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Chapter 1—General Engine Service

Tool—T50T-100A

INSTALL TOOL
INTO ADAPTER

Fig. 12—Temperature Sending Unit Adapter Removal—
272 Cubic Inch Engines

the flange facing out (Fig. 11). Drive the plug in until
the flange is flush or slightly below the casting surface.

Temperature Sending Unit Adapter—272 Cubic
Inch Engines. To remove the adapter, thread the impact
hammer handle into the adapter, then tighten the lock
nut against the adapter (Fig. 12). Remove the adapter
by using the slide hammer.

Tool—T52T-6135-CJD

¥ SENDING UNIT |

ADAPTER \:‘\J

e T O

1011-8

Fig. 13—Temperature Sending Unit Adapter Installation
—272 Cubic Inch Engines

Clean the adapter recess thoroughly, Coat the adapter
with water resistant sealer and install it with the under-
cut toward the inside of the cylinder head. Drive the
adapter in until it is flush with the casting surface
(Fig. 13).

5. VALVE MECHANISM

The critical inspection points and tolerances of the
valve are illustrated in Fig. 14. Rotating-type intake
and exhaust valves are used in the 223 and the ECW-Y
272 cubic inch engines. The intake valves of the ECR
272, 302, and 332 cubic inch engines are the rotating-
type, while the exhaust valves are the sodium cooled,
free turning-type.

Cleaning and Inspection

Remove all carbon and varnish from the valve with

Yiz' MINIMUM
A

MAXIMUM VALVE REFER TO SPECIFICATIONS
FACE RUNOUT FOR CORRECT DIAMETER
: 0.002

i

CHECK FOR BENT STEM

DO NOT REMOVE MORE THAN 0.010 INCH
1014-A
Fig. 14—Critical Valve Tolerances—Typical

a fine wire brush or buffing wheel.

Inspect the valve face and the edge of the valve head
for pits, grooves, scores, or other defects. Inspect the
stem for a bent condition and the end of the stem for
grooves or scores. Check the valve head for signs of
burning or erosion, warpage, and cracking. Defects, such
as minor pits, grooves, etc, may be removed. Discard
valves that are severely damaged. Do not discard
sodium cooled valves with other serap metal in serap
bins. If a sodium cooled valve is accidentally broken
and the sodium exposed, it will react violently upon
contact with water resulting in fire and explosion
due to chemical action. Therefore, these valves
should be handled with care and disposed of by
heing buried in the ground in an area not subjected
to excavation, or dropped into deep natural water
in a section not subjected to dredging.

Inspect the valve springs, valve spring retainers, locks,
and sleeves for defects. Discard any defective parts.

VALVE FACE RUNOUT. Check the valve face runout
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(Fig. 15). The wear limit for runout is 0.002 inch total
indicator reading.

VALVE STEM CLEARANCE. Check the valve stem to
valve guide clearance of each valve in its respective
valve guide with the tool shown in Fig, 16 or its equiva-
lent.

Install the tool on the valve stem until fully seated
and tighten the set screw, then permit the valve to drop
away from its seat until the tool contacts the upper sur-
face of the valve guide. Position a dial indicator with a
flat tip against the center portion of the spherical section
of the tool at approximately 90° to the valve stem. Move
the tool back and forth on a plane that parallels normal
rocker action and take the indicator reading without
lifting the tool from the valve guide upper surface.
Divide the indicator reading by 2 (division factor of the
tool) to obtain the actual stem clearance.

The wear limit for intake valve stem clearance is
0.0045 inch. The wear limit for the exhaust valve stem
clearance is 0.0065 inch (223 and ECW-Y 272 cubic
inch engines) or 0.0055 inch (ECR 272, 302, and 332
cubic inch engines. If the clearance approaches the
wear limit, try a new valve.

VALVE SPRING PRESSURE. Check the spring for
proper pressure (Fig. 17). The springs should exert a
pressure of 64 pounds when compressed to 1.780 inches
(wear limit) or a pressure of 145 pounds when com-
pressed to 1.390 inches (wear limit). Weak valve
springs cause poor engine performance; therefore, if the
pressure of any spring approaches the wear limit, re-
place the spring.

VALVE SPRING ASSEMBLED HEIGHT. Correct valve

__‘._-- Model TVY-2 Runout Gouge

1015-A

Fig. 15—Valve Face Runout—Typical

Tool — 5-8680-A Dial Indicator
o, .

A,

1016-A

Fig. 16—Valve Stem Clearance—Typical

spring load is necessary for efficient high speed engine
operation; therefore, the assembled height of the spring
installed in the engine should be measured (Fig. 18).

Use dividers to measure the assembled height from
the surface of the cylinder head spring pad to the un-
derside of the spring retainer. Check the dividers
against a scale. If the assembled height is 113}, inches
or greater, install the necessary 0.030-inch thick spac-
er(s) between the cylinder head spring pad and the
valve spring to bring the assembled height to the recom-
mended dimension of 1254,-1 13/, inches. D)o not install
spacers unless necessary. Use of spacers in excess of
recommendations will result in overstressing the
valve springs which will lead to excessive load loss
and spring breakage.

