Voltage Regulator)
**Replace with Service Generator No. 922897 (Less pulley).
922897 Generator assembly (15 amp. enclosed) (AL No. GHD-6001 SSN)........ ek
(Includes Voltage Regulator and less Drive Pulley).
Service Components
For Generators No. 649918, 809655, 924886 and 925045
118432 L S S S R R RS S 1 1
118433 Lockwasher, armature shaft, driveend. ......... ... cooiin. : [
120153 Nut, armature shaft, driveend......... ... i, o B
A-1641 Key, No.5, Woodtall .. . ... .....c.cuvmsrcrncctocsssnssssasossesoas 111
GM-901203 | Bearing, SAE.No.203,Ball........ ... ... .0, 1 1
118429 Bearing, Abs., Bronze (For Gen. No. 649918). .. ........coouuurnnnunnnn ) [ ¢ |
919286 Bearing, Abs., Bronze (For Gen. No. 809655 and 924886)................ 13
925648 Brush set, for Gen. No. 924886 and 925045..............cooviiiinnnn 1 1
118421 Brush set, for Gen. N0o. 649918............ccccirtcnrcninnnrrenaaanans 1 1
120943 Brush set, for Gen. N0o. 809655, ....... ... ciiiiiiiiiranrensanaes 1 1
For Generator No. 649918
120023 Head, assembly, commutatorend.......... ...ty 1 1
118434 Head, assembly, driveend. .. .......cocivviriurnarcascsscaasaaasassses 1 13
118431 Avtoabinre, aaEmBIY: . o ..o v nhi s i a s e e a e s s R v 1 1%
For Generator No. 809655
120023 Head, assembly, commutatorend............ccccctiusrrnrrrransaanasas 111
118434 Head, assembly, driveend. .. .....oovinrnrrneccniastansrnrnranananas 31 E
120154 Armature, assembly. . . . ... ci s s it ictia ety N |
For Generator No. 924886 and 925045 (Two Piece Frame)
925649 Head, assembly, Commutator End. ............oiiiiinnnaaannnn g
925651 Head, assembly, driveend . ..........oirneiminirinrnnreaannauane, I 11
925650 Armature, assembly ... ... ... ioiecertsataetaes s iesasetarsasae A |
For Generator No. 812069 and 922897
922925 T e T s O T i |
118433 Lockwasher, armature shaft, driveend. ......... .. ..o, P 8
120153 Nut, armature shaft, driveend. ...........coiiiiimniaiiiiean.. o
A-1641 Key, No. 5 Woodruff............coviiimieniinieeiiiiiinnnnanns 1 81
923085 Spacer, drive PUlley........ccovieaerriraaanimnannniiiiiaiiieas 111
GM-901203 | Bearing, S.AE. No. 203, Ball. . .........oiiiiiiiiinirnieniann., o I |
118429 Bearing, Abs. Bronze. . .. ......ccoceseeascssosasssnannsssonasataasas ol
927642 Armature assembly. .. . ... ....c.cccccievarionssaesiesse st asasans 111
927641 LT T e AR e e S R L o
927643 Head assembly, Commutatorend......... ..o viiemnnin, y IO B
927644 Head assembly, driveend. . .....ccivimoriiiiniinirnar e neanes : ot s
12 Volt Generators
913095 Generator assembly (30 Amp.) (AL No. GJC-7002-J)..........cooninnn. o
923282 Generator assembly (35 Amp.) (AL No. GJP-7202-A).............oouunn L
924880 Generator assembly (35 Amp.) (AL No. GJP-7402-A)................u.. i
*Replace with Service Generator No. 925044 (Less Pulley).
925044 Generator assembly (35 Amp.) (AL No. GJP-7402-S) (Less drive pulley).. |1 | 1
926721 Generator assembly (10 Amp. enclosed) (AL No. GJT-7303-J)........... = |-

(Includes voltage regulator)
**Replace with Service Generator No. 927651 (Less drive pulley).
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ELECTRICAL

Group 15 WILLYS INDUSTRIAL ENGINES
:3. :l‘:, Part No. Description 4L |4F
GROUP 15-01—GENERATOR (Cont’d)
927651 Generator assembly (10 Amp. enclosed) (AL No. GIT-7303-8). . JI89s0 L. 0 [ |
(Includes voltage regulator and less drive pulley).
Service Components
For Generator Assemblies No. 913095, 923282, 924880 and 925044

118432 2T T U - A B R S A R e e P R RO st 1 111
118433 Lockwasher, armature shaft, driveend. .. ....... ... .. ... ...t ol I
120153 Nut, armature shaft, driveend. .. ... ...ty B |
A-1641 Iy N, WD . . i S e s s eimne sz ege as 3 R A e U8 A B |
GM-901203 | Bearing, S AE, No.203,Ball. ......... ..., Iy
919286 Bearng, ADS BIONZE. . ... oso o on et onio s ssansainesagms e olessson®atinseds 1)1
925652 § S TNE T Rl N T G e e Al SR 8 s S SR AR R S S 1 11
919287 AT AECE BRNETIDIY o o L s s e o s BT e S e A Ty e e e s 1 11

For Generator Assembly No. 913095 and 923282
919285 Head assembly, Commutatorend..............coiviiiiiinninnn.n 181
919288 Head assembly, driveend. . ....... e N s o p il e

For Generator Assembly No. 924880 and 925044
925649 Head assembly, commutatorend.......... ..ot 111
925651 Head assembly, driveend. . .. ... ..iivimririniaimennneneeaena. 15

For Generator Assembly No. 926721 and 927651
922925 Palley idriba . Sues s fiom s smimtin . R A TY sl e SERGRE fe s e SRR R 0 11
118433 Lockwasher, armature shaft, driveend. .. ....... ... ... ..ot 111
120153 Nut, armature shaft, driveend. .. ..........ccciciiiiiinnanaaes
A-1641 Key, No. 5, WOoOArUlE. ... .o i anisis sisfbisiasiain ol oo #5305 w8 oe bibis i uiae 1 5 b
923085 Spacer, drive pulley. . ... .....cciviviisih e in st I 51
919286 BeatinF A BIONZE . .\ i v s o meinis otimemmeys sinmdinmemsls o 44 is 5Eams i ¥'aa e
GM-901203 | Bearingt NOu203, S A B, . . oo vviiioninns i ons oo sivs wias o 2580 atse = 7ot e [ |
925648 O B ST VIO s i c s o = o iais e Saeca s w065 w6 By St =, = 0w, im0 S0 8. 8 § Pl
927653 Arvmhature assetably. il . . . oo e e S e T e e s e T e R 1113
927654 Head assembly, Commutatorend........... ..o iiiiiiiiiinenenenn I I3
927655 Head assembly, drive enitl. . . ... ciocoroevsons smnmenmnnsinvs s sesese o 11

Attaching Parts for Generator, 4-Cyl. Engines
649927 LT ey e A M A S rem s e Som e ISR At : i [ |
GM-9400098| Screw and lockwasher, hex. hd., 35”-18 x 78" . . . . ..o ii i eeeann.. 1 11
GM-446363 Waiher 03800, 9" coiis ciatenintan b BN IS L LR ek L 9 |
GM-120647 ot e i Sptmnpytieds saigire sadac puond . | BERBLL o
GM-271193 Nut and lockwashier; hex, S7004 05 D 0o 0 e L L oS y il 5
A-1395 IO P O DO, o T e e s s e 212
A-1397 Bolt, generator support insulator J ______________ 2 |2
GM-120368 Nut, hex., ¥5"-24 Generator support  |.............. 213
GM-120393 Washer, plain, 243" insulator mounting).............. 2.5z
GM-120214 Yibclkowhgher = 4 ¢V L VNP b JIRGRITSeRS SIHTEETIN I o eRU R LW B 2 |2
649925 SUDDOEl Eensat oy aatfably Caviine SO odsbiiees Diadi e e b oL RS 1.1 3
633949 Bolthher hai- 34516 x 047, sperial-bo. mistasmb Saudt . oo PE0NELL 2.12
GM-120382 | Lockwasher, 34” (Support to cylinderblock)........................... 212
A-1401 Washerd Messholet oa0 poeiior Qe (a0 Mt e suaiorieel o ool 212
A-1396 Waslier, MGRBOIear o S8 cun cvivininniie sveas sivie e sl alele S 5ot 2 12

Special Attaching Parts Used With 15 Amp Enclosed Generator

805976 Generator-spportassentbly- 1 05, F o S0l S, N i ek 1. 13
812088 Generatorsupportymanintor Bolt, 1.0 0 0 T T e e e b e 5 |
G- 120668 1 her . BT N 957 7 i i 2 S0 i b esss da e s 1)1
812070 Spacer (Spec. Ll OFL i) | EnR, oo ) WITNER IREEENIO b s ) 1. 11
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ELECTRICAL

WILLYS INDUSTRIAL ENGINES Group 15
:'egf ;T:. Part No. Description 4L |4F
GROUP 15-02—STARTING MOTOR AND ATTACHING PARTS
4” Starting Motor (6 Volt)
(Pinion Shaft Bearing in Clutch Housing)
A-1245 Starting motor assembly (AL No. MZ-0113). ...........cocvuuiineann... 1
A-1568 Armatare BB e L e L s e e s e 1
A-1552 L L e e O s st e D R T A SRR SN T 1
109445 L Lo D G S S 4
109455 LT R A T L e TR e o e S RS S 2
A-1569 L e e g s L S S P S 1
A-1573 T ey o e T T e e e e S e 1
A-1582 Heaoine intertobiate] .. - el Al e L e G e 1
636734 Bearing, pinion shaft (Mtd. inclutchhousing)....................... 1
A-1566 Head assembly; commutator end. . ... calvisiah dnees aeieesai s s M
414" Starting Motor (6 Volt)
803867 Starting motor assembly (AL No. MCH-6203)...............cccunan... 8N |
(With commutator head support)
925520 Starting motor assembly (AL No. MCH-6215)..............c..uinnn.. N |
(Without commutator head support)
119605 ATTBYRTE BRSETIDIN ..« & <o v o aas st s e D e el s S, 4is'a e e VE e TR e e e oo I |
120201 T T L o e X S et & 3% oW e dele ey b MR ol (L L : 0 I |
109445 SOFMEDERAN . - oo s e el S e e e 4| 4
109455 Thrustwasher;: 16" ool sums st d Suh it ol mss sah WSetant o BT BT a/r|a/r
117337 DRI ALARPE WA o om 5o, cronvnd Bom ot s culp, WS oo s 8 BSOS a/r|a/r
120568 Switch aolenoid SEartey - i s onme it d it S b s S e ) I T
119597 Bendix drive (AL No. EBB-19) (Eclipse No. A-3281)................. j o |
119833 By s An eI TRCIAEr 1 s s e A e o S L A e S e 1ol i |
A-1583 Bearing. pimion BOBSINE ;55 6 et i gl s aind s so0 08 whs s ip el e Sulbais st ot 181
119609 AT L N N LA S L S TN LR R B S 1 1
119604 Head, commutator end, for starter No. 803867 (With support)......... e 1
120677 Head, commutator end, for starter No. 925520 (Without support)...... 1.§%
414" Starting Motor (12 Volt)
808623 Starting motor assembly (AL No. MCT-6201). . .........c.ovniivnnnnnn.. |
*Replace with starting motor assembly No. 916349.
916349 Starting motor assembly (AL No. MDM-6005). ..........ccvvvurnuunn.. 111
919293 Benatnee assembbyis an e, cemea e sl ST il STl i mie e s i B T |
910290 T e T e S e R G e L e S AR G RS R S L O 1 1
922683 LT TR R TR [ e i e ) 8 S e NS R ol B s 2ok 2
022698 Binsh holder, gromnaded .. .. oG s vin s T i va s et wipie s et s sy e ® BaIeTRTstale 202
922700 S E L RS T e R e S e 2 2
922699 e mL T Ry O S e 202
109455 st woasher, TG o0 0L e Tt s e s e e s e e e e a/r|a/r
117337 s R TR T G e SO o B e e A il SRR a/r|la/r
910294 RIIEET] BOleoId BEATEer. o Liiiinis sus e eos 5 5 s o sle s ooz v wintaiise eieie eoeiell 1 1
119597 Bendix drive (AL No. EBB-19) (Eclipse No. A-3281)................. + ¥ 3
119833 T O R G el Tt B R R S s S ey s s 1 1
A-1583 BEOAnE, pHIOm BOUSING . . . oo o it a f D evata s s s e f e b e b o |
919295 EimorthtrsingassemBRr ), 000 X E B e oA O L A RN RS LM 311
919291 Head asscmbly;commutator end . . .. . 0 VRS R T TR s b s e 1 1
924885 Starting motor assembly (AL No. MDU-7004). .. ......cvvveninrunnennn. 1 1
(Without commutator head support)
925549 Starting motor assembly (AL No. MDU-7017). ..........ccouuuininnnn. =11
(With commutator head support)
925666 Arrature assemBlY . 1 o e s S R e e e e SR e i ;R
925665 U T B e S ATC A B S DS T eSO TR R R ] 1
925675 PlatE assembily. Brush holder. .. . .0 oo sinnis e s aiebine pisis s sie siaiasies oo : B I
109455 PHOSE WRAHET, LY s i s i s e s S S o Biowri s s B S a/r|a/r
117337 e B T P SO I © S 1 ST e A R SRR A a/r |a/r
919294 SWItED SROlE RO BEATIET s cii s (i S s R T Vel K] i
925667 Bendix drive (AL No. EBB-74) (Eclipse No. 479000). ................ 1|1
181
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ELECTRICAL

