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GENERAL

The 151 CID (2.5 liter) four-cylinder engine (fig. 1B-1,
2 and 3) installed in CJ vehicles has a cross-flow cylinder
head, five main crankshaft bearings, hydraulic valve
tappets, conventional ball socket valve rocker arms, a
camshaft that is gear driven directly from the crank-
shaft and a coolant heated aluminum intake manifold.

Identification

The three-character engine identification code is
stamped into the left hand rear top corner of the block
(fig. 1B-4). E:

In addition, engines built for sale in Georgia and Ten-
nessee have a nonrepeating number stamped into the
left rear block flange (fig. 1B-4).

Three-Character Engine Code

The following three-character engine ID codes repre-
sent the data listed adjacent to each code.

® WCP—49S, Manual Trans, WO/AC

e WCT—49S, Auto Trans, WO/AC

e WCU—Calif. Manual Trans, WO/AC
* WCW—Calif., Auto Trans, WO/AC

Engine Mounting

Resilient rubber cushions support the engine (fig. 1B-
5) and transmission at three points: at each side on the
centerline of the engine and at the rear between the
transmission extension housing and the rear support
crossmember. Replacement of a cushion may be accom-
plished by supporting the weight of the engine or trans-
mission at the area of the cushion.

NOTE: Remove the screws that attach the shroud to
the radiator to prevent damage to the shroud by the fan.

ENGINE REPLACEMENT

Removal

(1) Open hood.
(2) Remove battery negative cable from battery.
Remove body ground wire from dash panel.
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1. DRIVE PLATE AND RING GEAR 13. DOWEL 25. TIMING GEAR COVER (FRONT)
(AUTOMATIC TRANS) 14. CYLINDER BLOCK 26. TIMING GEAR COVER OIL SEAL
2. OIL FILTER 15. PILOT AND/OR CONVERTER 27. CRANKSHAFT PULLEY HUB
3. PUSH ROD COVER AND BOLTS BUSHING 28. CRANKSHAFT PULLEY
4. PISTON 16. REAR OIL SEAL 29. CRANKSHAFT PULLEY HUB BOLT
5. PISTON RING 17. CRANKSHAFT 30. CRANKSHAFT PULLEY BOLT
6. PISTON PIN 18.. BLOCK CORE PLUG 31. CRANKSHAFT TIMING GEAR
7. CONNECTING ROD 19. TIMING GEAR OIL NOZZLE 32. CAMSHAFT THRUST PLATE SCREW
8. CONNECTING ROD BOLT 20. MAIN BEARINGS 33. CAMSHAFT THRUST PLATE
9. DOWEL 21. MAIN BEARING CAPS 34. CAMSHAFT
10. OIL LEVEL INDICATOR AND TUBE 22. CONNECTING ROD BEARING CAP 35. CAMSHAFT BEARING
11. BLOCK DRAIN 23. CONNECTING ROD BEARING 36. OIL PUMP DRIVESHAFT RETAINER
12. FLYWHEEL AND RING GEAR (MAN- 24. CRANKSHAFT GEAR PLATE, GASKET AND BOLT

UAL TRANS)

907928

Fig. 1B-2 Four-Cylinder Engine Assembiy——8lock

(3) Remove air cleaner assembly.

(4) Raise vehicle and support with safety stands.

(5) Remove exhaust pipe from exhaust manifold.
Disconnect oxygen sensor connector, if equipped.

(6) Disconnect battery cable and solenoid wire from
starter motor solenoid.

(7) Remove starter motor bolts and rear bracket
nut. Remove starter motor.

(8) Disconnect wire connector from distributor and
from oil pressure sending unit. A
(9) Remove engine mounting nuts.
(10) Remove hydraulie clutch siave cylinder and fly-
wheel inspection plate (manuai transmission oniy).
(11) Remove transmission ciutch/converter housing-
to-engine boits. Automatic ransmission, disconnect
converter from drive plate.
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Fig. 1B-3 Four-Cylinder Engine Asssmbly—0Il Pan and Pump
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90793

Fig. 1B-4 Engine ID Code Locations

(12) Lower vehicle.

(13) Support transmission with floor jack.

(14) Identify, tag and remove vacuum hoses from
canister and carburetor.

(15) Remove bowl vent hose from carburetor. Dis-
connect mixture control solenoid wire connector from
carburetor, if equipped.

(16) Remove wires from alternator.

(17) Disconnect throttle cable from bracket and from
carburetor.

(18) Disconnect choke and solenoid wires at
carburetor.
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Fig. 18-5 Four-Cylinder Engine Mounting

(19) Disconnect engine coolant temperature sender
wire connector.

WARNING: Do not loosen radiator draincock with sys-
tem hot and under pressure because serious burns from
coolant can occur.

(20) Drain radiator and remove lower radiator hose.
(21) Remove heater hoses from heater core inlet and
outlet tubes.

NOTE: DO NOT WASTE reusable coolant. If solution
is clean, drain coolant into a clean container for reuse.

NOTE: It may be necessary to attach a flexible hose to
draincock to route coolant to container.

(22) Remove fan shroud bolts. Remove upper radi-
ator hose, radiator and shroud.
(23) Remove power steering hoses at pump.

CAUTION: Manual transmission may have to be
raised to provide a smooth engine/transmission
separation.

(24) Attach engine hoisting sling and remove engine.

Installation

(1) Lower engine into engine compartment. If man-
ual transmission, ensure that transmission shaft mates
correctly with clutch disc and pilot bushing.

(2) Connect power steering hoses.

(3) Connect and secure heater hoses to heater core
with clamps.

(4) Connect following wire connectors:

(a) Coolant Temperature sender
(b) Oil pressure sender

P
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(e) Choke and solenoid
(d) Mixture control solenoid, if equipped.

(5) Connect vacuum hoses to canister and carbu-
retor. Ensure hoses are connected correctly according to
identifying tags that were attached prior to removal.

(6) Connect bowl vent hose to carburetor.

(7) Connect alternator wires.

(8) Attach throttle cable to carburetor. Secure cable
in position with bracket.

(9) Position fan shroud over fan. Install radiator
and connect upper and lower radiator hoses. Attach
shroud to radiator. F'ill system with coolant.

NOTE: Refer to Chapter 1C—Cooling Systems for ad-
ditional information.

(10) Raise vehicle.

(11) Automatic transmission, connect converter to
drive plate.

(12) Install transmission clutch/converter housing-
to-engine bolts. Tighten bolts with 35 foot-pounds (47
Nem) torque.

(13) Install flywheel inspection plate and hydraulic
clutch slave cylinder (manual transmission only).
Tighten bolts with 225 inch-pounds (25 Nem) torque.

(14) Install engine mounting nuts. Tighten with 34
foot-pounds (46 Nem) torque.

(15) Install starter motor. Tighten boits with 27 foot-
younds (37 Nem) torque and bracket nut with 40 inch-
oounds (4.5 Nem) torque.

(16) Connect battery cable and solenoid wire to
starter motor solenoid.

(17) Connect distributor wire connector.

(18) Connect exhaust pipe to exhaust manifold.
Tighten securing nuts with 35 foot-pounds (50 Nem)
torque. Connect oxygen sensor wire connector, if
equipped.

(19) Connect battery negative cable and body ground
wire.

(20) Install air cleaner.

WARNING: Use extreme caution when engine is oper-
ating. Do not stand in direct line with fan. Do not put
hands near pulleys, belts or fan. Do not wear loose
clothing.

(21) Start engine and inspect for leaks. Refill fluids
as necessary.

VALVE TRAIN

Ganeral

Motion is transmitted from the camshart through the
iydraulic tappet and push rod to the rocker arm. Each
rocker arm moves on its pivot ball and transmits the
camshaft motion to the valve. The rocker arm and pivot
ball are retained by a capscrew (fig. 1B-6).

CAPSCREW
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EXHAUST SIDE OF
CYLINDER HEAD

INTAKE SIDE OF
CYLINDER HEAD

EXHAUST
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ARM

/

81064A

COMBINATION
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Fig. 1B-6 Vaive Train
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Rocker Arm and Push Rod

Removal

(1) Remove cylinder head cover.
(2) Remove rocker arm capscrew and ball.
(3) Remove rocker arm.

NOTE: If only the push rod is to be replaced, loosen
rocker arm capscrew and swing arm away from push
rod. Remove push rod by pulling it up through the hole
in the head.

Cleaning and Inspection

Clean all parts with cleaning solvent. Use compressed
air to clean out the oil passages.

Inspect the pivot contact surfaee of each rocker arm,
pivot ball and push rod assembly.. Replace components
that are scuffed, pitted or excessively worn. Inspect the
valve stem contact surface of each rocker arm and re-
place if deeply pitted.. Inspect each push rod end for
scuffing or excessive wear. If any push rod is exces-
sively worn from lack of oil, replace the push rod as
well as the corresponding hydraulic valve tappet and
rocker arm. ,

It is not normal to find a wear pattern along the
length of the push rod. Inspect the cylinder head for
obstruction if this condition exists.

Installation

(1) Insert push rod through hole in head and into
tappet seat.

(2) Install rocker arm, pivot ball and capscrew.
Tighten capscrew with 20 foot-pounds (27 Nem) torque.
Do not overtighten capscrew.

(3) Install cylinder head cover.

Vaive Springs, Shields and/or Seal Replacsment

Removal

(1) Remove cylinder head cover.

(2) Remove rocker arms of valve spring components
to be serviced.

(3) Remove spark plug(s) adjacent to cylinder(s)
with valve spring components to be serviced.

(4) Install air hose Adapter J-22794 into spark plug
hole and apply air pressure to hold valves in place.
Apply minimum of 90 psi (621 kPa) air pressure.

NOTE: An adapter can be constructed by welding an
air hose connection to the body of a spark plug with the
porcelain imsulator removed.

(5) After removing rocker arm, screw rocker arm
capscrew into cylinder head. Insert slotted end of Tool J-
5892-1 under head of rocker arm capscrew. Compress

valve spring (fig. 1B-7) and hold to allow removal of
valve spring retainer cap locks. Remove tool, retainer
locks, cap, shield, spring, and valve stem oil seal (fig. 1B- |
8). {

NOTE: Retain components in same order removed to
Jfacilitate installation in original position.

LOCKS

SEAL

SHIELD

VALVE 1
STEM SEAL — ||

90797

Fig. 1B-8 Upper Vaive Train Camponents
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Valve Spring Tension Test

Use Valve Spring Tester J-8056, or equivalent, to test

ach valve spring for the specified tension values (fig.

1B-9). Replace springs that are not within specification
and that bind because of warpage.

TORQUE
WRENCH

VALVE
SPRING

TOOL
J-8056

41885

Fig. 1B-9 Tasting Vaive Spring—Typical

Installation

Always install a new valve stem oil seal whenever
valve spring retainer cap locks have been disturbed.

(1) Position oil seal, spring, shield and cap over
valve stem.