VALVE SPRING SQUARENESS. Check each spring

Valve
Spring Tester

| ™——LENGTH SCALE

PRESSURE
READING

1017-A

Fig. 17—Valve Spring Pressure
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UNDERSIDE OF SPRING RETAINER

SURFACE OF SPRING PAD

Fig. 18—Valve Spring Assembled Height—Typical

for squareness using a steel square and a surface plate
(Fig. 19). Stand the spring and square on end on the
surface plate. Slide the spring up to the square. Re-
volve the spring slowly and observe the space between
the top coil of the spring and the square. If the spring
is out of square more than 14 inch, replace it.

FREE TURNING VALVE TO CAP CLEARANCE. The
free turning-type exhaust valve (ECR 272, 302, and 332
cubic inch engines) requires a clearance of 0.0002-0.004-
inch between the end of the valve stem and the inside of
the cap (Fig. 20). This is necessary so that the cap can
carry the valve spring pressure permitting the valve to
rotate. The clearance can be measured before the valve
is installed with a micro gage (Fig. 21). If the clearance
is greater than 0.004 inch, reduce the clearance by lap-
ping the open end of the cap on a smooth surface.

NOT MORE
THAN V"

Fig. 19—Valve Spring Squareness

EXHAUST VALVE STEM
1211-A

Fig. 20—Valve Clearance—Free Turning Valve

Refacing Valves

The valve refacing operation should be closely co-
ordinated with the valve seat refacing operation so that
the finished angle of the valve face will match the valve
seat. This is important so that the valve and seat will
have a good compression and vacuum tight fit. Be sure
that the refacer grinding wheels are properly dressed.

If the valve face runout is excessive and/or to remove
pits and grooves, grind the valve to a true 45° angle.
Remove only enough stock to correct the runout or to
clean up the pits and grooves. If the edge of the valve
head is less than !4, inch after refacing, replace the
valve as the valve will run too hot in the engine.

Grind off all grooves or score marks from the end of
the valve stem, then chamfer as necessary. Do not re-
move more than 0.010 inch from the stem.

After refacing the valves, it is good practice to lightly
lap in the valves with a medium grade lapping com-
pound to match the seats. Be sure to remove all the com-
pound from the valve and seat after the lapping opera-
tion.

Select Fitting Valves

If the valve stem to valve guide clearance approaches
the wear limit, it is recommended that the valve guide
be reamed for the next oversized valve stem. Valves
with oversize stem diameters of 0.003, 0.015, and 0.030
inch are available for service. Always grind the valve
seat when the valve guide is reamed.

Tool—6513-CE-2

Fig. 21—Measuring Valve To Cap Clearance—
Free Turning Valve
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Valve Lash Adjustment

Reference is made in the procedure for a preliminary
(cold) valve lash adjustment to placing No. 1 piston
on top dead center (T.D.C.) at the end of the compres-
sion stroke. Number 1 piston is on T.D.C. at the end of
the compression stroke when both valves are closed
and the timing mark on the crankshaft damper is in
line with the timing pointer.

Step-type feeler gauges (“go” and “no go”) can be
used to obtain the proper clearance (Fig. 22).

Valve lash is adjusted by means of the self locking
adjusting screw located on the push rod end of the
rocker arm. The adjusting screw has an integral hex
head and special threads which provide an interference
fit in the rocker arm. The first three threads are lead
threads. Interference is not reached until the center por-
tion of the adjusting screw threads are in full contact
with the threads in the rocker arm. When the inter-
ference area is reached, it should take a minimum of 3
foot-pounds (36 inch-pounds) to turn the screw further.

It is very important that the valve lash be held as
close as possible to the correct specifications. If the lash
is set too close, the valves will open too early and close
too late resulting in rough engine idle. Also, burning and
warping of the valves will occur because they cannot
make firm contact with the seats long enough to cool
properly. If the lash is excessive, it will cause the valves
to open too late and close too early causing valve bounce.
In addition, damage to the cam lobe is likely because
the tappet foot will not follow the pattern of the cam
lobe causing a shock contact between these two parts.
Valve lash specifications are given in Table 4.

If the cylinder head or the rocker mechanism has
been removed and installed, it will be necessary to make
a preliminary (cold) valve lash adjustment before start-
ing the engine, If the adjustment is made for an engine
tune-up, follow the final adjustment procedure.

6-CYLINDER ENGINE. The cylinders are numbered
from front to rear, 1-2-3-4-5-6. The valves are arranged
from front to rear, E-I-I-E-I-E-E-I-E-I-I-E.

Preliminary Adjustment. Turn all the adjusting
screws until interference is noted, then check the torque

Table 4—Valve Lash Specifications

Engine Preliminary (Cold) Final (Hot)
(Cubic Inch
Displacement) Intake Exhaust Intake Exhaust
223 0.019 0.019 0.019 0.019
272 0.020 0.020 0.019 0.019
302,332 0.009 | 0023 | 0009 | 0021

required to turn the screw further, If the torque re-
quired to turn a screw is less than 3 foot-pounds (36
inch-pounds), try a new self locking adjusting screw. If
this is still unsatisfactory, replace the rocker arm and
adjusting screw.

Make two chalk marks on the crankshaft damper
(Fig. 23). Space the marks approximately 120° apart
so that with the timing mark, the damper is divided
into three equal parts (120° represents %3 of the dis-
tance around the damper circumference).

Rotate the crankshaft until No. 1 piston is near
T.D.C. at the end of the compression stroke. Adjust the
intake and exhaust valve lash for No. 1 cylinder.

Repeat this procedure for the remaining set of valves,
turning the crankshaft ¥4 turn at a time, in the direction
of rotation, while adjusting the valves in the firing order
sequence (1-5-3-6-2-4).