Group 15 WILLYS INDUSTRIAL ENGINES
::‘}: ;": Part No. Description 4L |4F
GROUP 15-02-—STARTER MOTORS & ATTACHING PARTS (Cont’d)
119833 BeArNE RO HRAIBIEEE Bl o ol L sl R e e e oa 15191
A-1583 Béaring. DIDIOn MOBRIAY. - 5. & nies i sRin s sl o oo e s Wil ie 2% 4] s ¢
925670 Pinion honanp asseinbly . . :.cones mepie: aa s srsmtie o o o b owsrs Sieilale din oy 1:] 3
025669 Head, commutator end, for starter No. 924885 (Without support)...... G B 1
925812 Head, commutator end, for starter No. 925549 (With support)......... £
925677 i, armature shatt) Beadix dovel. male il o T L L. o B liiih oo 141
Starting Motor Attaching Parts
For 4” Starting Motor No. A-1245
638646 SUDDOTE. St Ny MOFOr. i oo o s s hi et s i b sl aolanle B b s 1
GM-122126 Balt b BT 8160 Ton) 1icdp aoiniy deimmst (L. ARNRES L | 1
GM-120388 Washer, flat, 33” Support to cylinder blocks{............... 1
GM-120382 Tekwasheen 8t unissate "lEs 0 00 T T e iae 1
GM-123473 Holf, hes B 3004 35508 | ahimeeay oot amitme Liei« 5855686 1
GM-446363 Washer, flat, 3" Starting motor to supporty.............. 1
GM-120214 Lockwashery SEY Vi - ul Rt e s Todin RELTRIE R ool Rde L 1
GM-122145 Bolt, hex. hd., 34”-16 x 11{” |Starting motor to rear cngine{ .......... 2
GM-120382 Lockwasher, 34" plate and flywheel housing |.......... 2
For 414” Starting Motor No. 803867, 808623 and 916349
805675 BUpROTE SERPHNE MOEOr. .. st S REEI GAUDIEN C e SR TR G y s o |
GM-122126 T T T R S i UL T 11l
GM-120388 Washer, flat, 34" Support to cylinder block{............... y 1 |
GM-120382 Loflsvraaher ) SEnEIEE R[St Diano s Ui it n ol 101
GM-9409102 Screw and lockwasher assembly, hex. hd., 3{;”-24 x 34" }Starting motor { i i [
GM-446363 Washer, flat, 3" to support L
GM-120426/ 11 Bolt; Bex-fids 146%-13 %1147 | SAEUCE Oy Gaistote o) of ) e L0 L i g |
GM-124378 | Bolt, hex. hd., 14”-20 x 314" |Starting motor torearengine............ i
GM-120384 | Lockwasher, 14” plate and flywheel housing |............ |2 | 2
GM=-PASTE HWIat hexs Worcogrl 3953008 Tk D, BTG yESDERTS ] s aae el 1ila
For 414" Starting Motor No. 925549
925555 TR e T e B s Tl et s bln bl SRS sl 05 111
GM-9409102 Bolt and lockwasher assy., hex. hd., 3;"-24 x 34" }Support to Lokl W E
GM-446363 Washer, plain, ;" starting motor]...|1 | 1
GM-451976 Bolt and lockwasher assembly, hex. hd., 3§"-16 x 34" .. .. ............. 11
(Starting motor to support)
GM-120426 | Bolt, hex. hd., 14”-13 x 114” }Starter motor mounting for[............ g2
GM-120384 | Lockwasher, 14” open flywheel installation|............ 382
e R S T TN S T ok S Lt i i SR (R 19
GM-124378 | Bolt, hex. hd., 14”-13 x 314” |Starting motor mounting for |........... 1B
GM-120384 | Lockwasher, 15” flywheel housing installationl ........... 2 07
L B LR v B B T e T 0 el | i it [ Bty At S v el o [ ekl 103
For 414" Starting Motor No. 924885
(Without Support)
GNEI00096 || Boltohexohd:, Y513 x 11" ) snletion naimig et ee b pos e a1 | B & |
GM-124378 | Bolt, hex. hd., 14”-13 x314” (Mounting | ..............c..vuunn. ; | B
GM-120384 | Lockwasher, 14” StHEGInE MOLOT] - Lisald o da s s a8 2 12
GRE-120271 . 1| Nut; hex: s 18T o0verpd 5o 1 S0 aM s s aosonl ardteesiot . 0 sapaon 4 £ 114
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ELECTRICAL

WILLYS INDUSTRIAL ENGINES Group 15
:'.",: :'q“: Part No. Description 4L |4F
GROUP 15-03—DISTRIBUTOR
909802 Distributor assembly (AL No. IAY-4012). . ....oininiiinininnnnnnnnnnn =l
*Replace with distributor assembly No. 923068.
923068 Distributor assembly (AL No. TAY-4401). . . ...........ccoivvenrnnnnnn. Tl
801174 Distributor and vacuum control assembly (AL No. IAT-4008)........... *% | ==
**Replace with distributor and vacuum control assembly No. 923069.
923069 Distributor and vacuum control assembly (AL No. TAT-4405). ... ...... s B B |
Service Components and Attaching Parts
118415 Aren, DOAVADCE. ... . b Eh oS AR Rl D L L e s BRI AR e 11
118343 Cap assembly, distriDULOr. | conivs e mnlGuie s s sados s s N e o ae 1-11
023392 T T L MY I S e W ovipnses MEINRENTY . TN p i 1
017128 Bt DACKERE 5 wvste s« sio s S0 SRR SUe T Dar e S e N R s i N |
923146 Contarh ek hreaRer. s o oewin s iian o R S S o s e o SRR s v s 111
GM-121867 Bolt, hex. hd., 14”-20 x %" 1 ............ 111
GM-120392 Washer, plam. 147 Distributor to cylinder block{............ A ]
GM-120380 Lockwasher, 14” ] daiaoi sldinshabiiaagtc]  [o.0rames Lol 1
637615 Spring, friction, distributor shaft. . cccosaivins caiiainsndssshine tensn 111
GROUP 15-04—VOLTAGE REGULATOR
6 Volt System
800396 Voltage and current regulator assembly (AL No. VRP-6003A)........... L
*Replace with voltage and current regulator No. 923048.
923048 Voltage and current regulator assembly (AL No. VBO-4601G)........... 1411
For generator No. 649918
809654 Voltage and current regulator assembly (AL No. VBE-61054A)........... = | -
**Replace with voltage and current regulator No. 923131.
923131 Voltage and current regulator assembly (AL No. VBO-4601C)........... 1 112
For generator No. 809655 and 925045
924644 Voltage regulator (AL No. VBP-5601B).. .........ciiiiuiininunnnannnn s il [ |
For enclosed type generator No. 812069 and No. 922897.
12 Volt System
913097 Voltage and current regulator assembly (AL No. VRX 6009B)........... i (]
*Replace with voltage and current regulator No. 923130.
923130 Voltage and current regulator assembly (AL No. VBO-4201E). . S0 1 |
For Generator Assemblies No. 913005, 923282, 924880 and 925044
927656 Voltage reguiator (AL No. VBP-6201B). . .. ... .cnisomidnnsin s seinietsie 1 j1
For enclosed type generator No. 926721 and No. 927651.
GROUP 15-05—COIL WIRING AND ATTACHING PARTS
913098 Coil, ignition, assembly (12 Volb). .. o, .oonicuniavadaii e bveinanss T Ex
649712 Coil, ignition, assembly (6 Volt)..............ocoiiiiiiniiiiiaiinn.n. 111
635886 Stud, mounting, ignition coil, 24”7-20 x 1”. ... .. ... ... .. .iiiiianaa.. 212
807271 T T L e sk T e e e R R S 2
631105 Washer, }4” special (Coil to cylinderhead).......................... 2 2
A-5083 ST T T B e Ao e e N T R S T BN P P Shar 1|1
642133 bl ipnition o0l SEEORAAYY. & oLl s v ces s s e e 1 {1
393594 Tip, ignition cable, distributor and secondary................ooooian.., 2 |2
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ELECTRICAL

Group 15 WILLYS INDUSTRIAL ENGINES
Fig. and
St M, PoriNe, Description 4L |4F
GROUP 15-06—SPARK PLUGS AND WIRES
347002 Bushing, abbert 2L Haletic sl OIONES TOHGLINRL L. s ovsnpania b 1
640289 Csble fgnttion, spark plug NO. 1, 88embly. - . . . i vienenoass 1
640290 Cable, ignition, spark plug No. 2, assembly.................. S RO T 1
640291 Cable 1emtion starkE pIug INO. 3 and 4, .. . . ., o i et T e 2
640587 R AT PIHE A0 CO WITCR. v s S s i ih s s hs s e e s e e as e 1
Consists of:
640292 1 Cable, secondary, coil
640289 1 Cable, spark plug, No. 1
640290 1 Cable, spark plug, No. 2
640291 2 Cable, spark plug, No. 3 and No. 4
804492 Plug with gasket, spark, assembly (Champion J-8 or Auto-Lite A-7)...... 4|4
393594 Seal, weather, spark plug cables distributorend ...................... 6|6
805383 Chpaenition cabile, GDDEL.b . 2./ s i e r B A b ol cv i e e A N Sseea 1
805384 B T T T S A T T Py o Lo LA Tt S s YU T N 1
808419 Igmition cable BracRet. ... oot il s ERiSE R n e L SRR L L L 1
807026 Cable, ignition, spark plag o T 20 0 i Vit e s v av it s s e 1
807027 Cable, ignition, spark plag, No. 2and 3. ... ....iuiniiiivinns i T 2
807028 Cablessemtion SparkE phag, 0. 4 = ot s T e s s e |
GM-120393 Washer, plain, 3{;” (Cables to rocker arm cover studs). . .............. 2
807029 AT T T T 1) e S MR i i ARSI 1
Consists of:

642133 1 Cable, secondary, ignition coil, assembly
807026 1 Cable, spark plug, No. 1, assembly
807027 2 Cable, spark plug, No. 2 and 3 assembly
807028 1 Cable, spark plug, No. 4 assembly
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WILLYS INDUSTRIAL ENGINES

Tornado OHC 6 Cylinder Engine

GROUP INDEX

GROUP 10 — ENGINE

-01
-02
-02A
-03
-04
-05
-06
-07
-08
-09A
-10A
-11
-12
13
-14
15
-16
-16A
i1y
-18

Engine Assembly

Cylinder Block

Cylinder Head

Crankshaft

Crankshaft Bearings

Connecting Rod and Bearings
Pistons and Pins

Piston Rings

Valves, Valve Guides and Springs
Rocker Arms

Rocker Arm Cover

Camshaft and Timing Gears
Timing Chain Cover

Oil Pump

Oil Pan

Qil Float

il Filler Tube and Level Indicator
Qil Filter

Qil Distribution System
Crankcase Ventilation

-19 Manifold

-21 Flywheel and Ring Gear
-22 Flywheel Housing

-23 Engine Mounting

GROUP 12 — FUEL SYSTEM
-03 Fuel and Vacuum Tubes
-04 Carburetoér
-05 Air Cleaner
-09 Fuel Pump

GROUP 14 — COOLING SYSTEM
-04 Water Pump

-05 Fan, Fan Pulley and Fan Belt

-06 Thermostat

GROUP 15 — ELECTRICAL
-01A  Alternator
-02 Starting Motor
-03 Distributor
-04 Voltage Regulator
-05 Coil and Attaching Parts
-06 Spark Plug and Wires
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WILLYS INDUSTRIAL ENGINES

FIGURE NO. 196
ENGINE ASSEMBLY COMPLETE
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WILLYS INDUSTRIAL ENGINES

Ref. No. Description Group No. Ref. No. Description Group No.
1 Mot hex 5" . . A oS 10-19 35 Clamp, hose (Spacer to cylinder head) ..10-19
2 Washer, cplain =5 i85 0 3 e & 10-19 36 Hose, pressure relief ... 10-19
3 Mopifold, exhtust: «Sans e Ny 10-19 37 Filter, oil, assembly ... 10-16A
4  Nut, hex., 3""—24 ..10-19 d s Aelanser ol filler ... . 10-186A
5 Washer-specil el - [ Sulolde ) ¥ 10-19 39 Gasket, oil pump to chain cover . 10-13
6 Gasket, exhaust manifold ... 10-19 40 Pump, oil, assembly .. 10-13
7 Housing, flywheel, assembly ... _...10-22 Ll e R T R e S N 10-13
8 Lockwasher, ,’6 L e R 10-22 42 Nl hexy 24 .. 10-13
9 Bolt, hex. hd., 5""—14 x 3% . 10-22 43 Damper, vibration and fan drive .. 10-03

10 Pan, flywheel housing ... . 10-22 44" Wosheryspecial ... o 10-03
11 Part of number 12 45 Bolt, hex. hd., %"“"—16 x 2" . 10-03
12 Bolt and Lockwasher, hex., hd., 45 FapyroassembBly ol Lo bl 14-05
g it e AN S G W I 10-22 47 Lockwasher, %' (Part of No. 48)
13 Part of number 14 48 Bolt and Lockwasher, hex. hd.,
14  Bolt and Lockwasher, hex. hd., Tl B A . 14-05
£""—20 x % L R e 10-22 49 Beh, drive fan and alternator ... 14-05
15 Nobhex:, s8leed o L 07 4% 10-19 20! SpaeersfaitE e o T 14-05
16 Lockwasher, AP IRRY -  T g 10-19 51 Pulley, waterpump ... 14-05
17 Deleted 52 Clamprohose = o . o6 G 10-19
18 Hbow, weateroutler .0 . S b, e 10-19 53 Cap, water pump (Not Serviced)
19 Gasket, water outlet elbow ... 10-19 54 Motihex, P24 (L T 14-04
20 Thermostat, assembly ... 14-06 55 lo:kwusher, ;s WOl 14-04
21 Spacer, water outlet elbow ... 10-19 56 Washer, plain, %% - . .. . .= 14-04
22 Gasket, intake manifold 10-19 57 Pump, water, assembly ... 14-04
23 Stod %18 x 24 x 14" ... 12-04 58 Gasket, water pump ... 14-04
24 Manifold, intake ... . .. . 10-19 59 Gasket, fuel pump to chain cover . 12-09
25 Lockwasher, —56“ __________________________________ 10-19 60 Elbow, %" inverted flared tube . 12.09
26 Nut, hex., ra o 4 I i 7, 10-19 61 Pump, fuel and vacuum, assembly ... 12-09
27 Tube, oil level indicator guide 62 Distributor, ignition ... ...15-03
{ncludes Bracket) ... ... " 10-16 63 Elbow, inverted flared tube e 2
28 Ioghwenker, &% .. . ik 10-19 64 Nut hex., £"—24 . 1503
20 Mot hex., 294 P las 10-19 g S lockwasher, " oo . 15-03
30 Indicator, oil level ... 10-16 66 Nut, hex., —5~“—24 ST SN N |
31 Elbow, heater hose water by-pass . 10-19 67 Lockwosher = g AR AN |, - -
32 Clamp, hose water by-pass ... 10-19 68 Washer, plain, %" .. 12-09
33 Hose, water by-pass ... 10-19 69 Bracket, cable, fuel pump ... 15.06
34 Stud, % o pger T e 10-19

FIGURE NO. 196
ENGINE ASSEMBLY COMPLETE
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WILLYS INDUSTRIAL ENGINES

FIGURE NO. 197
CYLINDER BLOCK, TIMING CHAIN, SPROCKET,
ROCKER COVER AND OIL PAN
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WILLYS INDUSTRIAL ENGINES

FIGURE NO. 197

CYLINDER BLOCK, TIMING CHAIN, SPROCKET,
ROCKER COVER AND OIL PAN

Ref. No. Description Group No.
1 Cover rockaiiom L. i o enens 10-10A
2 Screen, oil filler cap tube _...............___10-10A
3 Cap, oil filler, assembly ... 10-10A
4 Bracket, cable, rocker cover ...____._.........15-06
5 Nut, crown, 3%"—24 ... . ... 10-10A
& Washer, plain, WY o 10-10A
7  Seuol, oil, rockercover it ... ..., 10-10A
8 Gasket, rocker cover ... ... 10-10A
9 Hose, oil filler tube to carburetor _........_._. 10-18

10 Valve, crankcase ventilator ... 10-18
11 Clamp -l . 10-18
12 Bolt, cylinder head, 5% " long ............10-02A
13  Washer, cylinder head _.........__......_.....10-02A
T4 Eye, lift rear 08 dee. clnitast o . 10-23
15 Bolt and lockwasher, hex. hd.,
e B % B LRI ey W S, 2 10-23

16 Gasket, cylinder head ... ... 10-02A
17 Cap, crankcase ventilation breather ......10-18
18 Screen, crankcase ventilation breather ._.10-18
19 Block with pistons fitted cylinder,

assembly ......onu AR e 10-02
20 Tube and bracket, suction, assembly ..._.10-15
21 Bin, cober.; 3/32 x H el e MRS
22 Screen, oil intake, assembly ... 10-15
23 Not Serviced

Ref. No. Description Group No
24 Pon. oildssembly. i aaaciaaiaaaan 10-14
25 Plugreilpanidrain ...........eccoeeremeressanses 10-14
26, 1Gasker, drain PIMG ..o ccovinsiinensssnisacrrmsaen 10-14
7 7 Aoaef-= IR S I B R R 12-03
28 Screw and lockwasher, hex. hd.,

P B x Ve e R 10-14
29 Screw and lockwasher, hex. hd.,

A 2 M o el 10514
30 Woasher, plain, %" o ......10-14
a1 Gaskel, ofl ‘paft.side 5. ..y 20T 10-14
34 Block, filler front bearing, assembly _____ 10-03
35 Screw and lockwasher, hex. hd.,

s e WM. 0 et . 70203
36 Part of number 35
37 Sprocket, camshaft, assembly .._......_......10-11
38 Pin, dowel (Camshaft sprocket) ............10-11
39 Ecoenfric, fvelpump oot 10-11
40 Screw W20 x 1%R" . . . 10-11
C T T TS YT O L R R S R 10-11
42 Washer, plain, %" . o YO
- S T R T T Rt VPR S SR 10-11
44 Head, cylinder, assembly ... 10-02A
45 Woasher, cylinder head ... ... 10-02A
46 Bolt, cylinder head, 2% " long ... 10-02A
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FIGURE NO. 198
CRANKSHAFT, BEARINGS, CONNECTING RODS,
PISTONS AND RINGS

WILLYS INDUSTRIAL ENGINES




WILLYS INDUSTRIAL ENGINES

Ref. No.

L8]

O Voo ™~NOoOLAEW

11

12
13
14
15
16
17

18
19
20
21
22
23
24
25
26

FIGURE NO. 198

CRANKSHAFT, BEARINGS, CONNECTING RODS,
PISTONS AND RINGS

Description Group No.
Plug, expansion, 13" ... .......10-02
Block, with pistons fitted, cylinder,
gssembly ool 10-02
Elbow, 90 degree special _................... 10-02
Plug, expansion, 1% " (Water Jacket) ....10-02
o T el B Gl s 10-02
Cock, drain cylinder block ... 10-02
Tube, crankcase ventilation breather ....10-18
Flywheel and Ring Gear, assembly _.....10-21
Lockwasher, 37 . i 10-2]
Bl e, W28 e LT 10-21
Kit, rear bearing oil seal ___.___._.____.._ .. 10-03
Qil Seal, crankshaft, rear ... 10-03
Qil Seal, crankshaft, rear ... 10-03
Gasket, filler block, rear bearing ..........10-03
Kit, rear bearing oil seal ... 10-03
Gasket, filler block oil pan end __...___....10-03
Screw and Lockwasher, hex. hd.,
B V8% W e 10-03
Bushing, crankshaft pilot ... 10-03
Cronkshofl, ‘omemblyiste . 0 .. . 10-03
Bolt: fiywheel- . Lot b s 10-2])
Bearing Set, crankshaft, No. 4 _____.......10-04
Bearing Set, crankshaft, No. 4 ... 10-04
Dowel mgeton - 10-02
Not Serviced
Bearing Set, crankshaft, No. 2 and 3 ....10-04
Bearing Set, crankshaft, No. 2 and 3 ....10-04

Ref. No.

27
28
29
30
31
32

33

34
35
36
37
38
39
40
41

42
43
44
45
46
47
48
49
50
51

Description

Dowel, front and rear intermediate

Not Serviced

Group No.