(2) With Tool J-5892-1, compress valve spring and
install retainer cap locks. Remove tool.

(3) Install rocker arm, pivot ball and capscrew over
stud. Tighten capscrew with 20 foot-pounds (27 Nem)
torque. Do not overtighten.

(4) Install cylinder head cover. .

(5) Remove air hose adapter and install spark plug.

CAMSHAFT AND DRIVE

The cast iron camshaft is supported by three bearings
and is gear driven. An iron crankshaft gear drives the
camshaft through a plastic composition timing gear
with a steel hub (fig. 1B-10).

The cam lobes are ground, hardened and tapered with
:he high side toward the rear. This, coupled with the
spherical face on the tappet, causes the tappets to rotate.

The camshaft bearings are lubricated through oil
holes that intersect the main oil gallery.

Fig. 1B-10 Camshatt and Crankshaft Gears

Camshaft Replacement
Removal

(1) Remove air cleaner..

WARNING: DO NOT remove block drain plugs or
loosen radiator draincock with system hot and under
pressure because serious burns from coolant can occur.

(2) Drain cooling system.

NOTE: Do not waste reusable coolant. If solution is
clean, drain coolant into a clean container for reuse.

NOTE: [t may be necessary to attach a flexible hose to
the drains to route the coolant to the container.

(3) Remove timing gear cover. Refer to Timing Gear
Cover Removal for procedure.

(4) Disconnect radiator hoses at radiator. Remove
radiator. Refer to Radiator Removal in Chapter
1C—Cooling Systems.

\oses

Fig. 1B-11

Removing Camshaft Thrust Plate Scraws
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(5) Remove two camshaft thrust plate screws
through holes in camshaft gear (fig. 1B-11).

(6) Remove tappets. Refer to Tappet Removal for
procedure.

(7) Remove distributor, oil pump drive and fuel
pump. Refer to removal procedures.

(8) Remove camshaft and gear assembly by pulling
out through front of block. Support shaft carefully when
removing to prevent damaging camshaft bearings.

Dlsas'samblv

(1) If gear must be removed from shaft, use press
plate and appropriate adapter with arbor press.

(2) Place tools on table. of arbor press. Place cam-
shaft through opening in tools. Press shaft out of gear
using socket wrench or other suitable tool (fig. 1B-12).

NOTE: Thrust plate must be properly aligned to en-
sure woodruff key in shaft does not damage it when the
shayt is pressed out of gear.

Fig. 1B-12 Removing Camshaft Timing Gear

Assembly

To assemble camshaft gear, thrust plate and gear
spacer ring on camshaft, use the following procedure.

(1) Firmly support shaft at back of front journal in
arbor press using press plate and adapter.

(2) Place gear spacer ring and thrust plate over end
of shaft, and install woodruff key in shaft kevway.

(3) Position camshaft gear and press it onto shaft
until it bottoms against gear spacer ring. End clearance
of thrust plate should be 0.0015 to 0.0050 inch (0.038 to
0.127 mm) (fig. 1B-13). If less than 0.0015 inch (0.038
mm), spacer ring should be replaced. If more than 0.0050
inch (0.127 mm), thrust plate should be replaced.

Installation

(1) Thoroughly coat camshaft journals with high
quality engine oil supplement (EOS).

|

(2) Install camshaft assembly in engine block. Use
care to prevent damaging bearings or camshaft.

(3) Turn crankshaft and camshaft so that valve
timing marks on gear teeth are aligned. Engine is now in
number four cylinder firing position. Install camshaft
thrust plate-to-block screws and tighten with 75 inch-
pounds (10 Nem) torque.

J-21474-13
OR
J-21795-1

Fig. 1B-13 Installing Camshatt Timing Gear
and Measuring Thrust Plate End Clearancs

(4) Install timing gear cover and gasket.

(5) Line up keyway in hub with key on crankshaft
and slide hub onto shaft. Install center bolt and tighten
with 160 foot-pounds (212 Nem) torque.

(6) Install valve tappets, push rods, push rod cover,
oil pump shaft and gear assembly and fuel pump. Install
distributor according to following procedure.

(a) Turn crankshaft 360 degrees to firing posi-
tion of number one cylinder (number one exhaust and
intake valve tappets both on base circle (heel) of cam-
shaft and timing notch on vibration damper indexed
with top dead center mark [TDC] on timing degree
scale).

(b) Install distributor and align shaft so that
rotor arm points toward number one cylinder spark plug
contact.

(7) Install rocker arms and pivot balls over push
rods. With tappets on base circle (heel) of camshaft,
tighten rocker arm capscrews with 20 foot-pounds (27
Nem) torque. Do not overtighten.

(8) Install cylinder head cover. Refer to Cylinde
Head Cover Installation for procedure. ]

(9) Install intake manifold. Refer to Intake Mani-
fold Installation for procedure.

(10) Install radiator and lower radiator hose.

(11) Install belt, fan and shroud. Tighten fan bolts
with 18 foot-pounds (34 Nem) torque. Install upper radi-
ator hose. Tighten belts.
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NOTE: The fan assembly and pulley must be installed
with the drive belt(s) in position on pulleys.

(12) Install engine coolant.

WARNING: Use extreme caution when engine is oper-
ating. Do not stand in direct line with fan. Do not put
hands mear pulleys, belts or fan. Do not wear loose
clothing.

(13) Start engine. Inspect for oil and coolant leaks.
Adjust ignition timing.
(14) Install air cleaner.

Camshaft Bearings

NOTE: Engine must be removed for camshaft bearing
service.

Repiacament

(1) With camshaft and flywheel/drive plate re-
moved, drive out expansion plug from rear cam bearing
from inside block.

(2) Using Bearing Remover J-21473-1, drive front
bearing toward rear and rear bearing toward front.

(3) Install extension J-21054-1 and drive center
bearing out toward rear (fig. 1B-14).

(4) Position replacement bearing on tool and install.

90854

Fig. 1B-14 Removing Center Camshait Bearing—Typical

NOTE: Install bearings by reversing procedure listed
above. Ensure 0il holes are aligned.

NOTE: The front bearing must be driven approx-
imately 1/8 inch (3.2 mm) behind front oy cylinder block
to expose il hole for timing gear oil nozzle.

HYDRAULIC VALVE TAPPETS

Hydraulic valve tappets are used to keep all parts of
the valve train in constant contact. Each tappet auto-
natically adjusts to maintain zero lash under all
conditions.

The hydraulic tappet assembly (fig. 1B-15) consists of
a steel body, plunger, push rod seat, metering valve,

plunger spring, ball check vaive and spring, ball check
valve retainer, and retainer ring.

The tappet operates in a guide bore that intersects
with the main oil gallery.

The operating cycle of the hydraulic tappet begins
when the tappet is on the heel of the cam lobe (engine
valve closed). A groove in the tappet body aligns with
the tappet oil gallery, admitting pressurized oil into the
tappet. A hole and groove arrangement admits the oil to
the inside of the plunger. Qil is forced past the plunger
check valve and fills the chamber between the plunger
and tappet body: When the chamber is full, pressurized
oil flows around the metering disc, which controls the
amount of oil that flows up the push rod to lubricate the
rocker arm assembly. These events all take place while
the tappet is on the heel of the cam lobe. As the cam
turns, the lobe begins exerting force on the tappet body.
This force is transmitted by the trapped oil in the tappet
chamber to the plunger and finally to the pushrod and
rocker arm assembly. The engine valve opens. While the
valve is open, the trapped oil is subjected to considerable
pressure and some of it escapes between the plunger and
the tappet body (leak-down). The cycle is completed as
the cam lobe rotates back to the starting position and
another charging cycle begins. In this way, zero valve
lash is maintained.

RETAINER
[ 1
PUSH RING
ROD n
SEAT e
= B ROCKER FEED
! METERING
5 VALVE
/ \ |
{ TAPPET
PLUNG y t 30DY
LUNGER ~—— Ag/
! BALL CHECK
L ™~ VALVE
/ I
BALL CHECK { ! ’
VALVE s W A}
SPRING
(IF USED) - 3§tbgHECK
RETAINER
PLUNGER
SPRING
90855
Fig. 1B-15 Hydrauiic Valve Tappet
Replacement

(1) Remove cylinder heazd cover, intake manifoid
and push rod cover. Refer to removal procedures.

(2) Loosen rocker arm arnd rotate for access clear-
ance to push rod.
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(3) Remove push rod and valve tappet. Hydraulic
Valve Tappet Remover J-3049 will facilitate removal of
tappet.

NOTE: If a replacement tappet is to be installed, en-
sure that all sealer coating is removed from inside of
replacement tappet and test for correct leak-down rate.

Disassembly

Because of the important function that hydraulic
valve tappets have in the operation of an engine and the
close manufacturing tolerances, proper handling, and
above all, cleanliness, cannot be overstressed when serv-
icing the components.

New tappets are serviced as individual units. packaged
with a plastic coating. Do not remove coating until ready
to test the leak-down rate. It is not necessary to remove
the oil from replacement tappets prior to testing the
leak-down rate because it is special leak-down test oil.

Valve Tappet Cleaning Tank J-5821 is recommended
for cleaning valve tappets. The tank should only be used
for cleaning valve tappets and should be kept covered
when not in use. All servicing should be done in an area
isolated from grinders and other sources of dust and
foreign material.

Tappets should at all times be stored in a covered box
that will maintain them in a clean condition. The box
should be kept dry and as free of oil as possible.

(1) Remove push rod seat retainer ring by holding
seat down with push rod while dislodging ring from
tappet body with pointed tool (fig. 1B-16).

\ SCREWDRIVER

RETAINER
RING

PUSH ROD

/

VALVE
TAPPET

Fig. 1B-16 Removing Push Rod Seat Retainer

(2) Invert tappet and allow push rod seat and
plunger to slide out of body. If plunger sticks in body,
place tappet in large end of hydraulic vaive tappet
plunger remover Tool (J-4160) with push rod end of
tappet downward. Hold tool firmly in hand with thumb
over tappet body and sharply strike tool against block of
wood until plunger falls out.

NOTE: It may be necessary to soak a tappet that has a
stuck plunger in cleaning solvent for several minutes
before plunger can be removed.

(3) With oil drained from tappet bodies, place all
components of each tappet assembly in separate com-
partment of tray.

NOTE: The valve tappet body and plunger are selec-
tively fitted and must not be interchanged with other
tappets. Also, keeping all compoments of each tappet
separate will aid in trouble diagnosis.

Cleaning and Inspaction

Thoroughly clean and inspect tappet surfaces for
nicks, scratches and scores. Inspection of the check ball
and seat should be done with a magnifying glass. The
tappet base should also be inspected for wear. If heavy
wear is indicated on the cam mating surface, the same
lobe of the cam should also be examined. Always clean
tappets using only approved solvent and a soft brush.
Never use a wire brush or sand paper.

