














































































































































































'-84 GROUP ,- ENGINES 

a MANIFOLDS, CYLINDER HEADS, AND VALVES 

INTAKE MANIFOLD 

The intake manifold assembly is 
shown in Fig. 17. 

REMOVAL 

1. Drain the radiator. Disconnect 
the radiator upper hose at tbe water 
pump. Remove the air cleaner. Dis­
connect tbe spark plug wires at the 
spark plugs and remove the wires 
from the bracket on the valve rocker 
arm covers. Disconnect the coil high 
tension lead at the coil. Remove the 
distributor cap and spark plug wire 
assembly. Remove the cooling sys­
tem by-pass lines. 

2. Disconnect the heater bose at 
the intake manifold and the radiator 
inlet and outlet hoses. Remove the 
coil bracket retaining bolts and wash­
ers and disconnect the wire at the 
temperature sending unit, then posi. 
tion the coil assembly and sending 
unit wire out of the way. Disconnect 
the choke control cable at the car­
buretor and the governor control rod 
at the governor. 

On a truck with conventional 
brakes, disconnect the vacuum assist 
brake line at the intake manifold. 

3. Disconnect the accelerator rod 
or cable at the accelerator assembly 
and the hand throttle control cable 
at the carburetor. Remove the accele­
rator retracting spring. Disconnect 
the carburetor fuel inlet line and re­
move the retaining clamps from the 
manifo ld. Slide the clamp on tbe in­
take manifold coolant outlet hose 
toward the water pump. Disconnect 
the tachometer cable at the governor 
and position the cable out of the way. 
Remove tbe intake manifold retain· 

LOW TEMPERATURE 

FIG. 17-lntake Manifold Assembly 

ing boits, then remove the intake 
manifold asse mbly. 

4. If it is necessary to remove the 
thermostats, remove them at this time. 
Remove the intake manifold coolant 
outlet hose elbow and gasket fro m 
the intake manifold and remove the 
front thermostat. Remove the rear 
thermostat housing cover and gasket, 
then remove the rear thermostat. 

INSTALJ..ATJON 

1. Clean the intake manifold gas­
ket surfaces (including the front 
and rear thermostat housing gasket 
surface if Ihe thermostats were reo 
moved). 

If the thermostats were removed, 
position them in their respective 
housing. Be sure the lower tempera­
ture thennostat Is installed in the rear 
of the manifold and the higher tem­
perature thermostat is installed in the 
front of the manifold. Apply sealer 
to the thermostat bousing gaskets 
and position them on the intake mani· 
fold . Install the intake man ifold cool· 
ant outlet elbow and the rear thermo· 
stat housi ng cover. 

2. Apply sealer to the intake mani­
fold gaskets and posit ion them on the 
cylinder heads. Position the intake 
manifold assembly on the cylinder 
heads. Install the intake manifold 
bolts and lock washers, then tighten 
the bolts to 2)-28 foot-pounds torque. 
Connect the carburetor inlet line and 
retaining clamps. Install the accele­
rator retracting spring. Connect the 
hand throttle con trol cable, the accel­
erator rod, and the tachometer cable. 

3. Connect the choke control 
cable, the governor control rod, the 

COOLANT 
ounEr 
ELBOW 

heater bose, and the radiato!" hos. 
Install the coil and connect the tem­
perature sending unit wire. 

On a truck with conventional 
brakes, connect the vacuum assist 
brake line. 

4. Install the cooling system by­
pass lines, and the distributor cap 
and spark plug wire assembly. Con­
nect the coil high tension lead and the 
radiator upper hose. Fill and bleed 
the cooling system. Operate the en­
gine at fast idle and check for coolant 
leaks. Install the air cleaner. 

VAL VI PUSH ROD COVER 
REMOVAL 

Remove the intake manifold and 
related pans. Scribe a line on the dis­
tributor housing and block to mark 
the position of the distributor in the 
block and scribe a line on the hous­
ing to mark the posit ion of the rotor. 
Remove the distributor. Remove the 
valve push rod cover retammg 
screws, then remove the cover and 
gasket. 

INSTALLATION 

1. Coat one side of the valve push 
rod cover gasket with oil resistant 
sealer, and lay the cemented side of 
the gasket in place on the block. Po­
sition the cover, making sure that the 
gasket seats evenly all around the 
block. Install the retaining screws and 
tighten them as shown in Fig. 18. 

2. Install the distributor, using the 
scribed lines as guides to properly 
position the rotor and housing. 

If the crankshaft was rotated, turn 
the engine until the NO.1 piston is on 
T.O.C. , then position the distributor 
in the block with the rotor at the No. 

-FRONT--
BOLTS NUMBERED 1 AND 2 TORQUE TO 10 FT. LBS. 
BOLTS NUMBERED 3 THROUGH 12 TORQUE TO 5 FT. LBS. 178 

1712_A 
FIG. l8-Valve Pu sh Rod Cover Bolt Tightening 

Proce dure 
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FIG. 19-valve Pus h Rod Removal 

EXHAUST ....... NIFOLD IOlts 

FIG. 20-Cylind er Head Re moval or In stallation 

FIG. 21-Cylinder Head Holding Fi xlur. s 

1 fir ing position and the breaker 
points open. In~ lall the hold down 
clamp. 

3. Install the intake manifold and 
relaled parts. 

EXHAUST MANIFOLDS 
The procedures apply to either a 

right or left installation. 

REMOV AL 

1. Remove the exhaust manifold 
upper retain ing bolts and tab washers. 

2. Disconnect the muffler inlet 
pipe from the exhaust manifold. Re­
move the exhaust manifo ld lower reo 
taining bolts and tab washers and 
remove the exhaust manifold and 
gasket. 

'TAU ATIO N 

1. Coat the mating surfaces of the 
exhaust manifold with a light film of 
graphite grease. Position a new gasket 

over the muHler inlet pipe studs. 

2. Position the exhaust manifo ld 
and gasket on the cylinder head aod 
install the retaining bolts and tab 
washers. Tighten the re taining bolts 
to 23-28 foot-pou nds torque, working 
from the center to Ihe ends. Lock 
each bolt by bend ing a tab of the 
washer over a flat o n the bolt. Con· 
nect the muffler inlet pipe and tighten 
the nuts to 23·28 fool. pounds torque. 

CYLINDER HEAD REMOVAL 
1. Drain the cooling system. Re­

move the air cleaner, the intake mani­
fo ld assembly. and the valve rocker 
arm covers. Disconnect the mumer 
inlet pipes at the ex:haust manifo lds. 

2. Release tbe spring tension on 
the valve rocker arms by loosening 
the adjusting screws. Remove the 
valve rocker arm shaft assembly re· 
taining bolts, then remove the assem· 
bly and the oil baffle plate. 

Because five cylinder head bolts 
also serve as pedestals ror the valve 
rocker arm shaft assembly, each time 
the valve rocker arm shaH assembly 
is removed, the cylinder head gasket 
must be replaced. Remove the valve 
push rods in sequence (Fig. 19). 

3. Install standard eye boils wilh *' ·1 8 threads in the cylinder bead 
and altach the engine lifting sling 
(Fig. 20). Remove the remaini ng cyl· 
inder head bolts. Raise the cylinder 
head and carefully re move it from 
the engine. 

4. Place the cylinder head on a 
work bench and remove the ex:haust 
manifold and heat deflector, then in­
stall the holding fixtures (Fig. 21). 

VALVE ROCKER ARM 
SHAFT DISASSEMBLY 

1. Remove the colter pins from 
each end of the valve rocker arm 
shaft, Ihen slide the rocker ar ms, 
springs, and the supports off the shaft. 
Be sure 10 identify all parts. 

2. IJ it is necessary to remove the 
plugs from each end of the shaft, 
dri ll or pierce one plug, then insert a 
steel rod through the plug and knock 
out thc plug on the opposite end. 
Working from the open end, knock 
out the remaining plug. 
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FIG. 22-Valve Spring Retainer locks-Removal or 
Installation 

CYUNDER HEAD DISASSEMBLY 
t. Remove the spark plugs. Clean 

the deposits from the cylinder head. 
Compress the valve springs (Fig. 22), 
then remove the spring retainer Jocks, 
and release the spring. 

ROCKER ARM 

2. Remove the sleeve, spring re­
tainer, spring assembly, stem seal, and 
valve. Discard the valve stem seals. 
Identify all valve parts. 

3. The cylinder head assemblies 
are interchangeable from one side of 

_--- BOLT 

the block to the other, provided the 
coolant by-pass line pIate is installcrl 
at the front of cach cylinder head. 

VALVE ROCKER ARM 
SHAFT ASSEMBLY 

1. Oil all moving parts with engine 
oil. 

2. If the plugs were removed from 
the ends of the shaft, use a blunt 1001 
or large diameter pin punch and in­
stall a plug, cup side out, in each end 
of the valve rocker arm shah. 

3. Install a cotler key in one end 
of the shaft, then install the rocker 
arms, supports, and springs in the 
order shown in Fig. 23. Complete the 
assembly by install ing a couer pin in 
the end of the shaft. 

CYLINDER HEAD ASSEMBLY 
t. Install each valve (Fig. 24) in 

the valve guide from which it was 
removed or to which it was fitted . In­
stall a new stem sea l on the valve. 
Position the valve spring over the 
valve, then install the spring retainer 
and sleeve. Compress the spring and 
install the retainer locks (Fig. 22). 

2. Measure the assembled height 
of the valve springs from the surface 
of the cylinder head spring pad to 
the underside of the spring retainer 
with dividers (Fig. 25). 

Check the dividers against a scale. 
If the assembled height is greater than 
14%. inches. install the necessary 

~J SUj"OR! ""NO 

or"''"''wr[p~J ---, -\ '~\ 

/ 
OIL PLUG 

ROCKER SHAR 

169:" 

FIG. 23-valve Rocker Arm Shaft Assembly 



SPRING 
RETAINER 

FIG. 24- Valve Asse mbly 

VALVE 

O.030-inch thick spacer(s) between 
the cylinder head spring pad and tbe 
valve spring to bring the assembled 
height 10 the recommended dimen­
sion of 1 4~\H- l~%.4 inches. Do not 
install spacers unless necessary. Use 
of spacers in excess of recommenda­
tions will result in overstressing the 
va1ve springs which will lead to ex­
cessive load loss and spring breakage. 
Install the spark plugs. 

CYLINDER HEAD 
INSTAllATION 

1. Clean the old gasket from the 
cylinder head and block gasket sur­
faces . Remove the cylinder head 
holding fbc:tures and install the gas­
kets and the exhaust manifolds and 
the spark plugs. Install standard eye 
bolts with %-18 threads in the cyl­
inder head and attach the engine lift~ 
ing sling. 

2. Do not use sealer on the cyl­
inder head gasket. Guided by the 
'vord "top" on the gasket, install the 

asket over the cylinder head dowels. 

3. Position the cylinder head on 
the engine (Fig. 20), then install, but 
do not tighten, the five outside bolts. 
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FIG. 25-valve Spring Assembl ed Height 

FIG. 26-Cvlinder Head Bolt Tightening Sequence 

Remove the lifting sling and eye boHs. 
Install the push rods in their proper 
sequence making sure the lower ends 
are positioned in the tappet socket. 

4. Position the oil baffle plate and 
the valve rocker arm shaft assembly 
on the cylinder head. Install, but do 
not tighten, the remaining five cylin­
der head bolts. 

s. The cylinder head bolt tighten­
ing procedure is performed in three 
progressive steps. Tighten the bolts 
to 110-120 foot-pounds torque in the 
proper sequence (Fig. 26), then 
lighten them to 120-130 fOOl-pounds 
torque in the same sequence. Finally. 
tighten the bolts to 130-\50 foot­
pounds torque in the same sequence. 
After the cyliDder head bolts have 
beeD tightened to specifications. the 
bolts should not be disturbed. Per-

form a preliminary valve lash ad­
justment. 