Ring, dowel, rear intermediate bearing ..10-02

Bearing Set, connecting rod
Not Serviced

Screw, bearing cap, front, intermediate

T e e 2L T SR e AT
Screw, bearing cap, crankshaft
rear intermediate ... ... . ..

Bearing Set, crankshaft, No. 1

Nut, connecting rod cap bolt _____

Bearing Set, crankshaft, No. 1

Key, Woodruff, No. 15 ... ...

Rod/qonmecimg . DS o il g
Bolt, connecting rod cap .....................
T T e S O

Relciner. pslon pin - . .
B ipistony s
Piston and Pin, assembly ... .
Sleeve, dowel " - o
Dowel, cap front bearing ..........
Qiler, timing chain and gear ...
Ring Sefipsston /0N ..o .
Ring Sef. pistol?. (8A) & - e
Ring . Setspision. =~ . ...
Ring Set, piston ... ... ...
Plug. pipes %" o
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WILLYS INDUSTRIAL ENGINES

FIGURE NO. 199
CAMSHAFT, DECK, CYLINDER HEAD, VALVES
AND ROCKER ARMS
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WILLYS INDUSTRIAL ENGINES

Ref. No. Description Group No. Ref. No. Description Group No.
T Nubshex ael=—=2400 . e 1811 22 *Plug, pipe; W st hd. iciinciis 10-02A
2 Lockeiomhienn wtlos o oy S Bl .. L 10-11 23  Plug, expcmsion L P 10-02A
3 Plote. thrusk camshoft ..........L. .. 10-11 24 Stud, %""—18 x 24 x 134"

4 Arm, rocker, assembly ... 10-09A finjake Mamitold) ... . L -oeee 10-19
5 Boll.rockeramm - i TORO9A 25 Lock, valve spring retainer ....................10-08
é Nut, adjusting, rocker arm ... 10-09A 26 Retainer, valve spring .......................10-08
7  Guide; rocker ormi . ciicoisiiciiinaoa 10-09A g T i R SN ST ) R s
8 Camshaft of eid esaetic- i O - 1] 28 Kt valve stemiseols— v n .10-08
9 Plug, camshaft, %" ... L 10T 29 Guide, valve stem ... 10-08
10 Stud, rocker cover, %”—24 X 1‘/2 % 10=TOA 30 Fbow, oullét side ... ... 10-02A
11 Nut, hex., 5"—24 _ TP I S ) S Mlipple hose: .l st 10-02A
12  Lockwasher, %" IO-H 32 Naolve, exhaust .. ... .. 1008
13 'Washer, plain;, 7% -caetl 10-11 SaGlen s dnlels . L e N 10-08
14 Deck, bearing cam, assembly ... 10-11 34 Plug, expansion, 13" _._._._.___.___.......10-02A
15 Plug, pipe, sq. hd., 3" (Heater 35 Plug, cup type ........._. s ORI
Connechion) .. ooeeieieesnm e e VR A 37 Stud, 3"—16 x 24 x 1%”
15 Blog:heater indictdor ... oo i, e 08 16-01 fExhavst Manitold) ... 10-19
17 Tobe, oil camshoft = 125 i, 10-17 38 Plug, cup type, 13" dia. ... 10-02A
18 Elbow, %", flared tube ............._.__..10-02A 39 Stud, 75"—18 x 24 x 145" ... 10-11
19 Plug, expansion, 1% (Water .Iucke!] ..10-02A e R T e 10-09A
20 Head, cylinder, assembly ... 10-02A 41 Stud, thrust plate, %"—24 x 1" ... 10-11
21 Plug, expansion, 13" ... 10-02A

FIGURE NO. 199
CAMSHAFT, DECK, CYLINDER HEAD, VALVES
AND ROCKER ARMS
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FIGURE NO. 200
TIMING CHAIN COVYER AND FRONT
ENGINE PLATE

WILLYS INDUSTRIAL ENGINES




WILLYS INDUSTRIAL ENGINES

Ref. No.

0 N AW -

QW WD ) G R MR M NN = ool o oo oo ol et ot o e
N d WN =0 WL b WN=-O0OVONOWULHLEWN-—-OW

FIGURE NO. 200

TIMING CHAIN COVER AND FRONT
ENGINE PLATE

Description Grou
Clamn ihtse: P8 1D e
Hose, water pump outlet to block __._....
Rod, |pish, ol pomp -l 0
Gasket Set, chain cover ...
Deleted
Spring, timing chain tension blade ...
Pin, timing chain tension blade ...
Tensioner and pad, assembly ...
Bolt
Lockwasher
Plate, engine, front, assembly ...
Eve, it front .. oo casasannianas
Lockwasher
NE. hex., 3 18 i remsiraans
Gasket, engine plate, front ...
Nut
Lockwasher
Nut, special, 75"—24 . ...
Bolt, hex. hd., %""—24 x 78" ...
Washer, plain, 75"
Bracket, timing chain guide ... ..
Nut, huglock, %''—24
Nut, huglock, %""—24
Nut
Lockwasher
Lockwasher
Bolt
Bolt
Bolt
Sprocker, cronlshnliicies fecs yaat 015

Gear, drive, oil pump and distributor ...

p No.

14-04
14-04
12-09
10-12

10-11
10-11
10-11

10-23

10-23

10-12
10-23

Ref. No.

36
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69

Description Group No
Thrower, oil crankshaft, front . . 10-03
SEal WOHRRE s e T o eeraares 10-12
Sleeve, cover to block ... ... 10-12
Seal-woshertea ol 1 L ... TR 10-12
Gasker Sab'chdin cover-—_.L... . .. Lt 10-12
Cover, timing chain ... ... . 10-12
Stud, 75""—24 x 3" i 10-12
Plug, pipe, 3%’ (Recessed head) ... 10-12
bockwosher, =8 L L. . ANEEES 10-12
Bolt, hex. hd., 3"—16 x 1" .. 10-12
WESHEr~ PN, e .ooonbveomimenpaptorbs 10-12
Lockwasher, % o Lo 10-12
Bolt, hex. hd., %""—18 x 4" . 10-12
e e Ly 10-12
Washer
Lockwasher
Bolt
Deleted
Deleted
Deleted
Shid =0 Y 10-12
bockwasher. " 22000512
Bolt, hex. hd., 3%"—16 x 2V," ... 10-12
Deleted
Lockwasher, %"
Bolt, hex. hd., 7%""—18 x 3 . _..10-12

Stud, %""—24 x 14" (Water pump) ....10-12
Bolt
Lockwasher

Stud, %"—24 x %" o 1012
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ENGINE

Group 10 WILLYS INDUSTRIAL ENGINES
:i:f‘ m Part No. Description R:‘q‘:;i.
GROUP 10-01—ENGINE
Complete engines may be obtained by specifying compression ratio, the
type of Clutch, Transmission, Carburetor, allowing a lead time of ap-
proximately thirty (30) days after receipt of order.
(See Block Assemblies Group 10-02)
930187 T T S T (R R T e S 1
Consists of:
930188 1 Gasket Set, engine valve job
925957 1 Gasket Set, oil pan
925957 GARREl SR PR i o s e e P e R e T 1
Consists of':
806515 1 Gasket, drain plug
925795 2 Gasket, filler block, oil pan end
925116 2 Gasket, filler block, rear bearing
0931498 2 Gasket, oil pan, side
1 Installation, instruction
921039 2 Oil Seal, crankshaft, rear
930188 Gasket Set, engine VAIVE JOD. ..o o5 ion vi anmidilon o ns sivie siais siace st s mscnin s 1
Consists of :
926092 1 Gasket, carburetor to intake manifold
930769 1 Gasket, cylinder head
026027 1 Gasket, exhaust manifold to head
K-745608 1 Gasket, exhaust manifold to exhaust pipe
K-706163 1 Gasket, fuel pump to chain cover
926055 1 Gasket, intake manifold to cylinder head
932649 1 Gasket, oil pump
928211 1 Gasket, rocker cover
931682 1 Gasket Set, timing chain cover
648852 1 Gasket, water outlet elbow
926038 1 Gasket, water pump
9206459 4 Qil Seal, rocker cover to cam deck studs
920687 2 Seal, cover to cylinder block sleeve
K-706165 1 Seal, oil, crankshaft, front
GROUP 10-02—CYLINDER BLOCK
932729 Block: cylinderaasembiy. on  E . o7 el s Bl baslyae st SR e s 1
(Includes bearings, connecting rods, crankshaft, and pistons with rings fitted)
1-19 930184 Block, with pistons fitted cylinder, assembly. ... ......... ... ... ... ... .. 1
3-6 A-1126 Cock; drain, cplinder BlockE T /0 . das s v suvoal Do s s s'dhuias s niels i oo 1
3-23 |K-701415 Dowel, front intermediate, rear intermediate, rear cap crankshaft............. 5
3-45 |K-709327 Dowel, front bearing cap, crankshaft .. ... .. c.iieincrnetoe s s opaws i 2
3-3 9302438 IO N EEnEall b s e e e e e R e 1
3-46 |931633 Oiler; THRE CROMBREEEHT. (1. 0. U5 e vovirin v simi s b s e 4h i oo s 7 acmie 1
3-5 K-706180 Plug, pipe, 14”7, cylinder blockoil header. .. .......... ... ... ... e 2
3-4 K-733598 Plug, expansion, 134” (Water Jacket). .........ccociiniimnranrnannnaeaacannn 1
3-1 907879 Plug expaniion; TY0 0 o OB . SO ens 03 Lo i i s et s s e e 1
3-29 |K-701414 Ring, dowel, rear intermediate bearing.......... ... ... i 1
3-32 |K-735979 Screw, bearing cap, crankshaft, front, intermediate andrear. . ............... 6
3-33 |K-735980 Screw, bearing cap, crankshaft, rear intermediate......... ....... ... ... 2
3-44 |926195 SIeeve; QOWEL. . ton s wvivs aiath Wik whavs Simis IVt SUisie: SUmtbsn s o, 4y e aris, o s onm SN 1
GROUP 10-02A—CYLINDER HEAD
1-44 930183 Head oviitidec amaetibBly. T IvVoe i T L e v mssmmmin s s g 1
1-12 | 926089 Batt, cvtinder hea@r b3 lomg, L. o o, s bonbodin w s e v v S vesie snanteaig ‘111
1-46 |926090 Bolt, cylinder head, 2347 1000 1o st ssas o s s st siie sism s mis smmie 528 5 3
4-18 |GM-137422 | Elbow, 56" Bared tube. . ... ...ononinninannneneneenanre s aasesaeiaas 1
4-30 |[931549 IR OO BITE . o n vnwios st e a0l 588 et Gl RS A SR w20 ) i 1
1-16 | 930769 Gaaleet, eyBnder Bead. . . .. - cccoe commnsmmsmas s oy sins ns v s s s s o 1
4-31 |[675015 Nipple, hose (Water pressure relief from outlet elbow spacer). ............... 1

