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GENERAL INFORMATION

SECTION |
GENERAL INFORMATION

i1-1. GENERAL DESCRIPTION,

1-2. This manual ¢ontains instructions for oper-
ation, maintenance, troubleshooting, and overhaul
of White G-Series Gasoline Engines {figurés 1-1
and 1-2), manufactured by White Engines, Ine,,
Canton, Ohio.

1-3. The G-Beries gasoline engine includes four-
and six-cylinder models, The engines are all
overhead-valve, four-cycle, heavy-duty commer-
cial types, incorporating either distributor or
magneto ignition. Since the instructions are the
same or very Similar for all models, all are
covered in this manual,

1-4, These engines are used in many different
applications with different accessories. This
manual is designed for service personnel who
overhaul the engines and components supplied as
part of the engine only. The instructions cover
the essential operations necessary to disassem-
ble, ingpect, repair, assemble, and test the engine,
Brief instructions for the operation and mainte-
nance of the engines are also given. '

1-5. All locations given as right-band or left-
hand refer to the observer's position when facing
the flywheel or clutch, The camshaft oil pump,
fuel pump, and distributor or magneto may be
mounted on either the right-hand or left-hand
side of the engine block, depending on the appli-
cation. The front of the engine is the timing
gear end, regardless of the cylinder block posi-
tion. The flywheel arnd clutch end is the rear of

R —
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Figure 1-1. Six-Cylinder Engine With
Distributor Ignition, Right-Hand Side

the engine. When reference is made to No. 1
cylinder or front main bearing, it is always the
on¢ pearest the Hming gears., Crylinders, con-
necting rods, and mainbearing caps are numbered
from the front or timing gear end and are stamped
on the camshaft side of the engine.

NOTE

All illustrations in this manual depiet
typical assemblies and insgtallations, un-
less otherwise indicated. The pictured
engine may .not be exactly the same as
your engine, but the same principles
will apply. Engine illustrations apply to
both four- and six-cylinder engines unless
atherwise noted, Right-hand andleft-hand
camshaft ingtallations are mirror images
of each other.

1-6, Where necessary to refer to accessories
and components not furnished with the White
engine, information and comments given are
general and may not apply to the specific acces-
sory and application where used. [ additional
information about the various accessories is
desired, a letter should be directed to the speci-
fic manufacturer,

1-7. Should you have a particular problem not
covered in this book, we invite you to write to
White Engines, Inc,, Service Department, Canton,
Ohlo, U.5.A., whose experienced personnel will
be pleased to assist you.

Figure 1-2. Six-Cylinder Engine With
Distributor Ignition, Left-Hand Side

1-1




1-8. SPECIFICATIONS,
Specifications for the G-Series gasoline engines are given in table 1-1,
Table 1-1. Specifications

(Also see Fits and Tolerances, Section VII)

Model No, Cyl Bore and Stroke
G-2000 e e e e e 4 3-3/4 x 4-1/2 in.
G-2300 .. ... ... 4 -4 . o x4-1/2 in,
G-3000 . .. .. ... 6 3-3/4x4-1/2 in,
G-3400 6 4 'x 4-1/2 in,

MAIN BEARINGS

Four Cylinder Six Cylinder

Number of bearings
Bearing diameter

Bearing length (front)
Bearing length (intermediate)

Bearing length (rear)

¢ o+ = s

CAMSHAFT BEARING

Four Czlinder

e e 2-1/16 in,

{52.4 mm)
1-1/18 in.
(27.0 mm)
~-13/18 in,
“7{20,6 mm)
1-1/16 in,
{27.0 mm)

s . »

........

CONNECTING ROD

Four Cylinder

Number of bearings . . ., . . . e e 5 7
Bearing diameter {main) 2-7/8 in, 2-7/8 in,
v - (73.0 mm) (73.0 mm)
Bearing length (front) 1-1/32 in, 1-1/32 in.
{26.2 mm) (26.2 mm)
Bearing length {center) . . . . . . . . . .. 2-1/8 in, 2-1/8 in.
(54.0 mm) (54.0 mm)
Bearing length {rear) 1-1/32 in. 1-1/32 in.
(26.2 mm) (26.2 mm)
Bearing length (intermediate) . . . . . . . . 1-1/32 in, 1-1/32 in.
(26.2 mm) (26.2 mm)

4
2-1/18 in,
{52.4 mm)
1-1/16 in.
{27.0 mm)
13/16 in.
{20.8 mm)
1-1/16 in,
(27.0 mm)

Bearing diameter 2-3/8 in, 2-3/8 in,
{60.32 mm) {60.32 mm)}
Bearing length 1-11/64 in. 1-11/64 in.
{29.8 mm} {29.8 mm)
Rodlength (CtoC} ., . . . . . . . . .. .. 8 in. 8 in.
’ (203.2 mm) (203.2 mm)
1-2
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GENERAL INFORMATION

Table 1-1. Speciﬁcatic_ms {Continued)

(Also see Fits and Tolerances, Section VII)

Cooling . . . .
Water pump - fan assembly
Method of suspension
Flywheel . .

Serial number location

“Firing order
Four cylinder .
Sixcylinder . . . . ., . .
Valve clearance
Hot . . . . .. . .
Cold . . . . . . .. .. .....

-----

Cranking watts at0°F . . . . . . . . . .

Plates per cell . .

Battery group (typlcal)
B.CLsystem ... .. .. ....
SAE system . .

Gasoline . .

GENERAL DATA
. Mounted on front of cylinder block

e e e Stamped near top center of cylinder

.....

BATTERY REQUIREMENTS (12 VOLT)

FUEL REQUIREMENTS

Leaded, unleaded, low-lead; 85 octane rating, motor method
LPG,Naturalgas . . . . . . . .+ . . ..

Belt driven centrifugal pump

3 or 4 Point

------

For any standard clutch

block, exhaust side

e e s e e e e e e e e e e 1222443
1-5-3-6-2-4
. .« ©0.019 inch
0016t00017 inch

Four Cylinder Six Cylinder

2400 2650
11 13
24 24

8 MJ3 9 MJ3

. . Congult White Engines for requirements

1-9, SAFETY PRECAUTIONS,

Observe all normal safety precautions during
the operation, overhaul, and testing of the engine.
These precautions inciude the following:

a. Do not operate the engine indoors without
providing adequate -measures to remove the ex-
haust gases from the enclosure. This can be
done by piping exhaust gases to the outside.
Exhaust gases contain carbon monoxide — a
¢olorless, odorless, deadly poisonous gas.

b, Provide adeguate ventilation when using
cleaning solvents or other chemicals, Repeated
or prolonged inhalation of sclvent fumes can
cause illness or death.

¢. Use protective goggles, gloves, and other
clothing when wusing solvents and chemicals.
Prolonged or repeated exposure of the skin to
chemicals can cause iliness or death, If solvents
are accidentally splashed onto the skin, wash the
area immediately with soap and warm water.

d. Do not use gasoline or other highly flam-
mable solutions for cleaning parts., When using
Diesel fuel or kerosene, take care fo avoid
sparks or open.flame in the cleaning area.

e. Do not use compressed air for blowing
dirt from clothing or from the skin. Compressed
air can enter body openings and cause severe
injury or death,

{. Unless it is absolutely necessary to make
adjustments while the engine is in operation,
shut off the engine before performing any ad-
justments or other corrective actions,

g. Always disconnect the pogitive battery cable
from the battery before removing the engine
electrical components or leads.

h. Remove rings, Hies, watches, identification
bracelets, and other jewelry while working on
the equipment.

1-3
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OPERATION

SECTION i!
OPERATION

2-1, NEW EQUIPMENT SERVICE AND INITIAL
STARTING.

To start the engine for the first time or after
a long period of shutdown, proceed as follows:

a. Perform a visual inspecHon of the engine
to make sure there are no loose boits, nuts,
and sScrews,

CAUTION

Check that no loose bars, tools, and
parts are lying in or on. any part of the
engine when starting, They could cause
serious damage to the engine or bodily
injury to nearby personnel.

b, Remove all plugs, caps, covers, and tape
from all openings of the engine, fuel tank, and
electrical equipment. Do not overlook the exhaust
pipe and intake openings.

c. Check the entire electrical system to be
sure there are no loose connections and all
component parts are Securely mounted, Refer
to the installation wiring diagram, or see figure
5-14,

d. Check the lubrication of all accessories,
Check the air cleaners to make sure they are
not obstructed, and that they are clean and
properly ingtalled,

e. Fill the cooling system with clean water
and rust inhibitor or, if the engine will be sub-
jected to ambient air temperatures below freez-
ing, use an antifreeze aclution,

f. Remove any papet thatwas inserted between
the pulleys and the belts to prevent belt sticking.
Adjust fan belt tension by positioning the alter-
nator so that the fan belts can be deflected
approximately 3/4 inch per foot of belt span
when thumb pressure is applied at midpoint of
the belt. Tighten alternator mounting screws,

g. Drain all preservative oil from the fuel
gyatem. Open the drain on the bottom of the
bowl of the fuel strainer (if provided) and allow
all water and sediment in the bowl to drain,
Close the fuel bowl drain, and check that the
carburetor drain is ¢losed. Check all fuel supply

lines from the fuel tank to the fuel pump to make
sure the connections are tight and the lines are
open with no ohstructions or kinks,

h. Fill the fuel tank with gasoline having an
octane: rating of 85 minimum as measured by
the motor method. Leaded or unleaded fuel
can be used.

i. Drain the crankcase, replace the oil filter
element, and fill to the FULL mark on the oil
level bayonet gauge, using lubricating oil recom-
mended in Table 3-2, Recommended Lubricating
0Oil Specifications, Add 1 quart of ¢il to com-
pensate for the filter,

j. Tag and disconnect the spark plug wires
and remove the spark plugs from the cylinder
bead. Squirt about a teaspoon of engine oil into
each spark plug hole. Use the engine starter to
turn the engine over until the oil pressure gauge
on the instrument panel reads about 10 psi, This
will ensure that the bearings and cylinder walls
are adequately lubricated before aloadis applied.
If the engine is equipped with a mechanical fuel
pump, this amount of cranking should also ade-
quately prime the fuel system.

k. Reinstall the spark plugs and connect the
spark plug cables. I there is any doubt about
cable location, refer tofigure 3-3 for instructions.

1. ¥ the engine is equipped with a manual
choke, pull out the choke control lever to close
the choke. Open the throttle about half way,

NOTE
If the ambient air temperature is less

than 32°F, refer to the cold weather
starting instructions in paragraph 2-4,

CAUTION

Do not crank the engine for more than 15
seconds at a time. Allow the atarting
motor to cool for 1 minute betweenperiods
of cranking.

m. Turn the ignition switch ON. Operate the
ignition switch or start switch to crank the engine.
It should atart almost at once, If the engine does
not atart after two or three attempts, refer to
Section IV, Troubleshooting, )

2-1




. . . Once the engine has started, open the

manual c¢hoke slightly until the engine runs
smoothly. With an automatic choke, this function
is performed by manifold vacuum. Continue to
open the choke in small increments as the engine
warms up. The choke should be fully open by the
time the engine reaches normal operating
temperature,

0. To ensure proper lubrication and extend
engine life, allow the engine to run for several
minutes before applying a load.

2-2. ROUTINE STARTING.

If the engine has been operating recently and
components have not been removed or repaired
since ‘it. last operated, proceed as follows:

a. Check that there is an adequate fuel supply.

h. Check the lubricating oil level in the engine
with the oil level bayonet gauge, Be sure the oil
level iz above the ADD mark on the gauge,

. €. Check for proper level of coolant solution
in the radiator.

d. Inspect the installation to see that all is
secure and in good order, and that no loose tools,
bhars, or parts are lying on the engine,.

NQOTE

If the ambient temperature is less than
32°F, refer to paragraph 2-4 for cold
weather starting instructions.

e. Pill out the choke control lever to close
the mamual choke. An automatic choke closes
itself. ..Open the throttle about one-fourth of
the way...

f. Turn the ignition switch to ON. Operate the ~

ignition switch or start switch to ¢rank the engine
and start it, :

CAUTION

Do not crank the engine for more than
15 seconds at a time. Allow the starting
motor to cool for 1 minute between crank-
ing intervals, '

g. When the engine starts, open the manual
choke slightly until the engine runs smoothly,
Continue to open the choke in small inerements
as the engine warms up. The choke should be

2-2

fully open by the time the engine reaches normal
operating temperature. Cwening of the automatie
choke is controlled by un elsciric heating ele-
ment and manifold vacuum,

2-3. STOPPING.,

a, If the engine has been running hard, allow
internal engine temperatures to-equalize by idling
the engine for several minutes. This will mini-
mize the danger of warping or cracking the cyl-
inder head or block.

b. Turn the ignition switch to OFF to stop
the _eengine.

c. If the ambient temperature is below freez-
ing, and no antifreeze solution is used, the
complete cooling system must be drained. This
includes the cylinder block, water pump, radiator,
and all hoses, '

d. If antifreeze _solution is .used, check the
gsolution with a hydrometer to make sure it is
the sirength recommended to provide protection:
below the lowest expected temperature,

2-4. COLD WEATHER STARTING.

a, Check that the engine coolant has sufficient
antifreeze to prevent freezing at the lowest
temperature expected.

b. Refer to Table 3-2, Lubricating Qil Speci-
fications, to select the correct grade of engine
oil. An oil that is too heavy for the temperature
will prevent the starting motor from cranking
the engine at the required speed.

c. Keep the fuel tank filled to reduce the amount
¢f moisture which condenses in the fuel tank.
I water contamination of the fuel is suspected,
treat the fuel with a commercial gas line anti-

- freeze or gasoline dryer.: Frequently drainwater

from the fuel pump fuel bowl, if equipped, and
from the carburetor float bowl.

d. Check that the batteries are fully charged
and that all electrical connections are clean
and tight.

e, After-starting, open the choke more slowly
in cold weather. If the choke is .opened too
rapidly, the engine will stumble or hesitate when
the throttle is opened.

2-5. OPERATION.

After the engine has started, make a thorough
inspection of the engine unit to ensure that all




OPERATION

parts are functioning properly. Proceed as

follows:

a, Look at the oil pressure gauge. If insuf-
ficient pressure shows after the engine has run
10 or 12 seccuds, shut down the engine and
determine the trouble, With bearings in good
condition and the proper grade of cil being used,
normal pressure should be 40 to 60 psi at
operating temperature (170°F) and full engine
speed, 'If the oil is very cold or heavy, this pres-
sure may be much higher. As the oil heats, the
pressure will diminish,

b, Check the coolant temperature; if it exceeds
200°F, shut down the engine and determine the
cause, Never operate the engine with the water
at boiling temperature. This exXcessive heat on
the cylinder walls will break down the oil film,
causing rapid engine wear. Rapid coolant loss
will also result due to steaming, :

¢. Check ammeter charging rate. The am-
meter'should indicate a charge immediately after
starting and should drop to near zero as the
battery becomes fully charged, If the ammeter
does not indicate proper operation, stop the

engine and thoroughly check the engine chargmg )

syStem.

d. Check the engine for smooth, quiet opera-
tion and for proper exhaust condition. A cold
engine may run erratically because a cylinder
or two is firing irregularly. As the engine begins
to warm up, however all eylinders should fire
regularly,

e, I rough operation continues, refer to Sec-
tion IV, Troubleshooting.

2-6. HIGH ALTITUDE OPERATION,

a. At altitudes above 3000 feet, lower atmos-
pheric pressure reduces engine efficiency and

.. upsets the calibration of the carburetor. Make
‘sure’ that the engine is properly tuned to reduce

power loss at high altitude.

b. For additional information on specific
cages, write to White Engines, Inc., Service
Department, Canton, Qhio, giving as much in-
formation as possible, For recommended modi-
fications .to the carburetor, contact the carburetor
manufacturer.

2-7. LONG-TERM STORAGE.

If the engine is to be idle for a month or more,
take special precautions as follows toprepare the
engine so that rust will not form on the wearing
surfaces or in the fuel system,

a. Engines which have been operating on
leaded gasoline should be v nunleaded gasoline
for at least 10 minutes in addition to the time it
takes to run out the leaded gasoline in the fuel
lines and carburetor,

b. Continue to operate the engine until it
reaches normal operating temperature. Stop the
engine and drain all oil from the oil pan. Re-
place the oil filter.

c. Refill the crankcase to the FULL mark on
the bayonet gauge (figure 3-1) withapreservative
lubricating o0il meeting requirements of MIL-L.-
21260 (Gulf No-Rust Engine Qil, Grade No, 1 or
2; Shell Ensis MIL-L-21280, Code 66200 or
Code 66202;.0r.equivalent). Use SAE10o0r SAE30,
whichever viscosity is necessary to suit the
elimatic conditions,

NOTE

It is recommended that preservative oil
be used when the end unit is to be shipped
with lubricating oil in the engine.

d. Remove the spark plugs. Fill a pump-type
oil can with the preservative oil specified above
and squirt about a teaspoon of preservative oil
into each cylinder. Reinstall the spark plugs,

CAUTION

Do not use too much oil, Excess 6il in
the cylinders can damage the engine when
rastarting,

e. Remove the cylinder head cover and side
covers. Squirt' or-spray the pushrods, valve
stems, tappets; and rocker arms thoroughly with
preservative lubricating oil. Reinstall the covers,
making sure the gaskets are in good condition.

f. I the engine cooling system has not been
winterized and/or rust treated, it should be
flushed thoroughly with a water-soluble oil or
other rust inhibitor to prevent rust formation,

g. Disconnect the battery cables. Remove the
batteries and store them, preferably where they
can be recharged periodically since batteries
tend to lose their charge when not in use.

h. Clean the entire engine exterior, except
electrical system, with Diesel fuel oil or kerosene,

i. Release the fan belt(s) tension while the
engine is in storage, Heavy paper strips inserted
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between the pullevs and belt(s) will prevent belt
sticking,

j. Cover ends of the exhaustpipe and air inlets
with waterprocf and vaporproof material so that
moisture carnot reach the valve parts and cylin-
ders, Store the engine where it will not be ex-
posed tothe elements, and preferably where itwill
be kept warm anddry. Moisture absorbing chemi-
cals are available commercially for use whenex-
cessive dampness prevails in the storage area.

k. Coat unpainted exterior and interior sur-
faces of :the air cleaner with preservative lubri-

1-3. - LUBRICATION SYSTEM.

cating oil. If engines are stored with the clutch
removed, coat the cluteh cuptact surfaces, ring
gear, and flywheel with oil, Rust-proof all
accessories, such as air compressor and
governor,

1. Periodically rotate the crankshaft while
the engine is in storage. One-half turn every
two weeks should suffice,

m. Periodically inspect the stored engine.
Should there by any indication of rust or cor-
rosion, ‘take “corrective steps at once to prevent

damage to engine parts.

LUBRICATION SYSTEM

_  ROCKER ARM &
SHAF T ASSEMBLY

CYLINDER BLOCK
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LUBRICATION AND PREVENTIVE MAINTENANCE

SECTION 111
LUBRICATION AND PREVENTIVE MAINTENANCE

3-1. LUBRICATION AND PREVENTIVE
MAINTENANCE SCHEDULE,

To obtain long life and maximum efficiency
from your White gasoline engine, set up and
follow a definite maintenance program. Table 3-1,
Lubrication and Preventive Maintenance Schedule,
provides a recommended maintenance schedule
which may be altered for a specific application
or to fit into the user's own preventive mainte-
nance program. :

The daily instructions pertain to routine
gtarting of the engine and not to a newor re-
conditioned engine or one that has been in
storage, For a new or stored engine, follow
instructions given in paragraph 2-1, New Equip-
ment Service and Initial Starting.

The time intervals of 50, 100, and 500 hours
given in table 3-1 are actual operating hours of
the engine. For engines used in road vehicles,
the corresponding mileages — 1500, 3000, and
12,000 miles — are also given, :

Table 3-1 .indicates the items which must be
serviced and the required interval of service.
The remaining paragraphs in this section contain

. instructions for performing the indicated main-
tenance procedures, and normal and frequently
performed checks and adjustments,

3-2. AIR CLEANER,

Several varieties of air cleaners are used on
White engines. All are dry-type. Use the follow-
ing as a guide for servicing air cleaners,

a, Under. normal conditions, the dry-tj}pe air
cleaners require Servicing every 50 hours of
operation. However, under extremely dusty con-
ditions, the air cleaner must be cleaned daily.
Remove the filter element from the air cleaner
and clean by blowing compressed air through the
element from the inside out. Do not apply air
closer than 2 inches and do not use more than
50 psi.pressure. Move the air jet up and down
the filter, slowly rotating the element, until no
more dust is removed., The element can be
effectively cleaned only a few times, after which
the element must be replaced.

b. Inspect all hoses, clamps, and connections
between air cleaner and engine. Tighten loose
clamps and replace damaged hoses promptly.

All connections between air cleaner and intake
manifold must be air-tight.

3-3. ENGINE OIL AND FILTER,

a. Frequency of oil changes depends on the
application of the engine and the type of operation,
An extremely ¢lean operation could go 150 hours
while a dusty operation could require service in
50 hours or less, It is recommended that new

. or reconditioned engines be started with 50-

hour oil change periods. Under normal operating
conditions, the change interval can be gradually °
increased to 100 hours.

b. Drain the oil after the engine has been
operating and while the oil is iwot. Remove the
drain plug from the oil pan and drain the oil
into a suitable container. Select the proper
grade of oil in accordance with table 3-2.
Reinstall the oil drain plug and gasket and fill
the crankcase to the FULL mark on the bayornet
gauge. The engine cil capacities vary with the
different sizes of oil pans available., Refer to
Table 3-3, Crankcase Qil Capacities,

c, At every oil change, replace the oil filter.
1. If a full-flow, spin-on filter is used,

remove and discard the old filier. Apply a thin
coat of engine oil to the rubber gasket on the

Figure 3-1. Checking Engine Oil Level
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Table 3-1, Lubrication and Preventive Maintenance Schedule

Operation

Time Interval
8 50 100 500
Daily 1500 | 3000 | 12,000

Remarks

Lubrication system
Engine oil

_ Oil filter

Check level and refill (see table
3-2).

Change oil (para 3-3).

Replace at every oil change (para
3-3¢).

Cooling-system
Coolant
Radjaf{br
Water pump

Hoses

Check level daily,

Remove dirt and debris from radi-
ator fins; check for leaks.

Inspect and lubricate atengine over-
haul,

Inspect for leaks, cracks, and de-
terioration.

Fuel system

Air cleaner

Crankcase breather

Fuel bowl * Clean fuel, water, and sedimentirom
bowl (if equipped).

Carburetor * Adjust as required (para 3-11);
gservice according to manufacturer®s _
instructions.

Governor * Adjust as required (para 3-12 or.
3-13); service according to manu-
facturer's instructions.

Fuel tank * Drain accumulated water and sedi-

— ment from tank.
Air system

Bervice air cleaner (para 3-2);

gervice daily in dusty conditions.

- -Clean-breather cap (para 3-4).

Electrical system
Starting motor

Alternator

Battery

Lubricate with engine oil at oil cups
(if equipped); service according to
manufacturer's instructions,

Adjust belt tension.

Inspect for loose or broken wires
and other damage; service according
to manufacturer's instructions.

Check electrolyte level; refill with
distilled or mineral-iree water.

Clean battery, cables, and termi-
nals (para 3-5).
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Table 3-1. Lubrication and Preventive Maintenance Schedule (Continued)

Time Interval
Hours 8 50 100 500
Operation Miles | Daily [ .1500 | 3000 | 12,000 Remarks
'Ignitionl system
Distributor * Inspect, adjust, and set timing (para
' 3-9). .
Magneto * Inspect, adjust, and set timing (para
3-10).
Spark plugs * Inspect and clean or replace spark
C ~plugs-(para-3-8),
Miscellaneous
General condition * Inspect for loose wires, leaking
fuel or coolant lines, and loose
mounting hardware.
Drive belts . * Adjust belts todeflect3/4inchunder
thumb pressure midway between
pulleya, Retighten new belts after 2
hours of operation,
" Engine compression * Check compression (para 3-7).
Valve clearance * Check and adjust valve clearance
(para 3-6).

* Indicates that service or inspection is required,

new filter and screw it onto the adapter. Tighten
the filter approximately one-half turn after the
gasket contacts the adapter base.

2. I a filter with element is uged, unscrew
the bolt on the housing cap and remove the cap

and ‘gasket, Pull out and discard the old ele-

ment, and wipe out the filter housing with:a clean
cloth. Ingstall the new element-in the housing.
Install the gasket in the cover and secure the
cover . to..the housing. with the boit provided.

Check that the. cover sits squarely onthe housing,

3. Add one extra quart of oil when refilling
the crankcage to compensate for the oil contained
in the. filter. Check for oil leaks after starting
the engine.

3.4, BREATHER CAP.

a. Remove and clean the breather :cap at
every oil change. Clean the breather cap by
immersing in Diesel fuel oil or solvent, Thor-
oughly drain all oil or solvent and use com-
pressed air to blow out the cap, Reinstall the
cap on the cylinder head cover.

Table 3-2. Recommended Lubricating

0Oil Specifications
Ambijent Air
Temperature Viscosity Grade
-10°F to 30°F 10w
30°F to 60°F 20-20wW
40°F and up 30

API clagsification ., , . . . . .