Final Adjustment. Run the engine for a minimum of
30 minutes at approximately 1200 rpm to stabilize en-
gine temperatures. With the engine idling, check the
valve lash, Adjust the lash if necessary (Fig. 22).

8-CYLINDER ENGINE. The cylinders are numbered
from front to rear—right bank, 1-2-3-4; left bank, 5-6-7-8.
The valves are arranged from front to rear on both
banks, E-I-I-E-E-I-I-E.

Preliminary Adjustment. Turn all the adjusting
screws until interference is noted, then check the torque
required to turn the screw further.

If the torque required to turn the screw is less than
3 foot-pounds (36 inch-pounds), try a new self locking

1020-A

Fig. 22—Valve Lash Adjustment—Typical
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STEP 1—SET NO. 1 PISTON ON T.D.C. AT END OF COMPRESSION
STROKE ADJUST NO. 1 INTAKE & EXHAUST
STEP 4 __ADJUST NO. & INTAKE &

STEP 2 —ADJUST NO. 5 STEP 3 —ADJUST NO. 3

INTAKE & EXHAUST INTAKE & EXHAUST
STEP 5 —ADJUST NO. 2 STEP 6 —ADJUST NO. 4
INTAKE & EXHAUST INTAKE & EXHAUST
1421-A

Fig. 23—Preliminary Valve Lash Adjustmeni—
6-Cylinder Engine

adjusting screw, If this is still unsatisfactory, replace
the rocker arm and adjusting screw.

Make three chalk marks on the crankshaft damper
(Fig. 24). Space the marks approximately 90° apart so
that with the timing mark, the damper is divided into
four equal parts (90° represents 14 of the distance
around the damper circumference).

Rotate the crankshaft until No. 1 piston is near
T.D.C. at the end of the compression stroke, then adjust
the following valves:

No. 1—Exhaust No. 1-Intake
No. 4—Exhaust No. 2—Intake
No. 5—Exhaust No. 7—Intake

Rotate the crankshaft 180° or %% turn (this puts No.

4 piston on T.D.C.), then adjust the following valves:
No. 6—Exhaust No. 4—Intake
No. 8—Exhaust No. 5—Intake

STEP 1 —SET NO. 1 PISTON ON T.D.C. AT END OF COMPRESSION
STROKE —ADJUST NO. 1, 4, 5, EXHAUST & NO. 1, 2, 7 INTAKE

y

= k_:__,r\.h__‘__i - e ——-_-____‘_'
STEP 2 — ADJUST NO. 6 & 8 EXHAUST & NO. 4 & 5 INTAKE

STEP 3 — ADJUST NO. 2, 3, 7 EXHAUST & NO. 3, 6, B INTAKE
1022-A

Fig. 24—Preliminary Valve Lash Adjustment—
8-Cylinder Engine

Rotate the crankshaft 270°, or 34 turn from 180°
(this puts No. 3 piston on T.D.C.), then adjust the fol-
lowing valves:

No. 2—Exhaust No. 3—Intake
No. 3—Exhaust No. 6—Intake
No. 7—Exhaust No. 8—Intake

Final Adjustment. Run the engine for a minimum
of 30 minutes at approximately 1200 rpm to stabilize
engine temperatures. With the engine idling, check the
valve lash, Adjust the lash if necessary (Fig. 22).

Valve Timing

The valve timing should be checked when poor en-
gine performance is noted and all other checks, such as
carburetion, ignition timing, etc. fail to locate the cause
of the trouble.

Table 5—Valve Timing Specifications

Intake Valve Exhaust Valve
Er_xgine | Opens Closes Opens Closes
(Cubre Inch) Crankshaft Cam Crankshaft Cam Crankshaft Cam Crankshaft Cam
Degrees Lift Degrees Lift Degrees Lift Degrees Lift
223 17° B.T.D.C.| 0.016 53° A.B.D.C. | 0.019 61° B.B.D.C. | 0.016 9° A T.D.C.| 0.019
272 18° B.T.D.C. | 0.015 58° A.B.D.C. | 0.018 66° B.B.D.C. | 0.014 10° A.T.D.C.| 0.017
302, 332 22° B.T.D.C.| 0.010 62° A.B.D.C. | 0.012 56° B.B.D.C. | 0.017 20° A.T.D.C.| 0.019
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Before the valve timing is checked, check for a bent
timing pointer. Bring the No. 1 piston to T.D.C. on the
compression stroke and see if the timing pointer is
aligned with the T.D.C. mark on the damper.

If the valve timing is not within specifications, check
the timing chain, camshaft sprocket or gear, crankshaft
sprocket or gear, camshaft, and crankshaft in the order
of accessibility.

To check the valve timing with the engine installed
in the truck, proceed as follows:

Install a quadrant on the crankshaft damper, Back
off the No. 1 intake valve adjusting screw, then slide
the rocker arm assembly to one side and secure it in
this position. Make sure the push rod is in the tappet

socket, then install a dial indicator in such a manner as
to have the actuating point of the indicator in the push
rod socket and in the same plane as the push rod move-
ment (Fig. 29). Turn the crankshaft damper slowly in
the direction of rotation until the tappet is on the heel
of the cam lobe. At this point the push rod will be in its
lowest position. Zero the dial indicator and continue
turning the crankshaft slowly in the direction of rota-
tion until the dial indicator registers the specified cam-
shaft lobe lift (Table 5).