6. Install the intake manifold and 
related parts. Connect the muffler in­
let pipes to the exhaust manifolds. 

7. Fill and bleed the cooling sys­
tem. Operate the engine unti l the 
engine temperatures have stabilized, 
then check the valve lash with the 
engine idling and adjust it if neces~ 
sary. Check all hose connections and 
gaskets for leaks. 

8. Coat one side of the valve 
rocker arm cover gaskets wi th oil 
resistant sealer, and lay the cemented 
side of the gaskets in place in the 
covers. Install the covers, making sure 
that the gaskets seat evenly all around 
the head. Install the retaining screws 
and tighten them to 4~5 foot-pounds 
torque. Install the air cleaner. 
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STEP 1- SfT NO. I PISTON ON T.D.C., AT END Of COMPRESSION 
STROKE_ ADJUST NO. I , .( & S EXHAUST AND NO. 1, 2 

I I 

FIG. 2a-Valve Lash Adjustment 

STEP 3- NO. 2, 3'-';-;""-~-:::' 
EXHAUST AND NO.3, 
6 & 8 INTAKE VALVES. 

1691.A • 
FIG. 27 -Preliminary Valve lash Adjustment 

VALVE LASH ADJUSTMENT 

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 resuhing 
in rough engine idle. Burning and 
warping of the valves will occur also, 
because the valves 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 10 the 
camshaft lobe is likely because the 
tappet foo t will not follow the pattern 
of the camshaft lobe causing a shock 
contact between these two parts. 

If the valve rocker arm shaft aS4 
sembly has been removed and in4 
stalled, it will be necessary to make a 
preliminary (cold) valve lash adjusl4 
ment before starting the engine. If 
the adjustment is made fo r an engine 

tune-up, follow the final adjustment 
procedure. 

The cylinders are numbered from 
front to rear- right bank, 1424344; 
left bank, 5464748. The valves are 
arranged from front to rear on both 
banks, E4I4E4I· I4E4I·E. 

PRELIMINARY ADJUSTMENT 

The cold valve lash setting for the 
intake valves is 0.020 inch and 0.022 
inch for the exhaust valves. Use a 
step"type fee ler gauge ("go" and " no 
go") to adjust the valves. 

t . Make three chalk marks on the 
crankshaft damper (Fig. 27). Space 
the marks approximately 90 ° apatt 
so that with the timing mark, the 
damper is divided into four equal 
parts (90 0 represents v.. of the dis4 
tance around the damper circumfcr4 
ence) . 

2. Rotate the crankshaft until No. 
1 piston is near T.O.C. at the end of 

the compression stroke, then adjust 
the fo llowing valves: 

No. I- Exhaust No. I - Intake 
No.4- Exhaust NO.2- Intake 
NO.5- Exhaust No.7- Intake 
3. Rotate the crankshaft 180 0

, or 
VI. turn (this puts No.4 piston on 
T.O.C.) , then adjust the following 
valves: 

No.6- Exhaust No.4- Intake 
No.8- Exhaust No.5-Intake 
4. Rotate the crankshaft 270 0

, or 
¥.! turn from 1800 (this puts No.3 
piston on T.O.C.), then adjust the 
following valves: 

No.2- Exhaust No. 3-Inlake 
No.3- Exhaust NO. 6-Intake 
NO.7-Exhaust No.8-Intake 

fiNAL ADJUSTMENT 

Before a final valve lash adjust­
ment is made, operate the engine for 
a minimum of 30 minutes at approxi­
mately 1200 rpm to stabilize engine 
temperatures. With the engine id ling, 
check the valve lash using a step­
type feele r gauge only ("go" and " no 
go"). Adjust the intake and exhaust 
valve lash (Fig. 28), to 0.0 20 inch. 

B CRANKSHAFT DAMPER, CYLINDER FRONT COVER, AND TIMING GEARS 

CRANKSHAn DAMPER 

IUMOYAl 

1. Drain the cooling system. Re4 
move the fan, shroud, and radiator. 

Remove the alternator, air compres­
sor, and power steering belts. 

On a F4 or T-scries truck, lift tbe 
front of tbe engine approximately 

one inch with a Hoor jack to all 
removal of the damper. 

2. Remove the damper cap sere .. 
and washer. Install the removal tool 
and remove the damper (Fig. 29). 
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FIG. 3D-Damper Installation 

FIG. 29-Damper Removal 

FIG. 3t-Timing Gear Alignment 

INSTALlATION 

1. Lubricate the crankshaft with a 
bite lead and oil mixture and lubri· 
Ite the oil seal rubbing surface with 

grease. Align the damper keyway 
with tbe key on the crankshaft, then 
install the damper (Fig. 30). 

On a F- or T-series truck, lower 
the engine and remove tbe floor jack. 

2. Install the damper washer and 
cap screw, then tighten the screw to 
130-145 foot-pounds torque. 

3. Install the power steering, air 
compressor, and alternator belts and 

adjust the tension of the bells. Install 
the fan, shroud, and radiator. Fill and 
bleed the cooling system. 

CYLINDER FRONT COVER 
AND TIMING GEARS 
REMOVAL 

1. Drain the COOling system and 
the crankcase. Remove the fan, 
shroud, and radiator. Remove the 
alternator, power steering pump, and 
air compressor drive belts. Remove 
the air compressor idler pulley and 
disconnect the alternator adjusting 
arm al the cylinder front cover. Re­
move the water pump assembly, the 
crankshaft damper, the engine front 
support bracket, and the oil level 
dipstick. 

2. Remove the screws faste ning 
the cylinder front cover to the block 
and oil pan, then remove the cylinder 
front cover. Discard the cylinder 
front cover gasket. Remove the oil 
pan and discard the gasket. 

3. Remove the crankshaft front oil 
slinger. Align the timing marks on 
the liming gears (Fig. 31) and re· 
move the camshaft gear retaining 
bolts, then remove the camshaft gear. 

4. To remove the crankshaft gear, 
install the tool shown in Fig. 32 and 
pull the gear off the shaft. 

OIL $EAL REPLACEMENT 

It is good practice to replace the 
oil seal each time the cylinder front 
cover is removed. 

1. Drive out the old seal with a pin 
punch, then clean out the recess in 
the cover. 
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FIG. 32-crankshaft Gear Removal 

2. Coat a new seal with grease, 
then install the seal (Fig. 33), Drive 
the seal in until it is fully sealed in 
the reccss. Check the seal after instal­
lation to be sure the spring is properly 
positioned in the seal. 

INSTALLAnON 

1. loslaU the crankshaft gear (Fig. 
34) and the camshaft gear with the 
timing marks aligned (Fig. 31), then 
install the camshaft gear rctaining 
bolts. The boles are unequally spaced. 
Tighten the bolts 10 12-15 foot­
pounds torque. Install the crankshaft 
f ront oil slinger. 

FIG. 34-Crankshaft Gear Installation 

GROUP 1- ENGINES 

TooI_T58T.6700.A 

1693_. 

FIG. 33-oil Seal Installation 

2. Clean the cylinder fro nt cover, 
water pump, oil pan, and the cylinder 
block gasket surfaces. Coat the gas­
ket surface of the cylinder front 
cover and block and the cover bolt 
threads with sealer. Position a new 
cylinder [ront cover gasket on the 
block. Install the cylinder front cover. 

3. Install the cylinder front cover 
retaining bolls and tighten them to 
23-28 foot-pounds tOrque. 

4. Apply sealer to the oil pan gas­
ket surface and position a new gasket 
on the oil pan, then install the oil pan. 

s. Install the engine fron t support 
bracket, and the crankshaft damper. 
Apply scaler to the water pump gas­
ket and position it on the block, then 
install the water pump assembly. In­
stall the air compressor idler pulley 
and the alternator adjusting arm on 
the cylinder front cover. Install and 
adjust the drive belts. Install the oil 
level dipstick. Install the fan, shroud, 
and radiator. 

6 . F ill and bleed the cooling sys­
tem. FiJI the crankcase with the prop­
er grade and quanti ty of engine oiL 

FIG. 3S-Camshaft and Related Parts 
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I' CAMS HAn, BEARINGS, AND TAPPETS 

CAMSHAn 

The camshaft and related parts are 
shown in Fig. ]5. 

aEMOVAL 

1. Drain the cooling system and 
the crankcase. Remove the air clean· 
er. . Remove the fan, shroud, and 
radiator. Remove the water pump, 
intake manifold assembly. valve 
rocker afm covers, valve rocker arm 
shaft assemblies, the valve push rods 
in seq uence, and the cylinder heads. 
Remove the cylinder fronl cover, oil 
level dipstick, and the oil pan. Re­
move the distributor, governor, and 
the valve push rod cover. 

2. Remove the valve lappets keep­
ing them in order $0 Ihal they can be 
replaced in their original position 
(Fig. 36). 

J. Remove the crankshaft (ront oil 
slinger. Align the timing marks on the 
camshaft and crankshaft liming gears 
(Fig. 31). 

4. Remove the camshaft thrust 
plate retaining bolts, then remove the 
camshaft gear, spacer, thrust plate, 
and camshaft as an assembly (Fig. 
37). 

INSTALLAnON 

I. Oil the camshaft and carefully 
slide it through the bearings with the 
gear, spacer and thrust plate attached 
(Fig. 37). Be sure the camshaft is 
installed so that the timing mark on 
the camshaft gear is aligned with the 
timing mark on the crankshaft gear 
(Fig. 31). Install the thrust plate reo 
taining boilS and tighten them 10 

12·15 foot·pounds torque. 
If a new camshaft is to be installed, 

remove the gear, spacer, and thrust 
plate from the old camshaft and in· 
stall them on the new camshaft, then 
install the camshaft. 

2. Install the crankshaft front oil 
slinger, the cylinder front cover, 
crankshaft damper, the water pump, 
the oil pan, and the oil level dipstick. 

3. Install the valve tappets in 
sequence. Install the valve tappet 
chamber gasket and cover and the 
governor. Rotate the engine until No. 
I piston is on T.O.C. Position the 
distributor in the block with the rotor 
at the No. I firing position and the 
breaker points open, and install the 
hold down clamp. 

4. Install the cylinder heads, the 
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push rods in sequence, and the valve 
rocker arm shaft assemblies. Perform 
a preliminary valve lash adjustment. 
Install the intake manifold assembly 
and related parts. Install the distribu. 
tor cap and connect the spark plug 
wires and the coil high tension lead. 

S. Install the fan, shroud, and 
rad iator. Fill and bleed the cooling 
system. Fill the crankcase with the 
proper grade and quantity of engine 
oil. Start the engine. Adjust the igni. 
tion timing. Check all hose connec­
tions and gaskets for leaks. Operate 
the engine unti l the engine tempera· 
tures have stabilized, then check and 
adjust the valve lash. Install the valve 
rocker arm covers and the air cleaner. 

BEARING REPLACEMENT 

It will be necessary to remove the 
engine {rom the chassis to replace 
ca mshaft bearings. Camshaft bear· 
ings are available pre-finished to size 
for standard and 0.015 inch undersize 
journal diameters. The No. 1 cam­
shaft bearing is not interchangeable 
with the other bearings. 

I. Remove the engine, then re­
move the camshaft, the ftywheel, and 
the crankshaft. Push the pistons to 
the top of the cylinders to move the 
connecting rods out of the way. 

FIG. 36-Tappet Remova l o r Installation FIG. 37 - Cams haft Removal or Installation 
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I 
NUMBERS 1, 3, 4, 5 BEARINGS 

I TooI _ TSST·6ZS0 ·A 
R""", •• ,_/)ercr;I .. 
Replacer_Detail I 

GROUP 1- ENGINES 

FIG. 39-Camshaft Rear Bearing Bore Plug 
Installation 

FIG. 3D-camshaft Bearing Replacem ent 

stallation. Remove and replace o ne 
tappet at a time. If the tappets are 
di fficult to remove, use the tool shown 
in Fig. 36. 