NOTES:

1, 0il should meet MIL-L-2104B or MIL-L-
45199A specifications. -Engines may run on a
good MIL-L-2104B oil, but the series 3 (MIL-
1.-45199A) oll gives longer service and in-
creases engine life.

2, For breaking in a new or reconditioned
engine, use nen-detergent oil. Drain after the
first 40 hours (1500 miles) and refill with
detergent oil.
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Table 3-3. Crankcase Qil Capacities

_ — _ _ L CRANXSHAFT
e — c CENTERLINE
h ! |
‘ A [ TYPE I
I R - —_— _,_ﬁ_—'l CRANKSHAFT
= | = = : > CENTERLINE
A o “TYPE I
- L i
- — - _ . 'B_—_| ' CRANKSHAFT
e 7 = CENTERLINE
i ' A ) g TYPE 11}
| |
t 8 "]
Qil Pan Dimensions
' 0Oil (Inches) Crankcase Capacity
- Pan (Quarts)
Engine Type Type A B {Not Including Qil Filter)
4 Cylinder I 9 7-1/2 5-1/2
oI 10-7/8 12-1/4 3
6 Cylinder I 10 7-3/16 7
I 9 7-7/16 6
I 12 8-7/16 8
I 11 7-5/8 8
m 12-5/8 11-7/8 )

b, If the engine installation contains a crank- .

case ventilation valve and hose connection to the
intake manifold, remove the hoses and valve and
clean with Diesel fuel oil or solvent. Blow through
the hoses with compressed air to ensure that
they are clear, Shake all solvent from the valve
and allow it to dry thoroughly before installa-
tion, Connect the hoses to the manifold. Most
valves have an arrow stamped or painted on
the side; this arrow must point toward the
manifold,

3-5. BATTERY AND CABLES.

a. Battery cable connections must be clean -

and tight to prevent excessive voltage drop across
the connections. Current draw is high during

3-4

starting, .and, poor -connections can prevent the
battery from delivering ‘the full voltage needed,
resulting in reduced starting motor speed and
hard starting,

b. Clean the battery posts and cable terminals
regularly, as follows. Disconnect the cables and
remove corrosion from posts and terminals with
a wire brush. Flush the top of the battery and
the battery hold-down clamps with a weak solu-
tion of baking soda in water. Do not allow any of
the baking soda solution to enter the battery.
Flush with clean water and allow to dry, then
connect the cables,

c. If the battery cables must be replaced,
choose the cable size as follows:
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1. If the combined length of the positive
cable and-ground cable is fwe feet or-less, use
BAE No. 0 stranded cable.

2. If the combined cable length is five to
seven feet, use No. 00 stranded cable.

3. If the combined cable length is seven
to nine feet, use No. 000 stranded cable,

4. When replacing a cable terminal, cut off
the old terminal and strip back the insulation

“about an inch. Tin the cable end, then-erimp the

terminal onto the cable, Fill the terminal with
solder to ensure a tight connection.

e. When replacing the battery or engine ground
cable, use a wire brush or scraper to remove
rust“and paint to expose bare metal at the point
of contact. When the engine installation frame is
used-as a ground, ensure that there areno riveted
or bolted joints between the location of the battery
ground cable and the location of the starting
motor ground.

NOTE

The following paragraphs comprise the
services and adjustments recommended
for engine tuneup., Perform the services
in the order presented below,

3-6." VALVE CLEARANCE ADJUSTMENT.

a, Start the engine and allow it to warm to
operating temperature,

b. Remove the ¢ylinder head cover and gasket.

¢, With the engine running at slow idle, check
for 0.015 inch clearance between the rocker arm
and end of the valve stem, using a feeler gauge
as shown'in figure 3-2'
- d. H the valve. clearance is incorrect, adjust
the setting of the adjusting screw to provide the
required clearance. Refer to figure 3-2, When
properly adjusted, there will be a slight drag
on a 0.015 inch feeler gauge with the . valve in
the unoperated position,

NOTE

After valve grinding or rocker arm or
cylinder head removal, it is necessary to
do a preliminary valve clearance adjust-
ment with the engine shut down and using
cold settings. Refer to paragraphb-28f{or
ingtructions.

e. The adjusting screw is self-locking, there-
fore lock nuts are not regirad,

f. Repeat the procedure to adjust the remain-
ing intake and exhaust vaives. Adjust all valves
to the same clearance,

g. Reinstall the cylinder head cover and gasket,
Use a new gasket if the old one shows any signs
of cracking or deterioration.

3-7. COMPRESSION CHECK.
Check the compression of the engine as follows:

a. Tag and disconnect all the spark plug
wires. Disconnect the secondary cable from the
ignition coil to the distributor. With a magneto
ignition, disconnect the primary terminal at the
side of the magneto,

b. Clean the area around the spark plugs to
prevent the eniry of dirt into the cylinders when
the spark plugs are removed. Remove all the
spark plugs.

. Install a good quality compressionpressure
gauge inio one of the spark plug holes in the
cylinder head,

d. Block the throttle in the wide openposition,
then crank the engine with the starting motor
and record the compression pressure, Remove
the pressure gauge.

Figure 3-2. Valve Clearance
Check and Adjustment
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e. Repeat this procedure for the remaining
¢ylinders,

I. If coimpression varies more than 25 per-
cent among all cylinders, schedule the engine {or
valve grinding, piston ring replacement, or
major overhaul as necessary.

g. Install the spark plugs as described in
paragraph 3-8.

3-3. SPARK PLUGS AND CABLES,

a., Tag and disconnect the spark plug cables,
Unscrew and remove the spark plugs from the
cylinder head.,

NOTE

It ismormally safer and more economieal
to replace used spark plugs with new ones
after the normal inspection interval has
_elapsed. However, oldplugs canbe reused,
;. if desired, if the instructions below are
followed.

b. Inspect the spark plugs for the following
conditions: :

1. Cracked insulator,
2. Worn, bent, or broken ground electrade,
3. Worn oy bent center electrode,

4, Cracked or damaged ceramic cone
_around center electrode,

5..Stripped or damaged threads.

c. Plugs which are notdamaged or excessively
worn cancbe sandblasted to remove combustion
deposits. "Plugs cleaned in this manner can be
reused if desired,

d. Bend the ground electrode to obtain the
spark plug gap specified in Table 3-4, Ignition
Specifications.

CAUTION

4 4

Overtightening the spark plugs can strip
the threads tapped into the cylinder head.
This defect can be corrected only by re-
placing the head.

e. Reinstall the spark plugs in the cylinder
head and tighten them to 15 to 20 foot-pounds.
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FRONT FRONT
LH CAM l RH CAM
ENGINE ¥ ENGINE

4 CYLINOER WITH DISTRIBUTOR
FIRING QORDER 1.24.3
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6 CYLINDER WITH DISTRIBUTOR
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NO 1 AGNETD ENg cap O] NO 4
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. o 0
R0 e NG, 3 N0 6

4 CYLINDER MAGNETO
FIRING OROER 1.24-3

6 CYLINDER MAGNETO
FIRING ORDER 1.5-3-62-4

Figure 3-3. Spark Plug Table Locations

f. Before connecting the sparkplugcables, in-
spect each cable carefully for cracked or damaged
insulation, loose terminals, rubbing wear, and
other damage. Worn cables can cause hard
starting, especially in damp weather. Replace
cables that are worn or:-damaged.

g. Connect the spark. plug cables from the
distributor to the spark plugs. Refer to figure
3-3 for an. illustration of spark plug cable
locations,- Te help prevent cross-firing, aveid
bundling the cables together in contact with each
other. Route them to the spark plugs in groups
of no more than three. The use of insulated
cable brackets is also recommended.

3-9. DISTRIBUTOR,

Several different distributors are used with
these engines. Locate the part number on the
distributor and refer to Table 3-4, Ignition Spe-
cifications, for information.

a. Remove the distributor cap and inspect it
for cracks, evidence of arcing, corroded ter-
minals, and other defects, Replace defective cap.
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Table 3-4. Ignition Specifications

ENGINES WITH SERIAL NUMBER 3320087 AND FOLLOWING

G~-3400 and G-3000

Timing

Breaker Points

(motor method).

. If field conditions do not p
following idle speeds:

§-cylinder gasoline
4-cylinder gasoline
4-cylinder gasoline

500 rpm
930 rpm (Delco distributor)
700 rpm (Prestolite distributor)

. Magneto timing for all gasoline engines is 25° BTDC at 1800 rpm.

: White Purveyor Spark
Comp. | Distributor] Distributor At Plug Point{ Dwell
Fuel |Ratio | Part Numbenrl Part Number| Degrees |RPM Gap Gap| Angle

Delco . |

Gasoline {7.5:1 | 40-2500608 1112491 (22° BTDC |[1800}.028 to .033| .022 |31°to 34°
Delco

L.P.G. 7.5:1 ] 40-2500608 1112491 | 22° BTDC [1800].028 to .033) .022|31°to 34°
Delco

L.P.G. 10:1 | 40-2500608 1112491 |[16° BTDC |[1800).028 to .033| .022(31°to 34°

' Delco

Nat. Gas |7.5:1 | 40-2500608 1112491 | 28° BTDC |1800(.028 to .033] .022{31°to 34°
Delco .

Nat. Gas | 10:1 { 40-2500608 1112491 | 22° BTDC |1800].028 to .033| .022|31°to 34°

G-2300 and G-2000

Delco

Gasoline 17.5:1 ! 40-2500607 1112475 | 22° BTDC | 1800|.028 to .033] .022;31°tc 34°
Delco

L.P.G. 7.5:1 | 40-2500607 1112475 |22° BTDC |1800|.028 to .033| .022|31°to 34°
Delco

L.P.G. 10:1 | 40-2500607 1112475 {16° BTDC | 1800{.028 to .033( .022!31°to 34°
Delco -

Nat. Gas . |7.5:1 | 40-2500607 1112475 | 28° BTDC | 1800} .028 to .033| .022|31°to 34°
Delco

Nat. Gas | 10:1 {40-2500607 1112475 | 22° BTDC | 1800|.028 to ..033| .022{31°to 34°

NOTES: 1. Seefigure 3-5 for an illustration of standardized flywheel timing marks.

. All timing specifications are for use with a fuel having a minimum octane rating of 85

ermit timing at the indicated speeds, time to 6° BTDC at the

. For information on distributors not included in this table, or if engine operation is not

satisfactory at the recommended settings, write to White Engines, Inc,, Service Depart-
ment, Canton, Ohic, giving as much information as possible.
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b. Remove the distributor rotor and inspect
the points Zor turning and pitting. The points
can be filed and reused if desired, but itis
generally advisable to replace the rotor, points,
and condenser at each tuneup.

¢. When installing new points, rotate the engine
crankshaft by hand in the normal direection of its
rotation until the rubbing block on the breaker
arm rests on the high point of one of the dis-
tributor shaft lobes. Use a feeler gauge to set
the breaker point gap specified for the distri-
butor., Refer to Table 3-4, Ignition Specifications.

d. Use a dwell meter to read the distributor
dwell angle to set reused breaker points, and to
check the' seiting of rew points, Connect the dwell
meter to the engine according to the meter manu-
facturer's instructions. Crank the engine with
the starter and adjust the breaker points to obtain
the specified dwell (see Table 3-4, Ignition Spe-
cifications). Tighten the breaker point screws to
secure the adjustment.

. e. Reinstall the rotor and distributor cap,
Refer to figure 3-3 and comnect the spark plug
cables. Connect the secondary lead from the
ignition coil to the center tower of the dis-
tributor cap.

f. Connect a timing light to the No. 1 spark
plug cable according to the manufacturer's in-
structions, If no timing specifications are pro-
vided with the engine installation, refer to table
3-4 and obtain the timing information specified
for the distributor and fuel used.

g. Paint or chalk a line on the engine flywhesl
at the proper timing mark location. This will

-

Figure 3-4, Alternate Timing Locations
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make the timing mark more visible under the
timing light. Start the engine and run it at the
specified speed. Shine the timing light on the
timing hole in the bellhousing, or on the edge
of the bellhousing, as shown in figure 3-4, Read
the timing by noting the mark on the flywheel
which aligns with the mark on the bellhousing,
Standardized timing marks forlate model engines
are shown in figure 3-5.

h. If the ignition timing must be adjusted,
slightly loosen the cap Screw on the distributor
clamp or -clamps. - Rotate the distributor body
slowly until the specified ignition timing is
obtained. Tighten the cap screw to secure the
adjustment,. and recheck the timing,

i, Stop the engine’ and disconnect the timing
Lght,

J. Refer to paragraph 5-23 for removal and
installation of the distributor, and for timing it
after engine overhaul. :

3-10, MAGNETO.

Several different magnetos are used with these
engines, and the tuneup information provided
below is of a general nature, Obtain magneto
specifications from the engine installation, or

refer to the magneto manufacturer's literature,

a. To inspect the magnsto end cap andbreaker
points, remove the cap screws and lock washers
which secure the magneto end cap to the magneto
body; remove the cap. Inspect the capfor cracks,

NOTE: FLYWHEEL (LLUSTRATED IS ON
ENGINES WITH SERIAL NUMBER
3320087 AND FOLLOWING. MARKS
APPEAR ON RIM OR FACE.

Z0O0=-—-1>—-0>

Figure 3-5. Standardized Timing Marks

-
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evidence of arcing, corroded terminals, and
other defects. Feplace a defective cap,

b. Remove the magneto rotor for access to
the breaker pointa. Inspect the points for burn-
ing and pitting, The points can be filed and
reused if desired, hut it is generally advisable
to replaCe the pomts and condenser at each
tuneup

c. Insta.ll the new points on the bearing sup-
port, but do not tighten the attaching screws.
< Rotate- the engine crankshaft by hand .in the

* normal direction of its rotation until the rubbing
block < on the breaker arm rests on the high
point ‘of the magneto cam. Use a feeler gauge
to set-the point gap to 0.020 inch,

d.-ITighten the breaker point attaching screws
and reinstall the rotor. Reinstall the magneto
end cap and secure with the aftaching screws.
Connecét the spark plug cables to the end cap
as shown in the applicable illustration in fig-
urg 3-3.-

e, Connect a Hming light to the No. 1 spark
plug cable according to the manufacturer's in-
structions., If no timing specifications are pro-
vided with the engine installation, refer to table
3-4,: . °

f.. Paint or chalk a line on the engine fly-
- wheel at the proper timing mark location. This
will make the timing mark more visible under
the timing light. Start the engine and run it at
the specified speed, Shine the timing light on
the timing hole in the bellhousing, or on the edge
of the bellhousing, as.shown in figure 3-4. Read
the timing by noting the mark on the flywheel
which .aligns with the mark on the bellhousing.
Standatdized timing marks for late model engines
are shown in figure 3-5,

g. I the timing must be adjusted, slightly
-loogsen the two cap screws which secure the
magneto to the gear housing. Rotate the magneto
hody slowly until the specified ignition timing
is obtained. Tighten the cap s¢rews and recheck
the tming.

h. Stop the engine and disconnect the timing
light.

i. Refer to paragraph 5-24 for removal and
installation of the magneto, and for tirmng' it
after engine overhaul.

3-11. CARBURETOR.

Many different carburetors are used on these
engines, including both updraft and downdraft

types. Refer to the engine installation or vehicle
data plates for idle speed. Any other information
not supplied with the installation can be obtained
from the carburetor manufacturer. When re-
questing information, refer to the carburetor by
manufacturer's name and model number,

a, If a variable speed mechanical governor is
used on the engine installation, engine idle speed
may be adjusted through the governor linkage,
Refer to paragraph 3-13.

b. If a constant speed mechanical governor is
used, or if the governor linkage operates a
throttls plate within a valve box bhetween the
carburetor - and - intake .manifold, : disconnect the
governor linkage until engine .idle speed is ad-
justed.

¢. I the engine is not equipped with a tachom-
eter, connect a tachometer to the engine ignition
system according to the instrument manufac- -
turer's instructions. .

d, Carburetor adjustment must be performed
with the engine at normal operating tempera-
ture and the choke fully open. H an automatic
choke is used, remove the air inlet hose and
check that the choke is fully open before per-
forming adjustments,

e. Idle speed and mixture, high speed, and

‘power adjusiments are commonly performed

on indugtrial engines, Refer to the manufacturer’s
literature for further information.

i. After carburetor adjustments are per-
formed, stop the engine and reconnect the governor
linkage, if used. Refer to paragraph 3-12 or 3-13
for governor adjustments. * -

3-12, VELOCITY GOVERNOR.

The velocity governor, if used, is mounted
between the carburetor and intake manifold. It
controls the maximum engine speed to protect
the engine and/or equipment from damage that
could result from overspeed, Only one adjust-
ment Is required by the velocity governor. Ad-
just ag follows:

I WARNING I

Do not increase maximum governed speed
above that speed specified for the equip—
ment. Excessive Speed can cause engine
or equipment damage and possibly result
in bodily harm.




a. If the engine is not equipped with a tachom-
eter, connect wie to the engine ignition system
as instructed by the instrument manufacturer,

b. Determina the maximum governed speed
specification rzcommended by the manufacturer
for the vehicle or equipment.
without this specification.

¢. If the engine is also equipped with a
mechanical governor, disconnect or arrange to
override it temporarily. Disengage the engine
from the driven equipment if possible, or put
the transmission in neutral.

d,"Start the engine and allow it to reach
operating temperature, Check that the choke is
fully open.

e. Watch the tachometer and slowly move the
throttle to the wide open position. The governor
must act "to limit engine speed to within +25 rpm
of the specified maximum.

- f. If the governed speed is not within limits,
block the throttle in the wide open position and
turn the adjustment serew on the governor
approximately 1/4 turn, Watch the tachomster
and note the new governed Speed. Continue to
turn the screw in 1/4-turn increments to obtain
the specified speed.

g. Unblock the throttle and return the engine
to idle., Open the throttle again several times
to recheck the adjustment, Allow the engine to
idle for a few minutes, then stop the engine.

h, Disconnect the external tachometer, if used,
Connect the mechanical governor linkage, if used,
and adjust as deseribed in paragraph 3-13,

3-13 MECHANICAL GOVERNOR.

Only one basic model mechanical governor is
used with these White gasoline engines, but this
model provides many variations in governing
characteristics. The governor can be used either
as the constant speed type, which is adfusted only
through adjusting screws on the linkage, or as
the variable speed type, in which the governed
apeed can be adjusted by a throttle control on the
engine control panel. The governor is connected
to the carburetor as shown in figure 3-6 for
most variable speed applications. For constant
speed use, the governor rod (1, figure 3-6) may
be connected to a valve box mounted between the
carburetor and intake manifold, instead of to
the carburetor throttle shaft as shown. Some
constant speed installations are not equipped
with a bellerank (8) and adjusting screws (5
and 7).
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Do not proceed -

NOTE

The adjustment points illustrated in fig-
ure 3-6 apply to all installations of Hoof
Model GD350% governors used on White
gasoline engines. The illustrationshowsa
typical updraft carburetor installation.
The configuration of some parts will
change for use with a downdraft carburetor.

a. Preliminary Adjustments (all installations).

1. with the engine stopped and the throttle
closed, check for 1/32 to 1/16 inch clearance
between the lever on the carburetor or valve box
and any throttle stop or speed adjustment screw.
If this clearance is incorrect, loosen lock nuts
(2, figure 3-6) and screw the rod (1) into or out
of ball joints {3} to obtain this clearance, Tighten
the lock nuts,

2. ¥ the engine is not equipped with a
tachometer, connect one to the engine ignition
gyatem according to the instrument manu-
facturer's instructions,.

3, Start the engine and allow it to reach .
operating temperature. Check that the choke is
fully opened, and that the carburetor is properly
adjusted.

4, Perform the applicable speed adjust-
ment deseribed in subparagraph b, ¢, ord, below,
then perform the sensitivity adjustment in sub-
paragraph e, below,

b, Constant Speed (with bellcrank),

1. Perform the preliminary adjustments in
subparagraph a, above,

2, Stop the engine:, Loosen lock nuts (4 and
6, figure 3-8) and back out adjusting screws (5
and 7) several turns.

3, Start the engine again and note the
governed speed on the tachometer,

‘ WARNING I

Do not increase maximum governed Speed
above that speed specified for the equip-
ment, Excessive Speed can cause engine
or equipment damage and possibly result
in bodily harm.

4. Turn adjusting screw (5) clockwise to
increase engine speed, or counterélockwise to
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Rod

Lock nut

Ball joint -

Lock nut

Adjusting screw

Lock nut

Adjusting screw

Bellcrank

Nut

10. Speed eyebolt

11, Spring

12, Nut

13, Sensitivity eyebolt

14, Governor arm

15, Lock nut

16. Surge screw

17. Cap screw and
lock washer

18, Governor bracket

THROTTLE CABLE
CONNECTION POINT
{IF USED)

Figure 3-6. Governor Adjustment Points

decrease 'it. Turn the screw in 1/4-turn incre-
ments, and allow the engine speed to stabilize
after each movement,

l WARNING I

On some installations, the closeness of
the fan, fan belts, and alternator drive
belt make this adjustment hazardous when
performed with the engine running. K
these dangers exist, shut off the engine
each time before attempting to make the
governor adjustment.

5, If engine speed cannot be properly ad-
justed with adjusting screw (5), change the tension
on spring (11). To do so, rotate nut (9) on speed
eyebolt (10) clockwise to increase speed or
counterclockwise to decrease speed. Repeat the
adjustment in step 4. '

6. When the speed has been adjusted with
adjusting screw (5), turn in the second adjusting
scerew (7) until it is tight against the bellerank
{8)., Tighten lock nuts (4 and 8) to secure the
idjustment.

7. Perform the sensitivity adjustment in
subparagraph e, below. ’

c. Constant Speed (without bellerank),

1. Perform the preliminary adjustments in
subparagraph a, above,

2. With the engine running at governed
speed, note engine speed on the tachometer,

| WARNING I

Do not increase . maximum.governed speed
above - that-speedrspecified:for the equip-
ment, Excessive speed can cause engine
or equipment damage and possibly result’
in bodily harm.

3. Speed adjustment is performed by mov-
ing speed eyebolt (10, figure 3-6) up or down to
change the tension on spring (11). Rotate nut
(9) clockwise to increase speed or counterclock-
wise to decrease speed.

4. Perform the sensitivity adjustment in
subparagraph e, below.

d. Variable Speed (with throttle control con-
nected to bellcrank),

1. Perform the preliminary adjustments in
subparagraph a, above,
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2. Stop the encgine. Loosen lock nuts (4
and 6, figurs /-3) and back out adjusting screws
(3 and 7) all the way, so that the stops on the
bellerank {8) coatact the governor bracket (18)
instead of the adjusting screws.

-3, Move the throttle control (on the con-
trol panel) to the lowest speed or THROTTLE
CLOSED position. Turn nut (9) counterclock-
wise to allow speed eyebolt (10) to move down
just enough to relieve all tension in spring {11),

4, Start the engine again. Slowly move
the throttle control toward the THROTTLE OPEN
position to increase engine speed.

l WARNING I

Do not increase maximum governed speed
above that speed specified for the equip-
ment. Excessive speed can cause engine
or equipment damage and possibly resuit
in bodily harm.

5. Rotate screw (T) clockwise to stop move-
ment of the throttle control to limit engine speed
to the specified maximum. Tighten lock. nut (6)
to secure this adjustment.

6. Move the throttle control to the
THROTTLE CLOSED position, and adjust idle
speed, if necessary, by turning in adjusting
screw (5). Tighten lock nut (4) to Secure the
adjustment,

7. At the idle position, there should be
only enough tension on spring (11) to eliminate
all slack in the linkage. Turn nut (9) to eliminate
slack, if any.
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8. Perform the sSensitivity adjustment in
- subparagraph e.

e, Sensitivity Adjustmiert (all installations).

1. Perform the speed adjustments in sub-
paragraph b, ¢, or d, above,

2. The eifective length (A, figure 3-8) of
sensitivity eyebolt (13) controls the governor's
sensitivity to changes in speed, If the effective
length is too short, the governor will cause the
engine to surge; if it is too long, there will be

an excessive difference. between full-load and -

no-load engine speed.

3. With the engine running at full governed
speed, loosen nuts (12), Loosen one nut while
tightening the other to move sensitivity eyebolt
(13) in or out of the governor arm (14) to in-
crease or decrease effective length A of the
eyebolt, Shorten the effective length until the
engine begins to surge, then lengthen it until
surging stops. Tighten nuts (12) to secure the
adjustment,

4, Some governors are also provided with
a surge screw (16) to dampen surging, If a
surge screw is provided, shorten the effective
length A of sensitivity eyebolt. (13) just until
surging begins. Loosen lock nut (15) and screw
in surge screw (i6) to dampen surging, then
tighten lock nut (15) and nuts (12),

5. With a variable speed installation, return
the throttle control to the closed posgition and
check that the governor will allow the engine
speed to return to idle. I it does not, back out
surge screw (16) and repeat the adjustment in
step 3.

6. Stop the engine and disconnect the ta-
chometer, if connected only for testing,

=

p—




TROUBLESHOOTING

SECTION IV
TROUBLE SHOOTING

4-1, GENERAL INFORMATION,

This troubleshooting section includes some of the most common
problems that may be encountered during operation of a gasoline
engine. Table 4-1, Troubleshooting Chart, lists symptoms, probable

--causes, and possible remedies, The chart refers to applicable

paragraphs in the manual where possible remedial procedures will
be found.