196




ENGINE

WILLYS INDUSTRIAL ENGINES Group 10
i n No.
:3 :ln:‘ Part No. Description Req'd.
GROUP 10-02A— CYLINDER HEAD (Cont'd)
GM-137398 | Nut, inverted flared tube, 3{;” (Use with GM-9409263)... .. ................. 1
4-35 |928863 Plug,@ap type: ... 00 . S S0 TRl s v s s s e e s s 1
4-38 930160 Plup, oap: e bt e wleliema bl i ey, VI L o e b B A ol Bl 2
423 [GM-116447 | Plug, expansion s o 0o R i s 0 st s v pdmiaaas e sas 2
4-21 GM-117923 | Plug expaniaion. 126"t G ls Sonm e LoD RIS L v i S 2
4-19 |K-733598 Phug, cxpansion, 15" :(Water Jacket) ionov i o ciisanisl b, s s deiii Bde i o3 1
GM-9409263 | Plug, inverted flared tube, 245" . .. .. ... .. ... ... ........ o i e 1
(To plug inverted fitting hole when vacuum booster line is not used)
4-22  1GM-143933 - | Plug pipe) 4% g thd: " 000 o iotenona S s ws o o s BN s 1
4-15 |GM-103879 | Plug, pipe sq. hd., 34" (Heater connection). .- .. . -v vvvv i vvencionemeece s 1
1-13  [930856 Wialiee, cilinder-hond. .5 1. . bov. i oo d R e R 14
GROUP 10-03—CRANKSHAFT
3-19 926097 Crankehoft assemibly .. ... LS00 A R PEEE R e 1
1-34 |[929728 HBiock: Bller, front bearing, assemBlyr. -0 00000 00 G0 L L T LTRSS 1
1-35 |GM-9409098 | Screw and lockwasher, hex. hd., 345”-18 X 74”7 . . . . oo oo 2
(Front bearing filler block to cylinder block)
3-18 |K-729521 EENIETI CYEARRIE DHOY.. e it mvaeee  abn b, cnattl Lo Lo sl Vi) 1
2-43 1931170 Damper, vibration and fan drive, assembly. . ................ .00, 3
2-45 |GM-428811 Bolt, hex hd.. #5716 x 27 \Vibrationidamper] .. o occ i s s it e o 1
2-44 |K-735826 Washer, special toerapnkehatt =l coaaitrl L L tonged o 1
5-35 [926051 Gear, drive, oil pump and distributor (Also Group 15-03).................... 1
S-a7  HEM-113787  FRey WoodralE N 15 0 .. .o it stk tiales L §, L L L Sl e 2
(Crankshaft sprocket and fan drive pulley to crankshaft)
3-11 |925958 €S RE o e e e DR e T e, N S R (8 Y T L) WY 1 O 1
Consists of :
1 Block filler, rear bearing oil seal
3-16 [925795 2 Gasket, filler block, oil pan enz
3-14 |925116 2 Gasket, filler block, rear bearing
931498 2 Gasket, oil pan
1 Guard, rear bearing oil seal
1 Installation, instructions
GM-120214 2 Lockwasher, #{;” (Rear filler block)
3-12  |921039 2 Oil Seal, crankshaft, rear
GM-138223 2 Screw, 943”-18 x 114” (Rear filler block)
5-34 [926013 oprocket, erakehalt’ kot ot B2t St ln s s see Bl B A8, 1
5-36 |926052 Thower, ol crarleehattofyant " .. . Fleee Siovs wiiog ST v saa bl s o A 1
GROUP 10-04—CRANKSHAFT BEARING
NOTE: Crankshaft Bearing Sets consists of :
(1) Upper and (1) Lower Half Bearing
3-34 930189 Bearing Set, crankshaft No. I standard gize. ... ... ......icouienmeunmennnnan 1
3-25 930190 Bearing Set, crankshatt No. 2and 3 standard 812€. . .. .c.ixovvvin v vt voson 2
3-21 930191 Bearing Set, crankshaft No. 4 standard size. ... ..., 1
930192 Bearing: Set, crankahaft No. 10 002" andersize. . . 0.0 i e v obie ot oo o 1
930193 Bearing Set, crankshaft No. 2 and 3 .002” undersize. .. ..................... 2
930194 Bearing Set, crankshaft No. 4 .002” undersize. .. .. .........c.oouriuernnn... 1
930195 Bearing Set, crankshaft No. 1 .010” undersize. . ... .......ovvrnninsnnnnnon. 1
930196 Bearing Set, crankshaft No. 2 and 3 .010” undersize. ....................... 2
930197 Bearing Set, crankshaft No. 4 .010” undersize...................cvuenonn... 1
930198 Bearing Set, crankshaft No. 1 .012” undersize. .. .............ouuemueeeo.... 1
930199 Bearing Set, crankshaft No. 2 and 3 .012” undersize. .. ..................... 2
930200 Bearing Set, crankshaft No. 4 .012” undersize.................cooueeenuo.... 1
930201 Bearing Set, crankshaft No. 1 .020” undersize...................0ouerunen... 1
930202 Bearing Set, crankshaft No. 2 and 3 .020” undersize. . ...................... 2
930203 Bearing Set, crankshaft No. 4 .020” undersize. . ... . ...t 1
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ENGINE

Group 10 WILLYS INDUSTRIAL ENGINES
:3 :':. Part No. Description R:I:';i.
GROUP 10-05—CONNECTING RODS AND BEARINGS
NOTE: Connecting Rod Bearing Set consists of:
(1) Upper and (1) Lower Half Bearing

3-38 [928973 Rod, connecting, assembly (Cylinders 1-3-5). . ...... ... ... ... ........ 3
928974 Rod, connecting, assembly (Cylinders 2-4-6)...................... ..., 3

3-30 |930204 Bearing Set, connecting rod, standard (Cylinders 1-3-5). .................... 3
930205 Bearing Set, connecting rod, standard (Cylinders 2-4-6). .. .................. 3

930206 Bearing Set, connecting rod, .002” undersize (Cylinders 1-3-5)................ 3

930207 Bearing Set, connecting rod, .002” undersize (Cylinders 2-4-6)................ 3

930208 Bearing Set, connecting rod, .010” undersize (Cylinders 1-3-5)................ 3

930209 Bearing Set, connecting rod, .010” undersize (Cylinders 2-4-6)................ 3

930210 Bearing Set, connecting rod, .012” undersize (Cylinders 1-3-5)................ 3

930211 Bearing Set, connecting rod, .012” undersize (Cylinders 2-4-6)................ 3

930212 Bearing Set, connecting rod, .020” undersize (Cylinders 1-3-5)................ 3

930213 Bearing Set, connecting rod, .020” undersize (Cylinders 2-4-6)................ 3

3-39 |K-711058 Bolt; conRECHnE YO0 CRP. . o o0 » o 0 im0 b B St 4 2 i R e s AT 12
3-35 |K-711057 Nut, connecting rod cap /bolt... «zicoon. srm ot il f s RENELL Ll 12

GROUP 10-06—PISTONS AND PINS

3-43 926076 Piston and pin; assembiys standard = T 00 U0 LU U Ll e e s s e 6
930214 Piston and pin, assembly, (0107 oversize. ... ... ... .. 0 iieiicnnrenmmne e 6

930215 Piston and pin, assembly, 0207 oversize. .. ... ... ... ... ...c..iiiaiciiiiineas 6

930216 Piston and Dy, Bsseiably, 0307 overaize. .. ... . 0L L L ol et e 6
930217 Piston and pin, assembly, .040” oversize................c..iiiiiiiaiinaain. 6

3-40 |K-701331 R O s L R e e A s 6
3-42 |K-732597 iR o e Lt s e e e e e R el s O A S I L S 6
3-41 |K-711932 Retainer, piston P s s c0 i DLl T U0 S Lt L s s e i e bt ea 12

GROUP 10-07—PISTON RINGS

3-47 [930218 g Set, PISton SEANAATA S .-Gt nm s e S tr @S Srinin o e sis oo e B BB v B 1
1930219 RineSer Biston DTN - OVErRize 0 " Dic anvsias O oo s i o o s @RS BRA GG s 1
930220 Ring Set, Drton 20T OVBIRIEN o vl i S e avet ST b Sie SO s ma 1

930221 Ring Set, piston 0307 OVEISIe i coor. et altitnonds Lonvo v o bimis e s 8 i e 1

930222 Ring Set. piston (00 OverRnse 0.1 35 ci a2 s v wn S SRR LR vin 1

GROUP 10-08—VALVES, VALVE GUIDES AND SPRINGS
4-29 1930225 Guide, valve, stem, 00057 oversize. . .0 0 Vol e N TEEL Ll Sl e L e s 12
4-28 1931396 SRt nstue Sateny spnli - L SO0 e SREOIRGIT S0 STRWOIE R L s e s S 1
4-25 643334 Lock, valve, spring retainer............... e sl s S e 24
4-26 1926222 L TR ST T U S L TABL 5= 0 IR O SRS e B 12
4-27 |933019 e L e Ry T g B e R I RSP B e 12
4-32 926216 757 b b e e e T e e S S T T o P o 6
4-33 |926215 IR 1 i b i b T s SRR HR £ ¥ L SN 6
GROUP 10-09A—ROCKER ARMS
4-4 926232 e, rocker anserably G e R R R A e R s s e e et al el il 12
4-5 929423 Ball, t0cReEarmy . 00 . 2 sl o e el S B TR e e s D M e et 12
4-7 928572 Ciide. rockerarnae o005 ol fadadoors el weanall 1 . .. PV IRERNGS S00 1
4-6 930943 Nut, adjusting, vocker SII0 .. § il ih s nastai e S0e TRt aie st 4 aie o e b bHe e i 12
4-40 1930875 Shid, roekeriarmia 1t st ol Sndeles vt mpremailol, L ORI ol 12
GROUP 10-10A—ROCKER ARM COVER

1-1 928201 BT T T LA L B I A M S et i O ol Aot SN e S 1
1-5 GM-131675 Nut, crown 34”-24 }Rocker T 6 i gl L M S B SN o it JEIOE 4
1-6 GM-120394 Washer, plain 35” T L A PO s phhiariert SUERIE - e sl XS] 4
1-3 930291 7y I, [T T ) e e e e o st et S s PP A 1
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ENGINE

B R S S AN e

WILLYS INDUSTRIAL ENGINES Group 10
:l.gf. :::- Part No. Description quo';l.
GROUP 10-10A—ROCKER ARM COVER (Cont’d)
1-8 928211 Gaalcet, YOPEer POV e e L s e e e e pa e e s 1
1-2 929682 sereers ol Dler-capitahe Loa. B Ea . ol S TN W0 7 s, o cn s SRNIGRS. - T ERE 1
1-7 906459 Seal oil ToCREr COMET . . e e s e e B e e e R o 4
4-10 928887 Stad, rockereover o700 TEGF L NELCIENT nla s LT L L YRR e 4
928860 Tube and extension; ofl Allerand ventilator . . .. .. 0o vu i e e s s 1
GROUP 10-11—CAMSHAFT AND TIMING GEARS

4-8 932959 T T D S U~ e e S e T R e 1
5-21 |930288 Bracket, timing chain guide assembly ..................................... 1
5-19 |GM-120213 Bolt, hex. hd. 2 “,’ﬁa”—24 x 74” | Timing chain bracket gl.ude .................. 2
5-18 |931562 Nut, special, 2{;”-24 5 assembly i U oo Pe s 2
5-20 |GM-120393 Washer, plain, 3" |- engine PREER 40 E0 [ SAE SRS LE 2
1-43 |926002 BB R T e L R el i e 1
4-14 |930223 Bects hearmilicany, assembly. 1 (UL DR ORITE L 1L L L RSN e 1
4-12 |GM-120214 Lockwasher, %-, { ............. 3
4-11 |[GM-120368 Nut, hex., 2" 24 tCam bearing deck to cylinder head studs| ... .......... 3
4-13 |GM-120386 Washer, plam, 3" | et N | 3
1-39 |929041 Eccentnc, el P e T ISR i R D S s DU R 1
931633 ERlirhamtal eh s Al RERT: © n n s s DR 20T QUTETE Lo e LS G N 1