2. Drill a Y.t -inch hole in the cam­
shaft rear bearing bore plug and use 
tool T-7600-E to remove the plug. 
Remove the camshaft bearings (Fig. 
38). 

3. Position the new bearing at the 
bearing bore, and press it in place 
with the tool shown in Fig. 38. Align 
the oil holes in the bearings with the 
oil holes in the cylinder block when 
the bearings are installed. Be sure 
tbe camshaft front beariog is installed 
0,037-0.043 inch below the front face 
of the cylinder block. 

4. Clean out the camshaft rear 
bearing bore plug recess thoroughly. 
Coat the fl ange of a new plug with 
water resistant sealer and install it 
with the flange fac ing in (Fig. 39). 

Drive the plug in until it is flush or 
slightly below the casting surface. 

S. Install the camshaft, crankshaft. 
fl ywheel. and related parts. Install the 
engine in the chassis. 

TAPPET REPLACEMENT 
1. Drain the cooling system. Re­

move the intake manifold assembly, 
the valve rocker arm covers, the 
rocKer arm shaft assemblies, and the 
cylinder heads. Scribe a line on the 
distributor housi ng and block to mark 
the posit ion of the distributor in the 
block and scribe a line o n the housing 
to mark the position of the rotor. 
Remove the distributor, then remove 
the valve push rod cover. 

2. Oil the new tappets before in-

3. Installihe valve push rod cover. 
Install t he dis t r ibu to r using the 
scribed lines as guides. Install the cyl­
inder heads, valve push rods in se­
quence, the valve rocker arm shaft 
assemblies, and the intake manifold 
assembly. Perform a preliminary 
valve lash adjustment. Install the dis­
tributor cap and connect the spark 
plug wires and the coil high tension 
lead. 

4. Fill and bleed the cooling sys­
tem. Start the engine. Adjust the 
ignition timing. Check all hose con­
nections and gaskets for leaks. Oper­
ate the engine until the engine tern· 
peratures have stabilized, then check 
and adjust the valve lash. Install the 
valve rocker arm covers and the air 
cleaner. 

III FLYWHEEL, CRANKSHAn, CONNECTING RODS, AND PISTONS 
FLYWHEEL 

The procedure (or replacing the 
clutch pilot bushing is covered in 
Part 3-1. 

REMOVAL 

Remove the transmission from the 
flywheel housing (Group 3), then 
remove the clutch from the flywheel 
(Group 3). After these components 
are removed, remove the flywheel re­
taining bolts and remove the flywheel 
through the bottom of the housing. 

INSTAllATION 

Install the fl ywheel on the crank­
shaft flange, then tighten the retaining 
bolts to 100-110 foot-pounds torque. 

Install the clutch and the transmis­
sion (Group 3). Install the flywheel 
housing dust cover. 

CRANKSHAn 
The crankshaft and related parts 

are shown in Fig. 40. 

RlMOVAl 

1. Drain the cooling system and 
the crankcase. Remove the fan, 
shroud, and radiator. Remove the en­
gine fro m the chassis and install it 
on a work stand . 

2. Loosen the alternator adjusting 
arm at the alternator and remove the 
arm from the cylinder fro nt cover, 

then remove the fan belt(s). Remove 
the water pump and pulley as an as­
sembly. Loosen the power steering 
pump and remove the drive belt. Re­
move the air compressor idler pulley, 
spacer, and drive belt. Remove the 
crankshaft damper, engine front sup­
port, and damper key. 

3. Invert the engine and remove 
the o il pan, oil pump, screen, and 
intermediate drive shaft. Remove the 
cylinder front cover and crankshil" 
front oil slinger. Mark the pres 
plate cover and remove the clu. 
then remove the flywheel. 

4. Make sure all bearing caps 
(main and connecting rod) are 
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FIG. 41-s801 to Block Installation 

marked SO they can be installed in 
their original locations. Remove the 
connecling rod bearing caps, then 
carefully push the piston and rod 
assemblies against the heads. Remove 
the main bearing caps. 

5, Carefully lift the crankshaft 
and timing gear out of the cylinder 
block so that the thrust bearing sur­

ces are not damaged. Handle the 
ankshaft with eare to avoid possi­

oJle £raelure or damage to the finished 
surfaces. Remove the rear journal oil 
seal from the block and rcar main 

1 S76_A 

FIG. 42-Seol to a earing Cap Installation 

bearing cap, and remove Ihe cap 10 
block side seals. 

6. If new main and/ or connccting 
rod bearings are to be installed, reo 
move the main bearing inserts from 
the block and bearing caps, and/ or 
the connecting rod bearing inserts 
from the connecting rods and caps. 
Install new bearings following the 
procedures in Section 8 " Main and 
Connecting Rod Bearing Replace. 
ment." 

INSTAUATION 

If a new crankshaft is to be in· 
stalled, remove the timing gear and 
key from the old shaft and install 
them on the new shaft. 

1. Be sure that all bearings, crank­
shaft journals, and the rear journal 
oil seal grooves are clean. lnstall a 
new rear journal o il seal in the block 
(Fig. 41) :l nd rear main bearing cap 
(Fig. 42). After installation, cut the 
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_ PRY FORWARD 

FIG. 43-Thrust Bearing Alignment 

ends of the seals leaving approxi­
mately 0.0 1 0 inch of the seal protrud­
ing from the block and bearing cap. 

2. Carefully lower the crankshaft 
and timing gear into place. Be careful 
Dot to damage the bearing surfaces. 

3. Check the clearance of each 
main bearing fo llowing the procedure 
under "Main Bearing Replacement" 
in Section 8. If the bearing clearances 
are satisfactory, apply a light coat of 
engine oil 10 the journals and bear­
ings, then install all the bearing caps, 
except the thrust bearing cap (No.3 
bearing). Tighten the bearing cap 
bolts to 150-164 fool-pounds to rque. 
Dip the rear bearing cap side seals in 
light engine oil, then immediately in­
stall them in the grooves. Do not use 
sealer on the side seals, the seals are 
designed to expand when dipped in 
oil. Using sealer may retard this ex­
pansion. It may be necessary 10 lap 
the seals into place for the last I/:z 
inch of travel. Do not cut the seal 
projecting ends. Check the rear main 
bearing cap side seals for leaks by 
squining a few drops of oil inlo the 
parling lines between the bearing cap 
and the cylinder block from the out­
side. Blow compressed air against the 
seals from the inside of the block. If 
air bubbles appear in the oil, it indi­
cates possible oil leakage. The above 
test should not be perfonned on new­
ly installed seals until sufficient time 
has been aUowed for the seals to ex­
pand into the seal grooves. 

GROUP 1- ENGINES 

4. Install the Ihrust bearing cap 
wit h the bolts finger tight, then pry 
the crankshaft forwa rd against the 
thrust surface of the upper half of the 
bearing (Fig. 43). Hold the crank­
shaft fo rward and pry the Ihrust bear­
ing cap to the rear (Fig. 43). This 
will align Ihe thrust surfaces of both 
halves of the bearing. Relain the for­
ward pressure on Ihe crankshaft, and 
tighten the cap bolts to 150-164 foot-

FIG. 44-Crankshaft End Play 

HOLD 
CRANKSHAFT 

FORWARD 

pounds torque (Fig. 43). 
S. Force the crankshafc toward the 

rear of Ihe engine. Instali a dial indi­
cator so the contact point rests against 
Ihe crankshaft flange and the indi­
calor axis is parallel to the crankshaft 
axis (Fig. 44). Set the dial on zero, 
then push the crankshaft for ward 
and note the reading on the dial. 

If the end play exceeds the wear 
limit, replace the thrust bearing. If 
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FIG. 45-Pislon, Connecting Rod, and Related Parts 

the end play is less than the minimum 
limit, inspect the thrust bearing faces 
for scratches, bUrrs, nicks, or dirt. If 
the thrust faces are not defective or 
dirty, they probably were I10t aligned 
properly, Install the thrust bearing 
and align the faces following the rec­
ommended procedure (s tep 4), then 
recheck the end play. 

6. Check the clearances of each 
connecting rod bearing fe llowing the 
procedure under "Connecting Rod 
Bearing Replacement" in Section 8. 
If the bearing clearances are satisfac­
tory, apply a light coat of engine oil 
to the journals and bearings, then in­
slalllhe connecting rod caps. Tighten 
all the nuts to 50-55 foo t-pounds 
torque. Check the side clearance be­
tween the connecting rods on each 
crankshaft journal following the pro­
cedure under "Piston and Connect­
ing Rod Installation." 

7. Be sure the liming marks are 
aligned, then install the crankshaft 
fron t oil slinger, cylinder front cover, 
engine front support, and the crank­
shaft damper. Install the flywheel, 
clutch discs, and pressure plate. In­
stall the intermediate drive shaft, oil 
pump, and screen assembly. Install 
the oil pan. Install the water pump 
and pulley. Install the air compressor 
idler pulley, spacer, and drive belt. 
Install and adjust the power steering 
pump drive belt. Connect the alter­
nator adjusting arm to the cylinder 
front cover, install and adjust the fan 
belt(s), then tighten all alternator 
bolts. 

8. Install the engine in the chassis. 
Install the fa n, shroud, and radiator. 
Fill and bleed the cooling system. Fill 
the crankcase with the proper grade 
and quantity of engine oil. Start the 

engine and adjust the ignition tim­
ing. Operate the engine at fast idle 
and check for oil pressure and check 
all hose connections and gaskets for 
leaks. 

PISTON AND CONNECTING 
ROD REMOVAL 

The piston and connecting rod as­
sembly is shown in Fig. 45. 

1. Drain the cooliag system aad 
the crankcase. Remove the air c1ean~ 
cr. Remove the valve rocker arm 
covers, tbe valve rocker arm shaft 
assemblies. and the valve pusb rods 
in sequence. Remove the intake mani­
fold assembly and the cylinder heads. 
Remove the oil pan, oil pump and 
pick-up tube, and tbe intermediate 
drive shaft. 

2. Before removing the piston as­
semblies, remove any ridge and/or 
deposits from the upper end of the 
cylinder bores witb tool 3036 o r its 
equivalent. Move the piston to the 

bottom of its travel and place a 
cloth on the piston head to collect 
the cUllings. Remove the cylinder 
ridge following the instructions fu r­
nished by the tool manufacturer. 
Never cut into the riog travel in ex­
cess of 1/32 incb wben removing 
ridges. After the ridge has been re­
moved, remove the cutter from the 
cylinder bore, then turn the crank­
shaft until the piston is at the top 
of its stroke and carefully remove 
the cloth with the cuttings. 

3. Turn the crankshaft until the 
connecting rod being removed is 
down. Remove the nuts from the con­
necting rod bolts, then pull the cap off 
the rod. Push the connecting rod and 
piston assembly out the top of the 
cylinder with the handle end of a 
hammer. Avoid damage to tbe crank­
shaft journal or the cylinder wall 
when removing tbe piston aad rod, 

4. If new piston rings are to be 
installed and the cylinder has not 

PISTON STEP TO INSIDE 
Of ENGINE "V" 

1695_A 

FIG. 46-Connecting Rod and Piston Assembly 
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removed, or to which they were fiHed. 
Each connecting rod and bearing cap 
is numbered from 1 to 4 in the right 
bank and from 5 to 8 in the left bank, 
beginning at the front of the engine. 
The numbers on the connecting rod 
and bearing cap must be on the same 
side when installed in the cylinder 
bore. If a connecting rod is ever 
transposed from one block or cylin. 
der to another, new bearings should 
be fiHed and the connecting rod 
should be numbered to cOlTespond 
with the new cylinder number. 

t. Oil the piston rings. pistons. and 
cylinder walls with light engine oil. 