Compare the crankshaft degrees indicated on the
quadrant with specifications (Table 5). After the valve
opening is checked, continue to rotate the engine to
check the valve closing.

6. TIMING CHAIN, TIMING GEARS, CAMSHAFT, AND BEARINGS

Timing Chain—223 and 272 Cubic
Inch Engines

CLEANING AND INSPECTION. Clean all parts in sol-
vent and dry them with compressed air. Inspect the
chain for broken links and the sprockets for cracks,
worn or damaged teeth. It is recommended that all the
components be replaced if any one item needs replace-
ment.

DEFLECTION CHECK. Rotate the crankshaft in a

REFERENCE POINT

V)

TAKE UP SLACK ON LEFT SIDE. ESTABLISH A REFERENCE POINT
AND MEASURE DISTANCE A. TAKE UP SLACK ON RIGHT SIDE
AND FORCE LEFT SIDE OUT WITH THE FINGERS AND MEASURE
DISTANCE B. DEFLECTION IS A. MINUS B. 1024-A

Fig. 25—Timing Chain Deflection—223 and 272 Cubic
Inch Engines—Typical

clockwise direction (as viewed from the front) to take
up the slack on the left side of the chain. Establish a
reference point on the block and measure from this
point to the chain (Fig. 25). Rotate the crankshaft in
the opposite direction to take up the slack on the right
side of the chain, then force the left side of the chain
out with the fingers and measure the distance between
the reference point and the chain. The deflection is the
difference between the two measurements. If the deflec-
tion exceeds Y% inch, replace the timing chain and/or
sprockets.

Timing Gears—302 and 332 Cubic
inch Engines

CLEANING AND INSPECTION. Clean the gears in
solvent. Note the condition of the gear teeth. If the

i - . 1222-A

Fig. 26—Camshaft Gear Backlash—302 and 332 Cubic
Inch Engines
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1234-A

Fig. 27—Camshaft Gear Runout—302 and 332 Cubic
Inch Engines

teeth are scored or the contact pattern on the teeth is
uneven, replace the gear(s). It is good practice to re-
place both gears if either gear needs replacing.

BACKLASH. Check the backlash between the cam-
shaft gear and the crankshaft gear with a dial indicator
(Fig. 26). Hold the gear firmly against the block while
making the check. The backlash limits are 0.002-0.004
inch.

RUNOUT. Check the camshaft and crankshaft gear

LOBE LIFT=A-B A 1025-A

Fig. 28—Camshaft Lobe Lift Measurement

Dial Indicator ™

BE SURE
TO PLACE Y\
INDICATOR TIP \ % <
IN CENTER
OF PUSH
ROD CUP

Fig. 29—Camshaft Lobe Lift

runout with a dial indicator (Fig. 27). The camshaft
gear runout should not exceed 0.006 inch and the crank-
shaft gear runout should not exceed 0.007 inch. If the
gear runout is excessive, remove the gear and clean any
burrs from the shaft, or replace the gear and/or gears.

Camshaft and Bearings
CLEANING AND INSPECTION. Clean the camshaft

1236-A

Fig. 30—Camshaft End Play—302 and 332 Cubic
Inch Engines
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in solvent and wipe dry. Inspect the camshaft lobes for
pitting, scoring, and signs of abnormal wear. Lobe wear
characteristics may result in pitting in the general area
of the nose portion of the lobe. This pitting is not detri-
mental to the operation of the camshaft, therefore, it
should not be replaced until the lobe lift loss has ex-
ceeded 0.005 inch. The lift of suspected worn lobes
should be checked by measuring over the top of the
lobe with a micrometer and subtracting the measure-
ment of the base circle diameter (Fig. 28).

Check the camshaft journal to bearing clearances by
measuring the diameter of the journals and the 1D, of
the bearings. The bearing clearance wear limit is 0.006
inch. If the clearance approaches the wear limit, the
camshaft journals should be ground for undersize bear-
ings or the camshaft replaced, and/or the bearings
should be replaced. Bearings are available pre-finished
to size for standard and undersize journal diameters.
Check the parts catalog for the undersizes available.

Check the distributor drive gear for broken or chipped
teeth.

Remove light scuffs, scores, or nicks from the cam-
shaft machined surfaces with a smooth oilstone.

CAMSHAFT LOBE LIFT (CAMSHAFT INSTALLED). This
procedure is similar to the procedure for checking valve
timing. Loosen the valve rocker arm adjusting screw,

then slide the rocker arm assembly to one side and
secure it in this position. Make sure the push rod is in
the tappet socket, then install a dial indicator in such a
manner as to have the actuating point of the indicator
in the push rod socket and in the same plane as the
push rod movement (Fig. 29). Turn the crankshaft
damper slowly in the direction of rotation until the
tappet is on the heel of the cam lobe. At this point the
push rod will be in its lowest position. Set the dial indi-
cator on zero, then continue to rotate the damper slowly
until the push rod is in the fully raised position. Com-
pare the total lift recorded on the indicator with speci-
fications. Continue to rotate the engine until the indi-
cator reads zero. This later step is a check on the ac-
curacy of the original indicator reading.