4-2. TROUBLESHOOTING PROCEDURES.

a, Note unusual operation and symptoms. Refer to table 4-1 to
determine possible cause.

‘b, Always check the easiest and most obvious causes first to

- save -time and trouble. Do not disagssemble engine ar components

untjl all other possible causes and remedies for a specific problem
have been examined.

c. After a mechanical failure has been corrected, locate and
correct the cause of the trouble so that the failure will not reoccur,
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Table 4-1. Troubleshooting Chart

/ Presblam
NOTE: Mumbers .o sach column indicate sequence /
' inowhich chAuses should he checked,
&
6"0
‘\ L ‘_ﬁ ‘9,
A o 2] & )
] Q¥ r,@' ‘PO q@ "'\QQ :\\(& 3 & .
.y & QPN o S
I T I LY YOI
- ! R Ay A A o St é %
3\‘& & &t& ‘.,'\-“" 3 "‘Q,. o 6}& é‘@ “&o 4‘0 :'\0“ Paossible
Cause SIS S SIS S ASESSE S Remedy
Air cteaner dirty 4 1 1 ] C Para. 3-2 and 5-16
Air inlet restricted 11 4 2 2 2 :
Exhgi@ét system restricted ' 6] 13 13| 10 . |' Para, 5-18
Battery weak aor discharged ] 2
Battery cables worn or loose 4 3 5 5
connections
Low cylinder compression . 1" 1" 5 13| Para. 3-7
Foreign matter on pistons 17 16 7
Worn or scored pistons, rings, etc, 16 18 7 17 ] 12 8 1" Para. 5-33
Valves leaking or sticking . 14 | 15 16 15 6 Para. 5-28
Worn valve guides 8
Valves incorrectly adjusted 13114 15 14 5 Para, 3-8
Lube ait leve! too low 1 1 1 Para, 3-6
Lube oil level too high 1 1 3
Lube oil conteminated - 4 3
Wrong type of lube oil 3 3 2 Table 3-2
Qil pump inlet screen plugged 6 8 Para. 5-6
Pressure requlatcr net functioning 7 g Para. 5-6
Rocker arm shaft upside down 3] 5 Para. 5-26
Qil header plug missing or loose . 10 2 Para. 5-35
Bearing fatled - main, rod, 2Q 18 9 B Para. 5-22, 5-33 and 5-34
camshaft .
Excessive angle operation 2 2 5
Excessive thrust pressure on shafts 16 | 18 | 12 g| 10 Para. 5-32 and 5-34
Fuel tank empty 2 1
Fuel tank valve closed 3 2
Fuelztank vent plugged 3 ]
Fuel pump worn or inoperative 12 J13 )10 { 10 10 Para, 5-11
Fuel cantamination 6 6 7 4 4 2
Fuel incorrect for conditions 7 7 8 8 :
Fuelfilter dirty or plugged 8 8 9 9 5 Para. 5-12
Igniti-bﬁ.switch in QOFF Position 1
Defective points, eondenser, coil g1 10 7 4 8 I [EET SN Parg, 5-23 or 6-24
or spark plugs
Ignition timing incorrect 10 9 7 7 3 Para. 3-9 or 3-10
Throttle linkage adjustmant 12 9 Para. 3-11 and 3-13
incorrect or sticking
Carburetor choke closed 4 4 6
Carburetor malfunction 12511 |14 5 12| n Para, 5-13
Air leak in intake system 5 3 Para, 5-15
Fan belt loase or slipping 3 Para. 5-8
Radiatar pins or tubes dirty or 4
restricted
Water system piped incorrectly ] 1 Para. 5-8
Low coviant level 1
Coalant in cylinders 16 | 17 19 3 .
Inoperative thermostat 1 -] 3 Para. 5-4
Thermostat missing 2 2 Para, 5-8
Internal coclant leak 4 Para, §-27 and 5-35
Wrong or defective radiator cap 2
Engine overloaded . K| 8 6
Engine averspeeded 9 41 - 7 Para, 3-12 or 3-13
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SECTION V |
ENGINE REPAIR AND OVERHAUL

9-1. GENERAL INFORMATION.

This section includes brief descriptions of
engine components and instructions for disas-
sembly, repair and overhaul and reassembly of
the component parts of the White G-Series
Engines,

Before removal or disassembly of a component
or disassembly of the engine, inspect the gverall

condition and note all symptoms of faulty oper-.

ation, This helps to determine causes of failure
or faulty operation, and fac¢ilitates repair,

Provide a clean place to work, facilities for
cleaning the engine and parts, and an engine over-
haul stand. e

Standard engine overhaul shop tcols and re-
surfacing equipment are necessary. These tools
save time and help ensure good workmanship.

Engine components and parts are overhauled
in one of the following systems: Lubrication
System, Cooling Sygtem, Fuel System, Air Supply
and Exhaust Systems, Electrical System, Ignition
System, and Engine. Instructions are given for
removal, disassembly, repair or replacement,
and reassembly of each compaonent separately.
Remove components and parts as required, and
note any necessary precautions or special
procedures,

5-2, ENGINE REMOVAL FROM UNIT.

Instructions given in this section are not for
any specific. engine application but serve as
guides for a typical engine removal and disas-

- sembly procedure.” Alter these procedures to

suit a specific engine application.
a. Preparation for Removal.

1. Disconnect and remove electrical leads
to the starting motor and. distributor or magneto,

2. Remove the muffler and exhaust piping.

3. Remove the air cleaner and piping. '

4. Drain the engine cooling system.

- 5, Remove Side covers, {op, rear covers,

and asgsociated parts of engine housing,

6. Remove the radiator, radiator supports,
and cooling system hoses.

7. Disconnect the throttle and choke con-
trol linkages from the carburetor or governor.

8. Shut off fuel supply and disconnect fuel
supply nne from engine,

-9 ‘Disconnect -and " remove’ the engine in-
strument panel, .

10. Removethe “transmission, clutch, or
power take-off,

b. Engine Removal,

1. Use a sling on the engine and support
the weight of the engine with a hoist.

2. Remove the attaching hardware securing
the engine to the front engine supports.

3. Remove the attaching hardware securing
the engine to the rear engine supports.

4. Disconnect drive shaft or any other
drive members secured to the engine,

5. Hoist the engine from the unit and rest
the engine on blocks or mount it on an overhaul
stand.

'CAUTION |

s e s

Do not rest engine on"the oil pan. Severe
damage to the oil pan or engine can result.

¢. Removal of Engine Accessories,

1. Remove the engine alternator.

2. Remove the engine starting motor.
3. Remove the carburetor.

4. Remove the distributor or magneto.

5. Remove eclutch, torque converter, or
other drive unit, .

d. Installation of Engine.

Reinsgtall the engine by reversing the re-
moval procedure..
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5-3. LUBRICATION SYSTEM.

The engine iubrication system consists of an
oil pump, oil filter, oil lines, and pressure regu-
lator valve. An external connection diagram of
the lubrication system is shown in figure 5-1,

The oil pump forces the oil under pressure
through an oil filter to the main oil header in the
cylinder block. This oil header is a drilled
passapge extending the length of the ¢ylinder biock
on the side opposite the camshaft. The header is
sealed with a plug at the rear of the block, but a
metering plug at the front of the block allows oil
from:the header to drip onto the camshaft gear

" to lubricate it.

From the main header the oil is distributed,
under controlled pressure, through drilled pas-
sages to all main bearings, camshaft bearings,
and rocker arms, O0il for Jubricating the con-

necting rod bearings is provided through drilled

SHUNT {BYPASS)
FILTER

JUMPER
LINE 0OIL OUT
FROM PLUMP

RETURN TO
"OIL HEADER

OiL OUT
FROM\'PUMP

FULL-FLOW
RETURN TO FILTER
QIL HEADER

Figure 5-1, Engine Lubricating System
External Connection Dlagram

passages in the crankshaft ‘from the main bear- *.

ings, The cylinder walls, piston ping, and valve
tappets are lubricated by oil drain-back and by
the mist of oil thrown from the various pressure-
lubricated bearings. The gear train is lubricated
by flow through the metering plug at the front of
the cylinder block oil header.

External openings are provided for connection
of an cil pressure gauge or accessories requir-
ing pressure lubrication,

3-4. OIL FILTER AND LINES.

The engines use either a full-flow or shunt
(bypass) type oil filter employing either a spin-on
filter or a cartridge-type filter with replaceable
element. Use the following as a guide, altering
the instructions as necessary for the particular
application, Note that all lines and fittings ina
full-flow systemn must be no less than 3/8 inch
id; all lines and fittings in a shunt (bypass) sys-
tem must be no less than- 1/4 inch id, as shown
in figure 5-1. )

a. Removal (Spin-on Filter).
1. Drain the oil from the crankcase.

2. Disconnect and remove the oil line as-
semblies (1 and 2, figure 5-2) from the oil filter
and cylinder block.

3. Remove the oil filter (8) from the base
assembly (16},

4. Remove the base assembly from the
mounting bracket (17) by removing two each
bolts (13), nuts (14), and lock washers (15).

b. Cleaning and Inspection,

1. Discard and replace the oil filter and
gaskets,

2, Clean all remaining parts with cleaning
golvent; dry thoroughly.

3. Inspect oil line assemblies for cracked,
frayed, -cut, or deteriorated hoses, worn or
damaged threads. Repiace damaged oil line
assemblies.

4, Inspect the base assembly for cracks,
clogged passages, damaged filter gasket seaf,
stripped threads, and other damage.

5. Remove and replace the stud (18) if
damaged. Use Loctite at installation of stud.
Replace a damaged base asgembly.

Fe
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1. 0Oil line 7. Elbow . 13.. Bolt

2, Oil line 8. Oil filter 14, Nut

3. Union 9. Bolt 15. Lock washer
4. Elbow 10. Lock washer 16. Base assembly
5. Elbow 11. Bolt 17, Bracket

6. Elbow 12. Lock wagsher 18, Stud

Figure 5-2. Typical Oil Filter and Lines, Exploded View

"..i¢. Installation (Spin-on Filter),

» 1. Install the hase assembly (16) on the
mounting bracket (17) and secure with two each
bolts (13), nuts (14), and lock washers (15).

2. Refer to figures 5-land 5-2 and connect
the oll line assemblies. Note that a jumper line
i5 used with a shunt-type filter,

3. Install new oil filter (8, {igure 5-2),

5-5. OIL PAN.

The oil pan serves as an oil reservoir and
also as a cover for the bottom of the crankcase.

&, Removal.

1. Remove the oil drain plug {1, figure 5-3)
and gasket (2); drain the crankcase oil. If possi-
ble, drain the oil when the engine is at gperating
temperature,
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1. Drain plug 5. 0Oil pan 9. Lock washer

2. Gasket 6, Gasket 10. Bolt

3. Bolt 7. Seal 11, Lock washer

4, Lock washer 8. Nut 12. Adapter
e Figure 5-3. Typical Oil Pan and Adapters, Exploded View

2.zIf the starting motor is mounted below
the oil «pan level and will interfere with oil pan
removal,’ dlsconnect the electrical leads and re-
move the starting motor from the bellhousing,
Refer to paragraph 5-20,

3. Support the oil pan and remove the bolts
(3, figure 5-3) and lock washers (4). Remove the
ol pan (5) and gaskets ().

4, Remove front and rear pan seals (7).

5, If the adapters (12) are cracked or
damaged, remove the nuts (8), bolts (10), and
lock washers (@ and 11) which secure the adapters
to the cylinder block, and to the gear housing or
bellhousing. Remove the adapters.

5-4

b. Cleaning and Inspec@iorx.

1. Discard all gasketsand seals, Make sure
the gasket mounting surfaces on the oil pan,
evlinder block, and oil pan adapters are clean
and free from burrs.

2. Steam-clean pan and all mounting parts,

3. Inspect the oil pan for distortion, dents,
and cracks, Check for signsg of leakage. Repair
small cracks in pan by welding. Do not weld
finished surfaces,

4, Check threaded holes and bolis for
damaged threads.

5., Repair a damaged 0il pan plug hole by
drilling it out and tapping for cne size larger
pipe plug.
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¢, Installation,

1. Before installing the oil pan, inspect the
ingide of the engine for loose nuts, serews, cotter
pins, and lock wires; tighten or replace,

2. Remove all gasket particles from gasket
mounting surface before applying new gasket,
Cement the new oil pan side gaskets (8, figure

5-3) to the cylinder block using shellac, or
equivalent.

. 3. If the adapters (12) were removed, in-
~ stall them on the cylinder block and secure with
. nuts *(8) and lock washers (9). Before tightening
the nuts, install the four bolts (10} and lock
washers (11) which secure the adapters to the
gear housing or bellhousing. Tighten the attach-
ing nuts and bolts evenly to prevent crackmg the
adapters.

4, Remove protective coverings from oil
pan adapter seals {7) and apply seals to adapters
(12). Make sure both ends of the seal contact
the pan gaskets (8) on each side. Seal surfaces
on adapters must be free of oil and dirt.

5. Put the oil pan (5) in place and carefully
start all the bolts (3). Be sure the lock washers
(4) are on the bolts, Tighten all bolts evenly and
progresgively. This will allow the oil pan to
center on the adapter blocks. Do not overtightsn
oil pan bolts,

6. Install the drain plug (1) and gasket (2).

7. Install the starting motor, if removed
and connect the electrical leads.

8. Refill with recommended oil to the cor-
rect level. Refer to table 3-2.

5-6. OIL PUMP.

The oil pump is mounted in the cylinder block
with the lower end extending into the oil pan.
. The oil is drawn into the pump through a large
screen which prevents coarse dirt from entering
the pump. The pump requires no priming and is
driven by a gear that engages a gear cut mto the

camshaft,

a. Removal and Disassembly.

1. Drain the oil from the crankcase and
remove the oil pan. Refer to paragraph 5-5.

2, Remove the distributor, if used. Refer
to paragraph 5-23.

1, Bolt -

2. Lock washer . 1
3. Regulator oI

4, Lock washer "‘_"Fm ; 12

5, Shim m/

6. Btrainer | "

7. Drive gear : ./

8. Bolt 4
9. Washer 10— T

10, Assembled washer screw
11. Pump cover

12. Drive shaft gear

13. Drive shaft

14, Idler gear

15, Idler ghaft

16. Body

Figure 5-4. Oil Pump, Exploded View

3. Remove the tachometer drive, if used.
Refer to paragraph 5-25,

4, Turn the engine crankshaft as necessary
to provide.clearance:for oil pump removal,

5. ‘Remove- the .twoattaching bolts (1, fig-
ure -5-4) -and ; lock:»washers -(2) from the pump
flange and pull the oil pump from the engine.

NOTE

When the engine is equipped with a coun-
terbalanced crankshaft, it is necessary to
rotate the crankshaft and, at the same
‘time, remove the oil pump with a spiral
motion,

6. Bend up tangs on lock washer (4) and
remove the regulator (3) and shims (5). Do not
disassemble the regulator.

7. Remove the oil pump strainer (6) from
the pump impeller cover by turing it counter-
clockwise. Do not turn on the screen portion of
the strainer.
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28, Use a gear puller to remove drive gear
(7) from shaft (13).

9. Remove the bolts (8), assembled washer
© screws {10), and washers (%) from the pump cover
{11); remove the cover.

10. Remove the drive shaft gear (12) and
ghaft (13) as an assembly. Press the gear from
the shaft if necessary.

11, Remove idler gear- (14) from the idler
shaft (15). On some older style oil pumps, the
shaft can be removed manually from the pump
body (16), On later pumps, the shaft is pressed
into the pump body,

b. Cleaning and Inspection.

1. Clean all pump parts incleaning solvent;
dry with compressed air.

"2, Inspect the oil pump strainer for clogged
screen, holes, damaged threads, dents, or other

ALIGN ARROWS
ON QIL PUMP
GEAR AND

CYLINDER BLOCK | _

Figure 5-6. Oil Pump Alignment
at Installation

.with bolts (8),

W&%ﬂ

4 220 + 010

Figure 5-5. Oil Pump Drive Gear Installation Dimensi_ons

damage, Make sure the oil passage is clear and
wunobstructed, Replace a damaged or distorted
gtrainer.

3. Inspect all gears for worn or broken

- teeth; replace if damaged.

4, Inspect all parts for burrs, pittirig,*rust,
scoring, cracks, breaks, and damaged threads.
Replace any damaged parts,

o. Replace

idler shaft (15) if shaft has{

turned in pump body or is worn smaller than ™ -+

0.6220-inch diameter ai gear bearing area.

6. Replace drive szhaft (13) if shaft has
turned in gears or is worn smaller than 0,6220-
inch diameter at bearing points,

7. Test piston in regulator hody;.replace
regulator if piston binds.

. Reassembly and:Installation,

1. Press drive shaft gear (12) onto the

drive shaft (13) so that the outside face of the '

gear and the end of the shaft are flush. Once
removed, do not press old parts back together.

2. Insert the assembled shaft and gear into
the pump body (16). Press the drive gear (7) onto

the shaft. Replace gear that can be pressed onto”

the shaft with less than 35 pounds pressure.
Press the gear onto the shaft to the d1mens1ons
shown in figure 5-5. .

3. Install the idler shaft (15, figure 5-4},
if removed, and install the idler gear (14).

4, Install the pump covér (11) and secur:

and washers (9). Tighten the bolts progresswely
and evenly.

assembled washer screws (10), --
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5. Install the assembled oil pump in the
cylinder block =0 that the teeth on the drive gear
mesh with the mating teeth cut into the camshaft.
Wwhen properly installed, the arrow on the top of
the drive g=ar must be aligned with the arrow
stamped on the distributor mounting pad, as shown
in figure 5-6. No alignment i$ necessary for
magneto ignition,

6. Secure the pump with two bolts (1, fig-
ure .5-4) and lock washers (2}, Tighten the bolts
securely, but not excessively.

7. Install the oil pump strainer (6) on the
pump cover by turning in clockwisé, Do not
apply force against the screen.

8, Install the 65 psi oil pressure regulator
(3) with a new lock washer (4), The regulator,
when mounted on the :pump, must be turned so
that the relief hole iz aligned within 30° of hori-
zontal (see figure 5-7). This position will pre-
vent oil from spraying up into the ¢ylinder bore,
and will direct the spray toward the center of
the engine “and against-the oil pan surface. I the
oil pressure regulator is in an incorrect position
when tightened, add shims (5, figure 5-4) until
the proper alipnment 18 achieved,

9. Install the oil pan (paragraph 5-5).

10, Install the tachometer drive, if used
(paragraph 5-23), :

¢ ENGINE

€ CRANKSHAFT

11, Install and time the distributor, if used
(paragraph 5-23).

12, Fill the ¢rankcase to the proper level
with the recommended grude of lubricating oil.
See table 3-2,

§-7.. COOLING SYSTEM.

A typical engine cooling system consists of a
radiator, fan, water pump, thermostat, and coolant
bypass. The coolant is drawn from the bottom
of the radiator and into the water pump. The
water pump forces the coolant into the coolant
passages in:the cylinder block, around the cyl-
inders, through to the cylinder head coolant
passages, through the thermostat, and into the
top of the radiator, .The-radiator acts as a heat
exchanger between the coolant and the surround-
ing air, so that the coolant is cooled as it
passes through to the bottom of the radiator.
The fan maintains a supply of cool.air around
the radiator tubes and fins.

During engine warmup, the thermostat re-
mains closed and the coolant bypasses the radi-
ator and returns directly to the water pump
through the bypass tube. This accelerates the
warmup Hme, since the coolant in the radiator
1s not heated until the engine is warm.

€ ENGINE

S A !

SHIM AS
REQUMRED f

HORIZONTAL

LOCATION OF RELIEF HOLE -
TD BE WITHIN THIS ANGLE

] ‘—“_‘”__

Figure 5-7. Oil Pressure Regulator Installation
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5-8. WATER PIIMP AND FAN.

The centrifugal-type water pump is driven
from a crankshaft-mounted drive pulley through
one Or more V-belts, Various accessories
mounted on the engine mayv be driven by these
belts.

The cooling fan is mounted on the water pump
driven pulley,

a. Removal and Disassembly.

1, Drain the radiator and remove the radi-
ator, hoses, and radiator support brackets,

2. Remove the fan (3, figure 5-8) by re-
moving four bolts (1) and lock washers (2)
securing fan to pulley (20).

3. Remove the fan belt(s) (4) by loosening
the alterpator attaching bolts and moving the
Alternator until the belt(s) can be removed.

4, Remove the bypass hoge (7) and discon-
nect the water inlet hose (10) from the water
pump,

5. Remove the three bolts (11) and lock
washers (12) securing the assembled water pump
and inlet pipe to the cylinder block, and remove
the assembly from the engine. Remove water
pump gasket {13).

6, Remove bolts {14 and 16) and lock
washers (15 and 17) that secure the water inlet
pipe (18) and gasket (19} to the pump body (30).

7. Disassemble the water pump by removing.

the pulley (20} from the adapter (22} or shaft.

8. Remove retaining ring (21) and use a
puller to remove the pulley adapter (22) from the
shaft., Remove retaining ring (23).

9. Remove cover plate (25) and gasket 26}
by removing screws {24).

10. Plice the front of the pump on a support
in an arbor press and press the shaft and bear-
ing asgsembly (27) out of the pump body (30) and
impeller (28), The shaft and bearing assembly is
one unit. Do not attempt to disassemble these
parts.

11, Press the seal (29) out of the pump
body.

b. Cleaning and Inspection.

1. Discard gaskets and seals.

2. Wipe the fan blade with a cloth dampene::

with cleaning solvent,
except the shaft and bearing assembly with clean-
ing solvent; dry thorcughly.

CAUTION

Do not immerse the shaft and bearing
assembly in cleaning =solvent. This may
wash dirt into the bearings and contam-
inate the lubricant. The solvent cannot
be removed entirely from the assembly
after immersion,

3. Inspect the fan for cracks and for bent
blades; replace if damaged.

CAUTION

Do not attempt to straighten badly bent
fan blades, Straightening blades may
weaken them, resulting in failure during
operation,

4. Inspect the fan pulley for cracks and
distortion. Check the pulley groove(s) for rust
and for rough spots, Clean up roughness or rust
with fine emery cloth. Replace awornor damaged
pulley.

5. Inspect the fan belt(s) for cracks, deter-
toration, fraying, and wear. K more than one
belt is used, replace as a matched set,

8. Inspect the bypass tube for cracks,
dents, clogging, and other damage; replace a
damaged bypass tube.

7. Inspect the pump shaft and beariﬁg as-
sembly for cracks, distortion, and signs of over-
heating. Check the bearings by rotating them on

Clsan all remaining parts-

the shaft. If rough spots are detected, replace -

the shaft and bearing assembly using a service
kit to ensure the required press between pulley

and shaft.

8. If the bearings can be reused, check the
seal surface of the shaft for a rough or grooved
condition, If these conditions exist, a new shaft
and bearing assembly must be installed,

9. Inspect the impeller for cracks, broken
vanes, and wear. Replace a damaged impeller.
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10. Inspect the pump body assembly and
intet pipe v ¢racks and for worn or damaged
threads, Replace if damaged beyond repair.

¢. Reassembly and Installation.

I. Press a new seal (29, figure 5-8) into
the pump body {30). Press only on the outer flange
of the sezal to avoid damaging the seal.

2. Coat the seal surface of the shaft with
grease and press the shaft and bearing assembly
(27) into the body. Press only on the cuter bear-
ing race and not on the end of the shaft,

3 After 1nstall1ng retaining ring (23), sup-
port the pump shaft on the outer shaft end and
press -the impeller (28) onto the shaft, There
must be 0.010-inch clearance between the im-
peller and a straight-edge placed across the rear
face of the pump body, See figure 5-9.

: 4. Support the pump on the impeller end
of the shaft and press the fan pulley adapter (22,
figure 5-8) onto the shaft. Install the retammg
ring (21).

5. Install a new cover gasket (26} and cover
plate (25); and stake screws securely.

0.010

AAAAA Y,

Figure 9-9, Water Pump Impeller
Installation Dimensions
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or shaft,

7. Use bolts (14 aud 16) and lock washers
{15 and 17) to mount water inlet pipe (18) and new
gasket (19) to the water pump.

8. Install the assembled water pump and
inlet pipe and gasket (13) on the engine; secure
with bolts (11) and lock washers (12). Tighten the
attaching bolts evenly and alternately to prevent
possmle damage.

9. Connect the water inlet hose {10) to the '
water pump and connect. p}e bypass hose (7).

10. Install the fan belt(s) (4) but do not adjust
belt tension at this time.

11, Install the fan (3) and secure the fan

and pulley (20) to 'the adapter (23) with four

bolts (1) and lock washers (2). Rotate the fan
and check for bhinding or excessive resistance.
If excessive resistance is felt, remove water
pump and check for proper rotation of shaft and
bearing assembly and for proper impeller
clearance,

12, Adjust the fan belt tension by position- /

ing the alternator in or out from the engine.
Tighten the adjusting boits. When properly ten-
sioned, the belt deflects 3/4 inch with thumb
pressure at a point midway between pulleys,

13. Install the radiator, hoses, and support
brackets. Fill the radiator with clean water and
rust inhibitor, or with a mixture of antifreeze
and water.

5-9. THERMOSTAT.