FIG. 47-Checking Ring Side Clearance 

2. Make sure the ring gaps are 
properly spaced around the circum­
ference of the piston. Install a piston 
ring compressor on the piston and 
push the piston in with a hammer 
handle until il is slightly below the 
top o f the cyli nder (Fig. 48). Be sure 
to guide the connecting rods to avoid 
damaging the crankshaft journals. 
When installed, the bearing lock slots 
in the connecting rod should be 
toward the outside of the engine. 

been refin ished, remove the glaze 
from the cylinder wall by passing a 
fine grit hone or glaze removal tool 
through the bore a few times. Do not 
hone morc than enough to rough up 
the fini sh. Thoroughly clean the cyl­
inder walls and block after the glaze 
is removed, then oil the walls. 

5. Repeat this procedure on each 
assembly. 

PISTON AND CONNECTING 
ROD DISASSEMBLY 

Mark the pistons and pins to assure 
assembly with the same rod and in­
slallation in the same cylinder fro m 
which they were removed . Remove 
the piston rings. Remove the piston 
pin retainers, then drive the pin out 
of the piston and con necting rod . 
Discard the retainers. 

PISTON AND CONNECTING 
ROD ASSEMBLY 

1. l ubricate all parts with light 
engine oil. Position the connecting 
rod in the piston and push the pin 
into place. Assemble the piston and 
connecti ng rod as shown in Fig. 48. 

2. Insert new piston pin retainers 
by spiraling them into the piston with 
the fin gers. Do not use pliers. Follow 
the instructions contained on the pis­
ton ring package and instalt the piston 
rings. 

3. Check the ring side clearance of 
the compression rings wit h a feeler 
gauge inserted between the ring and 
its lower land (Fig. 47). The gauge 

should slide free ly around the entire 
ring circumference without binding. 
Any wear that occurs will form a 
step at the inner portion of the lower 
land. If the lower lands han high 
steps, the piston should be replaced. 

4. Be sure the bearings and jour­
nals arc clean. If it is necessary to 
replace the connecting rod bearings, 
replace them at this time foll owing 
the procedure under "Connecting 
Rod Bearing Replacement" in Sec­
tion 8. 

PISTON AND CONNECTING 
ROD INSTALLATION 

Be sure to install the pistons in the 
same cylinders from which they were 

3. Check the clearance o[ each 
bearing fo llowing the procedure un· 
der "Connecting Rod Bearing Re­
placement" in Section 8. If the bear­
ing clearances are to specifications, 
apply a light coat of engine oil 10 the 
journals and bearings. 

4. T urn the crankshaft throw to 
the bottom of its stroke, then push 
the piston all the way down until the 
connecting rod bearing seats on the 
crankshaft journal. Install the con­
nccting rod cap, then tighten the nuts 
to 50-55 foot-pounds torque. 

FIG. 48-Piston Installation 
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5, After the piston and connectin g 
rod assemblies have been installed, 
check the side clearance between the 
connecting rods on each crankshaft 
journal (Fig. 49). 

6. Install the intermediate drive 
shaft, oil pump, and screen assembly. 
Install the oil pan. Install the cylinder 
heads, valve push rods in sequence, 
the valve rocker arm shaft assem· 
blies, and the intake manifold assem­
bly. Perform a preliminary valve lasb 
adjustment. Inslal1 the distributor cap 
and connect the spark plugs and the 
coil high tension lead. Fill and bleed 
the cooling system. Fill the crankcase 
with the proper grade and quantity of 
engine oil. 

FIG. 49-conneding Rod Side Clearance 

7. Start the engine and operate it 
until the engine temperatures have 
stabilized, then check and adjust the 
valve lash. Check for oil and coolant 
leaks. Install the valve rocker arm 
covers and the air cleaner. 

Il MAIN AND CONNECTING ROD BEARING REPLACEMENT 

The main and connecting rod bear­
ing inserts are selective fit and do not 
require reaming to size upon installa­
tion. Do not file or lap bearing caps 
or use shims to obtain the proper 
bearing clearance. 

Selective fit bearings are available 
fo r 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· bearings decrease the clear· 
ance. Undersize bearings, which are 
not selective fit , are available for use 
on journals that have been refinished. 

Normally, bearing journals wear 
evenly and are not out-of-round. 
However, if a bearing is being fitted 
to an out-of-round journal, be sure to 
fit the bearing to the maximum di­
ameter of Ihe journal. If the bearing 
is fitted to the minimum diameter 
with minimum clearance, interfer_ 
ence may result, causing an early 
fail ure. It is not recommended that 
bearings be fitted to a journal which 
exceeds the maximum out-of-round 
specification. When replacing stand­
ard bearings with new bearings, it is 
good practice to first try to obtain 
tbe proper clearance with two blue 
bearing halves. 

Do not get foreign matter under 
the inserts. In time the fore ign matter 

may distort the bearing and cause 
bearing failure. 

MAIN BEARING REPLACEMENT 
The following procedure is for the 

engine installed in the chassis with the 
crankshaft not removed. If the engine 
is on a work stand, omit step 1 and 
follow steps 2-5 . In step 4, if the en­
gine is on a work stand, it is not nec­
essary to support the crankshaft be­
cause the engine will be inverted. 
Also in step 4, place the Plastigage 
on the crankshaft journal (Fig. 50) 
instead of on the bearing surface if 
the engine is on a work stand. 

1. Drain the crankcase. Remove 
the oil level dipstick, the oil pan, the 
oil pump and pick-up tube assembly, 
and the intermediate drive shaft. 

2. Replace one bearing at a time, 

leaving the other bearings securely 
fastened. Remove the main bearing 
cap to which new bearings are to be 
installed. Insert the upper hearing re­
moval 1001 (tool 633 1) in the oil 
hole in the crankshaft. Rotate the 
crankshaft in the direction of engine 
rotation to force the bearing out of 
the block. 

3. To install the upper main bear­
ing, place the plain end of tbe bearing 
over the shaft on the locking lang 
side of the block. Using tool 6331, 
rotate the crankshaft in the opposite 
direction of engine rotation until the 
bearing seats itself. Remove the tool. 
Replace the cap bearing. Clean the 
crankshaft journal and bearings. 

4. Support the crankshaft so its 
weight will not compress the Plasti­
gage and provide an erroneous read-

CHECK WIOTH OF PLASTIGAGE 

FIG. 50-Installing ond Measuring Plastigage­
Engine on Work Stand 
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ing. Position a small jack so it will 
bear against the counterweight ad­
joining the bearing which is being 
checked. Place a piece of Plastigage 
on the bearing surface the full width 
of the bearing cap and about 1.4 inch 
off center (Fig. 51). Install the cap 
and lighten the bolts to t 50-164 foot­
pounds torque. Do not tum the crank­
shafl while the Plastigage is in place. 
Remove the cap, then using the Plas­
ligage scale, check the width of the 
Plasligage at the widest point in order 
to get the minimum clearance. Check 
the Plastigage at the narrowest point 
in order to get the maximum clear­
ance. The difference between the two 
readings is the taper. 

If the clearance is less than the 
specified limits, try two red bearing 
halves or a combination of red and 
blue depending upon the condition. 
If the standard bearings do not bring 
the clearance within the desired lim· 
its, refinish the crankshaft journal, 
then install undersize bearings. 

5. After the bearing has been 
checked and found to be satisfactory, 
apply a light coat of engine oil to the 
journal and bearings, then install the 
bearing cap. Tighten the cap bolts to 
150· 164 foot-pounds torque. 

6. If the rear main bearing is re· 
placed, replace the lower oil seal (in 
the cap) and the side seals. The upper 
oil seal (in the block) can not be re­
placed with the crankshaft installed. 

7. Install the intermediate drive 
shaft, oil pump, and inlet tube and 
screen assembly. Install tbe o il pan. 
Fill the crankcase. 

8. Operate the engine at fast idle 
and check fo r oil pressure and oil 
leaks. 

CONNECTING ROD BEARING 
REPLACEMENT 

1. Drain the crankcase. Remove 
the oil level dip stick, the oil pan, the 
oil pump and pick-up tube assembly, 
and the intermediate drive shaft. Re-

move the cap from the connecting 
rod to which new bearings are to bt" 
installed and remove the bearing in 
sert. Push the piston up in the cylin· 
der, then remove the bearing insert 
from the connecting rod. Clean the 
crankshaft journals, the cap, and the 
upper half of the bearing bore. 

2. Install the new bearings in the 
connecting rod and cap. Pull the con­
necting rod assembly down firmly on 
the crankshaft journal. Place a piece 
of Plastigage on the lower bearing 
surface, the full width of the cap and 
about 1,4 inch off center. Install the 
cap and tighten the connecting rod 
nuts to 50·55 foot·pounds torque. 
Do not tum tbe crankshaft while the 
Plastigage is in place. 

3. 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 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 less than the 
specified limits, try two red bearing 
halves or a combination of red and 
blue depending upon the condition. 
If the standard bearings do not bring 
the clearance within the desired lim­
its, refinish the crankshaft journal, 
then install undersize bearings. 

After the bearing clearance has 
been checked and found to be satis· 
factory, apply a light coat of engine 
oil to the journal and bearings, then 
install the connecting rod cap. Tight. 
en the nuts to 50-55 foot-pounds 
torque. 

4. Repeal the procedure for the 
remaining connecting rods that re­
quire new bearings. 

5. After all the bearings that re· 
quired replacement have heen re­
placed, install the intermediate drive 
shaft, oil pump, and inlet tube and 
screen assembly. Install the oil pan. 
Fil! the crankcase. 

6. Operate the engine at fast idle 
and check for oil pressure and oil 
leaks. 
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a OIL PAN AND PUMP, OIL FILTER, AND OIL COOLER 

OIL PAN AND PUMP 
REMOVAL 

Drain the oil from the crankcase 
and remove the oil level dip stick. 
Remove the oil pan retaining screws 
and remove the oil pan and discard 
the gasket. 

If the oil pump is to be removed, 
remove the oil pump and pick-up tube 
retaining screws and remove the oil 
pump and pick-up tube assembly. 
Discard the oil pump gasket. Remove 
the intermediate drive shaft from the 
engine. 

OIL PUMP DISASSEMILY 

1. Remove the oil pick-up tube 
and screen assembly from the oil 
pump and discard the gasket. Remove 
the oil screen retaining wire and re­
move the screen. 

2. Remove the cover retaining 
screws, then remove the cover. Re­
move the inner rotor and shaft as-­
sembly, then remove the outer race. 

3. Insert a self threading sheet 
metal screw of the proper diameter 
into the oil pressure relief valve 
chamber cap and pull the cap out of 
the chamber. Remove the spring and 
plunger. 

INTERMEOIATE 
DRIVE SH AfT 

INlET ASSEMBlY 

OIL PUMP ASSIMIL Y 
The oil pump assembly is shown in 

F ig. 52. 
1. Remove the old gasket from the 

oil pump and pick-up lUbe mounting 
pads. Clean and oi l all parts thor­
oughly. Install the oil pressure relief 
valve plunger, spring, gasket, and 
new cap. 

2. Install the outer race, and the 
inner roto r and shaft assembly. The 
inner rotor and shaft, and the outer 
race are serviced as an assembly. One 
part should not be replaced without 
replacing the other. Install the cover 
and tighten the cover retaining screws 
to 10-13 foot-pounds torque. Install 
the screen and retaining wire in the 
pick-up tube. Position a new gasket 
and the oil pick-up tube on the oil 
pump and install the retaining bolts. 

INSTALLATION 

1. Insert the oil pump drive shaft 
into the oil pump. Position a new 
gasket on the pump housing and in­
stalithe oil pump, shaft. and pick-up 
tube as an assembly (Fig. 53). Do nol 
attempl to force the pump into posi­
tion if It will Dol seal readily. The 
drive shafl hex may be misalIgoed 
with the distributor shaft. To aUgn, 

OUTER 

rotate the intermedJate shaft lato • 
new position. T ighten the oil pump 
retaining screws to 12-15 foot­
pounds torque. 