CAMSHAFT END PLAY—302 AND 332 CUBIC INCH
ENGINES. Push the camshaft toward the rear of the
engine. Place a dial indicator point against a suitable
surface on the front end of the camshaft assembly (Fig.
30). Set the dial on zero, then pull the camshaft for-
ward and release it. Compare the dial reading with
specifications. The end play wear limit is 0.012 inch.

If the end play is excessive, check the spacer for cor-
rect installation. Replace the thrust plate and/or spacer
if necessary.

7. CRANKSHAFT AND MAIN BEARINGS

The crankshaft is supported by five main bearings in
8-cylinder engines and by four main bearings in 6-cylin-
der engines. Crankshaft end play in all engines is con-
trolled by the No. 3 main bearing flanges.

Crankshaft

Handle the crankshaft with care to avoid possible
Jractures or damage to the finished surfaces.

CLEANING AND INSPECTION. Clean the crankshaft
with solvent, then blow out all oil passages with com-
pressed air.

Inspect main and connecting rod journals for cracks,
scratches, grooves, or scores. Dress minor imperfections
with an oilstone. Regrind severely marred journals.

Measure the diameter of each journal in at least four
places to determine out-of-round, taper, or undersize
condition (Fig. 31).

The wear limits for main and connecting rod journals
are 0.0005-inch out-of-round and 0.001-inch taper. If the
Jjournals approach the wear limits, they should be re-
ground to size for the next undersize bearing.

CRANKSHAFT END PLAY. Force the crankshaft
toward the rear of the engine. Install a dial indicator so

the tip rests against the crankshaft flange and the
indicator axis is parallel to the crankshaft axis (Fig.
32). Set the dial on zero, then push the crankshaft for-
ward and note the reading on the dial. The end play
wear limit is 0.012 inch for the 223, 302, and 332 cubic
inch engines and 0.010 inch for the 272 cubic inch
engines.

= VERTICAL TAPER

= HORIZONTAL TAPER

AND B vs D = OUT OF ROUND
OF-ROUND AT EACH END OF JOURNAL

1028-A

Fig. 31—Crankshaft Journal Measurements
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1. FORCE CRANKSHAFT FORWARD, RELEASE PRESSURE
. 2. INSTALL DIAL INDICATOR

3. FORCE CRANKSHAFT TO REAR, RELEASE PRESSURE
. - 4. NOTE INDICATOR READING

1029-A

Fig. 32—Crankshaft End Play—Typical

If the end play approaches the wear limit, replace
the thrust bearing. If the end play is less than the rec-
ommended minimum limit (see specifications) inspect
the thrust bearing faces for scratches, burrs, nicks, or
dirt., If the thrust faces are not defective or dirty, they
probably were not aligned properly. Install the thrust
bearing and align the faces following the recommended
procedure, then recheck the end play.

REFINISHING JOURNALS. Grind the journal to give
the proper clearance with the next undersize bearing. If
the journal will not “clean up” to give the proper clear-
ance with the maximum undersize bearing available,
replace the crankshaft.

Always reproduce the same journal shoulder radius
that existed originally. Too small a radius will result in
fatigue failure of the shaft. Too large a radius will result
in bearing failure due to radius ride of the bearing.

After grinding, chamfer the oil holes, then polish the
journal with a No. 320 grit polishing cloth and engine

i '
o DIRT IMBEDDED
SCRATCHES INTOC BEARING MATERIAL

SCRATCHED BY DIRT

X
VERLAY GONE
FROM ENTIRE SURFACE
TAPERED JOURNAL

OVERLAY WIPED OUT

LACK OF OIL

RADIUS RIDE
RADIUS RIDE

oil. Crocus cloth may also be used as a polishing agent.

Main Bearings

The main bearing inserts are selective fit and do not
tequire reaming to size upon installation. Do net file or
lap bearing caps or use shims to obtain the proper
bearing clearance.

Selective fit bearings are available for service in
standard sizes only. Standard bearings are divided into
two sizes and are identified by a daub of “red” or “blue”
paint, Red marked bearings increase the clearance;
blue marked hearings decrease the clearance. Under-
size bearings, which are not selective fit, are available
for use on journals that have been ground.

CLEANING AND INSPECTION. Clean the bearing
inserts and cap thoroughly.

Inspect each bearing carefully. Bearings that have a
scored, chipped, or worn surface should be replaced.
Typical examples of bearing failures and their causes
are shown in Fig. 33. Check the clearance of bearings
that appear to be satisfactory with Plastigage. Fit new
bearings following the recommended procedure.

CHECKING MAIN BEARING CLEARANCE

Engine on Workstand. If the crankshaft has not
been removed from the engine, check the clearance
of one bearing at a time leaving the other bearings
securely fastened.

1. Invert the engine, remove one bearing cap, then
wipe all oil from the journal and bearing.

2. Place a piece of Plastigage on the crankshaft
journal the full width of the bearing cap and about Vi
inch off center (Fig. 34).

3. Install the cap and tighten the bolts to specifica-
tions. Do not turn the crankshaft while the Plastigage
is in place.

BRIGHT (POLISHED) SECTIONS 7-

IMPROPER SEATING

g " CRATERS OR POCKETS

FATIGUE FAILURE 1030-A

Fig. 33—Bearing Failures—Typical
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4. Remove the cap, then using the Plastigage scale
(Fig. 34) check the width of the Plastigage at the
widest point in order to get the minimum clearance.
Check the Plastigage at the narrowest point in order to
get the maximum clearance. The difference between
the two readings is the taper. If the clearance is not
within limits, select fit a new bearing.