Assembly

All components must be absolutely clean when assem-
bling a hydraulic valve tappet. Because lint and dust
may adhere to the components, they should not be dried
with compressed air or wiped with a cloth. All parts
should be rinsed in clean kerosene and assembled with-
out drying. A small container with clean kerosene (sepa-
rate from cleaning tank) should be used for each set of
tappets being overhauled. :

Figure 1B-17 illustrates the relative position of the
components of a valve tappet. The recommended assem-
bly procedure is listed in the following steps.

(1) Rinse plunger spring and ball retainer and posi-
tion retainer in spring.

(2) Rinse tappet ball and place it and small spring
in retainer.

TAPPET BODY

I‘h /
\fﬁ
P /| e

/ - (' ] O/ PLUNGER

PLUNGER RETURN g
e / y . PLUNGER
< CAP
BALL CHECK VALVE SPRING ¥

(HIGH BALL LIFTER ONLY) ’*/
v

BALL CHECK VALVE
RETAINER

ROCKER FEED METERING
Disc

LOCK RING
90858

Fig. 18-17  Hydraulic Vaive Tappet—Exploded View
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(3) Rinse plunger and place on retainer so that seat
on plunger mates with ball.

(4) Invert plunger with parts assembled thus far
and, after rinsing tappet body, position body over spring
and plunger.

(5) Place tappet body on clean paper, rinse and in-
stall push rod seat and retainer ring.

(6) After tappet has been assembled, place in tappet
box and close lid to preserve cleanliness.

Leak-Down Test

After all tappets have been assembled, the leak-down
rate must be tested before they are installed in the
engine. Hydraulic Valve Tappet Leak-Down Tester J-
5790 (fig. 1B-18) is designed for testing the leak-down
rate of tappets to determine whether or not they are
within the specified limits. As with previous service
operations involving tappets, cleanliness is paramount.
The tester cup and ram should be thoroughly cleaned
and testing should be done in an area free of dust and
dirt. The testing procedure is described in the following
steps:

(1) Fill tester cup to approximately one inch from
top with special fluid (J-5268 or equivalent) that is avail-
able from tester manufacturer.

(2) Swing weight arm up out of way, raise ram, and
position tappet into boss in center of tester cup.

(3) Adjust ram (with weight arm clear of ram) so
that pointer is- positioned at set line (marked “S”).
Tighten jamnut to maintain set position.

(4) Operate tappet through full travel of plunger by
pumping weight arm to fill tappet with test fluid and
force out air (tappet must be completely submerged at
all times). Continue pumping for several strokes after
definite resistance is detected.

(5) Raise weight arm to allow plunger spring to
expand fully; lower arm onto ram and turn handle
slowly (1 revolution every 2 seconds).

Time indicator travel from lower line (first line above
set line) to line marked 0.094 or 3/32 inch (2.39 mm),
while still rotating cup with handle (fig. 1B-18). Tappet
is satisfactory if leak-down interval is between 12 and 90
seconds.

Installation

(1) Place each tappet in original tappet boss.

(2) Replace push rods.

(3) Position rocker arms and pivot balls on push
rods.

(4) With tappet on base circle (heel) of camshaft,
tighten each rocker arm capscrew with 20 foot-pounds
(27 Nem) torque. Do not over tighten.

(5) Replace push rod cover.

(6) Install intake manifold.

(7) Install cylinder head cover.

POINTER

WEIGHTED
ARM

J5790 41891

Fig. 1B-18 Testing Leak-Down Rate

CRANKSHAFT VIBRATION DAMPER PULLEY HUB AND OIL
SEAL REPLACEMENT

(1) Remove drive belts.

(2) Remove center bolt and slide damper and hub
from shaft.

(3) Carefully pry oil seal from front cover with a
large screwdriver. Do not bend or distort sheet metal
cover.

(4) Install new seal with helical lip toward rear of
engine. Drive seal carefully into place using Tool J-
23042.

(5) Coat oil seal contact area of vibration damper
with engine oil.

(6) Position hub on crankshaft and slide into posi-
tion until it contacts crankshaft gear.

(7) Install center bolt and tighten with 160 foot-
pounds (212 Nem) torque.

(8) Install belts and adjust tensions. Refer to Chap-
ter 1C—Cooling Systems for procedures.

NOTE: Damper-to-hub bolts should have a locking
agent applied to their threads. Coat threads unth Dry-
lock 299, or equivalent, before installing.

TIMING CASE COVER REPLACEMENT

(1) Remove battery negative cable.

(2) Remove crankshaft vibration damper puiley
hub. Refer to Crankshaft Vibration Damper Puiley Hub
Replacement.

(3) Remove alternator bracket.

~ (4) Remove fan and shroud nu:s. Loosen beits. Re-
move fan and shroud.
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(5) Remove oil pan-to-timing case cover screws.

(6) Pull cover slightly forward only enough to per-
mit cutting of oil pan front seal.

(7) Using sharp knife or other suitable cutting tool,
cut oil pan front seal flush with cylinder block at both
sides of cover (fig. 1B-19).

(8) Remove front cover and attached portion of oil
pan front seal. Remove front cover gasket.

Fig. 1B-19 Cutting Pan Gasket

(9) Clean gasket surfaces on block and timing case

cover.

(10) Cut tabs from replacement oil pan front seal
(fig. 1B-20). Use sharp instrument to ensure clean cut.

(11) Install seal on timing gear cover. Press tips into
holes provided in cover.

(12) Coat gasket with gasket sealer and place in posi-
tion on cover.

(13) Apply 1/8-inch (3 mm) bead of RTV sealant to
joint formed at oil pan and cylinder block (fig. 1B-21).

(14) Install Alignment Tool J-23042 in timing case
cover seal (fig. 1B-22).

NOTE: It is important that an alignment tool be used
to align the timing case cover so that vibration damper
hub installation will not damage seal and to ensure that
seal is positioned evenly around hub.

(15) Position timing case cover on block. Insert and
partially tighten two oil pan-to-timing case cover
screws.

(16) Install timing case cover-to-block attaching
screws.

(17) Tighten all cover attaching screws to specifica-
tions and remove centering Tool J-23042.

(18) Install alternator bracket.

(19) Install pulley hub. Refer to Crankshaft Vibra-
tion Damper Pulley Hub Replacement.

(20) Install fan and shroud.

NOTE: The fan assembly and pulleys must be installed
with the drive belts in position on pulleys. Tighten at-
taching nuts with 18 foot-pounds (34 Nem) torque.

(21) Tighten belts.
(22) Connect battery negative cable.

ALIGNMENT
TOOL
INSTALLED

90864

Flg. 1B-21 Applying ATV Sealant
CUT THIS PORTION
FROM NEW SEAL 20862

Fig. 18-22 Timing Case Cover Alignment Toof Instailed

INTAKE MANIFOLD

The intake manifold is cast aluminum and has a single
level design. A cast passage in the manifold allows en-
gine coolant to pass through to utilize hot coolant heat to
warm the manifold and carburetor. This results in bet-
ter fuel vaporization. An EGR port is also cast in the
manifold and receives exhaust gas from an internal ex-
haust passage through the cylinder head.

Intake Manifold Replacement

WARNING: The battery negative cable must be re-
moved to prevent a potential fire hazard when the fuel
pipe 1s disconnected.

p—
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(1) Remove battery negative cable. (18) Install fuel pipe and electrical wire connections.
(2) Remove air cleaner and PCV valve hose. Install vacuum hoses.

VARNING: DO NOT remove block drain plugs or (19) Install hattery negative cabie.

loosen radiator draincock with system hot and under WARNING: Use extreme caution when engine is oper-

pressure because serious burns from coolant can occur. ating. Do not stand in direct line with fan. Do not put
(@) Diaiicooling ayatem: ?Z;tlz?n ;ear pulleys, belts or fan. Do not wear loose

NOTE: DO NOT WASTE reusable coolant. If solution

is clean, drain into a clean container for reuse. (20) Refill cooling system. Start engine and i‘.’sl’?ct

for leaks.

(4) Tag and remove vacuum hoses (ensure distribu- (21) Install air cleaner and PCV valve hose.
tor vacuum advance hose is removed).

(5) Disconnect fuel pipe and electrical wire con-  EXHAUST MANIFOLD
nections from carburetor.

(6) Disconnect carburetor throttle linkage. Remove
carburetor and carburetor spacer.

(7) Remove bellerank and throttle linkage brackets
and move to one side for clearance.

The exhaust manifold is made of cast nodular iron.
The manifold is equipped with a heat stove that is used
to provide heated air for the carburetor air intake. This
results in better fuel vaporization.

(8) Remove heater hose at intake manifold. :
(9) Remove alternator. Note position of spacers for Exhaust Manifold Replacement
installation. (1) Remove air cleaner and heated air tube.
(10) Remove manifold-to-cylinder head bolts and re- (2) Remove engine oil dipstick tube attaching bolt.
move manifold. (3) Remove oxygen sensor, if equipped.
(11) Position replacement gasket and install replace- (4) Raise vehicle and disconnect exhaust pipe from
ment manifold on cylinder head. Start all bolts. manifold. Lower vehicle.
(12) Tighten manifold-to-cylinder head bolts using (5) Remove exhaust manifold bolts and remove
sequence illustrated in figure 1B-23. Tighten all bolts manifold and gasket.
with 37 foot-pounds (50 Nem) torque. (6) Install replacement gasket and exhaust mani-
fold on cylinder head. Tighten all bolts with 39 foot-
INTAKE CYLINDER pounds (52 Nem) torque in the sequence illustrated in
MANIFOLD HEAD figure 1B-24.

(7) Install dipstick tube attaching bolt.

EXHAUST
g INTAKE MANIFOLD
MANIFOLD GASKET
90865
Fig. 1B-23 Intake Manifoid Boit Tightening Sequencs
(13) Connect heater hose to intake manifoid. 5

1 4
(14) Install bellerank and throttle linkage brackets. @ O @
(15) Connect carburetor throttle linkage to brackets
and bellcrank. 6 2 3 \7
(16) Install carburetor spacer and tighten boits with Q @

15 foot-pounds (20 Nem) torque.
(17) Install carburetor and gasket. Tighten nuts with
15 foot-pounids (20 Nem) torque. Fig. 18-24 Exhaust Manifold Tightening Sequencs
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(8) Install heated air tube and air cleaner.
(9) Install oxygen sensor, if removed.
(10) Raise vehicle and connect exhaust pipe to mani-
fold. Tighten bolts with 35 foot-pounds (50 Nem) torgue.
Lower vehicle.

CYLINDER HEAD COVER
Removal

(1) Remove air cleaner.

(2) Remove PCV valve (or hose).

(3) Remove cylinder head cover bolts. '

(4) Remove spark plug wires from spark plugs and
bracket clips.

(5) Remove cylinder head cover by tapplng with a
rubber hammer to loosen RTV gasket seal. Do not pry on.
cover.

Y.L oo

Instailation , T

(1) Thoroughly clean sealing surfaces on cylinder
head cover and cylinder head.