2. Remove old gasket sealer from 
the oil pan and block gasket surfaces. 
Position a new gasket on the oil pan. 
Hold the oi l pan in place against the 
cylinder block and instalI two of the 
retaining screws on each side of the 
pan. Install the remaining screws and 
tighten them fro m the center outward 
to 12- 15 foot-pou nds torque. 

3. Fill the crankcase and install 
the oil level dip stick. Operate the 
engine and check for oil leaks. 

OIL FIL nR REPLACEMENT 

The oil filter assembly is shown in 
Fig. 54. 

1. Place a drip pan under the fil­
ter. Remove the filter center bolt, then 
remove the filter assembly and gasket. 

2. Remove the fi lter elemenl, neo­
prene gasket, spri,ng and retainer. 
Remove the center bolt from the con­
tainer and the fiber gasket (rom the 
bolt. Discard the filte r element aDd 
all gaskets. Wash all parts io solveot. 
Make sure all tbe openings in the 
center bolt are clean. 

FIG. 53-011 Pump and Pick-Up Tube Installed 
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3. Inslall a new fiber gasket on the 
center bolt, then place the bolt 
through the filter container. Install 
the spring and relainer assembly on 
the bolt, making sure the retainer 
tangs are engaged in the spring. In-

iI:l EXHAUST SYSTEM 

The following procedures apply to 
either a right or left installation. 

MUFFLER INLn PIPE 
REPLACEMENT 

1. Working from underneath the 
truck, disconnect the muffler inlet 
pipe from the exhaust manifold. 
Loosen the inlet pipe to muffler clamp 
retaining bolt. Remove the inlet pipe 
from the muffler and exhaust mani­
fold . 

2. Clean all the old gasket material 
from the exhaust manifold, then in­
stall a new gasket over the exhaust 
manifold studs. Position the new inlet 

1699-A 

stall a new neoprene gasket and a 
new filter element over the center 
bolt. 

4. Clean the filter adapter recess, 
then install a new gasket. Place the 
filter assembly in position, and thread 

pipe in the muffler and over the ex­
haust manifold studs. Install the re­
taining nuls and lockwasbers on the 
exhaust manifolds and tighten the 
nuts to 23-28 foot-pounds torque. 
Tighten the inlet pipe to muffler 
clamp. 

MUFFLER REPLACEMENT 
1. Loosen all muffler outlet pipe 

clamps, then separate the muffler and 
outlet pipe by sliding the outlet pipe 
to the rear. Loosen the muffler inlet 
pipe to muffler clamp, then separate 
the muffler from the inlet pipe and 
remove the muffler. 

the center bolt into the adapter finger 
tight. Rotate the filter assembly 
slightly, in each direction. to make 
sure the gasket is seated evenly. 
Tighten the center bolt to 45·50 foot­
pounds torque. Do not overtightcn 
the center bolt. 

5. Refill tbe crankcase with oil as 
necessary, then operate the engine at 
ftst idle, and check for leaks. If oil 
leaks are evident, perform the neces­
sary repairs to correct the leakage. 

OIL COOLER 
REMOVAL 

Drain the cooling system. Remove 
the oil cooler retaining screws, then 
remove the cover, gasket, oil cooler, 
and gasket. Remove the relief valve 
plug and gasket, then remove the 
spring and plunger. The oil cooler 
assembly is shown in Fig. 55. 

INSTAllATION 

Install the rel ief valve plunger 
(with the open chamber up), spring, 
gasket, and plug in the cover. Place a 
new oil cooler gasket with sealer on 
both sides on the block. Position the 
oil cooler in the block. Place a new 
cover gasket on the cover with sealer 
on both sides and install the cover, 
then tighten the cover bolts to 12-15 
foot-pounds torque. Fill and bleed 
the cooling system. 

2. Position the new muffler on the 
inlet pipe. Slide the outlet pipe for­
ward on the muffler. Align the 
muffler. Tighten the muffler inlet pipe 
clamp and all the outlet pipe clamps. 

OUTLn PIPE REPLACEMENT 
1. Disconnect the ou tl et pipe 

clamps and separate the outlet pipe 
from the muffler by sliding the outlet 
pipe to the rear. Remove the outlet 
pipe. 

2. Slide the clamps on the new 
outlet pipe and slide the outlet pipe 
on the muffler. Connect all the outlet 
pipe clamps. 
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PART 
1· 5 I SPECIFICATIONS 

NOTE: AU specifications are given in inches unless otherwise noted. 

GENERAL 
INGINI MODILS AND PISTON DIS'LACIMINT (Cubic 'nch • • ) 

223 Six ........... ' . .. . . .. . .............. . .. .. 223 
V-8 MD (Medium D uty) ... . . . .. . ......... ..... 292 

HD (Heavy D uty) ....... . ..... 292, 302, and 332 
SO (Super Duty) .............. 401, 477, and 534 

101. AND STiOKI 
223 ... . . . .. . ................... . ...... 3.625 x 3.60 
292 .. .. ..... . ... . . . . , ....... .• ... , . .. . . 3.75 x 3.30 
302 . . .......•.. . . . .. . .. . .. • , .•. . . . .... 3.625 x 3.66 
332 .. . ...... . ..• . . • .. • ...... ... . . . . .. . . 3.80 x 3.66 
401. . . ....... . . . . . .. . . . . . ..... .4. 125 x 3.75 
477............... . ... ..•... . . ...... 4.50 x 3.75 
534 ............... .. ... . .... . • . . . . . .... 4.SO x 4.20 

COMP.USION .ATIO 
223 Six ........... .. ............... . ..... . .. 8.1 :1 
292 H:D V-8 . . . ... . .......................... 7.6:1 
292 MD V-8 ...... . .......................... 7.9:1 
302,332 HD V-8; 401, 477, 534 SD V-8 ... . ..... 7.5: 1 

COM' I.SSION ",,$SU.' 5.0 L.n l @ Cronkln" Sp •• d 
223,292, and 302 ......................... 150 ± 10 
ill..... .... . . ....l@± lO 
401,477, and 534 ......................... ISO ± 20 

TAXA.LI HOUIPOWII 
223 ............... . ......•.. • ....•... . ...... 31.50 
292 .. .. .............. _ ...•..•.... • .. • ....... 44.60 
302 .. . .... . ............ • .• . . • . . .. •. . • . . ..... 42.05 
332 ......... . . . .......... • . . • .. ••• . . • ...... .46.20 
401 ........... . ........... . ................. 54.00 
477 a nd 534 ........................ . .. . .. . .. 65.00 

UAKI HO.SIPOWI. @ Sp.d ".d .pm 
223 Six ........... '" .................. 139 @ 4200 
292 MD V-B ......... . ................ . I B6 @ 4000 
292 HD V-B . .... ........... . .......... 187 @ 38OO 
302 HD V-B . ........... ... ............ 1% @3BOO 
332 HD V-B .......... . . . ... . ... . .... . . 212 @3BOO 
401 SO V-B... . ............. . . . . .. . . 226 @3Boo 
477 SO V-B ................. . . . ... . . .. . 260 @36OO 
534 SO V-B ...... . ........ . ... . ... . .... 277 @34OO 

TO.QUI- ('OOT.'OUNDS) @ S,. dfI.d .'M 
223 Six ... . .... . . . ................ 20B @ 2000-2600 
292 MD V-B ....... . .............. 269 @ 2200-2700 
292 HO V-B .. ..................... 270 @ 2300-2900 
302 HO V-B .......... . . . ....... . .. . ... 299 @ 2500 
332 H O V-B ........................... 32B @2500 
401 SO V-B ....................... 350@ 1800-2300 
477 SO V-B ....................... 430 @ 1800-2300 
534 SD V-B ...................... .490 @ 1800-2300 

nllNO O.DI. 
223 Six ....... . . . ...................... 1-5-3-6-2-4 
All V-8's ............. . .............. 1-5-4-8-6-3-7-2 

VALva ..... ANO.MINT (Pront t. a •• r) 

223 .... . .................... E-J-I-E- I-E-E-I-E-I-I-E 
292, 302, and 332 ... .. .... . .. . .. . .... E-I-I-E-E-I-I-E 
401,477 and 534 .................... E-J-E-J-I-E-I-E 

INOINI IDU I'M-
Manual-Shift and Transmatic Transmissions. 

A ll Engines .. . .. . .. . . . .. . .. . .......... 475-500 
Fordomatic Transmission (Drive Range) 

All Engines . .. . ....... . .... . .. . .......... .450 
· Engine idle speed can Ix: varied \0 suit operating conditions. 

INOINI lOll MANI, OLD VACUUM Inch •• of M. reury @ 
Sp. clfl. d In"ln. N ....... J Idl. rpm (51.1. LlVIL) 

223 ................................ . ... . ... 18-1 9 
292 .............................. . . . ... . ... 19-20 
302 and 332 .................. . .... • ......... IB-1 9 
401 ............................... . ... ..... 16-17 
477 and 534 .... . .. . ...... . .. . .......•....... 17- IS 

INrTlAL IGNITION TIMING , • . T.D.C.) 

223 and 292 MD V-S .... . .. . .. . .............. . 4° 
A ll HD and SO V-B-

W ith regular fuel of 85-88 octane .. . ............ .40 
Wilh regular fuel of B8-90 oclane ....... . ..... . . . 6° 
Wilh regular fuel of 90-92 octane ....... . . . .. . . . . 8° 
Wi lh regular fuel of92 octane o r more o r premium 

fueL . ... . ..................... . ..... . ..... 10° 
·AII octane numbers obtained through the research method. 

OIL CA'ACln 

223,292 MO V-B ........ . ............... 5 quarts· 
292 HD V-B ...... . ....... . ... . .... . ..... 6 quarts -
302 and 332 ........ . . .... . .. . .... . ...... S quarts· 
401,477, and 534 ......... . . . .. . ......... 9 quarts- · 

"Add one quart when chan,in! oil filter. 
•• Add 2 quarts when changing oil tilter. 

OIL '.USU.I (I'l l) hot @ 2000 rpm 
223 and 292 ....... . . . .... . . . .. . . .......... . . 35-50 
302 and 332 ....... . .... . .. . .. . .. . . . . . ... . .. . 45-55 
401,477,534 ............ . .. . . . ............. .35-65 

•• COMMI NDID Oil VISCOSITY @ Ipeel •• d 
ambl. nt t . mp. rat\lr. , 

Above + loooP ..... . ....... . ...... .. ...... SAE 40 
+32°P to +IOOoP .. . ............... . ...... SAE 30 
+ lOoP to +32°P . . ................ . .. SAE 20-20W 
+JOoP to - 10°F ....... . . . .............. SAE lOW 
Below - 10°F ...... . ..... . ............... SAE 5W 

IICOMMINDID MINIMUM .1..'.1. CLASSIFICAnON O. INGINI 
LU.aICAn NG OILS 

223,292,302. and 332 ....... .. . ..... . ......... MS-
401 , 447, and 534 . . ........... ...... . . . ..... MS-S I 

"For extreme heavy dUly operation: MS·DG or M5-SI. 
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CYLINDER HEAD 

•• SII:" SUI,AC •• LATNISS 

.002 inch in any 6 inches or .004 inch overall 

VALVI GUIDI lOll DIAMnn-SMndard 

Intake 
223 and 292 .. . ...... . ....... . ..... ,0.3433-0.3440 
302 and 332 ...... ' ..... .. •. ........ 0.3728-0.3735 
401 , 477, and 534 ... .... .. . ........ ,0.4368-0.4375 

Exhaust 
223 and 292 MD .................... 0.3433-0.]440 
All HD and SO Engines ............. 0.4368-0.4375 

VALVI SlAT WIDtM 

Intake 
223 ~nd 292 ........... . _ . .. _._ ....... 0.060-0.080 
302 and 332 ... . . .. ...... . • .. • ........ 0.070-0:085 
401,477, and 534 .. . . . . ... . _ . . ........ 0,090-0.105 

Exhaust 
223 and 292.. ........................ 0.070-0.090 
302 and 332 ..... .... ... ...... ..... ... 0.089-0.112 
401, 477, and 534 ... . .. . ..... . ....... . 0.100-0.115 

VALVI SlAT ANOU 

AU Engines (Intake and Exhaust) ................ 45° 

VALVI SlAT .UNOUT 

Maximum ................................... 0.002 
Wear Limit ..... ..... .............. • ........ 0.0025 

VALVI IIIAT INIllIT 10.1 DIAMn .. 