The thermostat, located in the thermostat
housing on side "of the cylinder head, regulates
coolant flow through the engine. It will not
allow coolant from the engine tocirculate through
the radiator until the water in the engine reaches
operating temperature, Instead, itbypasses water
from the cylinder head through the bypass tube
to the inlet side of water pump, where it is again

-girculated through the engine,

a, Removal,

1. Open the radiator drain cock and drain
the radiator enough so that coolant will not flow
from thermostat opening.

2, Loosen the hose clamp and disconnect the
water return hose from the thermostat housing.

6. Install the pulley (20) on adapter (22) "ﬁ
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3. Remove the thermostat housing (5, fig-
ure 5-19) aznd 1asket (6) from the cylinder head

by removing {cur bolts (1 and 3) and lock washers

(2 and 4).
4, Remove the thermostat (7).
. b. Cleaning and Inspection.
a 1, Discard gasket {6).

2. Clean the exterior of all parts with a
.cloth dampened in cleaning solvent.

o . 3. Ingpect. the thermostat housing for
cracks, distortion, loose plug (B), and other
damage; replace a damaged -housing.

4, Inspect the thermostat for cracks, ex-
cessive scale, and other damage. Immerse the
thermostat and a thermometer in a pan of water
so that both are raised from the bottom of the
container. Heat the water. Check that the thermo-
stat: starts to open at about 180°F, and is fully
open at 200°F £5°, Replace a damaged or de-
fective thermaostat,

c. Installation,

‘1, Install the thermostat (7) into the recess
in the -cylinder head so that the cone-shaped end
points’ out.

2. Install the thermostat housirig (5) and
.gasket {6} on the cylinder head; secure, with four
bolts (1 and 3) and lock washers (2 and 4).

3. Connect the water returnhose and secure
with a hose clamp,

, 4, Fill the radiator with required coolant.
Make sure the drain is cloged. f

5-10. FUEL SYSTEM.

The engine fuel system consists of a fuel
pump, fuel filter, fuel lines, and carburetor.
The engine may also be equipped with either a
velocity governor or a mechanical governor.

.. The fuel pump draws fuel from the fuel tank
and pumps it through the filfer to remove parti-
cles of dirt and moisturs. Fuel is then forced to
the carburetor, where it is metered, vaporized,
and mixed with air for distribution to the
cylinders.

The velocity governor, when used, is mounted
between the carburetor throat and the intake
manifold, where it can sense the speed of the

airflow through the carhuretor. The velocity
governor is designed {¢ restrict the maximum
speed of the airflow to limit the maximum speed
of the engine.

A mechanical governor, when installed, senses
engine speed through a drive gear in mesh with
the camshaft gear in the gear housing. Fly-
weights on this gear change the rotary motion
of the gear to longitudinal moton which operates
through levers and linkage to close the carburetor
throttle plates to control engine speed. Unlike
the velocity governor, the mechanical governor
can mainfain the engine speed at a desired
.Setting, instead of just limiting the maximum
speed.

5-11. FUEL PUMP.

The fuel pump pumps fuel from the fuel tank
to the carburetor. The mechanical fuel pump,
when used, is a conventional diaphragm type, It
is driven by an arm that contacts the fuel pump
cam on the engine camshaft.

An eleetric fuel pump may be used in place
of the mechanical pump. It is operatedby current
from the engine elecirical system while the
ignition switch is ON. Since electric fuel pumps
are not usually supplied with the engine, only the
mechanical pump is covered below.

a. Removal,
1. Shut off. fuel to the engine.

2. Disconnect and remove the fuelline from
the fuel tank at the pump (5, figure 5-10). Remove
the fuel line (1} -from the pumnp to the carbu-
retor (12),

3. Remove the fuel pump (5} and gasket
(6) from cylinder block by removing two nuts
(2), lock washers (3), and flat washers (4).

b. Cleaning and Inspection.
1. Discard all gaskets,

2, Wipe the exterior of the fuel pump with
a cloth dampened in cleaning solvent,

3. Clean all remaining parts in cleaning
solvent; dry thoroughly. Blow air through the
fuel lines and fittings to make sure theyare clear
and unobstructed.

4, Check the fuel pump rocker arm for
free operation and excessive wear. Check for
damaged threads.
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1. Fuel line 11, Lock washer

2, Nut 12, Carburetor

3. Lock washer 13, Gasket

4. Flat washer 14. Valve box or velocity

5. Fuel pump governor (optional)

6. Gasket 15. Gasket

7. Stud 16. Anti-dieseling solenoid
8. Elbow (optional)

8. Connector 17. Automatic choke {optional)
10, Nut 18, Stud

Fig-ure 5-10. Fuel System, Exploded View

5 "Inspect the fuel line for cracks, kinks,
and othgr damageé, Replace a damaged fuel line.

6. Inspect ‘the fittings to make sure.they
are clear and check for damaged threads.

c. Installation.
1, Using new gasket (), install the fuel

pump (5) on the engine and secure with two nuts

(2), lock washers (3), and flat washers (4).

2. Connect the fuel lines to the fuel pump
and carburetor, Perform an on-engine test of
the fuel pump; refer to following Subparagraph d.

d. Testing.

The operation of the fuel pump can be
tested on the .engine by -one of the following
methods:

5-12

1. Install a tee in the fuel line between the
pump and carburetor. Connect a pressure gauge ™
to the tee. Start the engine and run it at approxi-
mately 1800 rpm. The gauge should register a
pressure of 3 to 4-1/2 psi. Replace the fuel pump
if pressure is less than 3 psi.

2. If no pressure gauge iz available, test
the fuel pump by disconnecting the fuel line at
the carburetor. Crank the engine and check to
see if fuel is being forcefully pumped from the
fuel. line..- Replace pump if it is not operating
properly,

§-12. FUEL FILTER.. .~

The engine may be equipped with a fuel filter
to remove solid particles and water from the
fuel, preventing the contaminants from entering
the carburetor to clog jets and passages. Filter
use is optional, and filter type and installation
vary with engine installation and application. Note
the following:

a. A removable fuel bowl and filter, if used,

may be mounted at the fuel pump outlet or else- ..

where in the fuel system. To remove the bowl,
loosen the knuried nut and swing aside the wire
bail,  Remove .the bowl and gasket and discard
the contaminated fuel. Remove and clean the
filter element, then reinstall the element, bowl,
and gasket. Swing the bail into place and check
that the bhowl seats squarely on the body. Tighten
the knurled nut.

b. In-line filters cannot be cleaned. Remove
the hose clamps which secure the fuel lines to
the filter inlet and outlet, then remove and dis-
card the filter. Install a new filter in the line
with the arrow on the.filter body toward the

.carburetor inlet, and tighten the hose clamps.

¢. An electrie fuel pump, if used, may contain
a filter element. Unscrew the pump cover and
remove the filter element. Clean the element in
fuel oil or solvent and blow dry with compressed
air, Reinstall the element and tighten the pump
cover.

d. Some carburetors are provided with a
bronze mesh filter in the carburetor inlet port,
Disconnect the fuel line at the carburetor inlet.
Unscrew the filter retainer and remove the ele-
ment. The element can be cleansd with solvent,
but replacement is recommended. Install the
filter element and secure by tightening the filter
retainer. Connect the fuel line,
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§-13. CARBURETOR.

The carburetor meters the fuel delivered to
the engine and helps to vaporize the fuel and mix
it with air so that it can burn readily in the com-
bustion chambers. Metering of the fuel is ac-
complished by the float and inlet valve, and by
calibrated jets and restriction orifices within the
carburetor. The venturi within the carburetor
throat creates an area of low pressure which
helps to vaporize the. fuel. Air mixes with the
fuel vapors as they pass through the carburetor

. throat and into the intake manifold.

R]

-Beveral-carburetor .designs are inuse on the
engines covered in this manual, but the princi-
plea of operation are the same, Air flow can be
upward through the carburetor {updraft) or down-
ward into the manifold (downdraft), depending
on the engine installation and carburetor model.
The six-cylinder engine can be equipped witha
two-barrel carburetor, which contains two throats
to enable ' the carburetor to handle a larger
volume of air and fuel at high efficiency.

The carburetor is equipped with either a
manual or an automatic choke. The choke is
closed during starting to restrict airflow into
the carburetor, creating a richer fuel mixture
required for engine operation until the engine
warms up sufficiently to properly vaporize the
fuel. The automatic choke, if used, performs the
same functHon as 2 manual choke but is. operated
by an electric heating coil that slowly heats a
bimetallic spring. A combination of manifold
vacvum and the uncoiling action of the spring
open the choke as required for smooth engine
operation,

When specified, the carburetor canbe equipped
with an anti-dieseling solenoid. When the ignition
switch is turned OFF, the solenocid is deenergized,
closing the main jet orifice. This stops the flow
of fuel to the engine to prevent dieseling caused
by shutting down the engine with the throttle
plates open.

A velocity governor or a valve box may be
mounted between the carburetor and intake mani-
fold, Refer to paragraph 3-12 for velocity gov-
ernor adjustment instructions. The valve box,
if used, operates with the mechanical governor.
Refer to paragraph 5-14.

a. Removal,

1. Shut off the fuel supply to the engme
Disconnect the fuel line (1, figure 5-10) to the
carburetor inlet,

2. Disconnect the chcke control cable, if
used,

3. Tag and disconnect the wires tothe anti-
dieseling solenoid (16), if 1:sed, and the automatic
choke (17), if used, '

4, Disconnect the air inlet hose from the
air cleaner to the carburetor inlet. Note the
location of all other hoses and tubes -and remove
them from the carburetor.

5. Discomnect the throttle or accelerator
linkage from the carburetor throttle lever. H the
engine is .equipped with a mechanical governor,

+ -disconnect :the:governor-linkage at the ball joint

on thecarburetorthrottle lever, or the lever on
the valve box, if used. .

6. Loosen the nuts (10} and lock washers
(11} which secure the carburetor {12) to the in-
take manifold. Support an updraft carburetor,

- and remove the nuts and lock washers,

7. Pull off the carburetor and gasket {13).
An updraft carburetor will fall free when the
nuts are removed, and the velocity governor or
valve box (14) and gasket (15), if used, will
follow it,

b. Cleaning and InsSpection.

‘ WARNING I

Some carburetor cleaners are foxic and
flammable. Take precautions to prevent
inhalation. of -:carburetor cleaner fumes
and to prevent contact with the skin. Do
' not use .carburetor: cleaner inthe presence
. of heat or.flame, -

CAUTION

Do not allow parficles of dirt, old gasket
material, or other foreign matter toenter
the intake manifold. Once in the manifold,
debris can enter the cylinders, causing
damage to the pistons, rings, and cyl-
inder walls,

1. Use a commercial carburetor cleaner
to clean the carburetor and linkage, and the
valve box, if used.

2, Move the carburetor to a clean work
area and repair itaccording to the manufacturer's
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instructions, When ordering parts, be sure 10
note the carburetor model, includingdash number,
stamped on the carburetor or identification tag,.

3. Do not attempt to disassemble the veloc-
ity governor, if used. Wipe the outside of the
governor and the governor throat with a cloth
dampened with carburetor cleaner, but do not
allow the solvent to enter the spring chamber,

4. Remove all traces of old gaskets from
the mating surfaces of the carburetor, intake
manifold, and velocity governor or valve box.

5':;;::'5. Inspect fuel lines, fittings, and carbu-
retor attaching hardware for strippedthreads and
other'damage. ' Replace defective parts., =

¢. “Installation.

Installation of the carburetor is the reverse
of removal. Refer to figure 5-10 and note the

;ollowing :

. 1, The velocity governor, if used, must be
installed with the longer side of the throttle
plate toward the carburetor, If an airflow arrow
is provided on the governor body, it must point

_ toward the intake manifold,

2. Use new gaskets, Tighten the attaching
nuts evenly and alternately to avoid warping or
cracking the carburetor casting, Do not over-
tighten the nuts,

3. Reconnect all hoses, tubes, wires, and
controls, Start the engine and allow it to reach
operating temperature, then refer to paragraph
3-11??'€0r carburetor adjustment instructions.

5-14. ”MECHANICAL GOVERNOR.

The mechamcal governor is used primarily

to maintain the selected éengine speed under

varying loads. The governor assembly is mounted
on the gear housing cover, and has a gear which
is in mesh with the camshaft gear to sense
engine speed. Flyweights on the governor shaft
move outward as engine Speed increases. The
weights exertathrustwhich is transferred through
levers to open or close the carburetor throttle
plate to regulate engine apeed. -

When used as a constant speed governor, the
governor maintains engine speed at a preset
value. A throttle cable is used only to override
the governor to return the engine to idle; when
the throttle is released, the engine returns to
full - governed speed within the power limits of
the engine. This governed speed is adjusted with
stop serews.
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When used as a variable speed governor,

throttle control connected to a bellcrank allows

the operator to adjust the governed speed from
the control panel. Qiice the speed is selected,
the governor will maintain the engine speedunder
varying loads, within the power limits of the
engine, until the throttle control is moved again.

a. Adjustment,

Ad]ust the governor as described in para- -

graph 3-13,

b. Removal.

1. Disconnect the.throttle linkage, if used,
at the governor bellcrank (8, figure 3-8), Dis-
connect the governor connecting rod (1) at the
governor arm and carburetor, or valve box, if
used. Remove the rod. )

2, Loosen the nut (9) to release tension on
the spring (11), and disconnect the spring from
the eyebolts (10 and 13). Remove the speed eye-
boit (10} from the bellcrank (8). Disassemble
the bellecrank as required. In some constant speed
applications, the bellerank (8), adjusting screws

governor spring bracket, which provides mounting!_
for speed eyebolt (10).

3. Remove the cap screws (1, figure 5-30)
and lock washers (2) securing the governor (3)
to the gear housing cover (18).

NOTE

The governor gear thrust washer (5) is
not secured to the governor shaft, Re-
move the governor carefully to avoid
dropping the thrust Wa.sher into the gear
housxng

" 4, Carefully pull out the assembled gover-
nor (3), gear (6), and thrust washer (5) from the
gear housing, and remove the gasket (4), Pull
off the thrust washer.

5. If the governor gear is worn or damaged
and requires replacement, measure the distance
from the face of the gear to the mating surface -
of the governor housing (dimension A, figure
5-11). Record this dimension for use when rein-
stalling the governor gear.

NOTE
Different timing gear sets and governor

gears are used on distributor ignition
engines than on magneto ignition engines,

3

- (5 and-7), and bracket (18) may be replaced by a,
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Distributor ignition engines use a com-
binatien huviug a 25-tooth crankshaft and
a 50-tuoth camshaft gear, with a 17-tooth
governor drive gear, Magneto ignition
engines use a combination having a 24-
tooth craakehaft gear and a 48-toothcam-

_ Shaft gear with a 16-tooth governor drive
gear.

6., When installed, the end of the governor
shaft rides in a replaceable bushing {27, figure
5-30) pressed into the gear housing. X the bush-
ing is scored or worn, screw a pipe tap into it
and pull it from the bore in the gear housing,

.¢. Cleaning and Inspection,

_ 1, Clean all parts by immersing in diesel
fuel oil or cleaning solvent, Clean threaded
parts with a wire brush, Allow all parts to dry
thoroughly before reassembly.

2. Inspect the governor houging for cracks
and other damage. Check that the weights move
freely, but without excessive play. Replace the
governor..if the housing 18 damaged, or if any
parts are worn or damaged. No repair of the
governor assembly is recommended.

3. Inspect the springs for distortion and
damage; replace if defective.

d, Installation.

1. the bushing (27, figure 5-30) was

- removed, press-a new bushing into the bore in

the gear housing until it is flush with the back
surface of the housing,

2, X a new pear is being installed, press

it onto . the governor shaft to the dimension =

measured at removal. See figure 5-11,

.. 3. Lubricate the .governor assembly with
engine oil apd slide the thrust washer (5, figure
5-30) onto the end of the governor shaft. Install
the assembled governor and geaxr in the gear
housing cover, using a new gasket (4). Secure
the governor with two cap screws (1) and lock
washers (2).

4. Assemble the remaining parts of the

,gbvernor linkage as ahown in figure 3-6.

-

B. Refer to para.graph 3-13 and adjust the
governor linkage,
5-15, AIR SUPPLY AND EXHAUST SYSTEMS.

The intake air first passes through an air
cleaning system, which removes all forefgn

LN

NOTE: MEASURE AND RECORD
DIMENSION A" BEF(IRE
REMOVING GOVERNCR
GEAR

Figure 5-11, Governor Gear Installation
Dimension

matter, dust, and grit which would otherwise
enter the engine and cause excessive wear, This
is accomplished by a dry-type air cleaner which
filters the air through a porous paper element,

From the air cleaner, the air passes into the
carburetor, where it is mixed with the vaporized
fuel. The air-fuel mixture passes into the intake
manifold and is distributed to the cylinders for
combustion,

After combustion roccurs in the cylinders, the
hot exhaust gases are forced out of the cylinders

+r and -pass~into the- exhaust manifold, From the

manifold, the-gages - are directed to a mufiler to
reduce the nolse level, then to the atmosphere,

The crankcase ventilation system vents crank-
case gases into the intake manifold. A hose
connects the breather cap on the cylinder head
cover to the air cieaner to filter the crankcase
gases. When the engine is running, pistonblow-by
and oll vapors pass through the air cleaner and
carburetor, to be burned in the combustion
chambers along with the fuel-air mixture.

5-16. AIR CLEANER.

It is important to perform extensive inspec-
tions of the air cleaner system from time to
time. Figure 5-12 {llustrates a typical air intake
gystem, Check particularly for the following:
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.. 1. Hose clamp 10, Nut 18. Gasket
"~ 2. Hose 11. Lock washer 19. Stud
«.»3. Breather hose 12. Bracket 20, Cap screw
4.4, 'Wing nut 13. Ventilation hose {optonal) ' " 21. Washer
"4i5. Washer " .14. Ventilation valve (optional) © 22, Intake manifold
“'6. Breather cap 15. Nut ~ 7 23. Gasket

7. Stud 16. Lock washer. ; 24. Gasket

8. Air cleaner 17. Carburetor : 25. Gasket

8. Cap screw

Figure 5-12. Typical Air Intake System, Exploded View

a, Check carefully for leaks which could allow

unfiltered air to enter the engine, Make sure

all gaskets are in good condition and that all
tubes, hoses, and pipes are free from cracks,
holes, and faulty connections,

b. Check the element of dry-type air cleaners
for cracks, holes, clogging, and defective seal-
ing surfaces. If the element is damaged, or if it
has been cleaned more than six Himes, the ele-
ment must be replaced.
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¢. Check the air cleaner-to-manifold hoses.

. Accumulations of. dust and dirt in the interior of
the hoses indicate inefficient air cleaner opera. -
tion. Determine and correct the reason for the .

faulty operation,

d. Check the air cleaner mounting to make.

sure it is secure, A loosely mounted air cleaner .

may shake loose the interconnecting lines to the

engine,
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3-17. INTAKE MANIFOLD.

The intake manifold distributea the fuel-air
mixture from the carburetor to the cylinders.
When the engine is at operating temperature, the
heat from the manifold assists in the vaporiza-
tion of the fuel.

a. Removal,

1. Disconnect the ventilation hoge (13, fig-
ure 5-12), if used, irom the manifold (22).

2. Remove the carburetor (paragraph5-13),

3. Remove the cap screws (20) and washers
(21) securing the intake manifold (22} to the eyl-
inder head. Pull off the manifold and gaskets
(23, 24, and 25),

" b. Cleaning and Inspection.
1. Discarad all gaskets.

2. Clean the manifold with cleaning solvent,
Make sure all gasket mounting surfaces are
clean, Dust and dirt in the interior of the mani-
fold indicate poor air eleaner operation, Correct
the cause at reassembly,

3. Inspect the intake manifold for cracks,
distortion, damsged threads, and other damage
""Replace a damaged manifald

4. Replace damaged manifold mounting
studs . or intake pipe mounting studs,

c. Installation.

Always use new gaskets (23, 24, and 25,
figure 5-12) when assembling the manifold (22) to
the engine. Secure with cap screws (20) and
washers (21). Tighten all cap screws lightly at
first; then, starting at the center of the manifold,
wotk outward, tightening the cap screws in
- progressive steps to 20 foot-pounds torque,

5-18, EXHAUST MANIFOLD,

The exhaust manifold conducts the hot ex-
haust gases Irom the cylinders and out of the
engine. In some applications, an exhaust pipe and
muffler are mounted on the manifold.

a, Removal,

. 1, Remove the muffler {1, figuré 5-13)
from the adapter (3). Remove any muffler adapters
(3) and gaskets (4) by removing attaching nuts
{2) from manifold studs (13).

1, Muifler 8. Gasket

2. Nut 9, Nut

3. Adapter 10, Lock washer

4, Gasket 11, Distributor heat
5 Nut = | shield

8. Washer 12, Stud

7. Exhaust manifold 13. Stud

Figure 5-13. Muffler and Exhaust Manifold,
Exploded View

2. Remove the exhaust manifold (7} and
gaskets (B) from .the engine by removing nuts
{5y and washiers (6).

3. Remove the nuta (9) and lock washers
(10) which secure the distributor heat shield
(11) to the exhaust manifold; remove heat shield,

4, Remove the gtuds (12 and 13) if they are
stripped or damaged.

b. Cleaning and Inspection.
1, Discard all gaskats,

2, Clean the exhaust manifold and related
parts with a wire brush.

3. Inspect the exhaust manifold for cracks,
distortion, severe rust, and damaged threads.
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Figure 5-14. Electrical System and Ignition System Schematic Diagrams

4, Ingpect the remaining parts for cracks,
distortion, corrosion, damaged-threads and other
damage; replace damaged parts.

¢. Installation,

Always ugse new exhaust gaskets (8) at in-
staliation. Tighten the nuts to 20 foot-pounds
torque. Start the tightening sequence at the
center of the manifold and work outward, tighten-
ing the nuts in progressive steps,

5-18

R

§-10. ELECTRICAL SYSTEM.

The engine electrical system supplies power °
to the starting motor, igniticn system, and elec-
trical accessories, During cranking, this power
is obtained from one or more storage batteries;
while the engine is running, the alternator gen-
erates electricity to recharge the battery and
maintain the operation of the ignition system and
engine accessories., Typical schematics illuTs-
trating the interconnection of the components of
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the electrical system with the ignition system
are shown in figure 5-14.

The starting motor cranks the engine when
either the ignition switch or starter switch sup-
plies power 1o energize the starter solenoid.
When energized, this solenoid causes engagement
of the starter pinion with the flywheel ring gear

and completes the circuit to energize the starter

motor and crank the engine.

The alternator provides charging current for

the battery and operating current for the ignition
system and elecirical components while the
-engine. is running, A voltage regulator is pro-
vided to maintain alternator output voltage within
preset limits, This regulator can be integral
with, the alternator, or mounted separately. An
ammeter on the instrument panel monitors al-
ternator output.

When required, the electrical system can
.. include® a magnetic . ignition switch in addition to
the usual Key-operated ignition switch on the
instrument panel. This switch incorporates a
solenold controlled by one or more safety
switches. These safety switches stop the engine
if engine oil pressure is too low or if coolant
temperature is too high, An electric tachometer,
or tachometer and hourmeter, can be connected
through -an AC tap on the alternator to sense
- engine speed, The electrical system alsosupplies
power to an eleciric fuel pump, if used, and to
other electrical accessories.

§-20. STARTING MOTOR.

.The starting motor c¢ranks the engine when the
switch closes the circuit between the storage
battery and the starter. Refer to manufacturer's
service manual for repair and testing of the
starting motor.

Some starting motor models have ¢il cups and

.require.periodic .lubrication as indicated in Sec-

tion. HI. If no oll cups are provided, the starting
motor requires lubrication only at overhaul.

If the starting motor fails to crank the engine,
or cranks erratically, or if it fails to crank with
sufficient speed to start the engine, check for
poor cable connections, damaged leads, ‘or worn
brushes. Replace brushes if worn to less than
half their original length. Clean and tighten cable
and wire connections, I the starting motor still
fails to operate properly, take it to an authorized
service center.

a. Removal,

‘ - WARNING I

Before disconnecting leads to any elec-
trical accessory, disconnect and tape the
positive battery cable to deenergize the
electrical system.

1. Disconnect and tag the electrical leads
to the starting motor sclenoid. Tape electrical
lead ends to prevent shorting,

2. Remove the three nuts and lock washers
securing the starting motor to the bellhousing,

b. Cleaning. .

To clean the starting motor, wipe the ex-
terior with a cloth dampened incleaning solvent;
dry thoroughly.

¢. Installation,

1. Align the three holes on the starting
motor mounting flange with the studs on the bell-
housing,

2. Secure the starting motor with nuts and
lock washers,

3. .Connect the electrical leads tothe stari-
ing motor solenoid.

4. Check starter operation. The starter
drive must engage the ring gear smoothly and
quietly, ..and. the. starting- motor must c¢rank the
engine &moothly, without excessive noise, and

' with enough speed to start the engine.

5-21. ALTERNATOR AND REGULATOR.

The alternator and voltage regulator, whether
integral or separate, operate together to main-
tain the required charge on the battery. The
ammeter’ provides a good check of alternator

output and regulator control. I the alternator

charges at a higher rate immediately after start-
ing and then slowly tapers off to a near-zero
charging rate, the alternator .is functioning
properly.

Faulty operaton may be due tohighresistance
wiring connections, broken wires, faulty ground
connectlon, or worn brushes. Replace brushes
if they are worn to less than half their original
length. ’
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Some alternator models require periodic lub-
rication s indicated in Section O This is
essential to the proper operation of the alter-
nator. A noisy alternator is usually a sign of
bearing failure.