(2) Apply continuous 3/16-inch (5 mm) diameter
bead of RTV sealant on cylinder head cover as illus-
trated in figure 1B-25.

(3) Position cover on head, install retaining bolts
and tighten with 7 foot-pounds (10 Nem) torque.

(4) Install spark plug wires, PCV valve (or hose) and
air cleaner.

ROCKER ARM COVER

/ e N
APPLY A CONTINUOUS
3/16 in. (5 mm) DIAMETER
BEAD OF RTV SEALANT
AS SHOWN

_ PUSH ROD COVER

APPLY A CONTINUOUS
3/16 in, (5 mm) DIAMETER
BEAD OF RTV SEALANT AS SHOWN

Fig. 1B-25 Cylinder Head Cover and
Push Rod Cover RTV Sealant Application

90867

PUSH ROD COVER
Removal

(1) Remove intake manifold. Refer to Intake Mani-
fold for replacement procedure.
(2) Remove push rod cover bolts and remove cover.

-

Installation

(1) Thoroughly clean sealing surfaces on push rod
cover and cylinder block.

(2) Apply continuous 3/16-inch (5 mm) bead of RTV
sealant on push rod cover as illustrated in figure 1B-25.

(3) Install cover and cover-to-block bolts. Tighten
bolts with 75 inch-pounds (9 Nem) torque.

(4) Install intake manifold. Refer to Intake Mam-
fold for replacement procedure.

CYLINDER HEAD

The cast iron cylinder head is designed to provide a
compression ratio of 8.3:1. It is cast with individual
intake and exhaust ports for each cylinder. The valve
guides are cast integral with the head and the rocker
arms are retained on individual threaded studs. The
combustion chambers are cast to ensure uniform shape
for all cylinders. The spark plugs are located near the
intake valves to provide maximum combustion effi-
ciency. The intake valves have 46 degree seat angles and
are large to provide sufficient air/fuel intake for high
power requirements. The exhaust valve seat angle is
also 46 degrees. The 46 degree seat angle assures valve-
to-seat contact at the outer diameter of the seat.

External shields are used on both the intake and ex-
haust valves to reduce the amount of oil splashed
against the stems. Valve stem seals are also used on
both the intake and exhaust valves to prevent oil from
entering the valve guides. The face angles of both the
intake and exhaust valves are 45 degrees.

Removal

WARNING: The battery negative cable must be re-
moved to prevent a potential fire hazard when the fuel
pipe is disconnected.

(1) Disconnect battery negative cable.
(2) Remove cylinder head cover. Refer to Cylinder
Head Cover Removal for procedure.

WARNING: DO NOT remove block drain plugs or
loosen radiator draincock with system hot and under
pressure because serious burns from coolant can occur.

(3) Drain block.

NOTE: DO NOT WASTE reusable coolant. If solution
is clean, drain coolant into a clean container for reuse.

(4) Remove exhaust pipe.
(5) Tag and disconnect vacuum hoses.

NOTE: Ensure vacuum advance hose is tagged and
disconnected.

(6) Remove alternator and put aside. Do not mis-
place spacers.
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(7) Disconnect fuel pipe from carburetor. Move pipe
wver and align with opening in intake manifold to facil-
tate cylinder head removal.

(8) Remove rear heater hose and upper radiator
hose.

(9) Remove power steering pump and bracket
assembly.

NOTE: Do not disconnect power steering hoses from
pump or gear.

(10) Remove dipstick.
(11) Remove rocker arm assemblies and push rods.

NOTE: Note location of rocker arms to facilitate instal-
lation n their original locations. £

CAUTION: To prevent slipping, use a 12 mm 12-point
socket wrench to ensure a tight fit on the bolt heads.

(12) Remove cylinder head bolts.
(13) Remove cylinder head by inserting pry bar into
alternator bracket and prying upward.

Installation

The gasket mating surfaces on both the head and the
block must be smooth and clean, i.e., no foreign matter,
nicks or heavy scratches. The cylinder head bolt threads
in the block and on the cylinder head bolts must also be
-lean, if not, bolt tightening torque will be inaccurate.

(1) Place replacement cylinder head gasket in posi-
tion over dowel pins and flat on cylinder block.

(2) Carefully guide cylinder head into place over
dowel pins and gasket.

(3) Coat underside of heads and threads of cylmder
head bolts with sealing compound and install finger-
tight.

CAUTION: To prevent slipping, use a 12 mm 12-point
socket wrench to ensure a tight fit on the bolt heads.

(4) Tighten cylinder head bolts in steps following
sequence depicted in figure 1B-26. The final torque is 92
foot-pounds (125 Nem).

(5) Install push rods, rocker arm assemblies and
cylinder head cover. Tighten rocker arm capscrews with
20 foot-pounds (27 Nem) torque. Refer to Cylinder Head
Cover for procedure.

10 b 2 3 ]
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Fig. 1B-26 Cylinder Head Tightening Sequence
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(6) Install power steering pump and bracket.
(7) Install alternator and tighten beit to specified
tension. Refer to Chapter 1C—Cooling Systems for
procedure.
(8) Connect fuel pipe to carburetor.
(9) Install heater hose and upper radiator hose,
tighten clamps.
(10) Connect vacuum hoses.
(11) Install exhaust pipe. Tighten nuts with 18 foot-
pounds (24 Nem) torque. ;
(12) Refill cooling system with coolant.
(13) Install dipstick.
(14) Connect battery negative cable.

WARNING: Use extreme caution when engine is oper-
ating. Do not stand in direct line with fan. Do not put
hands nmear pulleys, belts or fan. Do not wear loose
clothing. ; —

(15) Start engine and inspect for 1e;ks. ST

Valves and Seats

Reconditioning of valves and valve seats is very im-
portant because the seating of the valves must be precise
for the engine to produce specified power and provide
reliable performance.

Another important factor is the cooling of the valve
heads. Close contact between each valve and its seat is
imperative to ensure that the heat in the valve head will
be properly transferred to the cylinder head.

Several different types of equipment are available for
refacing valves and valve seats. The instructions pro-
vided by the manufacturer of the equipment being used
should be carefully followed to attain proper results.

Regardless of the type of equipment used it is essen-
tial that valve bores be free from carbon and other
foreign matter to ensure correct centering of the pilot in
the guide.

Valve Guide Bores

Valves with oversize stems are available for both in-
take and exhaust valves. Guides should be reamed and
replacement oversize valves installed whenever clear-
ances exceed specifications.

Cylinder Head Disassembly

(1) With cylinder head removed, remove rocker arm
capscrews, pivot balls and rocker arms. Install
capscrews.

(2) Using Tool J-3892-1, compress each valve spring
and remove locks. Release tool and remove spring cap,
spring shield, spring, and oil seal. Wash all parts in
cleaning solvent and dry thoroughly.

(3) Remove valves from cylinder head and place in
rack in proper sequence to facilitate assembly in their
original positions.
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(4) Clean all carbon from combustion chambers and
valve ports.

(5) Thoroughly clean valve guides using Tool J-8101.

(6) Clean all carbon and sludge from push rods and
rocker arms.

(7) Clean valve stems and head on buffing wheel.
Inspect valves for burned heads, cracked faces and dam-
aged stems.

(8) Remove carbon and other deposits from head
gasket mating surfaces.

(9) Inspect cylinder head for cracks in exhaust
ports, combustion chambers, and external cracks in wa-
ter jacket.

(10) Measure fit of valve stems in their respective
guides.

NOTE: Excessive valve stem-to-guide clearance will
cause reduced power, rough idling and noisy valves, and
may cause valve breakage. Insufficient clearance will
result in noisy and sticky functioning of the valve and
cause rough idling.

(a) Using a micrometer, measure diameter of
valve stem in three places; top, center and bottom. Ex-
haust valves have tapered stems and are approximately
0.001-inch (0.025 mm) larger at top of stem than at head
end.

(b) Insert telescoping gauge in valve guide bore
to measure valve-to-valve guide clearance (fig. 1B-27).

(c) If clearance is not within specified limits,
use next oversize valve stem size and ream bore to fit
using suitable reamer with Tool J-3830-02. Service
vaives are available with standard, 0.003-inch (0.076
mm) and 0.005-inch (0.127 mm) oversize stem diameters.

(11) Test valve spring tension with suitable tester.
Refer to Valve Spring Tension Testing.

NOTE: Springs should be tested by compressing to a

specified height, and measuring force required to main-

tain that height. (See Specifications.) Weak springs
should be replaced if not within 10 force-pounds (44 N)
of the specified load (without dampers).

GAUGE

VALVE
GUIDE
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—\\7 (sszsmm)’{ "' \\

s , &\L/ 7 >, > \)
N\~

- AN
80303

qu 18-27  Measuring Vaive Guide Bora with Telescoping Gauge
Cylinder Head Assembly

(1) Insertvalve in original port.

(2) Assemble valve spring and related parts accord-

ing to following procedure:

(a) Set valve spring, shield and cap in place

(b) Compress spring with Tool J-3892-1.

(c) With Tool J-22330 install oil seal in lower
groove of stem. Ensure seal is flat and not twisted.

(d) Install locks and release compressing tool.
Ensure locks are seated properly in upper groove of
valve stem.

(3) Install remaining valves according to procedure
described above.

(4) Test each valve stem oil seal by placing Valve
Seal Installer and Tester Tool J-22330 over end of valve
stem and against cap.

(5) Measure installed height of valve springs using
a narrow, thin scale. Use of a cutaway scale will help.
Measure from top of spring seat to top of valve spring or

oil shield. If spring exceeds specified height, install 1/16-- ‘

inch (1.59 mm) valve spring seat shim.

CAUTION: Never shim a spring excessively. Installed

height should mever be less than specified minimum
height. ;

ENGINE LUBRICATION SYSTEM

Engine lubrication is accomplished through a gear
type pump that pumps engine oil from the oil pan sump,

through the full flow oil filter and into an oil passage.

that runs along the right side of the block and intersects
the hydraulic valve tappet bores. Oil from this passage
is routed to the crankshaft main and camshaft bearings
through smaller drilled passages. Oil is supplied to the
rocker arms through holes in the hydraulic valve tap-
pets, which force oil up through the tubular push rods to
the rocker arms. The oil is metered by a disc located
within each tappet body.

Two valves are incorporated into the lubrication sys-
tem to ensure the proper flow of oil. A bypass valve is
located within the oil filter mounting boss that will
continue oil flow in the event that the filter becomes
clogged or restricted. The pressure regulator valve lo-
cated in the oil pump body maintains adequate pressure
for the lubrication system and bypasses any excess oil
back to the oil pan sump.

Many internal engine parts have no direct oil source
and are either gravity or splash lubricated from other
directly lubricated components. The timing gears are
lubricated by oil that is supplied through a passage from
the front of the camshaft to a calibrated nozzle above
the crankshaft timing gear. The engine lubrication sys-
tem diagram is depicted in figure 1B-28.