Engine in Chassis. Check the clearance of one bear-
ing at a time, leaving the other bearings securely fastened.

1. Support the crankshaft so its weight will not com-
press the Plastigage and provide an erroneous reading.
Position a small jack so it will bear against the counter-
weight adjoining the bearing which is being checked.

2. Follow steps 2-4 under “Checking Main Bearing
Clearance—Engine on Workstand.” In step 2, place the
Plastigage on the bearing surface instead of on the
journal. Wipe all oil from the bearing and journal.

FITTING NEW BEARINGS. Normally, main bearing
journals wear evenly and are not out-of-round. How-
ever, if a bearing is being fitted to an out-of-round
journal, be sure to fit the bearing to the maximum
diameter of the journal. If the bearing is fitted to the
minimum diameter with minimum clearance, inter-
ference may result, causing an early failure. It is not
recommended that bearings be fitted to a crankshaft
journal which is more than 0.0005 inch out-of-round.

Engine on Workstand. If the crankshaft has not
been removed from the engine, replace one bearing
at a time leaving the other bearings securely fastened.
When replacing standard bearings, it is good practice to
first try to obtain the proper clearance with two blue
bearing halves.

1. Invert the engine, remove the bearing cap and the
upper half of the bearing to which new bearings are to
be fitted.

2. Install the new bearing inserts and check the
clearance. When installing bearings, do not get dirt or
other foreign matter under the inserts. In time, the
dirt may distort the bearing and cause bearing
failures.

3. If the clearance is less than the specified limits,
try two red bearing halves or a combination of red and
blue.

4. If the standard bearings do not bring the clearance
within the desired limits, grind the crankshaft jour-
nals, then install undersize bearings.

Engine in Chassis. Replace one bearing at a time
leaving the other bearings securely fastened. Follow

PLACE PLASTIGAGE FULL WIDTH
OF JOURNAL ABOUT
Y INCH OFF CENTER

CHECK WIDTH OF PLASTIGAGE

10.002” CLEARANCE
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MEASURING PLASTIGAGE
1031-A

INSTALLING PLASTIGAGE
Fig. 34—Installing and Measuring Plastigage

steps 2-4 under “Fitting New Bearings—Engine On Work-
stand.” Remember to support the crankshaft when check-
ing the clearance of the new bearings.

Rear Main Bearing Oil Seal
Replacement

1. Remove the oil seals from the cylinder block and
seal retainer or bearing cap. Clean the seal grooves.

2. Install the new seal, firmly packing it, in the cylin-
der block (Fig. 35). After installation, cut the seals flush
without any frayed edges overlapping, if necessary.

3. Firmly pack the new journal seal in the retainer
or bearing cap (Fig. 36). After installation cut the seals
flush, if necessary.

4. Coat the rear oil seal retainer to block mating face
with sealer, install the retainer and tighten the bolts to
23-28 foot-pounds torque.

2 ..-,J'_'i, ot _“1“;“” &% % 5 ‘.
Tool— T52L-6701-AGD (223 OR 272 CUBIC INCH ENGINE)
Tool— T52T-6701-AJD (302 OR 332 CUBIC INCH ENGINE)

1254-A

Fig. 35—Seal To Block Installation—Typical
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Tool—T521-6701-AGD
223 AND 272 CUBIC
INCH ENGINES

T527-6701-AID
302 AND 332 CUBIC
INCH ENGINES

“‘gg j ¢ 1256.A
Fig. 36—Seal To Retainer Installation—Typical

5. Dip the retainer side seals in light engine oil, then
immediately install them in the grooves. It may be
necessary to tap the seals into place for the last %2 inch
of travel. Do not cut the projecting end of the seals.
Do not use sealer on the side seals. The seals are
designed to expand when dipped in oil. Using sealer
may retard this expansion.

6. Check the retainer or bearing cap side seals for
leaks by squirting a few drops of oil into the parting
lines between the cap or retainer and the cylinder block
from the outside. Blow compressed air against the seals
from the inside of the block. If air bubbles appear in

PRY FORWARD .

THRUST BEARING

Fig. 37—Pry Cap Forward

Fig. 38—Pry Cap Backward

the oil, it indicates possible oil leakage. The above lest
should not be performed on newly installed seals un-
til sufficient time has been allowed for the seals to
expand into the seal grooves.

Thrust Bearing Alignment

1. Install all the main bearing caps, except the thrust
bearing cap, and tighten the bolts to specifications.

2. Install the thrust bearing cap with the bolts finger
tight, then pry the crankshaft forward against the thrust
surface of the upper half of the bearing (Fig. 37).

3. Hold the crankshaft forward and pry the thrust
bearing cap to the rear (Fig. 38). This will align the
thrust surfaces of both halves of the bearing.

4. Retain the forward pressure on the crankshaft, and
tighten the cap bolts to specifications (Fig. 39).

5. Check the crankshaft end play.

Fig. 39—Tighten Cap
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8. FLYWHEEL

Conventional Flywheel

The flywheel and ring gear are a shrink fit and are
replaceable as separate parts.

INSPECTION. Inspect the flywheel for cracks, heat
check, or other defects that would make it unfit for fur-
ther service. Machine the friction surface of the fly-
wheel if it is scored or worn, If it is necessary to remove
more than 0.045 inch of stock from the original thick-
ness, replace the flywheel.