Standard 
INTAKE 

302 and 332 .. . ...... . ..... . ...... 2. 1215-2.1225 
401,477, and 534 ... .. . ..... .. . ... 2.2165-2.2175 

EXHAUST 
292, 302, and 332 HD ............. 1.6245-1.6255 
401,477, and 534 ... .............. 1.7405-1.7415 

0.020 Oversize 
INTAKE 

302 and 332 . . ................. . . . 2.1415-2.1425 
401,477, and 534 ..... .... ........ 2.2365-2.2375 

EXHAUST 
292,302, and 332 HD ............. 1.6445-1.6455 
401,477, and 534 . ...... . ....... .. 1.7605-1.7615 

VALVI SlAT IHSlaT DIAMnl1 

Standard 
lNTAKE 

302 and 332 ...................... 2.1245·2.1255 
401, 477, and 534 . . .. ........... .. 2.2195-2.2205 

EXHAUST 
292, 302, and 332 HD . ........... . 1.6275-1.6285 
401,477, and 534 ..... . .. ....... . . 1.7435-1.7445 

0.020 Oversize 
INTAKE 

302 and 332, .......... ..... . ... .. 2.1445-2.1455 
401 , 477, and 534 . . ............... 2,2395-2.2405 

EXHAUST 
292, 302, and 332 HD ............. 1.6475·1.6485 
401,477 and 534 .... . ............. 1.7635·1.7645 

VALVI SlAT INSDT TO 1011INTD.DINCI m-SttInd.rd ..... 
ChI ........ 

Intake & Exhaust 
292 HD ............................ 0.0015-0.004 
302, 332, 401, 477, and 534 .... . ...... .. 0.002-0.004 

VALVE MECHANISM 

VALVI LASH 

Cold 
INTAKE 

223 Six and 292 ..................... . .... 0.019 
302,332,401,477, and 534 ................ 0.020 

EXHAUST 
223 Six. _ ........ . ... ...... .. . .......... 0.019 
292 ..... _ . .......................... . ... 0.019 
302, 332, 401, 477, and 534 ................ 0.022 

Hot 
INTAKE & EXHAUST 

223 .. . ........................•.. . ...... 0.019 
292 . ... .............. . ..... ! •••••.. .• ••• 0.018 
302,332, 401 , 477 and 534 .... ............ 0.020 

VALVI STiM DIAMnu 

Standard 
INTAKE 

223 and 292 . . ............ . ....... 0.3416-0.3423 
302 and 332.. ........... . ........ 0.3711-0.3718 
401,477, and 534 ........ • ........ 0.4351-0.4358 

EXHAUST 
223 and 292 MD ........ • . . ...... 0.3403-0.3410 
All Other Engines .... .. . • ........ 0.4343-0.4350 

0.003 Oversize 
INTAKE 

223 and 292 ............. • ........ 0.3446-0.3453 
302 and 332 . ............•........ 0.3741-0.3748 
401,477, and 534 ... . ............ . 0.4381-0.4388 

EXHAUST 
223 and 292 MD ................. 0.3433-0.3440 
292 HD, 302 and 332 HD .. . ...... 0.4373-0.4380 
401 , 477, and 534 .. .. . ............ 0.4370-0.4380 

0.015 Oversize 
INTAKE 

223 and 292 ............. ....... .. 0.3566-0.3573 
302 and 332 ...................... 0.3861-0.3868 
401,477, and 534 .. ............... 0.4501-0.4508 

EXHAUST 
223 and 292 MD .. . .............. 0.3553-0.3560 
292 DH, 302 and 332 HD .. .. ..... 0.4493-0.4500 
401,477, and 534 ........ ... '" ... 0.4490-0.4500 

0.030 Oversize 
INTAKE 

223 and 292 ...................... 0.3716-0.3723 
302 and 332 . . ......... _ .......... 0.4011-0.4018 
401,477, and 534 ............... . . 0.4651-0.4658 

EXHAUST 
223 and 292 MD ................. 0.3703-0.3710 
292 DH, 302 and 332 HD ......... 0.4643-0.4650 
401,477, and 534 ......... . . ... .. . 0.4640-0.4650 

VALVI STIM TO YALYI GUIDI (LIAIANCI 

Intake 
401,477, and 534 ... 0.026-0.004--Wear Limit 0.0045 
All Other Engines .. 0.001O-.0024-Wear Limit 0.0045 

Exha"" 
223 and 292 ...... 0.0023-.0037- Wear Limit 0.0065 
302 and 332 ...... 0.OOl8-.0032- Wear Limit 0.0055 
401,477, and 534 . .. 0.026-0.004-Wear Limit 0.0055 

,-·~W~u~'~L~i~~·'~O.~OO~l~>-=~"~'~H~D~. ________________ . ___ 
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VALVE MECHANISM (Cant. ) 

VAlVI H.AD DIAMnl. 

Intake 
223 . . . . . . . .............•.. • .. • ...... 1. 775-1. 785 
292,302, and 332 ..................... 1.920· 1.930 
401,477. and 534 ........ • , .• , _, ...... 2.015·2.025 

Exhaust 
401, 477, and 534 ........ . .. .. . .. ... . . 1.630- 1.640 
All Other Engines .... , . .. .. . .... . .. . . . 1.505- 1.515 

VAlV. fAtl I UNOUT 

Intake 
401, 477, and 534 ...... . 0.002 - Wear Limit 0.0025 
Other Engines ...... . . .. O.OOIS- Wear Limit 0.0020 

Exhaust 
All Engines . . ... . . . . ... O.OOI S- Wea r Li mi t 0.0020 

INT".' VALVI (OPlNS) ' ..... pn Lin @ DIGRIIS '.'. D. C. 

223 .. . . . . . . . . . . . . . . .. . .. . . .. .. . . . .. .. 0.016 @ 17' 
292 MD .. . . . .. . ... .. . . . . . " . .... . . ' .0.016 ® 12' 
292 H D ..... . ............. . ... . . . . . . 0 .0\ 5 @ I" 
302 and 332 . . .. . . . . .. . .. . . . . . ... . . . ... 0 .0 17 @ 22° 
401, 477, and 534 ...... . . . .... .. . .. . .. . 0.0175 @ I" 

INTAkl VALVI (CLOSIS) TA"n LIFT @ DIGIIIS A.I .D.C. 

223 ... . ............... ... . ............ 0.019 @ 53° 
292 MD ................... .. . ....... 0.01 9 @ 54° 
292 HD .... . ... . .............. . ... .. 0 .015 @ 58° 
302 and 332 .............. . ............ 0.019 @ 62° 
401 ,477, and 534 ................... . . . 0.0195 @ 58° 

IXHAUST VALVI (O'I NS) TA"IT Lin @ DIGUIS I.I.D. C:. 
223 . . .... . .... . ..... . ................ 0.016 @ 61 ° 
292 MD ... . . . ....................... 0.015 @ 58° 
292 HD .. . ..... . . ........... . . . ..... 0.013 @ 66' 
302 and 332 .... . . . .. . ... . . . .. . .... . ... 0.017 @ 52° 
401,477, and 534 .............. : . ...... 0.0175 @ 56° 

IXHAUST VALVI (ClOSIS) TA"IT LIFT @ DIGltliS A.T.D.C. 
223 ...... .. .. . . . . . . .. .. . . . .. . .. . . . ... 0.019 @ 9' 
292 MD ..... . . .. . ........ . .... ...... 0.0IS @ " 292 HD ......... .... .. . .. . ........... 0.016 @ 10 ' 
302 and 332 ..................... . . . ... 0.019 @ 24° 
401,477, and 534 ............ . ..... . ... 0 .0 195 @ 20° 

VALV. S,I ING .. II LlNGT" (apprOlllmat. ) 
401,477, and 534 ............... . . .... .... . .... 2.07 
Other Engines . .. ..... .. . . . .. . .. . . . . ...... . .... 2.09 

VALV.S'RING OU. OF SQUAI.I (moll imllm) 
401,477, and 534 ............ . .. . . . .. . . . ...... 0.072 
Other Engines . ... .. . .. .............. . . . . . . . .. 0.062 

VALVI SPitiNG 'ltISSUI.I (LIS.) @ SPICIFliD L1NGTH 
Valve Closed 

401 , 477, a nd 534 .. ..... . .......... 84·89 @ 1.70-
Wear Limit 75 @ 1.70 

Other Engines ................... . . 71·79 @ 1.78-
Wear Limit 64 @ \.78 

Valve O pen 
401,477, and 534 ................ 17S· 192 @ 1.2S-

Wear Limit 160 @ 1.28 
Other Engines .... ... .. . . . .. . .... 161- 177 @ 1.39-

Wear Limit 145 @ 1.39 

VALVE 'USH 100 IUNOUT (Malllm,,",) 
All Engines . .. . . .. .. . ... . . . ............ . .. . .. 0.020 

VALVE TA"IT DIAMITIIt (StClndClrd) 
223 and 292 ....... . .. .. . . ............ 0.4986-0.4992 
302,332,401,477, and 534 .. ........... 0.8742-O.S747 

VALVE MECHANISM (Cont.) 

VALVE TA'PIT TO TA"n lOll' CLiAIANCI 
223 and 292 . . ... . .. 0.oooS-O.0024-Wear Limit 0.0055 
302,332,401, 477, 

,"d 5]4 . . ...... 0.0003-0.001 8- Wear Limit 0 .0025 
1l0( KEIil AIilM TO 1l0CKII SHAFT CLiAIANCI 

223 Six ............. . . 0 .00 I-O.OO3- Wear Limit 0.006 
A ll V-8's ....... . .. . ... 0.002-O.004--Wear Limit 0 .006 

10Ckii ARM SHAFT O.D. 

All Engines .. ................... . .. . .... 0.780-0.781 

10CkiR SHAFT 101. DIAMIlII 

22] Six . . .................. . . . .. . .. . ... 0.783-0.787 
All V-S·s ........... . .. . ................ 0.78]-0.784 

CAMSHAFT, TIMING CHAIN, AND 
TIMING GEARS 

CAMSHAFT JOUINAL DIAMn.1 (Standard) 
22] and 292 ...... . . .. . . ............. 1.9255-1.9265 
]02 and ]32 ............... . . . .. . ... . 2. 1240-2. 1247* 
401,477, and 534 . ........ . .... . .. . . . 2.370 -2.37 1 • 
Front Journa l 

302,332, 401, 477, and 534 ...... . ..... . 2.474-2.475 
· Nos. 2. 1.4. and S journals only. 