1-38  JGME-141246 | Pingdowel {Camshatt SproeRet), T . o i s s s e e 1
5-7 928664 Pinshmungicham, tension blade . 0 0 o e e B v e 1
4-3 926064 §SAT G TR e e il e ) e L e ot SR LR DN L 1
4.2 GM-120214 Lockwasher, 34;” ] e 2
4-1 GM-120368 Nut, hex., 3"-24 PlateTodeokedly, onsl 1, . JOZEE N M S 2
4-41 928884 Stud, thrust plate 3{;"-24 x 114" | ol . o Rt TG 2
4-9 AR EL T4  Plor 3G tCarailat) . . ioal el nnurthed Db 05l e e oo RS L S 1
5-6 928667 Spring, tmme chamitension blade. . .0 ialg e WL L LN L ST 1 5 1
1-37 |926157 sprocket, camahalt; assembly .ol oo s DO DL i et e e e 1
1-41 |GM-120384 Lockwasher, 14” ] fo mosnBa i bead SERNGIDE S ETNN 1
1-40 |GM-123899 Screw, 15”7-20 x 174" }Sprocket to comashalt! cocan'sl Lo R LM 1
1-42 |808961 Washer, plain, 14”7 | L. pialeni) 1o KRR SUES Sl 1
928884 i el Senoine EDEEIRIN0E) i o e o T IS <o e ol ve sl el R 1

4-39 1949783 Stud, 557-18-24 x 134" (Deck, bearingeam) - .o Lo vnvmnn o ch b 3
5-8 931210 Sensoner-andopad. asembiyon, Saedi il el Sk s o S LR RORTEE 1
0931221 Znbe ol cam beanRpdeslc s oo le S e S sy s 1

932052 Chp, oilstalic todecic: . Us ot mee Un. sedenin © Lo REEG SR IEE 1

GROUP 10-12—TIMING CHAIN COVER

5-45 928281 R Y2 E T T 10T Y e et S thn v it MR ool PRI 1
5-49 |[GM-120918 Bolt, hex. hd., 3§”-16 x 114" [ .................... -
5-62 |GM-122188 Bolt, hex. hd., ,, P 20 ICha DOWEE ;15 oosdiatedie e R 7
5-48 |GM-120382 Lockwasher, 34" to front engine platei ,,,,,,,,,,,,,,,,,,,, 11
5-14 |GM-120377 | Nut, hex., 34”-16 ' O W) 11
5-65 |GM-122089 Bolt, hex. hd. , Hg”-18 x 3”7 | Chain cover RN B L S 2
GM-120214 Lockwasher, %},” [ to cylinder head‘ .......................... 2
GM-122077 Bolt, hex. hd., ¥{;”-18 x 214” | Cover to block 4. eadme o 3
GM-120214 Lockwasher, B{r,” thru dowel sleeve lf ................... 3
GM-120393 Washer, plain, ;" J. . and across/oil passapel. L . ... covonsnn v i 3

5-52 |GM-178429 Bolt, hex. hd., 24;"-18 x 4” | Chain cover to Bl sty t .. .. o8bosn . o8, 1
5-51 |GM-120214 Lockwasher, 9{5 boifthey dowel sleeve docao b o casaain s 1
5-50 |GM-120393 Washer, plain, 3" | at oil pump 2o T sy SR 1
5-4 931682 T R T e e R o 1 i R e SN P 1
S5AT 1GN-444698 [ PUiE pipe, 247 (Recessed head)....... doesee st el L o BEI2 0 00 2
5-53 |K-706165 SR T mnt e B e i SRR - L1 e 1 o R g o =y O ML 1
5-41 929687 SR TN T O G G e s SBR[ R 2
5-42 1930790 ST = A 0 e e e e 8 St e SO (i G Lo, Ak 1
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ENGINE

Gronp 19 WILLYS INDUSTRIAL ENGINES
ig. and
:.g_ No. Part No. Description R:::;.I.
GROUP 10-12—TIMING CHAIN COVER (Cont'd)
949783 Stud, 5”-18-24 x 1%s” (Deck bearing Cam). . .. ......cooounnonoeemennnnnnns 3
5-69 1930903 Stud, (Fuel pump) 3457-24 X 1347 . . .. oot iiie e e 2
5-46 |928734 Stud, 5467-24 x 3147 (O Pump). .. consivvnis s sios shmmnis o s s v St ilaine o o 3
5-66 |928737 Stud, (Water pump) 345”"-24 x 138”7 . . .. ... .ot 7
928884 Stud, self tapping (Distributor) 3{5"-24 x 114”7, ..... ...l 1
GROUP 10-13—OIL PUMP
2-40 1928929 Pamp, ot g8semibly. . . - coh i asie s e v SRR g St e AR s 1
2-41 |GM-120214 Lockwasher, 2{;” [ ............................ 3
2-42 |GM-120368 Nut, 3"7-24 Oil pump to chain Covery... ..t . cuvaeaainiiaiin s 3
GM-120393 Washer, plain, 3" 1 ............................ 3
0931582 COVer; O BOIIE. c rtnat -~ o oot o n amte afstib bt s a6 215 5,5 o MM BC s o P AT 1
931580 Gasket, cover, Oll PUMP, . . - s o ciivvrn v cwisam s ssiiis s s sr s s e esisaa e s aylae 1
2-39 932649 Gasket, oil pump tochain coOVer...........cviiieieinion e anaeanenaan-n 1
930987 Gear; oll pUMDP, OTIVE. . .. .5 od. s dadssndleadaeny s bbb NSy bo b te 1
931581 Screw, oil pump, cover attaching. ...........c.oiiii it 3
930829 Set, gear and pinion, Ol PUMP. . .. .. ... o0iituminienanoaainiiaaeas e 1
030828 Shaft and gear, oil pump drive. .. ........oniieitnnnn i 1
931579 Borthip. 1eliel VAIVE. (0. . .0 iasie fanie v aiis saisiain el s bEE 4070 g nie Taleis Bl o wuels 1
928734 Stud, 3" 24 x 314" (DIl PUMP) . .. .. ccovcniiciiaieviie it eriaataaaaas e, 3
0931578 Valve, relief, Ol DUITD & 5 - odliie e miats onsfaslane 3 Saias <BEES a0 vioie s lales Rl & s Slane 1
GROUP 10-14—OIL PAN
1-24 | K-733541 Pan, oil;assembly. . ... ... cn i i it st s e e 1
1-29 | 931635 Screw and lockwasher, hex. hd., 3{;”-18 x 35" | RS AL
1-28 | 680440 Screw and lockwasher, hex. hd., 3{;”-18 x 1”7 }0il pan to cylinder block... | 1
1-30 | GM-120393 Washer, plain, 33" o b
680440 Bolt and lockwasher, hex. hd., 3{s”-18 x 1” ] Oil pan bolt (ERE AR e 1
669842 e B S S R T Jeftgide | MR LRLMGA A0 1
GM-120393 Washer, plain, 3" j 2nd from reari .............. 1
925957 Ganket Sel DL DAl < v comive o5 e e A TSR SA7 S e e it T v U 1
Consists of':
1-26 | 806515 1 Gasket, drain plug
925795 2 Gasket, filler block, oil pan end
925116 2 Gasket, filler block, rear bearing
1-31 | 931498 2 Gasket, oil pan, side
1 Installation, instruction
921039 2 0Oil seal, crankshaft, rear
1-25 | 639979 TPIOH, OFl DOR QRIS ... - - - - covvenvc salaisivio bimaisias oa g siae am = e £ EESEEE 0 s 1
GROUP 10-15—0IL FLOAT
1-22 | 926083 Screen, oil intake, assembly. .. ... ... ..o |
1-21 | GM-121224 Pin, cotter 34” x 1” (Screen tosuction tube). . .......... ... ... 1
1-20 | 929891 Tube and bracket, suction, assembly. . . .......covrrriresnmnnacaasonsenss 1
GROUP 10-16—OIL FILLER TUBE AND LEVEL INDICATOR
930291 Cap,oil filler, assembly . . . . ..... ..ottt 1
2-30 | 930537 Trdhcator OILIEVEl LI . o sy e e S s Lot sy S e e e e 1
929682 Screen, oil filler cap BUDE. .. .. .cuviinoii it et e 1
2-27 930272 Tube, oil level indicator guide............ ...t . 1
928860 Tube and extension, oil filler and ventilator. .. ......... ... ... ... ... ... 1
GROUP 10-16A—OIL FILTER
2-37 |927787 Filter, oil, @ssembly. ... ... .cotoi ittt it i 1
2-38 | 929406 Adapter; oil; BIter. .. o Losinvinaiiiieswse dilbiie sin st le v v sle sothely e et 1
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ENGINE

WILLYS INDUSTRIAL ENGINES Group 10
:'.gf :l": Part No. Description R:‘qo';l.
GROUP 10-17—OIL DISTRIBUTION SYSTEM
4.17 928954 iber ot enminlial by T an et aetene bl et | DL 90T L L Al K e 1
GROUP 10-18—CRANKCASE VENTILATION
1-17 |930365 Cap, crankcase ventilation breather (On block)........... ..., 1
T GNERTIBLT N I v s o B et el e ety L Banatal  Rieh 2
1-9 931542 Hose: o1l Bllet HOiilye o corbaetof. i o it oo ookl v sl o 1
1-18 929682 screen, crankease ventidation breather A 0 W o e B L (Aol i 1
3-7 928862 Tube, crankcase ventilation breather(On block). ...... ... ...... ........... 1
1-10 |930929 Valveo ctankease Verntlghor. b oo Yo S oW e iy L S el nn A 1
GROUP 10-19—MANIFOLD

2-3 933035 Manifold, exhaust, assembly (Use with automatic choke). ... ... ............. 1
933022 LTI S 6 PR e SN S . oL o ) S s T S P e 1

2-1 53287 Nut, hex., 35”-24 ) E IR T 10
2-2 K-731960 Washer, plain tExhaust manifold to cylinder headq.................... 8
2-5 K-711824 Washer, special | [N S U St 2
2-24 |933703 LRETTIT R T el SRR i e e s e 1
2-25 |GM-120214 Lockwasher, 33" | B W residviern GRS - 5
2-26 |GM-120368 Nut, hex., 3(3”"-24 }Intake manifold to cylinder head:.................... 5
GM-120393 Washer, plain, 34" | Gl oo npebetit - i 3

230 HGM-27 2850 B Iamis  NOE SR EET D -DaSS. -« < oiss iineos oo m g eie b B e o e ot s aEold 2
2-35 |GM-272851 |Clamp, hose (Water outlet elbow spacer to cylinder head). . ... ... ... ... ..... 2
2-31 |951614 FILOW SR TRE BORE WALET DYV -DEBS. . .. ... o vioim o meiota sie ol cridia e S o esa o 1
2-18 1800293 LTI s T e S e e L e e e R o 1
2-16 |GM-120214 Lockwasher, {;” |Elbow /8 e i nl et Wl SISERROM )y S 3
2-15 |GM-120368 NuE T e o] omanifold). |« ... ... iinane e bl E e ema s 3
2-6 926027 ST SR T T R U 0 D e S ST s e S R 1
2-22 926055 R L T T T I e st esnrboi o s tismrmpanidc o e SIS il 5 B8 1
2-19 |648852 BT R T T B T s et e R e 2
2-36 1930261 Hose, pressure relief (Water outlet elbow spacer to cylinder head). ... ..... . .. 1
2-33 |926139 Hose, water by-pass (Intake manifold to water pump). ... .................. 1
"2-21  [929019 I PET T ST e T T s e N S O SN M £ e 1
4-37 |926156 <o g R (e ol e T 2 i o RO S S eSS PR S 8
915270 T B R S i) st SRS R R L 2