Inspect the ring gear for worn, chipped, or cracked
teeth. If the teeth are damaged, replace the ring gear.

With the flywheel installed on the crankshaft, check
the flywheel face runout.

FLYWHEEL FACE RUNOUT. Install a dial indicator so
that the tip bears against the fiywheel face (Fig. 40).
Turn the flywheel, making sure that it is full forward
or rearward so that crankshaft end play will not be indi-
cated as flywheel runout.

If the runout exceeds 0.010 inch, remove the flywheel
and check for burrs between the flywheel and the face of
the crankshaft mounting flange. If no burrs exist, check
the runout of the crankshaft mounting flange. Replace
the flywheel or machine the crankshaft flywheel face if
the mounting flange runout is excessive.

RING GEAR REPLACEMENT. Heat the defective ring
gear with a blow torch on the engine side of the gear,
then knock it off the flywheel. Do not hit the flywheel
when removing the ring gear.

AN
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ot 1049-A

Fig. 40—Flywheel Face Runout—Typical

Heat the new ring gear evenly until the gear expands
enough to slip onto the flywheel. Make sure the gear is
seated properly against the shoulder. Do not heat any
portion of the gear to a temperature higher than
500°F. If this limit is exceeded, the temper will he

removed from the ring gear teeth.

9. CONNECTING RODS AND BEARINGS

The connecting rods and related parts should be
carefully inspected and checked for conformance to
specifications. Various forms of engine wear caused by
these parts can be readily identified.

A shiny surface on the pin boss side of the piston
usually indicates that a connecting rod is bent or the
piston pin hole is not in proper relation to the piston
skirt and ring grooves (Fig. 41).

Abnormal connecting rod bearing wear can be caused
by either a bent connecting rod, an improperly machined
crankpin, or a tapered connecting rod bore (Fig. 42).

Twisted connecting rods will not create an easily
identifiable wear pattern, but badly twisted rods will
disturb the action of the entire piston, rings, and rod

assembly and may be the cause of excessive oil con-

sumption.

Cleaning and Inspection

Remove the bearings from the rod and cap (identify
them if they are to be used again). Clean the connect-
ing rod in solvent, including the rod bore and the back
of the inserts. Do not use a caustic cleaning solution.
Blow out all passages with compressed air.

Inspect the rods for signs of fractures and the bearing
bores for out-of-round and taper. The recommended
maximum limit for out-of-round and taper is 0.0004 inch.
If the bore exceeds these limits and/or if the rod is
fractured, it should be replaced.
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PISTON WEAR CAUSED BY BENT ROD

OR MISALIGNED PISTON PIN HOLE 1045-A

Fig. 41—Wear Paftern on Piston Pin Boss Surface—
Typical

Check the piston pin to connecting rod bushing clear-
ance. Replace the connecting rod if the bushing is so
worn that it cannot be reamed or honed for an oversize
pin.

Replace defective connecting rod nuts and bolts.

Inspect each connecting rod crankshaft journal for
cracks, scratches, grooves, or scores. Dress minor imper-
fections with a smooth oilstone. Check each journal for
out-of-round, taper, or undersize, If the journals exceed
the maximum limits and/or if they are severely marred,
they should be ground to size for the next undersize
bearing,.

Inspect each bearing carefully. Replace bearings that
have a scored, chipped, or worn surface. For the different
types of bearing failures and their causes refer to Fig. 33.
Check the clearance of bearings that appear to be satis-
factory. Fit new bearings where necessary, following the
recommended procedure.

.
BEARING WEAR CAUSED BY BENT ROD OR

IMPROPER GRINDING OF CRANKSHAFT JOURNAL 1046-A

Fig. 42—Wear Pattern on Connecting Rod Bearing

Fig. 43—Connecling Rod Side Clearance

After the connecting rods are assembled to the piston,
check the rods for bend or twist on a suitable alignment
fixture. Follow the instructions of the fixture manufac-
turer. The recommended maximum limit for twist total
difference is 0.012 inch and 0.004 inch for bend total
difference using an 8-inch arbor and measured on each
side, If the bend and/or twist is excessive, the rod should
be straightened or replaced.

Checking Connecting Rod Bearing
Clearance

1. Wipe all oil from the journal and bearing.

2. Place a piece of Plastigage on the lower bearing
surface the full width of the cap and about ¥4 inch off
center.

3. Install the cap and tighten the rod bolts to 45-50
foot-pounds torque. Do not turn the crankshaft while
the Plastigage is in place.

4, Remove the cap, then using the Plastigage scale
check the width of the Plastigage at the widest point in
order to get the minimum clearance. Check the Plasti-
gage at the narrowest point in order to get the maximum
clearance. The difference between the two readings is
the taper. If the clearance is not within limits, select fit
a new bearing.

Fitting New Bearings

The connecting rod bearings are available for service
in standard sizes and undersizes for use on journals that
have been ground. Standard bearings are color coded
red or blue. Red marked bearings increase clearance;
blue marked bearings decrease clearance.



Section 9—Connecting Rods and Bearings

1-25

If the crankpin is out-of-round, be sure to fit the bear-
ing to the maximum diameter of the crankpin. It is not
recommended to use bearing shims of any type, or to file
or lap the bearing caps in order to adjust the bearing
clearance, When replacing standard bearings, it is good
practice to first try to obtain the bearing clearance with
two blue bearing halves.