If the alternator fails to maintain sufficient
output, take it to an authorized service center for
repairs,

% a. Removil,

1, Disconnect and tag electrical leads from
the alternator. :

"3. Loosen the hinge bolt in the mounting
bracket and loosen the bolt in the alternator
adjusting arm. Remove the belts from the alter-
natorapuney

3 Support the alternator and remove the
hinge bolt. Remove the alternator mounting bolt
from adjusting arm; remove the alternator from

" the engine,

; "4. Remove the pulley and alternator fan by
removing nut and lock washer from alternator
shaft.

b. Cleaning and Inspection,

1. Wipe the exterior of the alternator with
a cloth dampened in cleaning solvent. Be care-
ful not to allow solvent to enter the alternator,

2. Clean all remaining parts with cleaning
solvent; dry thoroughly.

A 3. Inspect all parts for cracks, distortion,
damaged threads, or other damage. Replace any
damaged parts,

n er ..;Installation
shaft and secure with a nut and lock washer.

-bolt and adjusting arm bolt, but do not tighten.
Place belt(s) on alternator pulley and adjust belt
tension. The belt(s) tensionis correct when thumb
pressure midway between pulleys deflects the
belt{s) 3/4 inch. Tighten bolts,

3. Connect electrical leads to alternator,

5-22. IGNITION SYSTEM.

+

. The ignition system supplies a higli-voltage
electrical charge to the spark plugs to ignite the
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1, Mount the fan andpulley on the alternator

- 2. Install alternator and secure with hinge

fuel-air mixture in the combustion chambers.
This spark must be accuistely timed tothe motiony,
of the crankshaft and valves so that the spark
occurs at precisely the right instant for maxi-
mum power. White engines are provided with
either a distributor or magneto ignition system.
The difference between a distributor type and
magneto type system is that, in a distributor type
system, the power to generate the ignition spark
is derived from the engine electrical system
through use of an ignition coil, In the magneto
system, the power is generated by a rotating
magnet and an electrical coil in the magneto,

The distributor shaft'is. rotated by the oil
pump shaft, which is gear-driven by the engine
camshaft, A cam and breaker point set within the
distributor starts and stops the flow of current
from the electrical system through the primary
circuit in the ignition coil, When the flow of
current stops, a high voltage current is induced
in 'the ignitlon coil secondary circuits. This
current flows to the center tower of the distri-
butor cap, and the distributor rotor dlstributes
it to the correct spark plug.

The magneto can.be used in plé.ce of the dis-

" tributor and ignition coil. It is driven by a gear
which is in mesh with the camshaft gear in the -~

gear housing, and contains a small generator to
supply current to an integral ignition coil. As
oceurs in a distributor, cam-operated breaker
points within the magneto open to stop the flow of
current in the ignition coil primary cirecuit,
inducing high voltage current in the Secondary
windings. A rotor within the magneto mstrxbutes
thig eurrent to the correct spark plug. '

The spark plugs are mounted in the cylinder
head with their electrodes projecting into the
combustion chamber, ‘High voltage current from
the distributor or magneto flows through the
insulated center electrode of each spark plug and

- .jumps .the.gap .between the center and ground

electrodes, This creates a spark which ignites
the fuel-air mixture in the combustion chamber.

Refer to figure 5-14 for schematic diagrams |
of typical distributor and magneto ignition sys-
tems. Note that with a distributor ignition, the
ignition switch controls the flow of current from _
the electrical system to the distributor breaker
points and ignition coil. With magneto ignition,
no current from the engine electrical system is
required, When the ignition switch is ON, one
circuit of a double-pole ignition switch is open
to ground to enable the magneto breaker pomts
to control the current flow in the magneto pri-
mary circuit.

-
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5-23. DISTRIBUTOR AND IGNITION COIL.

The distrivutor performs two distinet functions
simultanecusly i» provide a spark at the spark
plugs to ignite ihe fuel-air mixture. A cam on
the distributor shaft opens and closes a set of
breaker points to control'the flow of current to

_the primary circuit of the ignition coil, The dis-

tributor rotor and cap distribute secondary cur-
rent from the ignition coil secondary circuits to
the correct spark plug as required.

The distributor must be timed to the ¢rank-

-shaft and camshaft to ensure that the spark is

e 13 5
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produced in the correct cylinder at precisely
the correct time; Fine timing adjustments are
made by rotating the distributor body with respect
to the distributor shaft, Mechanical spark advance
is provided to advance or retard the timing to
coincide with engine speed,

a, ‘Adjustment and Timing,

. 1, .Refer to paragraph 3-9 for adjustment
and timing procedures, except for timing at in-
stallation, which is provided below.

2. Spark plug cable locations are illus-
trated in figure 3-3,

b, Removal.

1. Disconnect the primary wire and igni-
ton.cable (1, figure 5-15) from the distributor
to the ignition coil. Tag and disconnect the spark
plug cables (2).

2. Remove the No. 1 spark plug. With your
thumb or finger over the spark plug hole, rotate
the crankshaft in the normal direction of its
rotation until the No. 1 piston is on the com-
pression stroke, as indicated by air being expelled
from the cylinder. Continue 'to rotate the crank-

- ghaft until the top dead center (TDC) mark on the

flywheel aligns .with the timing mark cn the bell-
housing '(see figure 3-4).

3. Remove the distributor cap and note
carefully the position of the distributor rotor.
It should point approximately to the position of
the No. 1 spark plug cable indicated infigure 3-3.

4, Rerhove the cap screws (4, figure 5-15)
and lock washers (5) which secure the clamps
(B) to the cylinder block. Remove the clamps and
pull the distributor (7) from the eylinder block.

5. Remove the O-ring (8) and spacer (9)
from the distributor hody.

6. If the coupling (11) is worn or damaged,
drive out the pin (10} and remove the coupling.

7. K the ignitiorn coil (14) is defective,
disconnect the wites and remove the screws (12)
and washers (13) which secure the ignition coil
to the bracket (16). Remove the coil from the
bracket,

¢. Cleaning and Inspection.

1, Wipe the outside of the distributor with
a cloth dampened with Diesel fuel oil or solvent,
but do not immerse the distributor in the fluid,
Use. filtered compressed air to dry the distri-
butor and te blow out loose dust and dirt.

-~ 2. Inspect-the rdistributor for a .cracked

- body;~excessively worn shaft bushings, and loose

or damaged breaker plate,

3. Inspect the insulation at the top of the
ignition coil for c¢racks and chips and for signs
of arcing. Replace the coll if it is defective.

4, If the engine i5 equipped with a distri-
butor heat shield, check that it is not cracked
or damaged, and that it is securely mounted 1o
the exhaust manifold. Refer to pargraph 5-18.

d. Installation,

1. ¥ the ignition coil was removed, rein-
stall the ignition coil (14, figure 5-15) and
bracket (16) on the cylinder block,

2, To reinstall the coupling (11), rotate
the distributor shaft until the rotor points to the
No. 1 cylinder firing pogition (figure 3-3). Install
the - coupling:on :the shaft with the coupling offset

- -pogitioned -ag* shown-in-figure -5-16, and press it
- -onto * the--shaft to: the-length shown. If a new
.. .coupling .i8 being-installed. on an old distributor
. drill a hole-forthe-pin (10, figure 5-15), using

the partially factory pre-drilled hole for a guide,
Use a No, 30 (0.1285 inch diameter) drill. If the
old coupling is being installed on a new distri-
butor shaft, position the coupling on the shaft
ag shown in figure 5-18 and use a No, 30 drill
to drill through the shaft, using the old hole in
the coupling as a guide, Install the pin (10, fig-
ure 5-15). - :

3. Inatall the spacer (9) on the distributor
body. Coat the O-ring (8} with light grease and
install it on the distributor.

4, Install the rotor on the distributor shaft.
Refer to figure 3-3 amd rotate the distributor
shaft until the rotor points in the approximate
location of the No. 1 spark plug cable,

521




Ignition cable
Spark ohaw cable
Spark piug
Cap screw
"Lock washer
Clamp
Distributor
Q-ring
"Spacer

10. Pin

11, Coupling

12, Cap screw
13. Washer

14, Ignition coil
15, Cap screw
16. Bracket

17, Spacer
18.“Nut -

19, “Lock washer
20, Adapter

21, Shaft and gear
22. Gasket
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Figure 5-15. Distributor Ignition System, Exploded View

5. Check that the arrows stamped on the
oll pump shaft and distributor mounting flange are
aligned as shown in figure 5-6. With the distri-
butor coupling positioned at No, 1 sparkplug cable
location as shown in figure 3-3, install the dis-
tributor in the cylinder block bore.

6. Rotate the rotor slightly until the coupling
tang engages the notch in the oil pump drive
shaft, and push the distribator firmly into the
block bore. Install the two clamps (6, figure
5-15), cap screws (4), and lock washers (5), but
do not tighten the screws fully.

4. -Check that the engine is at top dead

center (TDC) for the No. 1 cylinder, Refer to
subparagraph b.2., above, for instructions.

ROTOR'ALIGNED WITH

TOWER FOR NO. 1 CYLINDER

6 CYLINDER

Figure 5-18. Distributor Coupling Installation
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4 CYLINDER

8. Rotate the distributor body slightly to
position the rubbing block on the breaker arm on
the highest point of the nearest cam lobe, Usea

feeler gauge to set the point gap to 0.020 +0.001¢

inch, _ C N

9. Rotate the distributor body clockwise to
bring the breaker arm to the low partof the cam,

10. Rotate the distributor body counter-
clockwise until the breaker arm rubbing block is
just starting up the cam lobe. Continue to rotate
very slightly until there is a 0.002 inch gap
between the hreaker points, Tighten the cap
screws (4) on the clamps (6) to secure this pre-

liminary adjustment. -
|

COUPLING OFFSET
TOWARD THIS
SIDE OF SHAFT

|
i
'
|



Spark plug cable
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Lock washer
Stud

Cap screw
Cover

Gasket

Nut

10. Lock washer
-11. Flat washer

12, Magneto

13. Gasket

- 14; Adapter

.15, Gasket

16, Cotter pin

17. Nut
18, Gear
19, Stud
20, Stud
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Figure 5-17. Magneto Ignition System, Exploded View

... «-11. If possible, recheck the ignition txmmg
as described in paragraph 3-9.

5-24. MAGNE TO.

A magneto contains its own. means of gener- |

ating ignition current, and does not require any
power connections to it. A cam on the magneto
shaft opens and closes a set of breaker-points to
control the flow of current through the integral
ignibon coil. A distributor rotor andcap dis-
tribute high-voltage current from the coil to the
correct spark plug as required.

The magneto must be timed to the crankshatt
- and camshaft to ensure that the sparkisproduced
in the correct cylinder at the required time. The
timing is adjusted by aligning timing marks on
the magneto and camshaft gear, and then rotating
the - magneto body with respect to the shaft.
Mechanical spark advance is provided to advance
or retard the timing during engine operation.
* 4. Adjustment and Timing.
1. Refer to paragraph 3-10 for adjustment

and timing procedures, except for timing at in-
stallation, which is provided below,

2. Spark plug cable locations are illus-
trated in figure 3-3,

b. Removal,

1. Tag and disconnect the sparkplug cables.
Disconnect the primary lead to the ignition switch,

2, Remove the nuts (3, figure 5-17), cap
screws (6), and lock washers (4) which secure
the cover (7) to the gear housing cover. Remove
the cover and gasket (8).

3. Rotate the engine crankshaft by hand in
the normal direction of its rotation until the
timing ‘marks on+*the-camshaft gear and magneto

~gearare‘aligned:s: This-will facilitate installation

of the magneto,

4. Remove the nuts (9), lock washers (10),
and flat washers (11) which Secure the magneto
(12) to the gear housing. Pull the magneto straight
back, and remove the gasket (13), adapter (14),
and gasket (15).

5. If the magneto gear (18) is worn or
damaged, remove the cotter pin (16) which
retains the nut {17). Unscrew and remove the
nut while holding the gear, and pull off the gear
from the magneto shaft,

6. If studs (5, 19, and 20) are bent, stripped,
or damaged, remove them from the gear housing
cover and gear housing,
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ALIGN TIMING
MARKS QN 300Y
PILOT AND COU-
PLING SHELL FQR

NO. 1 FIRING

POSITION

INSTALL GEAR
WITH TIMING

I AS SHOWN
Figure 5-18. Magneto Gear Installation

(f.»

C. Clea.nm.g and Inspection.

1. Wipe the magneto with a clean cloth

dampened with kerosene or solvent, but do not
allow fluid to enter the magneto. Clean 2ll other
parts by immersing in solvent, using a wire
brush if necessary to remove accumulations of
dirt and grease.

2. Remove all traces of old gaskets from
the magneto, adapter, cover, and gear housing,
using a gasket scraper or knife,

3. Refertoparagraph 3-10 for replacement
and adjustment of the magneto breaker points.
Other magneto repairs should be performed by a
fully equipped ignition shop.

4. Inspect the adapter and cover for cracks,
distortion, and other damage. Inspect attaching
hardware for stripped threads and other damapge;
replac;e_ defective parts,

d. Installation and Timing.

1. Rotate the coupling shell to align the
timing marks on the coupling shell and magneto
body pilot, as shown in figure 5-18. Install the
magneto gear (18, figure 5-17) with the timing
dots on the gear positioned as shown, Secure the
gear with the nut (17), and retain the nut with a
cotter pin (16},

2. If they were removed, install the studs
(5, 19, and 20) in the gear housing cover and the
gear housing

3. Check that the crankshaft is at No. 1
cylinder top dead center (TDC). If it was not
set previously, remove .the No. 1 spark plug and
place your thumb or finger over the spark plug
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DOTS LOCATED

!
hole. Rotate the engine crankshaft in the norma;‘

direction of its rotaticn until the No, 1 piston ig ™

on the compression stroke as indicated by a1r
being expelled from the cylinder. Continue to
rotate the crankshaft until the TDC mark on the
flywheel aligns with the timing mark on the bell-
housing (see figure 3-4).

4, Install the adapter (14, figure 5-17) and
gaskets (13 and 15) on the gear housing.

9. Position the assembled magneto and
gear on the'gear housing, making sure that the
timing marks on the magneto gear align with the.
timing marks on the camshaft gear.

6. Secure the magneto and adapter to the

gear housing with two nuts (9), lock washers (10),
‘and flat washers (11).

Do not overtighten the
nuts,

+ 7. Position the cover (7) and gasket (8) on’
the gear cover, and secure the cover (7) with;

-nuts (3), cap screws {6), and lock washers (4).

8. Refer to figure 3-3 to connect the s.pa.rlci
plug cables.
magneto terminal. If this wire is not connected,

Connect the primary wire to the-

K™

b
H
7

it will not be possible to stop the engine with the

ignition switch.

9. Time the magneto to the engine as’

described in paragraph 4-10.

5-25. TACHOMETER DRIVE,

The engine may be equipped with provisionfor '

a mechanical tachometer driven off the cil pump

shaft. The tachometer drive mechanism is.
mounted in the distributor mounting boss in the '

side of the ¢ylinder block, and is rotated through
a gear which is in mesh with the oil pump drive

gear. I the engine is not equipped witha tachom-

eter drive, the opemng in the cylinder block is

. sealed w1th a“cover(46, figure 5-35).

The engine may be equipped with an electri-
cal tachometer connected to the engine electrical .
system. Refer to paragraph 5-18 for further:
information.

a. To remove the tachometer drive, disconnect .
the tachometer cable from the adapter (20, fig- .
ure 5-15). Unscrew and remove the nuts (18) and

lock washers (19) which secure the adapter {(20)
to the cylinder block, Remove the adapter and

i

gasket (22) and pull out the assembled shaft and .

gear (21).

b. Clean all parts with kerosene or solvent.
Replace defective parts,
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¢. Ingert the shaft and gear (21) inio the
adapter (20}, ana justall the adapter and gasket
{22) in the side of the cylinder block. Secure
with two lock washers (19) and nuts (18).

3-26. ROCKER ARM ASSEMBLY.

The rocker arm assembly is mounted on top
of the cylinder head to operate the intake and

. exhaust valves. The rocker-arms are pivoted on

the rocker arm shaft by the camshaft-operated
pushrods which engage cne end of the rocker
arms. As the rocker arms raise at one end, the

_ Oopposite end pushes down on the ends of the
‘valve stems’ to open the valves. In this manner,

the valves control the intake and exhaust cycles
of the engine. The rocker arms are pressure
lubricated through an axial passage in the rocker
arm shaft. When disassembling earlier' model
rocker arm assemblies, take care to identify the

positions of the shaft supports to facilitate reas-

sembly. On later model rocker arm assemblies,
shaft supports are identical and require no
differentiation. Spacer washers are used on the
shaft-to space the rocker arms.

a. Removal and Disassembly.

1. Remove the eylinder head cover (12, fig-
ure 5-19).and gasket (13) by removing the nuts
(9) and washers (10 and 11) securing it to the
cylinder head (31).

2, Remove the nuts (15) and washers {16}
that secure the rocker arm assembly to the cyl-
inder head. On six-eylinder engines, the rocker
arm shaft is in two sections. When removing
rocker arms from six-cylinder engines, itis sug-
gested that a wire be used between the front and
rear rocker arms to hold the two shaft assem-
blies together and.to prevent accidental disag-
sembly of the rocker arms. Carefully lift the
complete assembly from the cylinder head.

. .~. + 3. Disassemble the rocker arm assembly
by removing the retaining rings (17) from the
shaft ends. Slide the shaft supports (18), racker
arms (19), spacing springs (20), and spacers (21
and 22) from the rocker arm shaft (23), Earlier
engines used several sizes of shaft supports.
Facilitate reassembly by marking the order and
position of the shaft supports as removed.

b. Cleaning and Inspection.

1, Clean all parts with cleaning solvent
and dry thoroughly with compressed air. Make
sure all gagket material is removed fromsealing
edge of cylinder head cover.

2. Blow out the rocker arm lubricating
passages with compressed aiv,

3. Check the rocker arms for cracks and
surface imperfections by magnetic inspection,

4, Check the spacer springs for damaged
ends and misaligned coils. A 10-pound load on
the spring should compress it to 1 inch. Replace
a damaged or weak spring.

5. Check the ball end of the rocker arm
adjusting screw (25) and the rocker arm. Replace
the screw if flat on bottom or if there is evidence
of scratching or wearing., H rocker arm contact

.surfaces are worn or damaged, replace with new

rocker arm, .

8. Check for-damaged-threads on all adjust-
ing screws and rocker arms. The adjusting screws
are self-locking and must take a minimum of 3
foot-pounds torque to turn into the rocker arms.
Replace any loose-fitling adjusting screws,

7. Check the rocker arms for worn shaft
bore diameter, The maximum allowable diameter
is 0.8665 inch, Discard worn rocker arms if
damaged or worn beyond this limit,

{8. Check rocker arm shaft for wear or
scoring. If shaft has shoulders or ridges due to
rocker arm action on shalf, replace with new
shaft, The rocker arm shaft diameter should not
be worn to less than 0,8560 inch,

9. Inspect the cylinder head cover for
cracks, dentg, and distorted sealing area. Dis-
card and replace i damaged. Make sure the
breather cap is clean and in good condition and
that it fits.securely on the-cylinder head cover,

.¢. Reagsembly and.Installation.

The rocker arms are lubricatedbyoilwhich
is forced through a hollow cylinder head stud
into the rocker arm shaft, OQil is forced out
through amall holes in the rocker arms, over the
valve . stems and pushrods. For proper lubri-
cation it is imperative that the rocker arm and
shaft be correctly assembled and installed on the
engine. To reassemble and install the rocker
arm asgsembly, proceed as follows:

1. Coat the rocker arm shaft (23) lightly
with clean lubricating oil. Slide the shaft sup-
ports (18), rocker arms (19), gpacing springs
(20), and spacers (21 and 22) onto the rocker
arm shaft. Install the spacers on the shaft of
engine models that use them, as indicated in
figure 5-20. On the four-cylinder engines, make
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Figure 5-20. Rocker Arm Shaft Showing Spacer Positions for Engines
Having Identically Sized Shaft Supports

certain that the oil holes in the shaft face down-
ward and toward the camshaft side of the engine,
as shown in figure 5-21. On older type G-Series
engines, there are two oil holes for each rocker
arm and they must face downward as shown in
figure 5-21, Newer type rocker arms shown on
figure 5-20 have only one mounting hole which
. must be assembled downward. On older G-Series
engines, the shaft supports (18, figure 5-19) vary
in size and mounting hole location and must be
assembled exactly as shown in figure 5-22.
Install the retaining rings (17, figure 5-19) on
each end of the rocker arm shaft.

2. Before installing the rocker arm as-
sembly on the cylinder head, check that rocker
arms are properly installed and that they move
freely on the shaft. It will aid installation of the
six-¢ylinder engine rocker arm assembly if a
wire is used to hold the shaft together as in
removal,

3. Install the rocker arm asgembly over the
cylinder head stud extensions and seat it firmly

on the cylinder -head. Make certain the rocker
arm adjusting screws (25, figure 5-19) are posi-
tioned over the pushrods (26). Secure the rocker
arm assembly to the cylinder head with nuts
(15) and washers (16).

4. Adjust the valve clearance; refer to
paragraph 5-28f,

5. Start the engine dnd warm up to oper-
ating temperature. With the engine idling slowly,
readjust the valve clearance; refer to paragraph
5-28f,

6. Install the cylinder head cover {12) and
new gasket (13) and secure to cylinder head with
nuts (9) and washers (10 and 11).

7. Install breather cap on the cylinder head
cover, .

5-27. CYLINDER HEAD,

The cylinder head is a one-piece castingwhich
mounts the valves and rocker arms and provides.
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inlet and outlet passage to and from the valves.
The valve seats are formed aspartof the casting.
The valve guides are removable, The cylinder
head contains cored passages for water flow to
promote cooling of the head.

a. Removal.

1. Drain the radiator and remove the ther-
mostat housing, hoses, and the bypass hose (para-
graphs 5-8 and 5-9). Disconnect the coolant
temperature gauge thermocouple from the cyl-
inder head.

2. Remove the spark plugs and cables (para-
graph 3-8).

« g

NEWER TYPE SIX-CYLiND‘ER ENGINE
OLDER TYPE
i Figure 5-21. Rocker Arm Shaft Showing Oil Hole Positions

. 3. Remove the. exhaust manifold (para-,
graph 5-18), '

4, Remove the intake manifold (paragraph.

5-17),

5, Remove the cylinder head cover and'
rocker arm assembly (paragraph 5-26).

6. Lift out the pushrods (26, figure 5-19).

7. Remove the cvlinder head nuts (27 and
29) and washers (28 and 30}; lift the eylinder head
(31) and gasket (32) from the engine. It may be
necessary to tap the head lightly with a soft.
hammer to loosen it. Do not pry on the contact:
surfaces, '

FOUR-CYLINOER ENGINE

25.’7081 255082 . . 295083 . .2551082 - 255|081 o
cb ® . =D GIB é .
S A -
51X-CYLINDER ENGINE |
- 256078 258[}17 ZBGPBI 256079 256}!81 ZSIEUTI 258?78
eI o RS ¢ |

Figure 5-22. Rocker Arm Shaft Support Installation for Engines Having Variable Sized Supports !
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8. Remove the water outlet cover (35) and
gasket (38} by removing four bolts {(33) and lock
washers {34). .

3. Disassemble the cylinder head by remov-
ing the valve azsemblies (paragraph 5-28),

10. Do not remove stud (41) or plugs (38,
39, and 40) unless they are damaged and require
replacement

b. Cleaning and Inspection.

«1. Before cleaning the cylinder head, in-
' spect 'the cylinder head gasket and cylinder head
+ for indications of gasket failure and: leaking. If
cylinder head gasket failure is apparent, make a
thorough check, of contributing factors. Detona-
tion (caused by improper ignition timing) will
cause a shock load in the combustion chamber
which will damage cylinder head gaskets and, if
allowed to contimue, may destroy the piston pins
and piston rings. Fuel with an octane rating too
low may also contribute to detonation, Cooling
solutions which are contaminated by corrosive
combustion gases leaking into the cooling system
are very detrimental to the internal parts of
the entire ccoling system.

2, Remove all carbon from combustion
areas using a scraper and wire brush.

~ 3. Clean the cylinder head thoroughly with
a selvent or degreasing solution and.dry thor-
oughily with dry, compressed air,

. 4. Make sure that gasket contact surfaces
on the head and block are clean, smooth, and
flat; Rework contact surfaces to ensure that
they_ are free of erosion, pits, burrs, scratches,
or Blemishes,

5. Check out-of-flatnessg with straight edge

and feeler gauge; maximum allowahle is 0,005

-inch on width or length, Qut-of-flatness should

wvary gradually. and . uniformly from end to end

--and side-to side, -Resurface the cylinder head if

necessary, only enough to bring flatness within
the 0,005 inch maximurm,

6. Check for free water flow through the
cylinder head. U restriction is evident, remove
plugs, and clean water jackets of salt, lime, or
sludge by submerging cylinder head into a tank
of heated cleaning solution. Circulate the clean-
ing solution, When clean, remove cylinder head
from tank and dry with compressed air.

7. Water-teét the cylinder head for cracks
and leaks. Check for cracks in the valve port
areas using magnetic particle in.?.pectiop.