A full flow oil filter is standard equipment on the
engine and is mounted on the right side of the engine.
All oil from the pump passes through the filter before
going to the engine oil galleries. In the filter, the oil
passes through a filtering element that removes foreign
particles.



ENGINES 18B-17

.
\\

OIL PRESSURE SENDING UNIT

FULL-FLOW OIL FILTER

FILTER BY PASS SYSTEM

"

—_——

@

SPLASH
OILING

~,

90870

Fig. 1B-28 Engine Lubrication System Diagram

0il Pump Drive Shaft

(1) Remove alternator and upper bracket.
(2) Remove oil pump drive shaft retainer plate boits

and remove bushing and shaft assembly.

Installation

(1) Install oil pump drive shaft assembly by turning
shaft until it meshes with camshaft drive gear and in-

serts propertly in oil pump body.
(2) Thoroughly clean sealing surfaces on cylinder

block and retainer plate.
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(3) Apply 1/16-inch (1.6 mm) diameter bead of RTV
sealant to oil pump drive shaft retainer plate.

(4) Install retainer plate with bolts and tighten with
10 foot-pounds (14 Nem) torque.

(5) Install upper alternator bracket and alternator.
Adjust belt tension. Refer to Chapter 1C—Cooling Sys-
tems for procedure.

0il Pump

Removal

(1) Drain oil and remove oil pan. Refer to Qil Pan
Removal for procedure.

(2) Remove two flange mounting bolts and nut from
main bearing cap bolt and remove oil pump and pickup
assembly as unit.

Disassembly

(1) Remove cover attaching screws, cover, idler gear
and drive gear and shaft (fig: 1B-29).

(2) Remove pressure regulator valve and valve
parts. '

@ §
OlL PUMP
OlL PUMP
DRIVESHAFT PICKUP
TUBE AND
< STRAINER

oIL o
PUMP ﬂ
BODY

Q PRESSURE

/'\fﬁﬁ RELIEF
oIL AND SPRING
PuMP = R
GEARS OIL PUMP
COVER

Fig. 1B-29 0il Pump—Exploded View ;i

907920
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NOTE: Do not disturb oil pickup pipe on strainer
screen or body. This pipe is attached during factory
assembly.

(3) If any of the following discrepancies are ob-
served during inspection, complete pump assembly
should be replaced.

(a) Pump body has cracks or excessive wear.

(b) Pump gears have cracks, excessive wear and
damage.

(c) Shaft is loose in housing.

(d) Inside of cover has wear that would permit
oil to leak past ends of gears.

(e) Oil pick-up assembly has damage to strainer
screen or relief grommet.

NOTE: If present, remove debris from strainer screen
surface..

(f) Pressure regulator valve plunger does not
fit properly in body.

Assembly

(1) Place drive gear and shaft in pump body.

(2) Install idler gear so that smooth side of gear will
be toward cover.

(3) Install cover and attaching screws. Tighten
screws with 9 foot-pounds (17 Nem) torque and ensure
that shaft turns freely.

(4) Install regulator valve plunger, spring, retainer
and pin.

Installation

(1) Position oil pump gear shaft tang to align with
oil pump drive shaft slot. Install oil pump-to-block posi-
tioning flange over oil pump drive shaft lower bushing.
Do not use gasket. Tighten bolts with 18 foot-pounds (25
Nem) torque. :

NOTE: 0l pump should slide easily into place. If not,
remove shayt and relocate slot.

(2) Install oil pan using new gaskets and seals. Re-
fer to Oil Pan Installation for procedure.

0il Pan

(1) Remove battery negative cable.

(2) Raise vehicle and drain engine oil from oil pan.

(3) Remove starter motor.

(4) Remove oil pan.

(6) Thoroughly clean gasket surfaces of oil pan and
cylinder block. Remove all sludge and debris from oil
pan sump.

Installation

(1) Install rear oil pan gasket in rear main bearing
cap and apply small quantity of RTV sealant in depres-
sion where pan gasket contacts block.

(2) Position gasket on oil pan. Apply 1/8 x 1/4-inch
(3 x 6 mm) bead of RTV sealant at split lines of front and
side gasket.

(3) Position oil pan. Insert and tighten screws with
45 inch-pounds (5 Nem) torque.

(4) Install starter motor. Tighten 3/8-inch bolts
with 17 foot-pounds (24 Nem) torque. Tighten nut with
40 inch-pounds (4.5 Nem) torque. Connect battery cable
and solenoid wire to starter motor solenoid.

(5) Lower vehicle.

(6) Connect battery negative cable. Refill crankcase
with oil.
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PISTONS AND CONNECTING RODS

The pistons are lightweight, cast aluminum with slip-
oer skirt and cam ground so that the diameter across the
thrust face is larger than the diameter fore and aft of
the engine. Two compression rings and one oil control
ring are used. All are located above the piston pin.

The piston pins are offset toward the thrust side
(right-hand side) to provide a gradual change in thrust
pressure against the cylinder wall as the piston travels
within the cylinder. The piston pins are tempered steel
and have a floating fit in the pistons. They are retained
in the connecting rods by a press fit.

The connecting rods are made of Armasteel. Full pres-
sure lubrication is directed to the connecting rods by
drilled oil passages from the adjacent main bearing jour-
nal. Oil holes at the connecting rod journals are located
so that oil is supplied to give maximum lubrication just
prior to full bearing load.

Removal

(1) Remove cylinder head according to procedure
described in Cylinder Head Removal.

(2) Remove oil pan according to procedure described
in Oil Pan Removal.

(3) Remove ridge and/or deposits from upper end of
cylinder bores with ridge reamer tool. Before ridge or
leposits are removed, turn crankshaft until piston is at
bottom of stroke and place a cloth on top of piston to
collect cuttings. After ridge and/or deposits are re-
moved, turn crankshaft until piston is at top of stroke
and remove cloth and cuttings.

(4) Inspect connecting rod and piston for cylinder
number identification and, if not identified, mark them.

(5) Remove bearing cap and install Connecting Rod
Bolt Guide Set J-6305-11.

(6) Carefully remove connecting rod and piston as-
sembly by pushing out with knurled handle of long

guide.
Disassembly

CAUTION: Use care at all times when handling and
servicing comnecting rods and pistons. To prevent pos-
sible damage to these units, do not clamp rod or piston
in vise because they may become distorted. Do not allow
pistons to strike against one another, against hard ob-
Jjects or bench surfaces because distortion of piston con-
towr or nicks in the soft aluminum material may result.

(1) Remove piston rings using suitable piston ring
removal tool.

(2) Install guide bushing of Piston Pin Removal and
Installation Tool J-24086.

(3) Position piston and connecting rod assembly on
support and place assembly on arbor press (fig. 1B-30).

(4) Press pin out of connecting rod with Piston Pin
Removal Tool J-24086.

Fig. 18-30 Removing Piston Pin

(5) Remove assembly from press, remove piston pin
from support and remove tool from piston and rod.

(6) Clean carbon, varnish, and gum deposits from
piston surfaces, including underside of piston head.
Clean ring grooves and oil holes in oil ring groove with
appropriate cleaning tools and solvent.

(T) Clean piston pin, rod, cap, bolts and nuts in
appropriate solvent. Reinstall cap on connecting rod to
prevent inadvertent mixing of caps and connecting rods.

(8) Carefully examine piston for rough or scored
surfaces; cracks in skirt or nead; cracked, broken, or
worn ring lands; and scored, galled, or worn piston bos-
ses. Damaged or defective pistons should be replaced.

(9) Inspect piston pin for scoring, roughness, or
uneven wear and proper fit.

(10) Inspect rod bearing inserts to ensure they are
not damaged. Fit of bearings should be determined
when engine is being assembled.

Assembly

There are two notches cast in the top of all piston
heads to facilitate proper instailation. The pistons
should always be installed with the notches toward the
front of the engine (fig. 1B-31).

(1) Lubricate piston pin holes in piston and con-
necting rod lightly with grapnite lubricant.
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NOTCHES MUST
FACE FORWARD

Fig. 18-31- Installing Piston In Cyllader

(2) Position connecting rod in its original piston so
that raised notch side of rod (fig. 1B-32) at bearing end is
180 degrees opposite notches in top of piston. when
installed.

(3) Position piston and rod on support, and insert
pilot through piston and rod. Note positions of notches.

(4) Place support on arbor press, start pin into posi-
tion and press on installation tool until guide bushing
bottoms (fig. 1B-30).

(5) Remove installation tool and support assembly
from piston and connecting rod assembly.

(6) Inspect piston pin for freedom of movement in
piston bore..

(7) Install piston rings with appropriate installation
tool. Refer to Piston Ring Installation for procedure.

Instailation

(1) Install Connecting Rod Bolt Guide Set J-6305-11
on connecting rod bolts.

(2) Using appropriate piston ring compressor, in-
sert rod and piston assembly into cylinder so that
notches in top of piston is facing front of engine (fig. 1B-
31).

(3) From beneath engine, position connecting rod
with upper bearing insert in place against journal.

(4) Remove Guide Set J-6305-11 and install lower
bearing insert and cap. Tighten capnuts with 30 foot-
pounds (40 Nem) torque.

(5) Install oil pan.

(6) Install cylinder head, intake manifold and ex-
haust manifold.

(7) Connect fuel pipe and vacuum hoses to
carburetor.

(8) Install push rods, place rocker arms in position
and tighten rocker arm nuts. Do not over tighten nuts.
(9) Install cylinder head cover.

* Flg. 1B-32 Raised Notch Location
Connacting Rod Bearings

The connecting rod bearings are the precision insert
type. and should be replaced if the clearances are exces-
sive. Service bearings are available in standard size,
0.001-inch (0.025 mm), 0.002-inch (0.050 mm) and 0.010-
inch (0.254 mm) undersize for use with replacement and
remanufactured crankshafts.

Replacement and Inspection

Before removal of the connecting rod and cap, stamp
the side of the connecting rod and cap with correspond-
ing cylinder number to assure matched reassembly.

(1) With oil pan and oil pump removed, remove
connecting rod cap and bearing.

(2) Inspect bearing inserts for evidence of wear or
damage. ‘

(3) Wipe bearings and journal clean of oil.

(4) Measure journal for out-of-round or taper with
micrometer. If not within specification, replace or recon-
dition crankshaft. If within specification and replace-
ment bearing inserts are to be installed, measure
maximum diameter of journal to determine required
size of replacement bearing inserts.

(5) If within specification, measure replacement or
original bearing clearances with Plastigage, or
equivalent.

(6) If bearing is being fitted to out-of-round journal,
allow for maximum diameter of journal. If bearing is
fitted to minimum diameter and journal is out-of-round,
interference between bearing and journal will result and
rapid bearing failure will occur.