(Exhaust manifold)
4-25 915271 Stad, s - 18 2 x 154" (Intake manifold). ....oooinbvibin vie i vnvosh e i 5
2-34 [924331 Stud, 565 00 o P N YR GOEIEE SIBIOW ). . - . o neewsmsissie b o smria 5ie e S 3
GROUP 10-21—FLYWHEEL AND RING GEAR

930833 Flywhieel Sd tine PEat BESEIBEY. . .. ooio i ve s wis s e s il e 1

3-20 |932674 Bolt, flywheel ] [, 6
3-9 GM-138542 Lockwasher, internal tooth, 35” }Flywheel to crankshaft{................. 6
3-10 |641769 Nut, hex., 34”-24 J (N 6
930684 e A L e T s et o o Lo AT s s S s B i S B v e 1

GROUP 10-22—FLYWHEEL HOUSING

2-7 930375 Housing, flywheel, assembly (Heavy duty)................................ 1
K-734137 Bolt, dowel ] oo dioi simnvionnine atmnto 2
GM-179859 Bolt, hex. hd., %{s”-14 x 114” |Flywheel housing |....................... it

2-9 GM-187151 Bolt, hex. hd., %{5"-14 x 334" [ fo cylinder BIock] . . . v iv s vsiipmahs amets 2
2-8 | GM-120383 Lockwasher, 74" li e o o R 5
931410 Bashing, Sywheel BOBBIBE. . .. oo s vinivboieis s s Soisatim s st 2

2-10 |K-731456 Pan HGwbiot BOREIE. - oo o ssnn s sk e e S e I pee 1
2-12 | GM-423560 Bolt and lockwasher, hex. hd., 3”-18 x 14” |Flywheel housing pan[........ 2
2-14 |GM-186493 Bolt and lockwasher, hex. hd., 3;”-20 x 25” [ to flywheel housing]........ 4
K-727588 Plap BHtton, vent tyDe (BOrBen) ..« .- sorsis m s s s St e miahe b e e i ey ko 3
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ENGINE

Group 10 WILLYS INDUSTRIAL ENGINES
Fig. and No.
Ref. No. Part No. Description Req'd.
GROUP 10-23—ENGINE MOUNTING

5-12  |928727 Eye, lift, front (Mounts with chain cover bolts). ............ ... ... . .
1-14 (928728 ek e RN R R R e e
1-15 |GM-451976 Bolt and lockwasher, hex. hd., 34”-16 x 3{” |Eye ift =~ (... .. . .
GM-120394 Washer, plain, 34" to cylinder head)...........

5-15 28844 e Ko it Tl 8 s SRR SN SO CRSCRMIRNS oo SR L i L R
932954 SORRROR, SONinG Support BN T 7 TS ST R AR R T SRR R
M-120383 Lockwasher, 743" }Insulator to { ................................
M-271501 Nut, hex., %;"-14 e sl R T e N G B WNRENS soi 2 A SROEL
M-120647 G T, 3¢y x F - P SILNEE MEENGIETT QUIRVY T TR iy
M-121615 Bolt, hex. hd., 35”-24 x 114” |Insulator and ground e .
M-271193 Nut, hex., 34”-24 to engine and support brackets)........ ...
M-120394 e T i ) A SO - e et el R e o TR

28567 Insulator, engine support, rear, assembly................. ... ... ...
M-122145 Bolt and lockwasher, hex. hd., 34”-16 x 1}4”. ... .. ... ... ... .. . . ="

28464 SHPPOEE. SRR CHEe, T XY, MO Cab. . .. o en b o et
GM-181636 CIIE T e R s (ot M e e
M-120382 Lockwasher, 34" Engnesappoct]_ Lo ) s e, paed - o)
M-120369 Nut, hex., 34”-24 e be st P CTE IRt ] (i) T
M-120394 Washer, plain, 34” ERPEROTINN By W)

928665 UL F e N N SN e e P Wi il er] S

5-11 26001 Plate, engine front, BERCYBINE. - A e A b AL et i m et ]
GM-451975 Bolt and lockwasher, 3{;”-18 x 3{” |Front engine plagef . awneanl e
GM-9409098 | Bolt and lockwasher, 35”18 x 74" | to filler block |...... ..... ... .. .

930681 Bolt, hex. hd., 34”-16 x 54" ] [ Ca Bl g
GM-122007 Bolt, hex. hd., 3{;”-18 x 34" Front lectedd e sy
GM-138542 Lockwasher, 34" engine plate{ ... ..........
GM-120214 Lockwasher, 33" to block [ “SEnannh. «.00,4
GM-451975 Screw and lockwasher, hex. hd., 3{;”-18 x 34” i Gasernti s




FUEL SYSTEM

WILLYS INDUSTRIAL ENGINES Group 12
Fig. and No.
Rt o, Part No. Description Req'd.
GROUP 12-03 FUEL AND VACUUM TUBES
GM-272844 | Clamp, hose, %;” (Fuel tank to fuel pump). .. .. ... ... iiiiiiineaennn. 4
GM-192107 | Clip, closed, 3{” (Fuel line towaterpumpstud)............................ 1
928874 Extension, fuel line (Fuelpumptohose). . . .. ... .. ... .. ....ccvuienunnn. 1
928850 Hose, connecting (Fuel line tofuel pump). .. ........... ... ... ..oo.oun... 2
028911 i oA s e 1 0PI Lo ELTE L e i A ke A T SRR 5 - et oA, 1
GROUP 12-04—CARBURETOR
926091 Carburetor, assembly (Holley F R-2415:- ) . i st mn soias s s 1
GM-120214 Lockwasher, 3" | AN A ooy mees o on) BRGNSl (HESS B 4
GM-120368 Nut, hex., 3{;”-24 RO | e e s s 4
1-23  |915271 Stud, 3;"-18-24 x 134" to rnanifold} ................................. -
GM-120393 Washer, plain, 3" J s e S e 7 e I S BN 4
930182 D HTER BRI aton PIOIIE. . e e vemor e oy i e e o S MO O s 1
931574 IALs L g | e e R R R e g Sl B 1
926092 Gasleet carbareton, Hange . | .. . . s e e N R 1
930176 Gasket Set, carburetor (For carburetor 926091 Holley #R-2415-A)........... 1
Consists of:
1 Gasket, adjusting nut, fuel valve seat
1 Gasket, fitting, fuel inlet
1 Gasket, flange
1 Gasket, fuel bowl
1 Gasket, fuel level check plug
1 Gasket, lock screw, fuel valve seat
1 Gasket, metering body
1 Gasket, power body
2 Gasket, pump discharge nozzle
4 Gasket, screw, fuel bowl
1 Gasket, throttle body
1 “O” ring, fuel valve seat
2 Seal, adjusting needle
930178 Jet, carburetor Meterang (SEANARTA). . . .\ o oveosimss el s o onmsmisis dass oo 1
930179 Jet, carburetor metering (Second lean). ... ...........cc.iiiiiiiiiiinaanaaan 1
930180 Jot CarBnretor e tering CROURER TBARY ... . .5 e o me otes nins s, ss o sa s e d 1
930175 Kit, repair carburetor (Clean out) (For carburetor 926091 Holley # R-2415-A). .| 1
Consists of:
1 Diaphragm, assembly
1 Gasket, flange
1 Gasket, fuel bowl
4 Gasket, fuel bowl screw
1 Gasket, fuel inlet fitting
1 Gasket, fuel level check plug
1 Gasket, metering body
1 Gasket, power body
2 Gasket, pump discharge nozzle
1 Gasket, throttle body
930177 1 Needle, valve and seat, assembly
2 Seal, adjusting needle
930181 1 Valve, power, assembly

203




FUEL SYSTEM

Group 12 WILLYS INDUSTRIAL ENGINES
Fig. and R b
R.'f No. Part No. Description R:::d.
GROUP 12-04—CARBURETOR (Cont’d)
930174 Kit, repair carburetor (Major) (For carburetor 926091 Holley #R-2415-A)....| 1
Consists of:
1 Diaphragm, assembly
930176 1 Gasket Set, carburetor
932652 2 Needle, idle adjusting
1 Needle, valve and seat, assembly
932650 1 Nozzle, pump discharge
1 Retainer, float
2 Screw, choke valve
4 Screw, throttle valve
1 Valve, power
932651 1 Valve, pump check
918893 Stud, special, %" x 34”-3-34” (Air cleaner to carburetor). ..................J 1
930182 IRADHIAS. HCOCICTAtOr PHIBD . e o 5« (oo a0 sirise e sinmiusss o s oo 5 24 poiais iie W00 siin 4 1
931574 M . e e T e s s ) e T e RN e R . S e e 1
926092 (Fa8ket. CErDRrCTOr BangeItl ToCl 0 o . . oo nSicidn i@ o s e 8 55 e S e il BiSe U Jersy
933617 Gasket Set, carburetor (For carburetor 933170 Holley #2640).............. | 1
930178 Jet. carburetor metering (BHABAATA) . .= oo covoneernconsne s s ssensezac 1
930179 Jet, carburetor metering (Secondlean).......... ...l 1
930180 Jet, carburetor metering (Fourthlean)..................... . ... ..o.o.e. |
933619 Kit, carburetor, choke (For carburetor 933170 Holley #2640)...............1 1
933618 Kit, repair carburetor (Clean out) (For carburetor 933170 Holley #2640)....] 1
933616 Kit, repair carburetor (Major) (For carburetor 933170 Holley #2640)....... 1
932652 Needle, idleadiiuBting . - 0 o s o civiiie e ie by ebin b 3 5 < int =roTaa e e w14 o 6 e 3 2
930177 Needle, valve and seat,assembly. .. ...... ... ... .. it 1
932650 Nozzle, pump discharge. ... ..o cvvversresncsviaiiocsiiissasenrsngesassd 1
918893 Stud, special 33” x 274” (Air cleaner to carburetor)................cooouun.. 1
933511 Stud, %" x 34”7-454” (Air cleaner tocarburetor). .............coivvaennn... 1
933360 Tube, fresh air automatic choke (Exhaust manifold to carburetor)...........{ 1
933194 Tube and loom, automatic choke, assembly................ciiiinin., 1
930181 Valve, power, assembly. . . ...c...ovenriienieiiiiniiioniiaiiiiaseiasianiis 1
932651 YValve Damip cheel s s o s oot B o e e e e g g € T 1
GROUP 12-05—AIR CLEANER
932710 Cleaner, air, dry type (Use with dual throat carburetor)..................... 1
933488 Cleaner, air, oil bath (Use with dual throat carburetor). . ................... 1
931996 Cleaner, air, oil bath (Use with single throat carburetor).................... 1
931750 Cover: air cleaner (For B32TV0Y . . . oo 5o fin rimninoa 5% n =in oz s b miase mrmie ximsoe #oxint it e 1
931751 Rlement; air/cleaner (For 932 T10) .. v aiatoniin v s v wsaale s a5k nlvin o hldan s 1
TR Ul R R RO LT SR, et sewnrd SANOUING SR S 1
GROUP 12-09—FUEL PUMP
2-61 |930144 Pump, foel assembly ;. .on oo 5800 T T TN T U snni b el e e e 1
2-67 |GM-120214 S S R Tl el e e b e S S et snaodl (MR SRR I8 AR CETe 2
2-66 |GM-120368 Nut, hex. hd., %5”-24 }Fuel pump tochaincover{........................ 2
2-68 |GM-120393 Washer) filathy) SEe Rl R SRR SR 3o B aetest oo feacaie 2
GM-179148 | Clip, closed (Vacuum line to chain cover)................ooiiuiniiaunnn.... 1
.50 |EMI37422 | Elhow, YT mverted flared Bbet T00 U0 U0 e b s el s S b niee s 2
2-50 |K-706163 e T S e 1o e N SO SN SOV Sy ALY o, 53 e 1
933548 I ODaIr, THCL DUDND,: o s s s i s s hae s oS e STl s Ry R e s 1
5-3 929017 RO, pUSh, FOBL PP - oo s simsis s s wmim v sres) 566 xiabon 578 40 w0 6 s e e o s 1
930903 Stiud, (Fusl pump) Me 28 X 0347 i st st beeee e e e e e 2
Use With Automatic Choke
933170 Carburetor, assembly (With automatic choke) (Holley #2540)............... 1
GM-120214 e s T e Tt S (S L (e SRS SRy o] AR 4
GM-120368 Nut, hex: b, 36724 |Carburetor: ] .coie e inn snsutcaidiie id st naas 4
915271 Stud, 3{;”-18-24 x 134" Ui e e e ) IO P ) U, 8 4
GM-120393 Waber plnraGT Ul S L et s e ibie e e RS S 4
933362 Bracket, support, automaticchoke tubes. .. ............ ... . .. i ity 1
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COOLING SYSTEM