8. Check for loose valve seat inserts, if
used, by lightly tapping head near inserts. If
valve seat insert is loose enough to bounce, re-
move and replace insert.

9. Inspect all other parts for cracks, dis-
tortion, damaged threads, and other damage Re-
place any damaged parts,

¢. Reassembly and Installation.

1. Before reassembling .the cylinder head,
regrind or service the valves as necessary,
Refer to paragraph 5-28 for valve servicing and
installation.

2. Make sure the cylinder block contact
surface.is clean of carbon deposits. Install anew -
cylinder head gasket on the cylinder block, The
gasket must be assembled with the bead (rolled
edge around the combustion chamber) down, For
sealing, use anygood cylinder head gasket cement,

3. Install water outlet cover (35, figure
5-19) and gasket (36) on cylinder head and secure
with bolts (33) and lock washers (34),

4, Install the valve assemblies into the
c¢ylinder head; refer to paragraph 5-28.

9, Place the cylinderAhead assembly on the
block., Be careful not to dlamage contact surfaces
or the cylinder head studs.

6. Install the cylinder head nuts (27 and 29)
and washers (28 and 30), Tighten evenly, working
from the center of the head outward, Refer to
figure 5-23 for tightening sequence, torque, and
procedure for tightening ¢ylinder headtocylinder
block, Tighten all nuts first to 75 foot-pounds
torque in the sequence indicated, then to 125
foot-pounds torque, then to the final torque indi-
cated in fipure 5-23.

19

47 147 147 147 (£}

Q 9 E? 147 . 160 !

4 CYLINDER

174 173 115 11% s 174 118

)

175 17% 175 175 115 175 175
- 6 CYLINDER

Figure 5-23. Cylinder Head Nut Tightening
Sequence and Torque Values
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% CAUTION

The c¢ylinder head nuts must be.retight-
ened and the valve clearance reset after -
1 hour of service.

7. Install the valve pushrods (26, figure
5-19).

8, Install the rocker arm assembiy (para—
graph 5-26). .

,9 Install.the air cleaner and intazke mani-
fold (paragraphs-5-16 and 5-17).

1{) Install the szhau.ﬁ'{a manifold and ex-~
haust:pipe (paragraph 5-18).

11. Install the spark plugs and cables
(paragraph 3-8).

© 12, Install coolant temperature gauge ther-
mocouple in the cylinder head.

13. Install the thermostat and housing and
the radiator hoses (paragraph 5-8), Fill the
cooling system with clean water or antifreeze.

.
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" Figure 5-24. Valve Guide Installation
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5-28, VALVES.

The intake and exhaust valves operate in valve

guides pressed into the cvlinder head. They are '

held to their seats by springs which are secured

~to the valves by spring seats and valve locksF

The valves are operated by conventional- type
tappets with hollow pushrods running from the
tappets to the rocker arms.

Some engines are equipped with valve rotators,
which control the motion of the exhaust valves
during the lift-cycle. The natural vibrations of

the valve train’and the flow of gases around the.
.-valve heads cause the.valves to rotate slowly, a

small fraction of a. revolution each lift cycle.
This equalizes wear -and provides a w1p1ng
action to keep sealing surfaces clean,

a. Removal,

. L. Remove the cylinder head (paragraph
5-27).

2. With a clamp-type valve spring com-
pressor, compress the valve springs (45, figure
5-19) and remove valve spring seat locks (42).

3. Remove the valve springs (45), seats
{(43), and valve rotators (44}; lift out the valves' -~

(48 and 47). Place valves in.order ina rack, with
holes numbered for both intake and exhaust
valves so that the valves can be installed in their
respective places at reassembly.

4. Remove the intake valve stem seals (48)
from the valve guldes.

b. Cleaning and Inspection,

1. Discard all seals- and gaskets,

2. Clean all carbon from the cylinder head,

-plston "heads, »valve .seats, and valves, using

suitable scraping or. buffing tools.

3. Clean the valve guides. Remove lacquer
or other deposits by running a valve cleaner or
wire brush through the guides. Inspect the valve
guides for excessive wear. The exhaust valve
guides -will usually show the most wear. The
maximum allowable bore diameter of the intake
valve guides is 0.3780 inch. The maximumallow-
able bore dlameter of the exhaust valve guides
is 0.3790 inch. Refer to Sectlon VII, Fits a.nd
Tolerances, .

4. Inspect the valve seats If they are p;tted
or if new valve guides will be installed, the seatsr
must be refinished.

|
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5. Inspect the valves carefully. If the stems
are bent or badiy worn or if the valves are
deeply pitted, the wvalves must be replaced by
new oanes. Valves that are only slightly pitted
cuan be used by :efacing them on a valve grinder.
Intake valves must have an accurately finished
45 ~degree face angle and exhaust valves a 45-
degree face angle.

¢. Repair and Replacement,

1, If the valve guides are excess'ively worn
and require replacing, it must be done before any

» zrefinishing is done on the valve seats. This will

ensure that the seat being finished is square with
respect to the new guide. To drive cutthe guides,
use a drift with a 5/8-inch diameter and a 3/8-
inch diameter pilot. Drive in the new guides so
that the dimension from the lower edge of the
valve pguide to the gasket face of the eylinder head
is 1.391 inches. See figure 5-24. After the new
guides are driven in, ream the inside diameter
to correct any squeezing in or any distortion.

- +Ream the :exhaust valve guides to 0.3745 to 0.3750

inch. Ream the intake valve guide to' 0.3745 to
0.3750 inch. '

2. If the valve seats are pitted or if new
valve guides have been installed, the seats must
be refinished. The intake valve seatsarefinished
on a 45-degree angle and the exhaust valve seats
are finished on a 45-degree angle. Use a vibrating
angle grinder-type reseating tool with a 3/8-
inch diameter pilot. Lightly lubricate and instail
.the. pilot into the valve guide bore, Lower the
grinder head over the pilot shank until the stone
just clears the valve seat. Turn on the power
and gently allow the stone to contact the valve
seat. Very little pressure other than the weight
of the stone should be used. Grind the seat suffi-
ciently to remove shoulders and pits, and to pro-
vide an even, smooth surface. Do not grind any

.deeper than necessary. The finished valve seat

should contact the approximate center of the

~valve-face. -Refer tofigure 5-25,

d. Seating Valves.

If the valves and seats are not deeply pitted
or shouldered or have been refaced, grind or lap
each valve to its seat ag follows:

1. Lubricate the valve stem and apply a
thin coating of good quality, medium coarse
grinding compound on the valve face.

2. Take a light coil spring with enoughten-
sion to just hold the valve off the seat and insert
it over the vaive stem. Insert the valve in the
valve guide.

3. Use a power lapring tool to rotate the
valve back and forth a few Umes, pressing firmly
on the grinding tool. (Avoid using a grinding tool
with a continuous circuiar motion that will cut
grooves in the valves or seat) Release thepres-
sure on the tool and aliow the spring to lift the
valve from its seat. Rotate the valve 15 or 20
degrees and repeat the grinding process, Periodi-
cally wipe off valve and seat and inspect the
gseating progress. Reapply another thin coating of
compound and continue grinding until inspection
shows the surfaces are in contact.

4. Wipe off all heavy compound, apply a
thin coating of fine compound, and continue the

- grinding, T

5.. When the surfaces show abright, silver-
like band “of-uniform-width on both the valve and
seat, clean off all traces of the compound.

8. Test each valve for a tight fitas follows:
Make 10 or 12 pencil marks, equally spaced,
across the valve seai. Firmly rotate the valve
in the seat for a part of a turn and again lift out
the valve to obgerve if all the pencil marks are
rubbed out on the contact surface. If not, regrind
until this test shows a gas-tight mating of the
valve and seat,
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Figure 5-25. Valve Reseating Dimensions
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NOTE

It is imperative that the valves be as-
sSembled in the same seats to which they
wereg ground,

e, Reassembly and Installation,
NOTE

Make certain that the valves are rein-
stalled in the same position from which
they were removed.

1. Thoroughly clean all traces of grinding
compound from the valves, stems, and guides.
Lubricate the valve stems with a few drops of
engine 0il and insert the valves in the same holes
from which they were removed.

2. Insert the intake valve stem seals (48,
figure 5-19) over the ends on the intake valves
(46} and secure firmly on the exposed ends of
the valve guides (49),

3. Install the valve springs (45), spring
seats (43), and exhaust valve rotators (44) on the
valve stems. Using a valve spring compressor,
compress the valve springs and install the valve
seat locks (42).

4. Turn the head on the exhaust manifold
side and pour solvent in the intake openings. K
golvent seeps out around any valve, remove that
valve and regrind il. Repeat the test, pouring
solvent in the exhaust opening. If any exhaust
valve leaks, regrind it.

5. When assured of gas-tight valve seat-
ing, install the assembled cylinder head on the
engine :_‘:;_Beier to paragraph 5-27.

6%Install the rocker arm assembly (para-
graph 5-26),

7. Adjust the valve clearance; refer to
following subparagraph {.

8. Fill the cooling system with recom-
mended coolant. Start the engine and warm to
operating temperatures,

9. With the engine idling slowly, readjust
the valve clearance to the correct operating clear-
ance, Refer to following subparagraph f,

10. Install the cylinder head cover (12, fig-
uré 5-19) and new gasket {13). Secure to cyl-
inder head cover with nuts (9) and washers (10
and 11).

5-32

f. Adjusting Valve Clearance.

Adjust valve stem-to-rocker arm clear-
ance whenever the cylinder head has heei removed
from the cylinder block. Proceed as follows to
adjust valve clearance:

1. Rotate the crankshaft by hand or with'
the starting motor until both intake and exhaust:
valves of No, 1 cylinder are fully closed. The:
valves will be fully closed when the No, 1 cyl--
inder is at top dead center; refer to figures 3-4.
and 3-5, For a cold engine, use a 0.016- or!
0.017-inch ‘feeler gauge inserted between the,
rocker arm and the valve stem and adjust the -
adjusting screw until it just touches the pushrod.
See figure 3-2, There should be a slight pull.

‘when removing the feeler gauge.

2. Adjust the remaining valve clearances
in gimilar manner. Rotate the crankshaft in the
direction of normal rotation and adjust the valves
in the cylinder firing order. The firing orders
for the four- and six-cylinder engines are 1-2-4-3
and 1-5-3-6-2-4, ‘

3, After all the valves have been adjusted,
install the cylinder head cover and gasket. Start
the engine and allow it to warm up to operating
temperature. When it is warm, let the engine .
run for one hour, under load if possible, then
shut it down and retorque the c¢ylinder head nuts -
as ghown in figure 5-23,

4. Start the engine and adjust the valve
clearance to 0.015 inch while the engine is running .
at slow idle. Refer to paragraph 3-6,

5.29. FLYWHEEL, N ;
Flywheels used on this series of engines are !
usually made of cast iron and may be machined
to accommodate different types and sizes of .
clutches, generators, and a variety of types of
couplings. The {lywheel also provides indications
for timing the engine. All flywheels have a line
marked DC (dead center) that can be viewed
through a hole in the bellhousing; see figure 3-4,
From this line are graduations designating °
degrees of crankshaft travel; see figure 3-5.

a. Removal. -

1. Disconnect and remove the power take-
off, torque converter, transmission, or clutch, -
whichever is used,

2. Remove the starting motor (paragraph
5-20).

s
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Figure 5-26, Flywheel and Bellhousing Assembly, Exploded View

‘3. Remove the six flywheel bolts (1, fig-
ure 5-26). '

4, Using a pry bar, pull the flywheel (2)
from the crankshaft. '

5. Do not attempt to remove the ring gear
{3) from the flywheel unless it is damaged and
must be replaced.

"'b. Cleaning, Inspection, and Replacement.

1. Clean the flywheel aﬁd attaching parts
with cleaning solvent; dry thoroughly with com-
pressed air,

2. Inspect the flywheel ring gear for broken
or -cracked teeth. If damage is evident and re-
placement is necessary, drive gear fromflywheel
with a blunt chisel.

3. Inspect the flywheel for distortion,
cracks, or other damage or wear. Replace a
damaged flywheel. -

4, To install a new ring gear, heat it in an
oven or with a heating torch to approximately

-600°F (315.6°C). Do not overheat, Place heated
-ring gear on flywheel and quickly drive onto

flywheel until gear is firmly seated.
¢. Installation,

. 1,.Install - the .flywheel on the crankshaft.
Note . that .one of.the:six bolts iz off center so

- - that' the -flywheel ~can ~only - be installed in one

position, ~This--ensures proper location of the
flywheel on the crankshaft for Hming purposes.
Draw the flywheel onto the crankshaft by tight-
ening the six holts alternately andevenly, Torque
the bolts to 80 foot-pounds,

2. Aftach the indicator, as shown in fig-
ure 5-27, to check the concentricity of the pilot
bore. This should not exceed 0.005 inch total
indicator reading,

3, Attach the indicator as shown in figure
5-28 to check the face of the flywheel. Runout
should not exceed 0.008 inch total indicator read-
ing. If runout is excessive, remove the flywheel
and check for dirt or foreign matter between the
flywheel and mounting seat on the crankshaft.
Reinstall and recheck.
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. Figure 5-27. Indicating Flywheel Pilot Bore
4, Install the lock wires (if used),

5. Install the clutch and transmission or
power take-off, as removed,

5-30. BELLHOUSING.

The bellhousing is a casting which covers the
rear end of the cvlinder block and oil pan. There
are many types of housings used. One may be a
. plate-type housing, another type may form a
complete housing for the flywheel and clutch, to
which the transmission, torque converter, or other
drive mechanism is attached. The bellhousing
usually forms the rear engine support.

- a, Removal
-“11 Drain the crankcase oil,

2 Remove the clutch or power take-off
mechanism.

3. Remove the flywheel (paragraph 5-28),
4. Remove starting motor (paragraph 5-20).

5. Disconnect the oil lines and remove oil
filter (paragraph 5-4),

6. Remove the oil pan (paragraph 5-5).

"7, If the engine is being serviced in the

unit, place suitable Supports under the rear of
the crankcase to support the engine.

B. Remove the rear engine support bolts.
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Figure 5-28, Indicating Flywheel Face

9. Remove the four bolts (10, figure 5-3)
securing the o¢il pan adapter (12) to the bell-
housing. The adapter need not be removed from
the cylinder block; the two nuts (8) will hold the
adapter in place until the bellhousing is re-
installed.

10. Remove the bellhousing attaching bolts
(4 and 7, figure 5-26), stud nuts (6), and lock ~
washers (5 and 8). :

11, Pull the bellhousing away from the
engine. It may be necessary to tap.the housing
with a soft hammer to loosen it from the dowels
or from gasket (10) sticking to the block, Remove
and discard the gasket.

12. Remove and discard rear oil seal (11),
b, Cleaning, Inspection, and Repair,

1.- Clean the parts with cleaning solvent;
dry thoroughly.. Make.sure all old gasket matenal
is removed from the parts.

2, Inspect the bellhousing for cracks, dis-
tortion, and other damage; replace a damaged
hellhousing. -

3. Check that bellhousing dowel pins in the
block are tight and in good condition,

¢. Installation. _

1. Install a new oil seal (11, figure 5-26)

in the bellhousing, using a small amount of seal:
ing compound in the bore before pressing in the
seal. If new seal is pre-coated, sealing compound
is not required. Cement a new gasket (10) to the
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bellhousing, allowing the cement to dry sufficiently
to prevent the gasket from slipping atinstallation,

2. Clean aund polish the oil seal surface of
the crankshait {c remove nicks or scratches,
Use crocus cloth or very fine polishing cloth,

3. Apply a thin coat of ¢il soap to the seal
and to the seal surface of the crankshaft I
seal is already oil treated, additional lubricant
is not required; however, take care to keep the
seal surface clean during reassembly,

4, Check the rear of the cylinder block to
make sure that the top hole for the thrust plate
attaching screw is plugged with a setscrew. See
figure 5-29.

CAUTION

This hole rung to an oil passage in the

~eylinder block. It must be plugged before
installation of the bellhousing or a gevere
oil leak will result.

5, Carefully place the bellhousing on the
cylinder block so that the seal is not damaged as
it engages the crankshaft. Align so that the
dowels properly enter their respective holes,
Seat :the bellhousing (9, figure 5-26) on the cyl-
inder block and install the bolts (4 and 7), nuts
(6), and lock washers (5 and 8), butdo not tighten,

6. Secure the adapter (12, figure 5-3) to
the bellhousing with four bolts (10)- and lock
washers (11), Tighten the bellhousing boits and
. nuts evenly and securely.

7. Install the oil pan (paragraph 5-35), using
new gaskets if necessary.

8. Install the starting motor and connect

+-~the“electrical leads (paragraph 5-20).

9. Install the oil filter and connect the oil
lines (paragraph 5-4),

i0. Install the rear engine support bolts

and remove the jack or block from under the
crankcase,

11, Install the flywheel (paragraph 5-29).

12, Check concentricity of bellhousing in
relation to flywheel (figures 5-27 and 5-28),

13. Install the clutch or power take-off
mechanism.

PLUG THIS HOLE
WITH A SETSCREW

Figure 5-29,. Rear Cam Thrust Plate Plug

14, Fill the crankcase to the proper level
with the correct grade of Iubricating oil. Refer
to Table 3-2, Recommended Lubricating Oil
Specifications. '

5-31. GEAR HOUSING AND COVER.

The gear housing and cover are mounted on
the front of the eylinder block to cover the timing
gears, and o provide mounting for the mechani-
cal governor, if used. If the engine is equipped
with a magneto, a larger gear housing and cover
are used and the magneto is mounted on the rear
face of the gear housing, The frout crankshaft
oil seal-is mounted in the cover, and the cover
can. be removed for. inspection of the gears or

- replacement of -the.oil.seal without removing the

. gear housing.. .. . .~
a. Removal

1. Remove the radiator, hoses, and radi-
ator supports from the engine.

2, Remove the fan and drive belt toprovide
access to the gear housing cover (paragraph 5-8).
Remove any other drive belts,

3. Remove the mechanical governor, if
used (paragraph 5-14),

4, Remove the nut (7, figure 5-30) and lock
washer (8) which secure the pulley {10) and hub
(11) to the crankshaft. Pull off the washer (9)
and separate the pulley (10} from the hub (11).
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Remove the hub with a gear puller and remove
the key {rom the crankshaft keyway.

5. Remuve the nut (13), cap screws (15
and 17), and lock washers (14 and 16) which
secure the gear housing cover (18) to the gear
housing (25) and the cylinder block, Pull off the
gear housing cover and gasket (19), If the oil
seal (20) is worn or damaged, press it out from
the cover bore.

6, If the gear housing must be removed
from the cylinder block, proceed as follows:
. (a) I ‘the engine is equipped with a
magneto, disconnect the spark plug cables and
remove the magneto (paragraph 5-24),

(b) Drain the oil from the engine and
remove the oil pan (paragraph 5-5).

(¢} Remove the four bolts (10, figure
5-3) securing the oil pan adapter (12) to the
gear housing. The adapter need not be removed
from the cylinder block; the two nuts (8) will
hold the adapter in place until the gear housing
is reinstalled,

Cap screw
Lock washer
Governor
Gasket
Thrust washer
Governor gear
Nut

" Lock washer

“Washer

10, *Pulley

11, Pulley hub

12.%Roll pin

13. Nut

14. Lock washer,

15. Cap screw

16. Lock washer

17. Cap screw

18. Gear housing cover

19, Gasket

20. Oil seal

21, Nut )

22, Camshaft gear

23, Cap screw

24. Lock washer

25, Gear housing

26, Gasket

27. Bushing

28. Dowel pin_

el o

Figure 5-30. Gear Housing and Gears, Exploded View
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Sseals,

!

(d) Remove the camshaft nut (21, figurtie :
5-30). To keep the shait Zrom turning, insert a
brass bar between crankshaft gear and camshaft
gpear. Using a standard “oi-type puller inserted
in holes in gear, pull the camshaft gear (22) from
the camshaft,

{e) Remove the cap screws (23) and lock
washers (24) securing the gear housing (25) to
the front of the cylinder block. Pull off the hous-

ing and remove the gasket (26).

7.:Discard - and replace all gaskets and

b. Cleaning, Inspection, and Repair.

1. Clean the gear cover, housing, and
attaching parts with cleaning solvent, Dry thor-
oughly, Make sure all old gasket material is
removed from the gasket surfaces,

2. Inspect the gear cover and gear housing
for cracks, distortion, and cother damage., Re-
place either if damaged. .

3. Check that gear housing dowel pins and
studs in the cylinder block are. tight and that the



LET

R

ENGINE REPAIR AND OVERHAUL

T

stud threads are in good condition. Replace any
damaged parts,

4. Inspect the camshaft gear, crankshaft
gear, and governor gear (if used) for chipped,
cracked, worn, =r broken teeth. Replace worn
or damaged gears,

NOTE

Different timing gear sets and governor
gears are used on distributor ignition
engines than on magneto ignition engines.
Distributor ignition engines use a com-
" bination having a 25-tooth crankshaftgear
and a 50-tooth camshaft gear, witha 17-
tooth governor drive gear, Magneto igni-
tion engines use a combination having a
24-tooth crankshaft gear and a 48-tooth
camshaft gear, with a 16-tooth governor
drive gear.

8. Clean and polish the oil seal surfaces of
the crankshaft to remove any nicks or scratches

-.which could damage the seal. Use an oil stone

or very fine emery cloth and polish with crocus
cloth,

6. Inspect the governor shaft bushing (27,
figure 5-30) -for scoring and wear. I it must be
replaced, screw a pipe tap into the bushing and
pull it from the bore in the gear housing. Press
in a new bushing until it is flush with the surface
of the housing, '

7. Inspect the governor, if used, ag de-
seribed in paragraph 5-14,

¢, Installation.

_ 1. I the gear housing was removed, install
as follows:

(a) Cement a new.gasket (28, figure 5-30)
to the gear housing {25). Allow the cement to set

.- enough to prevent the gasket from slipping at
" installation,

_(b) Install the gear housing on the cyl-
inder block and secure with cap screws (23) and
lock washers {24), Do notfully tighten the screws.

{c) Secure the pear housing to the front
oil pan adapter (12, figure 5-3) with four bolts
(10} and lock washers (11). Tighten the gear
housing holts and nuts evenly and securely.

(d) Install the oil pan (paragraph 5-5),

{e) Install the alternator bracketscrews
and lock washers (paragraph §5-21).

POSITION OF GOVERNOR

GEAR {IF USED) WHEN
COVER 18 INSTALLED

CAMSHAFT GEAR
TIMING MARK

LY

CRANKSHAFT GEAR
TIMING MARK

Figure 5-31, Aligning Camshaft and Crarkshaft
Gear Timing Marks

, () Install the camshaft gear (22, figure
5-30) on the camshaft, aligning the timing mark
with timing mark on the crankshaft gear (see
figure 5-31). Insert a brass bar betweenthe cam-
shaft and crankshaft gears. Pull down and Secure
the gear with the camshaft nut (21, figure 5-30).
Tighten the nut to 125 to 135 foot-pounds torque.

(¢} Install and time the magneto, if used,
and connect the spark plug cables (paragraph
5-24),

2. Install a new oil seal {20, figure 5-30)
in the gear housing cover (18), using a small
amount of sealing compound in the bore before
pressing in the seal. If new seal is pre-coated,
sealing compound-is.not:required. Cement a new
gasket (19)-to-the gearrhousing cover,

.+ --3, .Applysasthin-coat. of -0il 'soap to the seal
and to the seal surface of the crankshaft If
seal i8 already oil treated, additional lubricant
is not required; however, take care to keep the
seal surface clean during reassembly.

4, Use a seal slip, if available, to protect
the oil seal lips when installing the gear housing
cover, If a seal slip is not available, carefully
slide the gear housing cover over the end of the
crankshaft to prevent damage to the seal lips.
Secure the cover with nut (13}, cap screws (15
and 17), and lock washers (14 and 16},

5. Inatall the key in the crankshaft keyway.
Start the pulley hub (11) onto the end of the crank-
shaft and carefully drive it on. Install the pulley
(10), washer (9), and lock washer (8) on the
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Figuré.5-32, Valve Tappet Positioned for
Camshaft Removal
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crankshaft. Secure by installing the nut (7);
torque it to 125 foot-pounds,

6. Install the mechanical governor, if used
(paragraph 5-14).

7. Install the fan and belt (paragraph 5-8).
8, Install the radiator, hoses, and radiator

supports,

9. Fill the crankcase to the proper level
with the correct grade of lubricating oil. Refer
" to tahle 3-2. '

10. Start the engine and check for oil,
water, and fuel leaks.
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THRUST PLATE

MOUNTING BOLTS CAMSHAFT

Figure 5-33. Thrust Plate Mounting

Bolt Removal

—
-
/

Figure 5-34. Camshaft and Thrust
Plate Removal

5-32. CAMSHAFT.

The camshaft is supported on large diameter,
preasure-lubricated, removable bearings in the
cylinder block, -and is- driven by the camshaft
gear which meshes with the crankshaft gear, In
some installations, the camshaft can be removed
without removing the engine from the uait,

a. Removal,

1. Drain the radiator and remove the radi-
ator, hoses, and radiator support bracket.

2. Drain the lubricating oil from the crank-
case and remove the oil pan {(paragraph 5-5).

3. Remove the distributor {paragraph 5-23)
or magneto (paragraph 5-24).

4. Remove the oll pump (paragraph 5-6).
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5. Remove the fan and belt(s) for easier
access to the gear cover and gears (paragraph
5-8}.