(a) Place strip of Plastigage on full width of
journal on area that is contacted by bearing (parallel to
crankshaft).
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(b) Install bearing inserts in connecting rod and
1D. '
(c) Install rod and bearing cap and evenly

tighten nuts with 30 foot-pounds (40 Nem) torque.

NOTE: Do not turn the crankshaft with the Plastigage
mstalled.

(d) Remove bearing cap and, with scale on enve-
lope, measure width of Plastigage strip at widest point
(fig. 1B+33).

(e) If clearance exceeds specxflcatlon select cor-
rect replacement size bearing inserts and remeasure
clearance.

NOTE: Ensure that size of removed bearing is ascer-
tained to determine correct size for replacement bearing
inserts. If the clearance cannot be brought to specifica-
tion, the journal must be ground undersize. If the jour-
nal is already at ma.'mmum underszze the crankshaft
must be replaced.

COMPRESSED
PLASTIGAGE s 41907
Fig. 18-33 Connecting Rod Bearing Clearancs
Measurement with Plastigage
DINR
M\

601278

Fig. 1B-34 Measuring Connecting Rod Side Clearance
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(7) Coat bearing surface with oil, install inserts, rod
and bearing cap. Tighten nuts with 30 foot-pounds (40
Nem) torque.

(8) When all connecting rod bearings have been in-
stalled, tap each rod lightly (parallel with journal) to
ensure they have correct clearance.

(9) Measure all connecting rod side clearances (refer
to Specifications) between connecting rod caps (fig. 1B-
34).

Piston Fit

Pistons should be fitted in the bores by actually meas-
uring the fit (measure OD of piston at the measuring
locations and ID of cylinder bore). Refer to engine speci-
fications for correct clearances. If cylinder bores have
been reconditioned, or if pistons are being replaced, re-
conditioning of bores and fitting of pistons should be
closely coordinated.

If bore has been honed, it should be washed thor-
oughly with hot, soapy water and a stiff bristle brush.
Thoroughly oil bores after washing.

Using a cylinder measurement gauge, measure the

cylinder bore crosswise to the block to determine the
smallest diameter. Record the smallest diameter of each
bore.
NOTE: When measuring cylinder bores and pistons, it
is very important that the block and pistons be at room
temperature. .If any or all of the parts are warmer or
cooler than normal room temperature, improper fitting
will result.

Measure the piston skirt perpendicular (90 degrees
from) to the piston pin boss (piston pin removed) and at
the measuring locations indicated in figure 1B-35.

NOTE: Ensure the micrometer is in full contact.

As the pistons are measured, they should be marked
for size identification and the measurements recorded.

If there is excessive clearance between a cylinder bore
and the piston that was originally installed, a replace-
ment piston should be used. Replacement pistons are
available in both standard size and oversize.

Because the sizes are nominal or basic sizes, it is
important that replacement pistons be measured to en-
sure proper fit. All replacement pistons are equipped
with selectively fitted piston pins.

After all measurements have been completed, match
the replacement pistons with cylinders that will provide
the correct clearance. Honing of the cylinder bore may
be necessary to effect a proper fit. When properiy
mated, mark each piston with the matching cylinder
number to ensure it will not become mis-matched.

Piston Pins

Piston pins normally do not become loose enough to
cause a knock or tapping until after very high mileage
accumulation on the engine and in such instances the
piston and rod can be reamed and oversize pins
installed.
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Fig. 1B-35 Piston Measurement Locatioas

The piston pin fit specification in the piston is 0.0002
to 0.0004 inch (0.005 to 0.010 mm) loose with pin and
bosses clean and dry.

NOTE: Piston and pin must be at room temperature
when determining fit and pin must gravity-fall from the
piston.

Piston Rings

Installation

Replacement rings are available for standard size pis-
tons and for 0.010-inch (0.254 mm) and 0.030-inch (0.762
mm) oversize pistons. When selecting rings, ensure they
correspond to the size of the piston (i.e., standard rings
for standard pistons, 0.010-inch oversize rings for 0.010-
inch oversize pistons, etc.). Ring gap and side clearance
should be measured when installing rings as follows:

(1) Inspect pistons to ensure that ring grooves and
oil return holes have been properly cleaned. -

(2) Place ring at lower end of ring travel area in
cylinder bore. Level ring in bore by pushing it into
position with inverted piston.

(3) Measure gap between ends of ring with feeler
gauge (fig. 1B-36). Refer to Specifications.

NOTE: An incorrect ring gap indicates that the wrong
size rings are being used. If rings are selected according
to the size of the bore, they should have the proper gap.
It should not be necessary to alter ring gap by filing.

(4) Install rings on piston with appropriate ring in-
stallation tool to prevent breakage or fracture of rings,
or damage to pistons.

(5) Measure side clearance of rings in ring groove
(fig. 1B-37). Refer to Specifications. If side clearance is
excessive, piston must be replaced.

Fig. 1B-37 Ring Side Clearancs Measursment

MAIN BEARINGS

The main bearings are the precision insert type and
should be replaced if the clearances are excessive. If the
clearance is found to be excessive, a replacement bear-
ing, both upper and lower inserts, is required. Bearings
are available in standard size, 0.001-inch (0.025 mm),
0.002-inch (0.051 mm), and 0.010-inch (0.254 mm)
undersize.

Selective fitting of both rod and main bearing inserts
is necessary in production to obtain close tolerances. For
this reason, a bearing may be comprised of a standard
insert and a 0.001-inch (0.025 mm) undersize insert,
which will decrease the clearance 0.0005 inch (0.013 mm)
from that of two standard bearing inserts.
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Inspection

In general, the lower insert (except No. 1 bearing) will
nave greater wear and the most distress from fatigue. If
upon inspection the lower insert is suitable for use, it
can be assumed that the upper insert is also satisfac-
tory. If the lower insert has evidence of wear or damage,
both upper and lower inserts should be replaced. Never
replace one insert without replacing the other.

Cleéarance Measurement

To obtain the most accurate results with Plastigage,
or equivalent, certain precautions must be observed. If
the engine has been removed from the vehicle and
turned upside down, the crankshaft will rest on the
upper bearings and the total clearance can be measured
between the lower bearing insert and journal. If the
engine is installed in the vehicle, the crankshaft should
be supported upward to remove the clearance from the
upper bearing insert. The total clearance can then be
measured between the lower bearing insert and journal.

To assure proper seating of the crankshaft, all bearing
cap bolts must be tightened with the specified torque. In
addition, before measuring the fit of bearings, the sur-
face of the crankshaft journal and bearing should be
wiped clean of oil.

(1) With oil pan and oil pump removed and starting
with rear main bearing, remove bearing cap and wipe oil
from journal and bearing cap.

(2) Place strip of Plastigage on full width of bearing
surface area (parallel with crankshaft) on journal.

NOTE: Do not rotate the crankshaft while the Plasti-
gage is between the bearing and journal.

(3) Install bearing cap and insert. Tighten retaining
bolts evenly with 65 foot-pounds (88 Nem) torque.

(4) Remove bearing cap. Flattened Plastigage will
be adhering to either bearing insert or journal.

(5) Without removing Plastigage, measure its com-
pressed width (at the widest point) (fig. 1B-38).

NOTE: Normally, main bearing journals wear evenly
and are not out-of-round. However, if a bearing is being
ritted to an out-of-round jouwrnal, fit to the maximum
diameter of the journal. If the bearing is fitted to the
minmimum diameter and the journal is out-of-round, in-
terference between the bearing and jowrnal wnll result
and rapid bearing failure will occur. If the flattened
Plastigage tapers toward the middle or ends, there is a
difference in clearance indicating taper, low spot or an
irregularity in the bearing or journal. Measure the jour-
nal with a micrometer if the flattened Plastigage in-
dicates more than 0.0005-inch (0.013 mm) difference.

(6) If bearing clearance is within specification,
bearing inserts are satisfactory. If clearance is not
within specification, replace inserts. Always replace
both upper and lower inserts as a unit.

PLASTIGAGE

Fig. 1B-38 Measuring Bearing Clearance

(7) Standard 0.001-inch (0.254 mm) or 0.002-inch
(0.508 mm)" undersize bearing inserts should produce
correct clearance.

(8) Proceed to next journal. After clearances of all
journals and bearings have been measured, rotate
crankshaft to ensure that there is no excessive drag.

(9) Measure crankshaft end play (refer to Specifica-
tions) by forcing crankshaft to extreme front position.
Measure at front end of thrust bearing with feeler
gauge.

Replacement

Main bearings may be replaced with either the crank-
shaft installed or removed from the engine.

Crankshaft Removed From Engine

(1) Remove and inspect crankshaft.

(2) Remove main bearing inserts from cylinder
block and main bearing caps.

(3) Coat bearing surfaces of replacement main
bearing inserts with oil and position in cylinder block
and main bearing caps. Install crankshaft and caps with
arrows pointing toward rear of engine. Tighten caps
with 65 foot-pounds (88 Nem) torque.

Crankshaft Instailed

(1) With oil pan, oil pump and spark plugs removed,
remove cap from main bearing requiring replacement
and remove lower bearing insert from cap.

(2) Insert upper main bearing insert removal and
installation tool in oil hole in crankshaft journal. If tool
is not available, tool (fig. 1B-39) may be fabricated fram
cotter pin by bending as required.

(3) Rotate crankshaft clockwise as viewed from
front of engine. This will roil upper bearing insert out of
block.

(4) Apply oil to repiacement upper bearing insert
and position plain (unnotched) end between crankshait
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Fig. 1B-39 Fabricated Upper Main Bearing
Insert Removal and Instailation Tool

and indented or notched side of block. Rotate bearing
into place and remove tool from oil hole in crankshaft
journal.

(5) Apply oil to replacement lower bearing insert
and install in bearing cap.

(6) Install main bearing cap w1th arrows pointing
toward rear of engine.

(7) Tighten main bearing cap bolts with 65 foot-
pounds (83 Nem) torque.

Rear Main Bearing Oil Seal Replacement

Removal

The rear main bearing oil seal is a one piece unit and
can be removed and installed without removal of the oil
pan or crankshaft.

(1) Disconnect battery negative cable.

(2) Raise vehicle.

(3) Remove transmission and transfer case as an
assembly. Refer to Transmission Removal in Chapter 2B
or 2C for procedure.

(4) Remove starter motor cable and solenmd wire.
Remove starter motor.

(5) If manual transmission, remove inspection plate
from flywheel housing.

(6) If manual transmission, remove hydraulic
clutch slave cylinder from flywheel housing.

(7) Remove flywheel/drive plate housing bolts and
housing from engine.

(8) If manual transmission, remove clutch pressure
plate and disc assembly by loosening bolts 1/4 turn in
equal amounts until pressure is relieved.

(9) Mark flywheel/drive plate location to facilitate
correct assembly. Remove bolts and flywheel/drive
plate.

(10) Using a small blade screwdriver, pry out rear
main oil seal. Use care to prevent damaging seating
groove or crankshaft.