1. Remove the rod cap, then remove the bearings from
the cap and rod.

2. Clean the oil from the crankshaft journal, and the
connecting rod bearing bores.

3. Install the upper bearing into the rod, then pull
the rod assembly down firmly on the crankshaft journal.
Install the lower bearing in the rod cap. When install-
ing bearings, do not get dirt or other foreign matter
under the inserts. In time, the dirt may distort the

bearing and cause bearing failure.

4. Check the bearing clearance.

5. If the clearance with two blue bearing halves is
less than the specified limit try two red bearing halves
or a combination of red and blue.

6. If the standard bearings do not bring the clear-
ance within the desired limits, grind the crankpin, then
install undersize bearings.

Checking Connecting Rod Side
Clearance

After the connecting rods are installed, check the side
clearance between the connecting rods on each crank-
pin (Fig. 43). The side clearance wear limit is 0.012 inch
(6-cylinder engines) or 0.019 inch (8-cylinder engines).

10. PISTONS, PINS, AND RINGS

Cleaning and Inspection

Remove carbon deposits from the piston surfaces and
from the underside of the piston head. Clean gum or
varnish from the piston skirt, piston pins, and rings with
solvent, Do not use a caustic cleaning solution or a
wire brush to clean pistons. Clean the ring grooves
with a ring groove cleaner (Fig. 44). Make sure the oil
ring slots (or holes) are clean.

Carefully inspect the pistons for fractures at the ring
lands, skirt, and pin bosses, and for scuffed, rough, or
scored skirts. If the lower inner portion of the ring
grooves have high steps, replace the piston. The step
will interfere with ring operation and cause excessive
ring side clearance.

Spongy, eroded areas near the edge of the piston top
are usually caused by detonation, or pre-ignition. A shiny
surface on the thrust surface of the piston, offset from
the centerline between the piston pin holes, can be

TOOL—T152L-6110-AAD

1040-A

Fig. 44—Cleaning Ring Grooves—Typical

caused by a bent connecting rod. The normal wear pat-
tern of a piston is shown in Fig. 45. Replace pistons that
show signs of excessive wear, wavy ring lands, fractures,
and/or damage from detonation or pre-ignition.

Check the piston to cylinder bore clearance with a
tension scale and ribbon and the ring side clearance fol-
lowing the recommended procedures.

Replace piston pins showing signs of fracture or etch-
ing and/or wear, Check the piston pin fit in the piston
and rod bushing.

Replace all rings that are scored, chipped, or cracked.
Check the end gap and side clearance. It is good prac-
tice to always install new rings when overhauling the
engine. Rings should not be transferred from one
piston to another regardless of mileage.

NORMAL WEAR AREAS."M_]_A

Fig. 45—Normal Wear Pattern—Typical
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Fig. 46—Checking Piston Fit—Typical

Fitting Pistons

Pistons are available for service in standard sizes
and oversizes for use in cylinders that have been re-
bored. Pistons of 0.020, 0.030, 0.040, and 0.060-inch
oversize are available for most engines. Check the parts
catalog for sizes available.

The piston and cylinder block should be at room
temperature (70°F) when the piston fit is checked.

Fig. 47—Piston Ring Gap—Typical

After any refinishing operation, allow the cylinder
bore to cool before the piston fit is checked.

Calculate the size piston to be used by taking a bore
check (Fig. 51), then select the proper size piston to
provide the desired clearance.

Make sure the piston and cylinder bore are clean and
dry. Attach a tension scale to the end of a feeler gauge
ribbon that is free of dents or burrs. The feeler ribbon
should be %4-inch wide and of the recommended thick-
ness for the existing condition.

Position the ribbon in the bore so that it extends the
entire length of the piston at 90° from the piston pin
location. Invert the piston and install it in the bore so
that the end of the piston is about 14 inches below the
top of the block and the piston pin is parallel to the
crankshaft axis,

Hold the piston and slowly pull the scale in a straight
line with the ribbon, noting the pull required to remove
the feeler ribbon (Fig. 46).

If the pull is within limits for the existing condition,
the piston fit is satisfactory.

If the scale reading is greater than the maximum
allowable pull, recheck calculations to be sure that the
proper size piston has been selected, check for a
damaged piston, then try a new piston.

If the scale reading is less than the minimum allow-
able pull, recheck calculations before trying another
piston. If none can be fitted, refinish the cylinder for
the next size piston.

When a piston has been fitted, mark it for assem-
bly in the cylinder to which it was fitted.

If the taper and out-of-round conditions of the cylin-
der bore are within limits, new piston rings will give
satisfactory service provided the piston clearance in the
cylinder bore is within limits. If the new rings are to be
installed in a used cylinder that has not been refinished,
remove the cylinder wall “glaze.”

Select the proper ring set for the size piston to be
used. The rings must be checked for proper gap in the
cylinder bore and for the proper side clearance in the
piston grooves. First, check each ring for proper gap as
follows:

Position the ring in the cylinder bore in which it is
going to be used. Push the ring down into the bore area
where normal ring wear is not encountered. Use the
head of a piston to position the ring in the bore so the
ring is square with the cylinder wall. Use caution to
avoid damage to the ring or cylinder bore. Measure
the gap between the ends of the ring with a feeler gauge
(Fig. 47).

If the gap is less than the lower limit (see specifica-
tions), try another ring set.

After the gap has been checked, install the rings on
the piston according to the instructions on the piston
ring package using the approved tool. Check the ring
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