6. Remove the gear housing cover (para-
graph 5-31),

7. Remove the mechanical fuel pump, if
used (paragraph 5-11).

8. Remove the cylinder head cover and
rocker arm asgembly (paragraph 5-28).

9. After removing the rocker arm assems-
bly, remove the pushrods (26, figure 5-19) from
the cylinder bleck,

10, I the engine is being serviced while
in the unit, the valve tappets (51) must be held
in the raised position in order to remove the
camshaft. Make a holder, as illustrated in fig-
ure 5-32, by bending a wire to form a spring-
acting hook .on one end. Insert the holder into
the hollow part of -the tappet to lift it away from
the camshaft, Bend the holder over the edge of
the pushrod hole in the cylinder head so that the
tappet will remain in this position, Repeat this
procedure for each of the remaining tappets,
With the engine out of the unit, set the engine on
the bellhousing or upside down (support the
engine with suitable blocks so that the cylinder
head studs wiil clear), push the tappets to the
raised position, and remove the camshaft,

11. With the tappets in the raised position,
rotate the engine crankshaft until the two holes
in the camshaft gear expose the thrust plate
.mounting bolts,.as.shown in figure 5-33,

12. Remove the thrust plate mounting bolt
and washer assembly (2, figure 5-35) and pull the
camshait out of the cylinder block as shown in
figure 5-34.

13. Remove the camshaft bearings (6, 7,
-and 8, figure 5-35). I they cannct be withdrawn
by hand, drive out the. camshaft bearings with a
brass drift. If difficulties are encountered re-
moving the rear camshaft bearing, it may be
necessary to remove the bellhousing,

14, If it is necessary to remove the cam-
shaft gear (22, figure 5-30) from the camshaft,
remove the nut (21), place the shaft in an arbor
press and, with suitable supports under the gear,
press the shaft out of the gear. Remove woodruif
key (4, figure §5-35) from camshait a.nd remove
the camshaft thrust plate (3),

15. After the camshaft has been removed
from the engine, the valve tappets (51, figure
3-19) can be removed from the underside of the
block.

b. Cleaning and Inspection,
1. Clean the parts with cleaning solvent.

2. Inspect the camshaft for scored or worn
cams and hearing surfaces, damaged oil pump
gear, threads, or keyway, or worn thrust sur-
faces. Replace camshaft if it has scuffed, scored,
or ¢racked valve cams, Replace camshaft if any
bearing journal diameter is worn to less than

2.051 inches. - - .

3., Inspect the bearings for cracks, scored
faces, and-:scored or worn bores. Replace worn
or damaged bearings. The maximum allowable
clearance between camshaft journal and bearing
bore is 0,006 inch,

4. Inspect the thrust plate for worn or
scored thrust surfaces and distortion,

5. Inspect the camshaft gear for worn,
cracked, or broken teeth, and for a worn keyway.
Replace a damaged gear.

NOTE

Different timing gear sets are used on
distributor- ignition engines than on mag-
neto ignition engines, - Distributor ignition
engines use a combination having a 25-
tooth crankshaft gear and a 50-toothcam-
ghaft gear. Magneto ignition engines use
a combination having a 24-tooth ¢rankshaft
gear and a 48-tooth camshaft gear.

6..-Check-.the.valve..tappets for wear and

' replace. any -that-exceed 0.005-inch clearance in

the cylinder biock bore.
¢. Installation,

1, Install the front, rear, and ihtermediate
camshaft bearings (6, 7, and 8, figure 5-35) in the
cylinder block. Replacement camshaft bearings
are precision cut and no line reaming is required.
When installing, make sure the oil holes in the
bearings are aligned with the oil holes in the
drilled passageways in the cylinder block. Tap
bearings into place with a bearing driver.

: 2. Insert the valve tappets (51, figure 5-19)
into their respective holes in the cylinder block,
Use the holding wires to keep the tappets in the
raised position during camshaft installation, as
shown in tigure 8-32.
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42,
43,
44,
45,
48,
417,
48.
49,

..50,
51.

52,

53,

54,

55,

56.

1. Oil level bayonet gauge 8. Rear camshaft bearing 57.
2. Bolt and washer assembly - 9. Key 58.
3. Camshaft thrust plate 10, Boit 59,
4. Key 11. Bolt 80.
5. Camshaft 12, Bolt 61,
6. Front camshaft bearing 13. Bolt 62,
T. Intermediate camshaft 14, Malin bearing cap . 63.
bearing 15, Center main bearing cap 64,
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Figure 5-35, Cylinder Block, Exploded View
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. Pipe plug
. Pipe plug

Pipe plug

. Pipe plug
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Cover
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Cylinder head stud
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Stud

Pin
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Instruction plate
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Figure 5-38, Measuring Camshaft End Play

3. If the camshaft gear was removed from

the camshaft, place the thrust plate (3, figure
- 5-35) on the camshaft (5) and press the gear
onto the camshaft with woodruff key (4) in place.
Secure with nut (21, figure 5-30). Make certain
all tappets are in the raised position. Carefully
insert the assembled camshaft into the cylinder
block, aligning the timing marks on the cam-
shaft gear with the timing marks on the crank-
shaft gear to ensure correct iming of the valves
(see figure 5-31).

- -4,. Secure the. thrust plate to the cylinder
block with two bolt and washer assemblies (2,
figure 5-35). Check the camshaft end play,
Normal end play is 0.005 to 0.008 inch and shall
not exceed 0.012 inch. If the endplayis.not within
limits, the thrust plate or camshaft gear, or
both, are excessively worn and must be replaced
Check the backlash of the camshaft gear to the
crankshaft gear. The backlash must be 0.0015
to 0.0025 inch,

5. Remove the wire holders, allowing the
valve tappets to fall into position onthe camshaft

6. Place the pushrods (28, figure 5-19)
into their proper places in the cylinder head.

7. Install the rocker arm assembly and
cylinder head cover {pa.sygr-aph 5-26),

8. Install the gear lLousing cover (para-
graph 5-31),

9, Install the fan andbelti(s) (paragraph 5-8).
10, Install the oil pump (paragraph 5-6).

11, Instail and time the distributor (para-
graph 5-23) or magneto (paragraph 5-24),

12, Install the radiator, hoses, and radi- '

" ator support brackets,

13; Install oil pan (paragraph 5-5c) and
fill the--crankcase to-the proper level with the
recommended _.grade.-of lubricating oil. Refer
to table 3-2.

14, Install the mechanical fuel pump, if
used (paragraph 5-11).

15, Adjust the valve clearance (paragraph
5-281).

5-33. PISTONS AND CONNECTING RODS.

The pistons are the golid type, having no saw
slots or splits in the skirt. Piston ring sets con-
sist of compression riigs and oil repulating
rings, The piston pin i5 the full floating type,

- .-able to rotate in the piston as-well as in the con-

necting rod bushing., The connecting rods are
heavy alloy steel forgings with precision-type
bearings for the crankshaft and bronze bushings
for the piston pins.

a2, Removal and Disassembly.

1, Dratn--the -radiator and disconnect the
hoses,

2. Remove the thermostat housing and
thermogtat and remove the water pump bypass
hose from the water pump. Also disconnect the
water temperature gauge thermocouple.

] 3. Remove the carburetor from the mani-
foid. Refer to paragraph 5-13.

4, Disconnect the exhaust pipe from the
manifold.

5. Disconnect the spark plug cables.

6. Remove the cylinder head cover, rocker
arm assembly, and pushrods (paragraph 5-26).
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7. Remove the cylinder head assembly
(manifolds mav be removed with the head).
(Refer to paragraph 5-27.)

8. Remove the distributor, if used (para-
graph 5-23),

9. Remove the oil pan {(paragraph 5-5) and

oil pump (paragraph 5-6).

10, Carefully scrape the carbon deposits
from the top of each c¢ylinder bore so that the
pistons c¢an be removed without damage to the
rings, On cylinder bores with excessive wear,
it may.be necessary to use a ridge reamer.

g .

1, Cap bolt 7. Piston ring

2, Connecting rod cap 8, Retaining ring

3. Lower bearing 9. Piston pin

4, Upper bearing 10. Piston

5. Piston ring - 11, Connecting rod

6. Piston ring 12, Piston pin bushing

Figure 5-37. Piston and Connecting Rod,
Exploded View
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11. Crank the engine so that the No, 1"}

piston connecting rod caps can be removed.
Remove the cap bolts (1, figure 5-37), connectmg
rod cap (2), and lowev hearing (3). Be sure to
keep the connecting rod, cap, and bearings for
each piston together. Do not mix parts, Rotate
the crankshaft until the piston is at the top of
its stroke, and use a block of wood or hammer
handle to carefully push the assembled piston
and rod out through the top of the cylinder block.
See figure 5-38. After the connecting rod (11;
fipure 5-37) and piston (10) are removed from

. the cylinder “block, ''réassemble the connectlng
rod cap (2) and- lower bearing {3) to the con-.

necting rod. ;

!

12, Remove the remaining pistons and con-

necting rod assemblies in a similar manner.

Rotate the crankshaft as necessary to provide
easy access to each connecting rod cap.

13, Secure the connecting rod in a vise
equipped with soft jaws and remove the piston
rings (5, 6 and 7 with a piston ring expander
tool.

14. To disconnect the connecting rodsfrom
the pistons, remove the piston pin retaining rings

(8) and push the pin (9) out of the piston {10) and

piston pin bushing (12),
b. Cleaning and Inspection.

1, Clean the parts with cleaning solvent.
If this does not remcve the carbon deposits,

Figure 5-38. Piston and Connecting !
Rod Removal '
!

y e
‘n.:;a'-:ra .
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use a chemical carbon solvent that will not attack
the aluminun: pistons or the bronze piston pin
bushings,

2. Clean the compression ring grooves of
the piston. This can be done with a broken com-
pression ring that has been ground to 2 bevel
edge,

3. Using a standard aligning fixture, check
the connecting rod for distortion and misalign-
ment. Check the connecting rods, caps, and bolts

‘for cracks with magnetic particle test. Discard

A~ twand:replace parts if eracks are detected.

4. .Inspect .the connecting rod bearings for
scoring, chipping, flaking, pits, cracks, and signs
of overheating. Bright spots on back of bearings
indicate shifting and are cause for replacement,

5. Check the piston pin bushing for scoring
or wear. Replace bushing if bore is scored or if
worn to more than 1,2523 inches, Press worn

.* bushing {rom.connecting rod andpressinnew one, -

6. Inspect the piston pin for wear or scor-
ing. Replace pin i worn to less than 1.2478-inch
diameter, Maximum allowable pin clearance in
piston is 0.0005 inch and in connecting rod is
0.0012 inch. '

7. Inspect the pistons for damaged ring
grooves, scoring, or cracks. Remove light scor-

ing with fine emery cloth. Replace piston if
damaged beyond repair,

¢. Reassembly and Instailation,
NOTE

All parts should be at room temperature
to ensure proper dimensional tolerances
during piston and ring fitting,

1. Check the fit of the piston without rings
in the cylinder bore with a feeler 0.002 x 1/2
(Bohn Piston) or 0.005x 1/2 (Zollner Piston)
between the piston and bore. Use a spring scale
to -determine:the force. required to withdraw the -
feeler stock. A newly honed bore with a new
piston should require between $ and 8 pounds
pull. A used piston in a honed bore must require
a minimum -of 5-pounds of pull. If any binding -
occurs, remove the piston and examine the piston
and cylinder wall for burrs. Remove burrs with
a fine hone (a flat one is preferahble) before pro-

. ceeding with the clearance check.

2. If piston clearance is excessive, meas-
ure the bore diameter and refer to table 5-1to
select 2 new piston, Piston sizes are indicated
by the letter A, B, C, D, or E stamped on the
top of the piston. Within the limits of the size
variations available, a slightly larger piston can
be fitted to a worn cylinder bore to obtain the
corract clearance.

Table 5-1. Piston and Bore Sizes

3-3/4 Inch Bore 4 Inch Bore

: Piston Bore Piston Bore
Letter Diameter Diameter Diameter Dizmeter

A 3.7479 32,7492 3.9974 3,9087

3.7483 3.749% 3.0978 3.0801

B 3.7484 3.7497 3.9979 3.9992

. 3.7488 3.7501 3.9983 3.99986

C 3.7489 3.7502 3.9984 3.9997

3.7493 3.7508 3.0988 4,0001

D 3.7494 3.7507 3.9989 4,0002

3.7498 3.7511 3.9993 4.0006

£ 3.7409 3.7512 3.0994 4,0007

3.7503 3.75186 3.9998 4.0011

NOTE: Select piston to obtain 0.0009 to 0.0017 inch clearance (all engines).
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3. All new piston rings must be installed
whenaver i pisan iS5 removed, regardless of
whether 2 new .. used piston is installed.

%, Insert tne ring at a time inside of the
evlinder bore, {ar enough down to be within the
normal area of the ring travel, Use a piston to
push down the ring to be sure it is parallel with
the fop of the cylinder bore.. Measure the ring
gap with a feeler gauge., All ‘ring gaps shall
be 0.010 to 0.020 inch,

5. Check the ring clearance in the piston
ring grooves. See Fits and Tolerances in Sec-
tion VIL

6... Install each piston on its connecting rod
by placing the upper end of the connecting rod
between :the piston pin bosses and in line with
the piston pin holes., Then, slide the piston pin
(9, figure 5-37} in place. To facilitate assembly,
heat the piston in boiling water for afew minutes,
but do not heat the piston pin. Install the pm
retaining rings (8).

7. Install the piston rings (5, 8, and 7) on
the piston as follows:

{a) Install the rings on the piston with
an expander tool, To avoid breaking or over-
stressing the rings, do not spread them any
more than necessary to slip them over the piston,

{») When installing the piston rings,
stagmer the positions of the ring gaps arcund the
piston to minimize compression loss. No two
ring gaps may be in line,

)

INTERNAL
BEVELED RING
(IF USED)

TAPERED RING
{IF USED) '

EXTERNAL
UNDERCUT RING
(IF USED)

INTERNAL
UNDERCUT RING
r (IF USED)

| NOTE: PISTON RINGS ARE NOT
NECESSARILY INSTALLED
IN THE ORDER SHOWN

Figure 5-39. Piston Ring Shapes and Installation
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{¢} When installing piston rings with
undercut grooves, note iw fvilowing instructions:

{1) On all piston rings that have a
bevel or chamfer on the inside diameter of the
ring, place the bevel toward the top of the piston,
See figure 5-39.

{2) On all piston rings that have the
groove on the outside diameter of the ring, place
the undercut or groove toward the bottom of the
piston. See figure 5-39.

(3) On all piston rings that have the
groove cut on the inside diameter of the ring,
place the undercut or groove toward the top of.
the piston. See figure 5-39.

8. Inspect the crankshaft for any rough or
scored marks that might damage the connecting
rod bearing. If any rough marks are found, polish
the shaft with an oil stone, very fine emery cloth,
or crocus cloth. Clean the shaft thoroughly after
polishing.

NOTE -
The cylinder number is stamped on the

connecting rods and caps on the camshaft
side and to the front of the engine.

Figure 5-40. Piston Installation

!
|
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9. Select the proper assembled piston and
cnnnecting »od for the first cylinder bore and
turn the craushaft so that the connecting rod
journal for thst cylinder is in the lowered posi-
tion. Apply a coat of lubricating oil to the cyl-
inder bores, pistons, rings, piston pin, and
crankshaft journal.

10. Use a ring compressor to compress
the piston rings to facilitate installation of the

- assembled piston and rod, Remove the connecting

rod bearing cap, wipe the bearings clean, and
insert the piston from the top of the cylinder

. block. VUse a hammer handle or block of wood

against the top of the piston to push the piston
into the cylinder bore, See figure 5-40. Make
certain that the connecting rod is in line with the
crankshaft journal and that the bearing is properly
positioned in the connecting rod.

11, Install the bearings and connect the
connecting- rod to the crankshaft as follows:

(a) To check crankshaft journal-to- '
‘bearing shell clearance, place a piece of plastic

gauge material the full width of the lower bear-
ing (3) about 1/4 inch off center (Seefigure 5-41).
Rotate the crankshaft about 30° from bottom dead
center and install the connecting rod cap. Tighten
the : connecting rod cap bolts to 70 foot-pounds
torque. Make sure the rod cap cylinder identifi-
cation number is toward the camshaft side of
the engine faciug the front of the engine.

(b) Remove the connecting rod cap. The
flattened plastic gauge material will be found
adhering to either the lower bearing or the
crankshaft. Compare the width of the flattened
plastic gauge matarial at its widest point with
the graduations on the package, as shown in fig-
ure 95-41, The required clearance for new parts
is 0.001 to 0.003 inch. With used parts, the
maximum allowable clearance is 0.003 inch.

(¢} I the clearance is within required

* limits; -remove the-gauge material, lubricate the

bearings with engine oil, and reinstall the con-
necting rod bearings and cap (2, figure 5-37).
Tighten the bolts (1) to 68 to 72 foot-pounds
torque. Check the comnecting rod side clearance;
it should be Q.005 to 0.012 inch with a maximum
clearance of 0.020 inch.

12, Install the remaining piston and con-
necting rod agsemblies in a similar manner. Be
sure that the cylinder numbers in the rods and
caps are on the camsghaft side facing the front
of the engine. '

13. Install the oil pump (paragraph 5-6).

Figure 5-41. Checking Bearing Clearance

14, Inspect the top of the cylinder block

- and pistons, Make sure no foreign matter is - - -

present;.install the cylinder head gasket.

15.. Install -the cylinder head (paragraph
5-27).

16. Insert the valve pushrods and install
the rocker arm assembly (paragraph 5-28),

17. Install the cylinder head cover, using
a new gasket. Install the nuts and washers.

18. Ingtall the thermostat, thermostat hous -
ing, and ‘water pump bypass hose; connect the
water temperature gauge thermocouple.

19, Install the carburetor (paragraph 5-13)
and fuel pump (paragraph 5-11),

20. Install and time the distributor (para-
graph 5-23).
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21. Connect the exhaust pipe to the manifold.

22, Connect the radiator hoses and fill the
radiator with clean water or antifreeze.

23, Instal! the oil pan, using new gaskets,
and fill the crankcase with the proper grade of
lubricating oil (paragraph 5-5).

24, Adjust the valve clearance (paragraph
5-28f). ‘

5-34. CRANKSHAFT AND MAIN BEARINGS.

The, . crankshaft is a machined forging with
surfacé-hardened bearing journals, The shaft
has passages drilled to carry oil, under pressure,
to the .connecting rod bearings. Normally, it is
not neeessary to remove the crankshaft gear
from the crankshaft. )

The use of seven main bearings in the six-
cylinder engine and five in the four-cylinder
engine permits a main bearing to be placed on
each side of each connecting rod bearing (see
figure 5-42), This construction helps to eliminate
vibration at high speeds. The main bearings are
removable, precision, shell-type bearings. The
upper Shell of each bearing is not interchange-
able with the lower shell. No shims are used.
These precision-type shells are completely
finished before being put in place ard no line
reaming or scraping is required,

CENTER MAIN
BEARING CAP CONNECTING ROD
AND BEARING CAP AND BEARING

. Vo
QL PUMP
MOUNTING HOLE

Figure 5-42, Crankshaft and Main Bearings
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a. Removal,

Removal of the ¢crankshaft is greatly facili-
tated if the engine is mounted on an engine over-
haul stand with the cylinder head, pistons, and

-connecting rods removed., However, it may not

be necessary to remove the engine from the unit
to replace only the main bearings. To remove

the main bearings only, proceed as indicated in °
steps 4 through 8 below. To¢ remove the crank- °
shaft and main bearings, the following minimum |,

disassembly is required.

1. Drain the radiator and remove the radi-
ator, hoses, and radiator. support bracket,

:;54;)

2. Disconnect and remove the carburetor |

from the intake manifold (figure 5-12) and dis-

comnect the muffler and exhaust pipe from the .

exhaust manifold.

3. Remove the fan and belt(s) for easier
access to the gear cover and gears (paragraph
5-8) and remove the fan drive pulley and gear
housing cover (paragraphs 5-8 and 5-31).

4, Remove the distributor (paragraph5-23)
or magneto (paragraph 5-24),

5. Drain the .crankcase and remove the oil

pan {paragraph 5-5). :

Figure 5-43. Upper Main Bearing
Removal and Installation
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6. Remove the oil pump (paragraph 5-6).
If a tachometer drive is used, it mustbe removed
before the oil pump can be removed.

7. Remove the front and rear oil pan
adapters (paragraphs 5-30 and 5-31).

8. Remove the main bearing caps (14, 15,
16, and 17, figure 5-35) by removing the bolts
(10 11, 12 and 13). Rémove the main bearing
caps and lower main bearings (18, 19, 20, and
21), one cylinder at a time. Keep each bearing
matched with its bearing cap. It may be neces-
sary to use a small pry bar to remove the main
bearing caps from the cylinder block.  Be careful
not t0 score or mar-the crankshaft journals,

9, To remove the upper main bearings (23,
24, 25, and 28, figure 5-35) without removing
the crankshaft, insert a small tee-shaped pin
in the crankshaft oil hole, Rotate the crankshaft
(22) counterclockwise so that the pin will push
the upper main bearing out, as shown in figure

.« 5-43.. If;sthe :crankshaft is to.be -removed, remove .
the upper bearings after removing the crankshaft.

10. Remove the connecting rod hearing caps
and bearings (paragraph 5-33).

11. With the engine inverted on anoverhaul
stand, use a rope sling and a hoist to remove the
crankshaft (22, figure 5-35) from the cylinder
block (64). Take care to prevent scoring of the
crankshaft journals. - -

12. Remove the upper main bearings (23,
24, 25, and 26) from the cylinder block.

h. Cleaning and Inspection.
1, Discard used gaskets and geals.

2, Clean all parts with cleaning solvent;
dry with filtered compressed air,

3. Clean the ofl passages in the crankshaft
with a small tube brush.

4, Inspect the crankshaft gear for cracked
or worn gear teeth. If gear removal is neces-
sary, properly support the crankshaft and gear
in an arbor press and remove the gear (27, fig-
ure 5-35) from the crankshaft. Remove the
woodruff key (28). If the gear must be replaced
and an arbor press is not available, use a 1/4-
inch drill centered midway between the edge of
the keyway and the base of the pear teeth and
drill through the gear parallel with the keyway.
Spread the gear with a chisel and pull from the
shaft. Be careful not to drill into the crankshaft.

NOTE

Different timing gear sets are used on
distributor ignition engines than on mag-
neto ignition engines, Distributor ignition
engines use a combination having a 25-
tooth crankshaft gear and a 50-tooth cam-
shaft gear, Magneto ignition engines use
a2 combination having a 24-tooth crank-
shaft gear and a 48-tooth camshaft gear.

5. Inspect the bearing caps for cra;cks and
distortion. Replace if damaged.

6. Inspect the main bearings for scoring,

--chipping, . flaking, pits, and signs of overheating,
" Bright+spots -on*back-of bearings indicate shift-
- ing and -are cause-for repilacement, Replace all

main bearings if one or more is damaged and
requires replacement,

7. Inspect the crankshaftfor cracks, scored
journals, and misalignment, Replace if damaged
beyond repair. Perform detailed inspection of -
the erankshaft as follows:

(a) Check the surfaces of the crankshaft
for cracks, There are several methods of deter- -
mining the presence of minute cracks not visible
to the eye. These inspection methods include
magnetic particle, fluorescent magnetic particle,
and fluorescent penetrant. Check for circum-
ferential fillet cracks at the critical areas, and
45° cracks {45° with axis of the shaft) starting
from either the critical fillet locations or the
crankshaft holes. Cracks of this nature requu'e
replacement of the shaft,

(b) Inspect the keyways for cra.ckslor
wear; replace the shaft if necessary.

. {¢)..If .the crankshaft is worn so that the

+» maximum .journal-to-bearing clearance (withnew

bearings) exceeds 0.007 inch, or the maximum
taper is 0,0015 inch, or the out-of-round is 0.002
inch, the crankshaft must be reground to ©.010,
0.020, 0.030, 0.040, or 0.060 inch unders:Lze
Proceed as fonows

NOTE

The crankshafts of .engines used in air
compressor applications may be surface
hardened' by the Tufftriding process. Re-
grinding of the journals of these crank-
shafts requires that the crankshaft be
Tufftrided again before installation,

(1) Prior to grinding a crankshaft,
check carefully for cracks which start at an oil

5-47




’

Table 5-2, Crankshaft Main and Connécting Rod Journal Dimensions

01700 0.1700
0.1400 0.1400 P
) ) ™) 01700 .
- 01400
. f l
5 A
}_. 3 3 -
1.500 L G
1485 L [
J ; - s
1.3125
| —
__) 21270
21240 ,
J—

Connecting Rod Journal

Main Bearing Journal

Bearing Sizes Diameter "A" Diameter '"B"
(Inches) {Inches) . (Inches)
Standard 2.3730/2.3740 2.8734/2.8'144

0.010 Undersize
0.020 Undersize
0.030 Undersize

2,3630/2.3640
2.353072.3540
2.3430°2.3440

2.8634/2.8644
2.8534/2,8544

0.040 Undersize
0.060 Undersize

2.3330. 2.3340
2,3130-2.3140

2.8434/2.8444
2.8334/2,8344
2.0134/2.8144

hole and follow the journal surface at an angle of
45° to the axis, Any crankshafts with suchcracks
must be rejected, as these cracks indicate
torsional fatigue, Grinding of the shaft will in-
crease the sftress at the cracks causing eventual
failure.