WILLYS INDUSTRIAL ENGINES Group 14
Fig. and N
Ref. No. Part No. Description Req'd.

GROUP 14-04 —WATER PUMP

2-57 1926044 Fanp) asatenasasaiibly 5 0 T e A L TR 1
2-55 |GM-120214 Lockwasher, " | B L rra DR e dot & I 7
2-54 |[GM-120368 Nut, hex., 3"-24 }Water pump tochaincover............ ... ......... 7
2-56 |GM-120393 Sl s e e | [ S i L R LT S (S S St Sk e S 7
5-1 BN Paact hClaimpRose 1 iR T.D o o e S o e L 2
2-58 [926038 B L g vy e S el VR S s I 1
5-2 930068 Heseswatetpumprontict toblock. .. o0 o0 L e s 1
928737 Stad (Water pamnp) 3¢ -24 x 1167 ooa ity L e e 7
GROUP 14-05—FAN, FAN PULLEY AND BELT
2-46 [908696 Bah  SERRIet i 0l e At entemeinel RaR a1 TBEESE BN 1
2-48 |800232 Bolls and lockwasher, hex. hd., 3718 2167 0. L 00 o v 4
2-50 |929300 T e T S Bl S GRSl | | L4 N N, ;. . :
(Water pump pulley and fan blade assembly and spacer
to water pump hub)
2-49 (930045 R L T R L E L P LS 5 U IR o =) 1
929646 Belt, “V” type (Use with power steering) (4414” long). .. ... ................ 1
2-51 |K-733798 Tt e Tl e T T O S e et £ e TSRO 11 218 RGO 1
GROUP 14-06— THERMOSTAT
2-20 |[812050 TDETTIORtRE BrauranierMEeieN (o0 8 ol . So Sl nepr o B L ARERI 1
905594 Theemoatnt assemblrEEheh temp. Y. 200 o o 335, BTt o o SR BEE 1
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ELECTRICAL

Group 15 WILLYS INDUSTRIAL ENGINES
Fig. and No.
Ref. No. Part No. Dolcrlp‘lion “.q'd-
GROUP 15-01A—ALTERNATOR
933037 Alternator, assembly (35 Amp.) (12 Volt) (Motorola)..............c.uuuu...
933139 Alternator, assembly (40 Amp.) (12 Volt) (Motorola). . .....................
GM-124186 Bolt, hex. hd., 14”-20 x 234” | Alternator to bracket  [...................
GM-190171 Nut, elastic stop, 147-20 | anddrontengideplatell. (OSOLLILR, B0
933100 Bracletr  alternalor;, SUDPDOIT ... i i b s s b SR S8 o e
GM-123798 Bolt, hex. hd., 34”7-24 x 134" ) [ ...............
GM-124094 Bolt, hex. hd., %{"-24 x 214" | Alternator support bracket| . ...............
GM-120214 Lockwasher, 3{;” [ to engine plate [ SRE0E0E .
GM-120368 Nut, hex. hd., 3(;”-24 ) v )
933101 L T T T T U] N o SO e et (OSSO (R A S e a
GM-423561 Screw and lockwasher, 3{;”-18 x 7¢” }Strap fRL .0 ORNBUNE. Otk
GM-120393 Washer, plain, 3{;"” tolalternhtoe] . 5. ... . Sooaes) | SEOS
933669 o D N A L I R I e R s A R
933694 O Tl s s e T e S es  E e UR RE ae St WAR eretn S
0933693 Nat her hd e 1024 0 o S T T e e e e e e
933688 PR SRS esasiia Boiosl ey e Tl L eOlENE  dea
933664 L R A N P et SRt S C A IR S o B I oL DRI .- 3
933676 NCENer, Iront DRaringy ... .. .oo o s o L R R U U PR RS
933677 et N e PR Pl o M e . L e L e
933668 Rotor, assembly (For 35 Amp. 933037 alternator). . .. .............c.........
933679 Rotor, assembly (For 40 Amp. 933139 alternator). . .. ........oournrunen...
933674 SOy A8 e DO S A TR LA o e S e et s ittt WD S notted SR
933689 Sleeve, insulating (For 35 Amp. 933037 alternator). . .. .....................
933690 Sleeve, insulating (For 40 Amp. 933139 alternator). . .. ..............cccou...
933667 R R T e R TSR (R ) Rt
933680 Stator, assembly (For 35 Amp. 933037 alternator). .. .......................
933681 Stator, assembly (For 40 Amp. 933139 alternator). .. .......................
933692 Washer, insulating (For 40 Amp. 933139 alternator). .......................
933691 £ T ) e Pyt 5 e e Al sl b bl o O el Sl S B
GROUP 15-02—STARTING MOTOR
932095 MOLOE, SEartinp BEBETHDIY . ...« 5 s ivstim i tenianie b te s e talare al o ki e ol st st
GM-122267 Bolt, hex. hd., {;”-14 x 114" }Starting motor to rear engine. . ............
GM-136857 Lockwasher, 7" plate and bell housing | R e
031985 Cable, solenoid to starting motor, assembly. . .. ...............ciuininnannnn
916462 Switch, solenoid, starter assembly (12 volt). .. ....... ... c.ciiiiiiniunnnnn.
GM-191985 Screw, and lockwasher, assembly, 147-20 x 14" . . . .. ...,
(Solenoid to dash and toe riser reinforcement)
GM-120368 Nut, hex. hd., 3"-24 }Starter £ I e (e ] R,
GM-138538 Lockwasher, 33" Co o e R S BT W | e
GM-120614 Nut, hex. hd., No. 10-32 }Starter solencid to . switch,[ - -, o un cavindosass
GM-138479 Lockwasher, No. 10 relay terminal T b I R ] A
Serviceable Components of 932095—Starting Motor
031669 Armatire (12 volt) assembly. .- oo von i e e oo et e i e
119833 Beanng simtennneintey DESOTOIII . . o i o b st s e obe e o o it i e A e
931672 Bushiog. povion BOUSITHT . . ;- - icice sz vaxiseie $eas S Sao/as < S slals Sialetaarasie
931670 e S U L T R e R I R e e D
931665 Yeame apd-held. amgembhy. ©. oo oo s vn G Taeadie vien b e eve A e e s
925669 Head. commutator, assembly . . . .« vsvcanintam wascs s she s s setsieses
931671 ETONBISICEORNOTE: BRRETRIN L L S0 2l e 580 s e e s b L SN 2RI NSO
931667 Packape, ficld cofl and brush 86€. ... ..o con coocvviniaie o s mtoas e
925677 O e L TR 1Tl Co e by A 1 3 NSRS NI Ce ) I
925675 I ST IR T ] e e e R AN PR S e R S s ol L
925665 Belohraghes = 0 o N L I S i s i mi e A
109455 e T A R e e s iy v ok S S i Ee LRI, Tl R
177337 b F T e T gt R S R P S T
(*) As required.
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ELECTRICAL

WILLYS INDUSTRIAL ENGINES Group 15
Fig. and P No.
Ref. No. Part No. Description Req'd.
GROUP 15-03—DISTRIBUTOR
931852 Distributor, IO e s R e A 1
GM-120214 Lockwasher, 3" ] s e e A 1
GM-120368 Nut, hex. hd., 3”-24 !Distributor to U e R L 1
GM-120393 Washer, plain, 3" ST e et e e A O 1
929096 S ORI R O RCLIING . < e 2
GM-137420 | Elbow, inverted e s BRI R S SO 2
(1 Vacuum tube connector)
(1 Vacuum tube to elbow in cylinder head)
926051 Gear, drive, oil pump and distributor (Also Group 10-03). ........... ... MRS (2
931545 Tube, vacuum, assembly (Distributor to L R RN R R S 1
Serviceable Components of 931852 Distributor
931673 ammedvinee . s 1
931674 Cap, distributor, e e e RN G L LS R SR ORSE 1
931666 I e e R 1
931678 Extension, e O ST ORI RR 1
931680 b s SRR S S (s 1
931679 e o e S SR e 1
119842 Seal“O"nng 1
923391 ) e R G SRS 1
931675 o sy R e e 1
GROUP 15-04—VOLTAGE REGULATOR
933038 Regulator, voltage, g S, 1 R PSRN NN - St 1
GM-454787 Screw and lockwasher, No. 10-32 x 14” (Voltage regulator to splash apron). .| 3
GROUP 15-05—COIL AND ATTACHING PARTS
929992 Ballast, ignition coil (12 i SR e S o e O S S s A 1
699614 Lied G SR L el R L s e 1
929993 Coil and bracket, ignition, e SRS R SR S e 1
GM-120741 Bolt, hex. hd., 3;”-24 x 34" 1Coil e S R 2
GM-271187 Nut and lockwasher, 5{;”-24 | e R S R S 2
GM-120217 | Lockwasher, No. 10 (Coil wire to stud). ... . . s e LIS e oo LSO ORI T 2
GM-120614 | Nut, hex. hd., No. 10-32 (Coil wire to e L, 2
GROUP 15-06-SPARK PLUG AND WIRES
929800 Bracket, cable, fuel e, oo T ran e e e N S 1
929799 S e daRcaver.. T 3
930224 Kit, ignition, spark ot TESCRSERL N S S e s 1
Consists of:
926174 1 Cable, secondary, ignition coil, assembly
926168 1 Cable, spark plug, No. 1 assembly
926169 1 Cable, spark plug, No. 2 assembly
926170 1 Cable, spark plug, No. 3 assembly
926171 1 Cable, spark plug, No. 4 assembly
926172 1 Cable, spark plug, No. 5 assembly
926173 1 Cable, spark plug, No. 6 assembly
929735 Plug with gasket, spark, e S i L ARG S e 6

122CH5M
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