Installation

(1) Center replacement seal over crankshaft with
lip of seal facing toward front of engine. With a soft
hammer (plastic), tap around perimeter of seal until it
seats in groove. Use care to prevent seal from binding on
crankshaft and not seating properly.

(2) Attach flywheel/drive plate to crankshaft and
tighten bolts with 68 foot-pounds (93 Nem) torque.

(3) If manual transmission, install clutch pressure
plate and disc assembly. Tighten bolts 1/4 turn in equal
amounts until assembly is flush against flywheel.
Tighten bolts with 18 foot-pounds (25 Nem) torque.

NOTE: Use Alignment Tool J-5824-01, or equivalent, to
align clutch disc prior to tightening bolts.

(4) Install flywheel/drive plate housing and tighten
bolts with 35 foot-pounds (47 Nem) torque.

(5) If manual transmission, install inspection plate
on flywheel housing.

(6) If manual transmission, install hydraulic clutch
slave cylinder on flywheel housing. Tighten bolts with
18 foot-pounds (25 Nem) torque.

(7) Install transmission/transfer case assembly.
Refer to Chapter 2B for procedure.

(8) Install starter motor, cable and solenoid wire.
Refer to Chapter 2B or 2C for procedure.

(9) Lower vehicle.

(10) Connect battery negative cable.

WARNING: Use extreme caution when engine is oper-
ating. Do mot stand in direct line with fan. Do not put
hands near pulleys, belts or fan. Do not wear loose
clothing.

(11) Start engine and inspect for leaks.

CRANKSHAFT REPLACEMENT
Removal

(1) Remove engine from vehicle.
(2) Mount engine on suitable stand.
(3) Remove spark plugs.
(4) Remove fan and pulley.
(5) Remove crankshaft vibration damper and hub
assembly.
(6) Remove oil pan and oil pump assembly.
(7T) Remove timing case cover.
(8) Remove crankshaft timing gear.
(9) Remove connecting rod bearing caps and bear-
ing inserts. Mark each for installation identity. :
(10) Move connecting rod and piston assemblies
away from crankshaft.
(11) Remove main bearing caps with bearing inserts
and mark for installation identity.
(12) Remove crankshaft and upper bearing inserts.
Mark inserts for installation identity.

o~
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Installation

(1) With upper main bearing inserts installed, posi-
tion replacement crankshaft in block.

(2) Install main bearing caps (with lower bearing
inserts), but do not tighten cap bolts. Oil bearings prior
to assembly.

(3) Move connecting rods (with upper bearing in-
serts installed) and pistons into place.

(4) Install rod bearing caps (with bearing inserts),
but do not tighten nuts. Apply oil to bearings prior to
assembly.

(5) With rubber mallet, strike both ends of crank-
shaft to center thrust bearing. Rearward first, forward
last.

(6) Tighten main bearing caps (65 foot-pounds, 88
Nem), then measure crankshaft end play. It should be
between 0.0015 inch (0.038 mm) and 0.0085 inch (0.216
mm).

(7) Tighten connecting rod bearmg caps (30 foot-

pounds, 40 Nem).

(8) Measure bearing clearances using Plastigage
method.

(9) Install key from original crankshaft in replace-
ment crankshaft keyway.

(10) Install crankshaft timing gear and ALIGN TIM-
ING MARKS ON TIMING GEARS BY ROTATING
CRANKSHAFT, IF NECESSARY.

(11) Install timing case cover using replacement seal
and gaskets.

(12) Install oil pump assembly and oil pan usmg re-
placement rear seal in rear main bearing cap and re-
placement front seal for timing case cover. Press front
seal tips into holes in timing case cover.

(13) Coat front cover oil seal contact area of vibra-
tion damper hub with oil and push into position.

(14) Install fan pulley and fan.

NOTE: The fan assembly and pulley must be installed
with the drive belt(s) in position on pulley.

(15) Install spark plugs.

(16) Remove engine from stand.

(17) Install engine in vehicle. : %

CYLINDER BLOCK

The cylinder block is manufactured from cast iron and
has 4 in-line cylinders that are numbered from front to
rear, 1 through 4. Five main bearings support the crank-
shaft, which is retained by recessed bearing caps. that
are machined with the block for proper alignment and
clearances.

The cylinders are completely encircled by coolant
jackets. (For details of engine cooling system, refer to
Chapter 1C—Cooling Systems.)

Cylinder Bores

Inspect cylinder bores for out-of-round or excessive
taper with an accurate Cylinder Measurement Gauge

Tool J-8087, or equivalent. Measure at top, middle and
bottom of bore (fig. 1B-40).

Measure cylinder bore parallel and at right angles to
the centerline of the engine to determine out-of-round-
ness. Variation in measurement from top to bottom of
cylinder indicates the taper in the cylinder. Figure 1B-41
illustrates the areas in the cylinder bore where wear
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Fig. 18-40 Measuring CVIlndér Bors with Bors Gauge

normally occurs. If dimension A is larger than dimen-
sion B by 0.002 inch (0.051 mm) or more, it indicates the
necessity for cylinder boring and installing replacement
rings and pistons. Cylinder bores can be measured by
setting the cylinder measurement gauge dial at zero in
the cylinder bore at the location of desired measure-
ment. Lock dial indicator at zero before removing from
cylinder bore, and measure across the gauge contact
points with outside micrometer (with the gauge at the
same zero setting when removed from the cylinder).
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Fig. 18-41 Normal Cylinder Bors Wear Pattern
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Honing or Boring

If a piston other than standard size is to be installed,
the cylinder should be bored, rather than honed, to ob-
tain a true bore.

When honing to eliminate taper in the cylinder, use
full strokes. Measure cylinder at top, middle and bottom
of bore repeatedly during honing process.

When boring, always ensure thecrankshaft is out of
reach of the boring cutter. Crankshaft bearings and
other internal parts must be covered or taped to protect
them during a boring or honing operation. When boring,
allow 0.001 inch (0.025 mm) to remain on the diameter
for finish honing. This will provide for the required
piston-to-cylinder clearance specifications.

NOTE: 4 homing or boring operation must be per-
formed carefully to ensure that the specified clearance

between pistons, rings, and cylinder bores is
maintained.

By measuring the piston to be installed at the measur-
ing locations and adding the mean of the clearance speci-
fication, the correct finish hone cylinder dimension can
be determined. It is important that both the cylinder
and piston be measured at normal room temperature.

After honing and before the piston is inserted for fit,
each cylinder bore must be thoroughly cleaned. Use a
hot, soapy water solution and wipe dry to remove all
traces of abrasive. If all traces of abrasive are not re-
moved, rapid wear of new rings and piston will result.
After washing, thoroughly oil cylinder bores.

Intermixing different size pistons has no effect on
engine balance because all pistons from standard size up
to 0.030-inch (0.762 mm) oversize weigh exactly the
same.

SPECIFICATIONS—FOUR-CYLINDER ENGINE

TYB® o & oo v mimt oo Brbgais e ® e RN &R iy B ey 4 1 In-Line
BUEE: v oc o w5 s 1 5 v s s 4 Bk s T GO 101.6 mm (4.00 in.)
SErOKE . . . v it et e e e e 76.2 mm (3.0 in.)
DIsplacemant . . . .. oo oo v ot s s sansases 2.5 litre, 151 cu. in.~
ComDrassian PAtID . . . . c s o s s s 86 50 s v aE v 8.24:1
Compression Pressure, Desired. . . . .. ........ 140 psi at 160 rpm
FUHMQOMIBE . . . 5 cvn + 5 5 8 6o mm s s 5 % 9 awane et 1.3.4,:2
Number OneCylinder . . . . . ... ........c00u0nn Front Cylinder
Cylinder Number, Frontto Rear . . . . ... ........... 1.2,3,4
Cylinder Bore, Qut-of-Round . . . . .. ... 0.038 mm (0.0015 in. max.)
CylinderBore Taper . . ............ 0.051 mm (0.002 in. max.)
Piston
Piston Clearance in Bore

TG s % s 25 % s wie s a 0635-.0838 mm (.0025 in.-.0033 in.)

BOTUOIIN L o e o semimrs wrmvsssimnt 043-.1041 mm (.0017 in.-.0041 in.)
Piston Diameter. . . ... ... 101.519-101.580 mm (3.9968-3.9992 in.)
Compression Ring Side Clearance Top . . . . . .. .. 0762 mm (.0030 in.)
Compression Ring Side Clearance

Bortorail 4. DRI BN R N we DR 0762 mm (.0030 in.)
Compression Ring Width .

g - - P N 1.9685-1.9812 mm (.0775-.0780 in.)

BEEIINL - L A T 1.9686-1.9812 mm (.0775-.0780 in.)
Upper Compression RingGap . . . . . ...... 25-.56 mm (.010-.022 in.)
Lower Compression RingGap. . . ... ..... 25-.71 mm {.010-.028 in.)
Ol RING GO o .s vgs s 5o s o 5550 o b 381-1.397 mm (.015-.055 in.)
Piston Pin

Diameter. . . . 2., ... .. 23.547-23.557 mm (.92705-.92745 in.)

LONOMY iy (s B7s £iin eieneens sene @ seens 76.2 mm (3.00 in.)
Pin to Piston

CleSTANEE: oo frvi 1570 i & sonnvs wis g ad 003-.013 mm (.0003-.0005 in.)

PICHVROM « 5 o bisive o 5w a0 51 6 5 51 5 b 5 808 6 s 8 B el Press
Crankshaft
Main Bearing Journal

Diameter. . . ... .. ......c..0uvu.. 58.39 mm (2.2988 in.)

OurofRound . 70000 DL DaaTeTd 0127 mm (.000S in. max.)

TROBG: ok sty v s wwsie b msam s o 0127 mm (.0005 in. max.)

Clearance Limit New . . . ... ... 05588 mm (.0005-.0022 in. max.)

Crankshaft End Play New . . .0889-.2159 mm (.0035-.0085 in. max.)
Rod Bearing Journail

Diameter. . . . .. .. ..o it 50.8 mm (2.000 in.)
QutofRound. . ... ............ 0127 mm (.0005 in. max.)
Jaen. L Jh i s s e ww w9 0127 mm (.0005 in. max.)
Clearance Limit New . . . . ... .. 0127-.06604 mm (.0005-.0026 in.)
RodSideClearance. . . . .. .. ....... 1492-.4362 mm ({.017 in.)
Lobe Lift
INEIIR & . o s v s s Y e s sy 5.842 mm (.230 in.)
EXNBUST . . . . o v v v vt ittt i 5.842 mm (.230 in.)
Journai Diameter . . . . . . ... e v 47.4726 mm (1.869 in.)