{2) Measure the crankshaft journals,
and compare these measurements to the diam-
"eters required for various undersize bearings
shown in table 5-2. These measurements will
deterimine the size to which the crankshaft journals
must be reground, :

(3) If one or more malnor connecting
rod journals require grinding, then all main or
all connecting rod journals must be ground to the
same required size.

(4) When regrinding crankshafts, all
journal fillets must have a 0,140- to 0.170-inch
radius between the crank cheek and the crank
journal and must not have any sharp grind marks.
The fillet must blend smoothly into the journal
and cheek, and must be free of scratches.
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(6) After all of the regrinding oper-
ations have been completed, perform another
magnetic particle inspection of the crankshaft to
determine whether grinding cracks have origi-
nated due either to insufficient cooling or crowd-
ing of the grinding wheel. Finally, demagnetize
the crankshaft.

(6) wash and clean the crankshaft
with solvent, and blow dry with air, Blow out the
oll passages to make sure they are clear,

¢. Reassembly and Installation,

1..Install the crankshaft gear (27, figure
5-35) onto the ecrankshaft (22). Use an arbor

press, if available, to press the gear on the °

shaft, Make sure the woodruff key {(28) is in
place, If an arbor press is not available, the
following method may be used:

(a) Ingert the woodruff key (28) in the
crankshaft,

et
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Table 5-3. Main Bearing Cap Bolt Torques

T-Stamped Caps
{Foot-Pounds)

Plain Caps
(Foot-Pounds)

1/2-inch bolts for center main bearing cap

9/16-inch bolts for front, rear, and intermediate caps 130 80

100 80

(b) Lay the gear on a sheet of ashestos
or other fireproof material and, with a torch,
heat the gear evenly on both sides until the gear
. turns a pale straw yellow. .{If the-gear is clean
and untarnished, this color will indicate it is
heated to approximately 450°F.)

(¢} Assemble the hot gear on the crank-
shaft and quickly drive the gear into the correct
positon. A piece of 2-inch diameter pipe may
be used as a driver,

(d) Allow the gear and shaft to cool.

2. Install the wpper main bearings {23, 24,
25, and 26) in the cylinder block. The upper
bearings are the bearings with two holes and
an oil groove. The bearings must be installed in
the same positions from which theywere removed.

NOTE

The upper main bearings can be installed
with the crankshaft in place, Install a
small tee-shaped pin into the crankshaft
oil hole. After starting the bearing into
place, rotate the crankshaft clockwise to
seat it on the cylinder block, as shown in
figure 5-43. ..

Figure 5-44. Tightening Main Bearing
: Cap Bolts

3. Apply clean engine ofl to all of the crank-
shaft journals and bearings and, using a sling
and hoist, carefully set the crankshaft in place

. .50 that .the..iming.marks on.the crankshaft gear

and the camshaft gear align as shown in fig-
ure 5-31, -

4, With the lower main bearings (18, 19,
20, and 21, figure 5-35) installed in the bearing
caps (14, 15, 16, and 17) from which they were
removed, install the caps in their original posi-
tions on the cylinder biock. The caps are marked
with the journal number in which they are used.
The center main bearing cap is secured with
four 1/2-inch diameter bolts. The remaining
bearing caps are secured with two 9/16-inch
diameter bolts each. Draw the bolts up snug,
then rap the caps sharply with a soft hammer to
seat them properly, Check the original center
main bearing cap for a T stamped on the side
opposite the cylinder number to determine the
required torque value, Tighten the bearing cap

.bolts to the torque specified in table 5-3. Refer

to figure 5-44. Start with-the center-cap and work

alternately toward both ends of the block. If the -

Figure 5-45. Checking Crankshaft
End Thrust -




bearings have been installed properly, the crank-
shaft will turn freely with all main bearing caps
drawn down to the specified torque.

5. After installing crankshaft with new
bearings and center thrust bearing, check the
crankshaft end thrust. Insert different dimen-
sion feeler gauges until one just fits between the
center thrust bearing and the crankshaftas shown
in figure 5-45, This dimension must be between
0.005 and 0,010 inch for new bearings, and the
maximum allowable clearance of 0.015 inch.
Insufficient clearance can be the resuit of a mis-
aligned main bearing, or a burr or dirt on the
inner-face of the thrust bearing flange. Disas-
senible, clean, and reassemble as necessary. If
clearance is still insufficient, polish the thrust
bearing "flanges on a flat surface with crocus
clothto gbtain the proper clearance.

6. Position the connecting rods so that they
engage the journals of the crankshaft., Apply a
coat of engine oil to the bearing shells to ensure
proper lubrication, Install the connecting rod
bearings and bearing caps (paragraph 5-33).

7. Install the front and rear oil pan adapters
{paragraphs 5-30 and 5-31).

8. Instail the oil pump (paragraph 5-8);
install the tachometer drive, if used (paragraph
5-25).

) 9. Install and time the distributor (para-
graph 5-23) or magneto {paragraph 5-24).

10. Place a new Seal in gear housing cover
and install cover, Install the fan drive pulley
(paragraphs 5-8 and 5-31).

11, install the fan and belt(s) (paragraph
5_8), ...

12. Install hw.fﬂer and exhaust pipe on the
exhaust manifold and install the carburetor onthe
intake manifold (figure 5-12),

13, Install the oil pan, using new gaskets,

Fill the crankcase with the proper grade of
lubricating oil. See table 3-2.

14, Install the radiator, hoses, and sipport
brackets. Fill with water or antifreeze.
5-35, CYLINDER BLOCK.
The cylinders are machined into the cast iron
cylinder block. For uniform cooling, water
jackets are carried the full length of the cylinders,
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. 5-30).

The cylinder block has an oil header running|? ]
the length of the block. ¥rom this header, vari-,
Ous passages carry oii to the main bearmgs,:
camshaft bearings, and rocker arms. i

a. .Removal and Disassembly, - I

1. Remove the engine and mount it on an.
overhaul stand as directed in paragraph 5-2,
2. Remove the carburetor (paragraph5-13). CoT
3. Remove the intake and exhaust mani- |
folds {paragraphs 5-17 and 5-18), o
4. Remove the mecha.mcal fuel pump, if
" used (paragraph 5-11), :
5. Remove the spark plugs and cables,
{ 6. Remove the distributor {paragraph5-23)
or magneto (paragraph 5-24).
i
'7. Remove the water pump and fan assem-
bly (paragraph 5-8). ‘
8. Remove the cylinder head (paragraph'
5-27). ’ LT
9. Remove the flywheel (paragraph 5-29). .-

10. Remove the nii filters and lines (para-
graph 5-4),

11. Remove the qil pan (paragraph 5-5).

12, Remove the bellhousing (paragraph:

13. Remove the mechanical governor, if
used (paragraph 5-14).

14, Remove the gear housing (paragraph
5-31).

15. Remove the tachometer drive, if used
{paragraph 5-25),

16. Remove the oil pump (paragraph 5-6).

17. Remove the camshaft (paragraph5-32). .

18. Remove the pistons and connecting rods ‘
{paragraph 5-33), .

19, Remove the c¢rankshaft and main bear-
ings (paragraph 5-34), 5

20. Remove the bolts (40, figure 5-35) and @ :©
lock washers (41) attaching the side cover (42) ™
and gasket (43) to the engine; remove the side -
cover and gasket. I
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Table 5-4. Cylinder Bore Dimensions

Manufacturing Diameter Maximum

Cylinder Bore Allowable

Diameter Minimum Maximum Diameter
3-3/4 inch bore 3.749 3.751 ' 3.756
0.020 over-size 3.769 3.711 3.778

0.040 over-size 3.789 3.791 3.798

4 inch bore 3,999 4,001 4.006
0.020 over-size 4,019 4,021 4.026
™ 0.040 over ~size . 4.039 4,041 4,045

21. Remove the oil level bayonet gauge tube
(48) from the cylinder block (64).

22. Refer to figure 5-35 and remove oil
passage ‘pipe plugs (30 thru 34, and 37} from the
block. Do not remove the expansion plugs (55)
in the core openings, unless they show signs of
leaking.

23. Do not remove the various studs and
dowel pins from the block unless they are
damaged and require replacement.

b, Cleaning and Inspection,

1, Clean block by submerging in tank of

heated cleaning solvent: Circulate the solvent to -

increase cleaning effectiveness.
NOTE

I additional machining is tobe performed,
clean oil passage-and reinstall plugs after
all maching is completed.

2. Clean oil passages by running a wire
*brush through them.

.+ 3. Check the ‘cylinder black for cracks by
using dye penetrants according to manufacturer's
—ingtructions. ‘Replace 2 damaged block,

4. Check for excessive cylindér bore wear
by determining the diameter of the wear area
and comparing this with the original cylinder bore
diameter. Gauge at intervals of approximately
45 degrees. Refer to table 5-4 for standard bore
dimensions, Maximum allowable wear is 0.005
inch,

NOTE

If wear appears to be unusually exces-
sive, check for original cylinder bore

.-diameter by .gauging the diameter of the
cylinder below-:the piston ring wear area,
The -cylinder- may already have been re-
bored for over-sized pistons.

5. The out-of-round must not exceed 0.003
inch or the taper must not be more than 0.002

inch in each bore. Irregularities in the cylinder -

bore (out-of-round and taper) may result in gall-
ing and seizing of new pistons.

6. K the cylinder bores are worn exces-
sively, they can be rebored for 0,020 and 0.040
oversize pistons and piston rings. Use a good
commercial boring uni! znd follow the manu-
facturer's instructions. after boring, check the
bore finish to be sure it is smooth,

7. Hone the cylinders and ridge ream, if
necessary. After honing the cylinders, visually
check the honed surface of each cylinder bore.
There must not be any low spot with an area
larger - than: a half dollar. Recheck the cylinder
tolerance-as described above.

8. .Check.the_top of the block for flatness
with an accurate-straightedge and a feeler gauge.
The top surface must not vary more than 0,005
inch on width or length. Out-of-flatness should
vary gradually and uniformly from end to end
and side to side. If.it is necessary to machine.
the top surface of the block to correct for the
above conditions, do not remove more than 0.005
inch of metal. The dimension from the center-
line of the crankshaft to the top of the block must
not be less than 13.12 inches,

9. Remove and replace any damaged or
broken cylinder head studs (49 thru 54). With
studs removed, inspect the tapped stud holes in
the block and, if the threads are damaged, use a
tap (same size as hole) to clean up the threads
or retap larger and install a helical thread
insert. Add Loctite in hole and install new studs
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Table 5-5. Cylinder Stud Installation

G-4 CYLINDER

EARLIER TYPE E A
STUOS
q LATER TYPE
— G-6 CYLINDER P $tlos
z i . d % v o o % O :
Y . ¢ ) 8 D 8 D B : — A
0 o 0 0 o ™
TOP DECK OF i 3 A A A 3 F TOP DECK OF
# » CYLINDER BLOCK sg CYLINDER BLOCK
v
oo
EARLIER TYPE STUDS
4 Cylinder 6 Cylinder
Stud
Identification X -Diameter Height X-Diameter Height
A 0.562 Y 4.625 0.562 Y 4.625
B : 0.562 Y 4.625 0.625 Y 4.688
. Z 6.250
C - Oil supply 0.625 Y 4.625 0.625 Y 4.625
Z 6,250
D - Cover 0.562 Y 4.625 0.625 Y 4.625
T Z 6.250
E - Lift 0.562 Y 5.500 0.825 Y 5.375
Frof 0.562 Y 3.375 0.625 Y 3.375
'LATER TYPE STUDS
4 Cylinder 6 Cylinder
Stud - .
Identification A-Diameter B-Height A-Diameter B-Height
A 0.562 4.620 0.625 4.688
B ~0.562 6,650 0.625 6.625
C - 0il supply 0.625 6.620 0.625 6,625
D - Cover . 0.562 7.430 0.625 7.435
E - Lift 0.562 5.750 0.625 5.560
F 0.562 3,375 0.625 3.375
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in the cylinder block to the dimensions indi-
cated in table 3-5. Install the end oil passage
studs so that the oil holes are within a 40-degree
angle with ite center line of the rocker arm
shaft, as shown in figure 5-21.

10. Check the main bearing bores as
follows: '

(a} Install the main bearing caps in their

‘original positions. Draw the bolts up 3nugly,

and rap the bearing cap sharply with a soft
hammer to ensure proper Seating. Tighten the
bolts to the torques given in table 5-3.

- -NOTE

It is imperative that the main bearing
caps are reinstalled in their original
. positions to maintain the main bearing
bore alignment. The caps are marked
with the number of the journal in which
they are used,

~ +(b) Measure the mainbearingbores. The
bearing bores must be 3.0665 to 3.0670 inches,
If the bores do not fall within these limits, dis-
card the cylinder block,

'(c) Check the main bearing bores for
alignment. Misalignment may be caused by a
broken crankshaft, excessive heat, or other severe
damage., Check bearing bore alignment, If a
crankshaft having standard size journals, new
standard size main bearing shells installed and

- lubricated, and the bearing caps properly tight-

ened, can be rotated freely by hand, the bores
are properly aligned. If a main bearing bore is
out of alignment, the block must be line-bored
aor scraped, - After boring, all hores must be
within the 3.0665- to0.3.06%0-inch limits,

11. Check the camshaft bearing bores. The
internal diameter of bearing bores mustbe 2,1870

to 2.1889 inches. - If*the bores do not fall within’

these limits, replace the cylinder block.

12, Check the plugs in the vertical oil
passages in the corners of the block to be sure
they are flush with or below the top surface of
the block.

13. Check all of the machined accessory
mounting pads for flatness, nicks, and burrs.
Remove nicks and burrs with a fine file.

14, Check the remaining studs and dowel
pins in the block for damaged threads, distortion,
eracks, or cother damage. Replace any damaged
parts,

15. Check all the threaded holes in the
cylinder block. Make sure they are clean and
the threads are in good condition. Clean up
damaged threads in the tapped holes with a
same-size tap or retap larger and install helical
thread inserts, if necessary.

16, Inspect the covers (42 and 46, figure
5-35) and bayonet gauge tube for cracks, dents, .
distortion, and other damage. Replace any
damaged parts.

¢. Reassembly and Installation,

1, Reinstall any studs, dowel pins, or ex- -

.- .pansion plugs (55, .figure 5-35) that have been

removed.

2...Reinstall -pipe plugs (30 thru 34, and 37)
in open oil passages. Make sure the lower cam-
shaft thrust flange mounting hole is plugged with
setserew (38) as shown in figure 5-29, This is
the rear end opening of the oil passage for the
rocker. arms and must be plugged to prevent oil
leakage, .

3. Install the oil level bayonet gauge tube

.{48, figure 5-35) in the cylinder block (64},

4. Install the cover (46) and gasket (47);
secure with nuts (44) and lock washers (45).

5. Install the side cover plate (42) and
gasket (43); secure with bolts (40) and lock
washers (41). :

6. Install the crankshaft and main bear-
ings (paragraph 5-34),

7. Install the pistons and connecting rods
(paragraph 5-33). - :

.8.xInstall:the-camshaft {paragraph 5-32).
9. Install the 0il pump (paragraph 5-6).

10. Install the tachometer drive, if used
(paragraph 5-25).

11. Install the gear housing (paragraph
5-31),

12. Install the mechanical governor, if used
(paragraph 5-14).

13. Install the bellhousing (paragraph 5-30).
14, Install the oil pan (paragraph 5-5),

15, Install the oil filters and lines (para-
graph 5-4),
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18. Install the flywheel {paragraph 5-29).

17. Install the cylinder head (paragraph
5-27).

I8, Install the thermostat and housing
(paragraph 5-9).

19, Install the water pump and fan assem-
bly (paragraph 5-8), .

20. Install and time the distributor {para-
graph 5-23) or magneto (paragraph 5-24).

21. Install the spark plugs and cables.
Refer to figure 3-3.

22, Install the mechanical fuel pump if
used (paragraph 5-11),

23. Install the intake and exhaust mani-
folds (paragraphs 5-17 and 5-18),
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24, Install the carburetor (paragraph 5-13).

25, Reassemble the engine accessories and
install the engine in the power unit by reversing
the procedure given in paragraph 5-2,

26. After overhaul, make the following
adjustments:

{a) Adjust valve clearance (paragraph
3-6) '

(b) Time the distributor or magneto
(paragraph 3-9 or 3-10). :

{c) Adjust idle speed (paragraph 3-11),

{d) Adjust maximum governed speed
{paragraph 3-12 or 3-13),

CIRR




TORQUE SPECIFICATIONS

SECTION Vi
TORQUE SPECIFICATIONS

Table 6-1 lists the torque specifications which
must be used during engine reassembly, Follow
these values to ensure proper fits, tolerances,
and alignment of the reassembled engine, .

Table 6-1. Torque Specifications

Torque Torque
{Foot-Pounds) {Foot-Pounds)
4 6 4 6
Cylinder | Cylinder Cylinder | Cylinder
Main bearing cap bolts Intake manifold cap 20 20
Front 130 130 screws
Intermediate 130 130 -
Center 100 100 - Fuel pump attaching nut 15 15
Rear 130 130
Older block without 80 80 Vibration damper-to- 35 35
"T" on cap pulley nut
All connecting rod 70 70 Water pump attaching 24 24
bolts bolt
Camshaft gear nut 130 130 .0il.pan attaching.bolt . 20 20
Crankshaft pulley 125 125 Gear housing attaching 40 40
cap screws
Flywheel-to-crankshaft 80 80
bolt Gear housing cover 15 15
attaching cap screws
Flywheel housing nuts 40 40 and nut
Grade 5 boits 75 75
Thermostat housing bolt 15 15
Oil pump attaching bolt 25 25
Cam thrust plate bolt 9 8
Cylinder head
9/16" stud nut 147 Oil pan adapter -to- 15 15
5/8" stud nut 160 175 housing bolt
Exhaust manifold nut 20 20 PTO adapter ring bolt 35 35




FITS AND TOLERANCES

SECTION ViI
FITS AND TOLERANCES
Mfg. Tolerances Clearance Max imum
- : Allowable
Model G-Series: 4 and 6 Cylinder Minimum { Maximum | Minimum | Maximum Wear
CYLINDER BLOCK
Cylinder bore diameter
3-3/4" bore 3.7492 3.7516 0.0050
4" bore 3.9987 4.0012 0.0050
Cylinder bhore out of round 0.0Q05 0.0030
Cylinder bore taper 0.0005 0.0020
Main bearing bore - less bearings 3.0665 3.0670
Camshaft bearing bore - less bearings 2.186 2.1865
Cil pump bore 2.0000 2,0005
Valve tappet bore 0.749¢6 0.750%
CRANKSHAFT
Main bearing journal diameter 2.8734 2.8744 0.0030
Main bearing journal ocut of round 0.0005% 0.0020
Main bearing journal taper 0.0003. 0.0015
Main bearing run-out at center 0.0020 0.0030
Connecting rod journal diameter 2.3730 2.,3740 0.0020
Connecting rod journal ocut of round 0.0005 0.0020
Connecting rod journal taper 0.0003 0.0015
Fillet radii 0.1400 0.1700
Crankshaft main bearing clearance 0.0009 0.0034
Crankshaft thrust clearance 0.005¢ 0.0100
Seal surface diameter - rear 4.3100 4.3150 0.0150
Seal surface diameter - front 1.8740 1.8750 0.0150
CONNECTING ROD .
Length - /1 to ¢/1 7.9980 8.0020
Bearing bore ~ less bearings 2.5260 2.5270
Bearing to crankshaft clearance 0.0010 0.0030
Connecting rod side clearance . 0.0050 0.0120
Piston pin bushing bore - less bearings 1.3745 1.3755
Piston pin bushing bore 1.2503 1.25086 0.0015
CAMSHAFT
Bearing journal diameter - all 2.0530 2.0540 0,0020
Lobe- diameter - base to tip 1.7200 1.7250 0.0100
Journal run-out in vee blocks 0.0G10 0.0040
Bearing clearance 0.001 0,003
End thrust 00,0050 0.0080 0,0040
Backlash - camshaft to crank gear 0.0015 0.0025
PISTON {With newly honed bores and new pistons}
Clearance in cylinder bore - all 5 1b. 8 1h. {Pull on 1/2 x .002 ribbon
. Bohn) {1/2 x .005 Zollner)
Piston pin bore 1.2500 1.2502 0.0010
Width of ring groove - top 0.087Q 0.Q0980 0.0080
Width of ring groove - 2nd 0.126 0.127 0.0050
Width of ring groove ~ ol control 0.1880 0.189 0.0050
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Mfg. Tolerances Clearance Maximum !
. T T Allowable |
yacdel G-3erissx: 4 and & Cylinder Minimum i Maxirum | Minimum f tLuimuam Wear E
{ 1 !
EPI TON PIN J ;
! Length 3-3°4" diameter piston 3,025 ! 3.035
Length 4" diameter piston 3.025 1.035
Diameter 1.2498 1.2500 0.0020
Clearance ih piston ' C.0001 0.0004
Clearance in connecting rod 0.0003 ¢.0008
PISTON RING
Clearance in groove - tap 0.0035 0.0050
Clearance in groove - 2nd 0.0040 0.0060
Clearance in groove = gil control 0.,0015 0.0030
Gap . 0.0100 0.0200
INTAKE VALVE
Head diameter 1.6825 1.6925
Stem diameter 0.3725 0.3732 3.,0025
Stem to guide clearance 0.0015 0.0020
Stem to rocker arm clearance - hot 0.015
Seat diameter in head 1.618 1.630
Seat width in head 7/64 1/8
Valve protrusicn above cylinder
: head deck 0.0875 0.1035
VYalve seat angle 45°
EXHAUST VALVE
Head diameter 1.4950 1.5050
Stem diameter 0.3725 0.3732 : 0.0025
Stem to guide clearance 0.0015 3.3620
Stem to rocker arm clearance -~ hot 3.015
Seat diameter in head 1.431 J 1.443
Seat width in head | i 7/64 1/8
%alve protrusion above cylinderx ! ]
head deck P 0.c875 0.1035
valve seat angle { 45¢°
VALVE GUIDE i
Length P 2,724 2.744
Outside . diameter | 0.6265 0.6270 e
Bore diameter P -
Intake -~ ream . 0,374t 0.3750 0.0030
Exhaust -~ ream | 0.374% 0.3750 0.0030
Depth below cylinder head deck | :
Intake f1.386 . 1.396
Exhaust »1.396 ' 1.396
]
e
TAPPET, VALVE LIFTER i
Body diameter 0.748% 0.74%0 0.0030
Overall length 2.2450 2.2550
Clearance in bore (block) 0.0005 0.0015
VALVE SPRINGS -~ INTAKE AND EXHAUST
Free length 1.702 1.722
Total coils 6
Diameter wire 0.172
Qutside diameter 1.286 1.3020
Test load at 1.4920 inches 1bs. 45 51
Test load at 1.0820 inches lbs. 130 144
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FITS AND TOLERANCES

Mfg. Tolerances Clearance Maximum
- T Allowable
Model G-Series: 4 and 6 Cylinder Minimum . Maximun | Minimum j Maximum Wear
1
|
VALVE SPRING - INTAKE AND EXHAUST i
NOTE: This spring is used on some
engines and is not interchangeable
Free length 1.8630 1.9030
Total coils 7=-1/2
Diameter wire 0.1420
Ogutside diameter 1.2300 1.2500
Test load at 1.5225 inches lbs. 38 45
Test load at 1.1725 incHes lbs., 80 86
OIL PUMP BODY
Shaft bore diameter
Main 0.6255 | ..0,6265 . 0.0030
Idler : 0.6255 0.6265 Y 0.0030
Pump gear bore diameter 1.5005 1.5015 0.0050
Pump gear bore depth 1.5640 1.5650 0.0040
SHAFTS - OIL PUMP
Length
Main 9.2400 9,2500
Idler 2.615 2.635
Diameter
Main 0.6240 0.6245 0.0020
Idler 0.6270 0.6275 0.0020
Shaft clearance in body
Drive shaft 0.0010 0.0025
Idlexr shaft -.0005 -.0020
GEARS - OIL PUMF
outside diameter - both 1.4975 1.4985 0.0020
Length - both 1.5610 1,5620
Clearance in body bore 0.0020 0.0040
End clearance to body 0.0020 0.0040
Backlash drive gear to camshaft 0.0060 0.0120
FLYWHEEL _
Clutch face run out at 6 in. radius 0.0080
Pilot bore eccentricity 0.0050
FLYWHEEL HQUSING
Clutch attaching face deviation 0.0080
Clutch housing bore eccentricity 0.0050
ROCKER ARM MECHANISM
Rocker shaft length
4 ¢ylinder 19,4800 19.5100
© cylinder 13.699 13.73%
Rocker shaft diameter 0.8590 0.8600 0.0030
Rocker arm bore diameter 0.8625 0.8635 0.0030
Rocker arm clearance on shaft 0.0025 0.0045
GOVERNCR
Shaft diameter in bushing 0.4365 0.4370
Shaft diameter - end 0.4350 0.4355
Gear backlash 0.0010 0.0040
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