CAMSHAFT JOUINAL IUNOUT 
All Engines .. ......... . ... . . .... . . . . . ... . .. . . 0.005 

CAMSHAFT JOUINAL TO IIAIING CLiAIANCI 
All Engines .......... 0.001-0.OC)3- Wear Limil 0 .006 

CAMSHAFT JOUINAL OUT_O._IOUND 

223 ....... . ... . .. . .... . . . 0 .0005- Wear Limit 0 .0008 
292 . . . . .......... . .. . .. .. 0.0007- Wear Limit 0 .0008 
302 and 332 .......... . . .. 0 .0005- Wear Limit O.OOOS 
401.477. and 534 . . ....... 0.0005- Wear Limi t 0 .0008 

CAMSHAfT IND PLAY 

All Engines . . .. .... . .. 0.003-O.007- Wear Limit 0 .0[2 

CAMSHAfT GIAI TO CIANKSHAFT GIAIil IACkLASH 
302 and 3]2 . .. . . .. . . ..... . . . .......... . 0.002-0.004 
401 , 477. and 5]4 ... . . .................. 0.001-0.003 

TIMING CHAIN DlfLiCTION 
223 and 292 .... . . .. ........ . .............. . ... 0.5 

CAMSHAFT LOll LIFT 
Intake 

223 . . . . . . . . . . ................. . . .. . . . ..... 0.273 
292 MD ........ . ...... . ..•..•..•......... 0.264 
292 HD . . . . . .. .......... . .. . ... . ... . . . . .. 0.272 
302 and 332 ... . ... . . . . .. . .... . ............ 0.244 
401 ,477, and 534 ........................... 0.275 

Exhaust 
223 ... . .. . .. . . ........... • . .. . ............ 0.273 
292 MD . ... . .. . . . ...... • ... . ............. 0.244 
292 HD . ... . . . ........... . . . . . . .... . ...... 0.272 
]02 and 332 .. . ............ .. ...... . ....... 0.265 
401,477, and 534 ........................... 0.275 

MAXIMUM ALLOWAILI LOll LIFT LOSS 
Intake & Exhaust. .......................... 0.005 

CAMSHAFT BEARINGS 

INSIDI DIAMnll 
223 and 29Z . . . . . . . .. .. . .. . .. . . . . 1,9275-1.92S5 
302 and ]32 ........... . ... . .. .. ..... 2.1263-2.126S· 
401,477, and 5] 4 ........ . .. .. . .. .... 2.]72 ~2.373" 
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CAMSHAFT BEARINGS (Cont.) 

LOCATION IN IllATION TO 'IONT .ACI O. BLOCK 
CAM IIAIING IOU_NO. 1 IIAIING ONLY ,allOW) 

223 and 292 . . ..... . . . .................. 0.005-0.020 
302 and 332 .................... ... . .. .. 0.002-0.020 
401, 477, and 534 ..... . . . . . . . . .. . ... .. . . 0.037·0.043 

·Nos. 2. J, 4, and 5 bearings onlr - No. [ bearing 2.4758-2.4768. 
··Nos. 2, J, 4, and S bearings on y- No. 1 bearing 2.476-2.477. 

FLYWHEEL 

CONYINTIONAl and aVllallVI TIANSMISSION ASUM.LlD 
nYWHIlL CLUTCH 'ACI "UNOUT (MAX.) 

AA~_a.... ..... Ml0 

CRANKSHAFT 

MAIN I'''.ING JOUINAL DIAMn'l 

Standard 
223 and 292 ............... . .. . . . . . . 2.4980·2.4988 
302 and 332 ......... . . . ... . . . . . . .. . 2.6230·2.6238 
401, 477, and 534 ... . . . .. . . . ........ 3.1 246-3. 1254 

MAIN IIAIING JOUINAL IlUNOUT 

223 Six . . ... . . .. . .. . .. . . ... 0.002-Wear Limit 0.004 
All V-8's .... . . . .... . . . . . . . . 0.001- Wear Limit 0.003 

CONNICTING laD AND MAIN IIAIING 
JOUINALS OUT.OF.IOUND 

All Engines ............. . 0.00025- Wear Limit 0.0005 

CONNICTING laD ANO MAIN IIAIING 

JOUINALS TA'II 

All Engines ....... .... . . . .. 0.OOO5- Wear Limit 0.001 

THIUST IIAIING JOUINAL UNGTH 

223 . . . . ................. . . . . . .. ... ..... 1.359·1.36 1 
292,302, and 332 ...... .. ...... . .. . . . . . . 1.1 24·1.1 26 
401,477, and 534 ...... .......... ..... .. 1. 279-1.28 1 

MAIN IIAIING JOUINAL THIUST 'ACI IUNOUT 

All Engines ....... . ..... . .............. . .... . 0.001 

CONNICTING laD JOURNAL DIAMDII 

223 .. ... . ... . . . . . . ... . . . .... . . . .. . . . . 2.2980-2.2988 
292 . . . . ..... . .. . . . . ................. 2.1 880-2. 1888 
302 and 332 ...................... . ... 2.2482-2.2490 
401,477, and 534 . . . . ... . .... . ........ 2.7496-2.7504 

CIANKSHAn 'III IND PLAY 

292 . . .. . . ... . .. . ..... 0.002-O.006-Wear Limit 0.010 
AJi Other Engines ...... 0.004-0.oo8- Wear Limit 0.012 

ASS.MILID 'LYWHIIL CLUTCH 'ACI RUNOUT 

All Engines .......... . . . ... ....... ........... 0.010 

ASSIMILID 'L YWHIIL 0.0. IUNOUT 

All Engines . .. . ... . ...... . .......... • .. . ..... 0.005 

AS5IMILID GIAI 'ACI RUNOUT 

302, 332, 401, 477, and 534 ....... • .. • ........ 0.005 

MAIN BEARINGS 

JOUINAL CLiAIANCI 

223 ............. .. 0.OOO5-O.0025- Wear Limit 0.0035 
292 ....... . .... . .. 0.OOO6-0.0032-Wear Limit 0.0042 
302 and 332 ........ 0.0015-O.oo33- Wear Limit 0.0043 
401,477, and 534 ... 0.OOI4-O.oo36--Wear Limit 0.0046 

CONNECTING ROD 

PISTON PIN IUSHING 1.0. 
Standard 

401,477, and 534 ... .. ... . ... ....... 1.2201-1.2204 
All Other Engines ................... 0.9122-0.9125 

PISTON PIN IUSHING OUT·O'-ROU ND AND TA'IR 

401,477, and 534 ............................ 0.0002 
All Other Engines ......... . ................. 0.0003 

IIARING lOll DIAMnl1 

223 .......... . . .. . . . .. . . .. • .... . .... . 2.4230·2.4238 
292 .. . ............... . .......... . .... 2.3120-2.3128 
302.3]2 ......... ..... ................ 2.4002·2.4010 
401,477, 5]4 ......................... 2.9032-2.9040 

IIAIING IOIll OUT_O'_IOUND AND TA"I 

401,477, and 534 ....... .. . .. . . .. . . .. . . . .... . 0.0002 
Other Engines . ................ .. ... .. ... .. . 0.0004 

CONNICTING laD LINGTH (Centn to .ente r ) 

223 ....... . . .. . ........ . .. ............. 6.258-6.262 
292 ........... . .... . ......... . ......... 6.3 20-6.324 
302 and 332 . .. . .. ... ................... 7.064-7.066 
401 .477. and 534 .. . . . .... .. ............ 7.739-7.741 

CONNICTING 100 

Twist Total Difference· 
401,477, and 534 ............... .. . ...... . 0.004 
All Other Engines . ............ ... . . .. . ..... 0.01 2 

Bend Total Differ-ence· 
All Engines ........ . .. . . .. . . ............. .. 0.004 
· Pin bushing and c rankshaft bearing bore must be parallel 
and in the same vertical plane within the specified total 
difference at ends or 8-inches·long bar measured 4-inches on 
each side of rod . 

CONNIClING laD ASSIMIL T (A ... mble d to cronbhoft) 

Side Clearance 
22] . . . . ........... . 0.00]-O.009-Wear Limit 0.012 
292,302, and 332 ... . 0.006-0.016--Wear Limit 0.019 
401 ,477, and 534 . . .. 0.006-O.014-Wear Limit 0.019 

CONNECTING ROD BEARINGS 
lUliNG TO CRANKSHAn CLIA.ANCI 

22] . . .. . . . ........ 0.0004-0.0023-Wear Limit 0.00] ] 
292 ... . ........... 0.OOO8-O.0027- Wear Limit 0.0037 
302 and ]32 ........ 0.OOO7-O.oo26--Wear Limit 0.00]6 
401 , 477, a nd 534 ... 0.0010-0.0029- Wear Limit 0.00]9 

PISTON 
"STaN OIAMITII 

Standard (Color Coded Red) 
223 and 302 . .. ....... .... . .. . . ...... 3.6236-3 .6242 
292 ....... . . .. ...... . .. . .. . ........ ].7486-3.7492 
3]2 .... .. .......... .. .............. 3.7986-3.7992 
401 ...... . ......... . .. . . .. . . .. . . . .. 4.1 2]3-4. 1239 
477 and 534. . .. . . . .. . . . .. . . . . . .. . .4.498]-4.4989 

Standard (Color Coded Blue) 
22] and 302 ............ . .. . . . .. .. . ].6248-3 .6254 
292. . . . . ............ . .. . . . 3.7498-].7504 
]32 . . . . . . . . . . .. . .......... .... ].7998-3 .8004 
401. .. . . . . . . . . . . . . . . . . .4.1245-4.1251 
477 and 534 . . . .. •.. .. . ..... . . . .4.4995-4.5001 

0.003 Oversize 
223 and 302 .. . . ..... • ...... _ . . ... .. ] .6260-].6266 
292 ... . .......... .. . . .......... . ... ].7510-3.751 6 
]32 .......... _ .. .. .. . .. . .. ... ...... ].8010-3.8016 
401 .......... . ....... . . . .. . .. .... .. 4.1257-4. 126] 
477 and 5]4 . . _..... . .. . . . . ... . ... 4.5007-4.50 13 

PISTON TO lOll CLiAIANCI (Iottom 0' ,klrt) 
401,477, and 5]4 .... 0.001I-O.0029- Wear Limit 0.005 
All Other Engines .. . 0.OOO8-O.0026-Wear Limit 0.005 



PART 1-5 - SPECIFICATIONS 1-105 

PISTON PIN CYLINDER BLOCK 

PInON "N DIAMITIII CTLINOIIt 101t1 DI ... MITIIt (SIan4ar4 ' pr.a4. 'or' .ra".". 
Standard (Color Coded Green) 223 . .. . .. . . . ........ ... ............. 3.625()"3.6274 

40 1, 477, and 534 ................. .. 1.2198·1.2201 292 .. . ............... . ............... 3.7500-3.7524 
Other Engines ...................... O.9120.().9123 302 . . ..... . . . . . .. . . . .. • .... • ........ . 3.6250-3.6274 

0.001 Q,'ersize (Color Coded Blue) 
40 I, 477. and 534 ................... 1.2208-1.2211 

All Other Engines ..................... 0.9130-0.9133 

332 . . ..... . .... . ... . .. • .... . ......... 3.8000-3.8024 
401 . . ..... . . . ........................ 4.1250-4.1274 
477 and 534 ...... . ................... 4.5000-4.5024 

0.002 Oversize (Color Coded YeUow) CYLIND ... 0.1 OUT-O.- ItOUND (Maximum) 
401,477, and 534 ......... . ....... . . 1.2218-1.2221 
All Other Engines ................. . . 0.9 140-0.9143 

All Engines ............... 0.OOO5- Wear Limit 0.005 

CYLINDO .011 TA'11t 
PlUOH "'N LINOTH 

223 and 292 ............... . .. . .. • ...... 3.016-3.030 
A ll Engines .. . ........ . .... 0.OOI - Wear Limit 0.008 

302 .... . ............... • ..•..•..•...... 3.014-3.028 HI ... D G"'SKIT SU ..... CI 'lATN.SS 
332 . ................ • .. • .. •.. • ..•...... 3.1 62-3 .1 76 
401. .. .. .. . . .. . . ... . . . . .. . .. . . .. . . . .... 3.335· ],350 All Engines .. 002 inch in a ny 6 inches or .004 inch overall 

477 and 534 . . . . .. . . . ....... . .. . .... . ... 3.840-3 .855 

"STON 'IN TO 'ISTON CU ... UNCI (LOOSE) 
OIL PUMP (Gear Type) 

401 , 477, a nd 534 .. . 0.OOO3-0.0005-Wear Limit 0.001 .1L11f V ... lVI SPltINO TlNSION (liS.) @ S"CI,IID LlNOTH 
Other Engines . . ... . 0.OOOI-O.OOO3-Wear Limit 0.0008 223 ............ ...... ............. 9.76-9.84@ 1.56 

,ISTON 'IN TO CONNICYING 1t0D IUSHING CLI ... It ... NCI 
(lOOSI) 

223 and 292 ..... ... .. . .............. . 0.0001-0.0003 

.ltllf V ... LVI CLI ....... NCI 

223 . .. ......... ........ .. ............. 0.002-0.004 

All Other Engines ..... . . . .. . .. . .. .. ... 0.0002-0.0004 
DIIVI SH ... fT TO HOUSIHG .I .... IHG CLI ....... NCI 

Wear Limit 
401 , 477, and 534 . . . .. . .. . . .. . . ... . . . . .. . .. 0.001 

223 . . . .. . . ... . . . . .. . ........... . ... .0.0015-0.0029 

All Other Engines .. . .... • .. • .. • ... . ... . . . . 0.0008 GI .... INO CU ....... NCI ('UM' "'SSIMILlD) 

223 .............. .. .. . . . . . ............ 0.003-0.006 

PISTON RINGS O.IVIN G ..... TO SH ... n CLI ....... NCI 

ItING WIDTH 223 .. . .. . .. .. ......................... 0.001-0.002 

Compression Ring 
292 .. . . . . . ......... . ............... 0.0775-0.0780 GI .... TO HOUSING_ .... DI ... L CLI"'It ... Ncr 

All Other Engines .... ............... 0.0930-0.0935 223 .. .. .... ........ .......... ..... . .0.0015-0.0060 

Oil Ring " 
302 and 332 ............... . . ..... 0.1545-0. 1550 .... 
401,477, and 534 ................. 0.1 865-0. 1860 

OIL PUMP (Rotor Type) 

"Two rings used per groove. 
• ·Widlh spedfied IS fot one ring. 

RlLlI, V ... LVI S'.'NG TlNSION (LIS.) @ S'lcnllD LlNGTH 

292 ... . .. .. ... .. . . ...... . . . . . . . .. 8.7- 9.9 @ 1.71 
302 and 332 ........................ 5.7- 6.5 @ 1.33 

5101 CLl ....... NCI 401,477, and 534 ........... . . . . . ... 10.7-11.9 @ 1.07 
Compression Ring 

223 and 292 . . . . . . 0.OO20-O.0035-Wear Limit 0.006 .ILIU V ... lVI CU ....... NCI 
302 and 332 .. ..... 0.OO25-O.Q040-...-Wear Limit 0.006 All Engines ....... . . . . . ... . . . . . ..... . 0.0015-0.0029 
401,477, and 534 . . 0.0030-O.0045- Wear Limit 0.006 

Oil Ring D.IVE SH ... fT TO HOUSING ...... ,NG Cn ....... NCE 

223 a nd 292 ........................ . ...... Snug 292,302, and 332 ..................... 0.OOI5-OJ)029 
302 and 332 ......... 0.003-0.005-Wear Limit 0.007 401,477, and 534 ................. . .. . . 0.0019-0.0025 
401,477, and 534 .. 0.0015-0.0030-Wear Limit 0.005 

.OTOI "'SSIMln IND CLI ....... NCI ('UM' "'SSIMILlO) 
.ING G ... ' WIDTH 

Compression Ring (Standard Bore) 
All V-S Engines . ... . ..... ...... .... . . .0.0010-0.0035 

401,477, and 534 ....... ........... . .. 0.013-0.023 oun ..... c. TO HOUSING (Ra4lal cI.a.ance) 
All Other Engines .. . ................... 0 .010-0.027 292, 302, and 332 ............... . .. . . . . . 0.006-0.009 

O il Ring (Standard Bore) 401,477, and 534 ... . . . ... . ... .. .. . . .... 0.006-0.011 
223 and 292 . . .. ...... . . .. . . . . . . .. . 0.015-0.062-
302 and 332 ..... . ................. 0.010-0.027 D.IVE SH ... " UNGTH t.OTO .... SS.MIlY ' ... CI TO SH ... n IN D) 

401,477, and 534 ..... .. . ...... . .... 0.013·0.028 292,302 and 332 ...... . .... .. ............. 3.36-3.38 
'Steel rail. 401 , 477, and 534 ... . . . . . ...... . .......... 3.26-3.38 



1-106 GROUP 1-ENGINES 

TORQUE LIMITS (foo'~Poundl) 

MAIN II"IING CA' IOUS (Oiled thread_) 

223 and 292 ............................... 95·105 
302 and 332 .................. . ... . . . ...... 120-130 
401,477, and 534 ... .. ........... . .......... 150-164 

CTLiNDII HIAD IOLT5 (Oiled Ihrea.h) 

223 and 292 ...... . ........... . . . . . . . ...... 75 
302 and 332 ....... . . . ... . ................. 110 
401 . 477, and 534 ......... . .... . ..... .. . . ... 130-1 50 

OIL PAN TO (TUNDalt ILOCK 

All Engines ................................. 12·1 5 
MANifOLD TO ClLlNO.l HIAD 

Intake and Exhaust ... . . . . . . . .. . ......... . ... 23-38 
rLYWHl1L TO CIANKSH ... " 

401 . 477 and 534 . . . ......... ... . ... . . . . . ... 100-110 
Other Engines .. . . . .... . .. . ... . ............ 75· 85 

OIL PUMP TO CYLINDII IILOCK 
223 Six .. ...... . ... . ......................... 30·35 
All V-8·s .... . . . . . . ........ .... . ... . ......... 12-15 

OIL PUMP COV'I PLAU 
401,477 and 534 ............ . ..... . . . ........ 10- 13 
All Other Engines . ...... . . ... ... .. .. .. ..... . . 12-15 

OIL nLUI ADAPT.I TO CYLIND •• IILOCK 
302 and 332 . ..... . .... . . .................... 20·25 
401 , 477, and 534 . . . .......................... 12-15 

OIL FlLU. TO ADAPT.I 01 CYLIND.I IILOCK 
302 and 332 . . ....... . .................... . .. 20-25 
401 , 477, and 534 .. . •.. . . ................... .45-50 

OIL COOU. TO CYLlND.1 IILOCK 
401 ,477, and 534 ............................. 12- 15 

CYLIND,I •• ONT COVER 
223 ......... . .. . . . . . . . ......... 6-9 
292 ... . .. . .............. . . . . . .. Va inch bolt-23-28 

Yi6 inch bo lt- 12-15 
302, 332,401,477, and 534 ........ 23-28 

WAn. OUlLIT HOUSING 
223,302, and 332 ........................ . . ... 23-28 
292 .......... . .. . . . . . ................... .. .. 12-15 
401,477, and 534 ....................... ...... 30-35 

VALVI lOCK •• A.M COVII 
401,477, and 534 ....... .. . . . . . . . . . . . . ... . .. . 12-1 5 
All Other Engines ....... ............ .. ....• . 2 .0-2.5 

CAMSHAn SP.OCKIT 01 GU. TO CAMSHAn 
401,477, and 534. . . . . . . .. .. . . . . . . . .. . . .. . .. 12·1 5 
All Other Engines ................... . ..•. , ... 35-45 

DAM .... O. PULLIY TO C.ANKSH ... n 
223 and 292 .. . . ... . .......... . ....... . ... .. . 85·95 
302,332, 401,477, and 534 ............ .. .. . . 130·145 

CONNICTING laD NUTS 
401 , 477, and 534 . . . . . . .........•........ . ... 60-65 
All Other Engines . ..... ............... . .. . . . .45-50 

TOIQUI LIMITS '01 V .... IOUS SIZI 10LTS 

TORQUE LIMITS (Foot-Pounds) (Cant.) 

CAMSHAn TH.UST PLA" TO ILOCK 
All Engines .. _ . ... . ........................ .. 12-15 

V"'LVI .OCKII SHAn SUPPO.T TO CYLlNOII HIAD 
223 ............... . . . .... . . ... ..... . . . .. . . . . 45·55 
292 .. . ..................................... 12-15 
302 and 332 ... .............................. 22-25 

VALVI 10CKI. AIM ... DJUSTING SCRIW 
(Solf Lockl"lI) Minimum lo.quo 10 .0101. 

223, 292, 302, and 332 ....... . ..... ...... . ... . . . . 3 

VALVI .OCKII .... M ADJUSTING NUT 
401,477, and 534 . . . . .... . . . . ... ....... . .... . . 7- 15 

VALV. PUSH 100 CH ... MI.I COVI. 
223 ..... . . .. . ... .. . . . . . ... . .. . .1 5-20 (Inch-Pounds) 
292, 302, and 332 .................. . . ... . . . . 2.0-2.5 
401,477, and 534 ......................... 5 and 10 
.10 on center end bolts; 5 on side bolts 

w ... nl PUMP TO CYUNDII ILOCK O' f.ONT COV,. 
223, 302 and 332 . . . .......................... 23· 28 
292 ................................... .... . 12- 15 
401,477 and 534 ........... . ... ... . .. . . . . .. . . 35·40 

OIL PlCK.UP TUI' TO OIL PUMP 
292, 302, and 332 . .. ..... . ..... . ............. 10-12 
401,477 and 534 ......... ..... . . ............. 15-20 

OIL PICK-UP TUII TO OIL .. N 
292, 302, and 332 .... . . . ....... . .. . . . . . .. . . .. 28-32 

C .... NKC ... S. VINTlLATlON OUTLn "Lnl CaVi l TO HOUSING 
292 .... . .... . .. ............................ .. 3-5 

CIANKC ... '. VfNTILATlON AD ... PT •• TO CYLIND •• ILOCK 
223 .... . ..... . .. ... . .................... . .. . ~ IO 

292, 302, and 332 .... . .... . . . . . . . ............ 12·15 

FUll PUMP TO ClLlNDIl ILOCK O. ClLlND .. f.ONT CaVil 
223 .. . . .................... . ... .. . . . ... . . .. 12-15 
292 ....... . ............... .. ... . . . . . . . . . .. . 23-28 

INGINI GOV'.NO. '0 CYLINOII ILOCK 
401,477, and 534 ........ . .... . ...... ......... 23-28 

INGINI •• ONT SUPPORT 
Insulator Assembly To Engine Front Mount 

223, 292, 302, and 332 ............... 45·55 (1,~·20) 
35-45 CM6-20) 

Engine Front Mounting Bracket To Engine Front S upport 
401,477, and 534 ...... ........ .. .. . .45-55 (1jz-20) 

INGINI RIA. SUPPOIT 
Insulator To Rear Engine Mount 

401,477, and 534 ....... . . . . .. . .... 100-150 O~-18) 
All Other Engines .......... . . . . . . . . 70-90 (0/I6- IS) 

Engine Rear S upport To Flywheel Housing 
401,477, 534 . . . .. . .............. . .. 90- 100 (\.7.- 13) 

CAUTION: 'In the event that any of the below limits a re in disagreement with any or those listed above, the above limits 
prevail. 

Size ( Inches) 1;.4-20 14·28 o/.6- IS 0/16-24 ~· 16 ~-24 

Torque (Foot.Pounds) 6-9 6-9 12-15 15· IS 23-2S 30· 35 

Size ( Inches) "M6- 14 M6-20 1jz·13 1jz-20 0/16·1 8 %-I S 

Torque (Fool-Pounds) 45-50 50-60 60·70 70-S0 SS·9S 130- 145 
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