Journal Clearance . . . . ... ... . .. 01778-.0688 mm (.0007-.0027 in.)”
EndPlay Clearance . . . . ......... 031-0.127 mm (.0015-.1150 in.)
Vaives
Vaive Train
Lash Intakeand Exhaust. . . . . . . . .. c oo e oios s oo oo 0
Rocker ArmRatio . .. ........coctieseessocnan 1.28%1
PushRodlength . . .............. 226.746 mm (8.927 in.)
Valve Tappet
Leak-DownRate . . ........... 12 to 90 sec. with 50 Ib. load
Tappet Body Diameter. . . . . 21.3868-21.4046 mm(.8120-.8427 in.)
g 1 T e R N A S 3.175 mm (.125 in.)
Clearance inBOSS . . . . . . .. .o v v ve e 635 mm (.0025 in.)
Tappet Bore Diameter . . . . . . 21.425-21.450 mm(.8435-.8445 in.)
Intake Valves
POt ANGIR. . . 5. L o i e aw e AR S e e e 459
SeaRANRGIet, b b R L llate e ada i, 2 1LY, i 460
Hond Diameter . . . . ¢ .ooevaneisis S s 43.688 mm (1.72"in.)
Stem Diameter . .. ...... 8.6995-8.68172 mm (.3425-.3418 in.)
Overall Length. . . . ... ............ 115.75 mm (1.557 in.)
Stem-to-Guide Clearance. . . . . .. 0254-.06858 mm {.0010-.0027 in.)
Valve Seat Width . . . ... ....... 897-1.897 mm (.353-.0747 in.)

Valve Instailed Height

{Spring Seat to Vaive Tip) 52.265 mm (2.057 in.)

Exhaust
Face Angle. . . . . . . . . . e e e 450
SOMEANDIR . . . coos o s Siais s e e e R T s e 460 -
Head Diameter . . . . . .. .. ... ....cuou.... 38.4 mm (1.50 in.)
Stem Diameter . . . ... .......... 8.766-8.682 (3.418-3.125 in.)
Overall Length. . . . . .. .. .. .......c...... 114.02 (4.489 in.}
Stem-to-Guide Clearance Top . . . . .. 0254-.06858 mm (.0010-.0027 in.)
Valve SeatWidth . . . .. ......... 1.468-2.468 mm (.058-.097 in.)
Valve Installed Height

(Spring Seat to Vailve Tip) . . . .. ........ 44,024 mm (1.73 in.)
Vaive Springs

" Intake and Exhaust

Valve Spring Pressure and Length-
Valve Closed. . . . 347-383 N at 42.16 mm (78-86 Ib. at 1.66 in.)
Valve Spring Pressure and Length-

Vaive Open. . .765-801 N at 31.85 mm (172-180 Ib. at 1.254 ip.)
Qil Capacity
Without FiiterChange . . . . .. ............. 2.838 litre (3 gts.)
WithFilterChange . . .. .. .. ..o iiiiivensn 2.838 litre (3 qts.)
Filter Type (full flow) . . . .. ... ... ........ PF40 or equivalent . ;
Qil Pressureatrpm . . . . . ... .. 248-283 kPa (36-41 psi) at 2000 rpm
Qil Pump Gear to Body Clearance: . . . . . 0.10 mm (.004 in.) maximum

. . 0.05-0.13 mm (0.0020-.005 in.)
Above Pump Body

90900

Gear End Clearance, Feeler Gauge . .
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Torque Specifications

.rvice Set-To Torques should be used when assembling components. Service In-Use Recheck Torques shouid be used for checking a pre-torqued item.

USA (ft-bs) Metric {(N-m)
Service Service
Service in-Use Service In-Use
Set-To Recheck Set-To Recheck
Torque Torque Torque Torque
Adapter to Intake Manifold Boit . . . . . . ... ... ... ... 15 12-18 20 16-24
Camshaft TheustPlateto Block Boit. . . . . . . .. v vt o vt o vt aonesssain 80 in-bt 7783 in-b 9 6-12
Carburetor to Manifold Nut . . . . ... ....... i e A et 186 13-18 20 24
Clutch Housing-t0-Engine BolIts. . . . . . . . . o vt mcoers vieomonsosnsas 54 51-57 73 70-76
CONNOUNEMBIBINUR TNIE .. . 0% o 5 6 sy & & 8 00w 9505 w6 % 0 aiim 806 4 505 5 & 3ok s 30 27-33 40 3743
Converter-to-Drive Plate BOIts. . . . . . . . o v i i it et e e e et e i e e e 40 3540 54 51-57
Crankshaft PUNeY BB BOIt . . . . s s s e e s s e ot s s s et s e - 160 157-163 220 212-221
Cylinder HeadCover Bolt . . . . . . . .. ..o uans Ph e s Ny G e e 7 4-10 10 7-13
Cviltider Head CoOver SEraws. . . ... . « .+ s o B LL L v v v m o s 5 54 8 05 o aue 7 5-10 10 7-14
Cylindar Hasgd tO BIOCK BOIE: ..o« o o Sar SR 4w o 005 s0 6 45 6 o 5 6.9 5 s o pive 92 81-103 125 110-140
Distributor Clamp Pivotto Block Bolt. . . . . . . .. ... ottt i i i 12 9-15 17 14-21
Distributor Retaining Clamp BoIt. . . . . . v o v v vt e v oot neroensennns 9 6-12 12 9-15
Drive Plate Ring Gear Assembly.to CrankshaftBolt . ... ................ 456 4248 60 5763
EGRVaIvatoMamfoldBolt.,.-....._ 150 indb 147-153 in-ib 12 3-15
Exhaust Manifold to Cylinder Head Bolit."..... ORI i R R 39 3642 52 49-55
Exhaust Pipe to Manifold Nut. .. ..... i pin R YRS SR S5 35 3040 47 41-50
Fan and Pulley to Water Pump o R R e e SRR SN = £ 18 15-21 24 21-27
Flywhos! t0COKIREITBONT . ot wains L S e i L e e 68 65-71 a3 90-96
Fusl Pumpto Binek 8ol q0 008 i . A BT L u e a s aes 15 12-18 20 17-23
Intake Manifold to Cylinder Head Bolt. . . . ...« o v v i v ittt v i e e e 37 3440 50 47-53
Main Bearingto Block Bolt . , ... .. .. G s R o T R AP 65 62-68 88 85-91
QI Pty e e S Rt sl RN DI L i siiis s e s s s E |4 9-15 17 14-20
Qil Filter to Block.Connector. ... ... ... . Fl e ot I R il TR L L L . e 35 32-38 47 44-50
O Pany Dra R e e R e e B O e s v v s ae 25 23-28 34 31-37
I Pan BoltS B s L R e SR e SR T L oL 45 in-lbs 4348 in-lbs 5 2-8
il Pump Cover Boit . . . .. PO e R e R e S . Ly . ey 9 6-12 17 14-20
Qil:Pump ro:Black Bblt . . . SR S O e L L L 18 - 15-21 25 22-28
Oil Pump 10.Drive Shaft Plate:Bolt.. [ i et e ) e v o 0 s o s 10 7-13 14 1117
OINSorsn BUBPOIt NUL . , o ov s » v 0 DRI VR T SRR L L L s s e s 28 25-31 38 3541
Pressure Plate to Flywheel Bolts . . . . . . .. .. ... ccn it inennennn 18 15-22 25 20-30
Puiley to Crankshaft HUD BOItS . . . . . . . ot it vttt e e et e e e e e e 25 22-28 34 31-37
Pusi Bod QR 10 BIogi BOIE, . < . . . o v 5 & s cnmasine e s mes s e s 659 % e 80 in-b 77-83 in-ib 9 6-12
RadiatorMosBs AN Clamips, . . . . . o v vt csvvmamosonmawsssspmaeens 25 in-ib 22-28 in-ib 3 16
Rocker Arm CapsCrew . . . . . v v v v v i ettt e e e e e e e e e 20 17-23 27 24-30
Starter to Block Boit. . . . . .. 05 o lia 3 530 b i B ok Bhe B0 8 T ) ee L A B 5N AL e B 17 14-20 24 21-27
THMONAL HOMMROBOIT . v o 5 o5 5 5 5 o100 5 6 mm % 6t 6 456 & 5 5 5 & 5 5 % E0 2 19-25 30 27-33
TimingCase Cover Bolt . . . v v . o v vttt ittt tene i esanannanas 45 in-b 4248 in-ib 5 2-8
TimingCase CovertoBlock Bolt . . . . . ... ... ...t neunnn. 80 in-b 77-83 in-ib 9 6-12
Water Qutiet FOMSI BE. . oo 0 o o o b et R s v 5 6 s s & E R e e 17 14-20 w3 20-26
Water Pump 1o BISRK Boet oot o e i, ovien Gialeslom SV | L L L e e e 17 14-20 23 20-26

All Torque values given in foot-pounds and newton-metsrs with dry fits uniess otherwise specified.

Four-Cylinder Engine Firing Order

B

90968



1B-28 ENGINES

SIX-CYLINDER ENGINE

Pags Page
Camshaft and Bearings 1B-35 General 1B-28
Connecting Rod and Piston Asssmbiles 1B-49 Hydraulic Valve Tappsts 1B-36
Connecting Rods  1B-49 Intake and Exhaust Manifolds 1B-41
Crankshaft 1B-55 Lubrication System 1B-45
Cylinder Block 1B-60 Pistons 1B-52
Cylinder Head and Cover 1B-43 Short Engine Assembly (Short Block) 1B-29
- Engine Holdipg Fixture 1B-30 Specifications 1B-61
- Engine Installation 1B-31 Timing Case Cover 1B-38
Engine Mounting 1B-29 " Timing Chain 1B-40

Engine Removal 1B-30 Valve Train 1B-31

GENERAL

The 258 CID (4.2 liter), in-line, overhead valve, light-
weight six-cylinder engine (figs: 1B-42 and 1B-43) oper-
ates- only on no-lead gasoline. The cylinders are
numbered from front to rear and the firing order is 1-5-
3-6-2-4. Crankshaft rotation is clockwise, viewed from
the front. The crankshaft is supported by seven two-
piece bearings (inserts). The camshaft is supported by
four one-piece, line bored bearings. -

The six-cylinder engine features a quench-head com--
bustion chamber design. The combustion chamber
shape, both in the head and in the piston crown, com-
presses the combustion mixture closer to the spark plug.
In most applications, this permits the use of more ad-
vanced ignition timing for better fuel economy.

81128A

SRS e Y 50421 811288

Fig. 1B-42 Six-Cylinder Engine Assembly—Sectionai View Fig. 18-43  Six-Cylinder Engine Asssmbly—Typical



Identification

Jild Date Code

The engine Build Date Code is located on a machined
surface on the left side of the block (viewed from front)
between the No. 2 and No. 3 cylinders (fig. 1B-44).

80002

Fig. 1B-44 Engine Build Date Location

The numbers in the code identify the year, month and

1y that the engine was built.

The code letter identifies the cubic inch dxsplacement
carburetor type and compression ratio. The data are
decoded as listed in the Engine Build Date Code Chart.

Engine Build Date Code

Letter Compression
Code CID Carburetor Ratio
o] 258 2V ] 8.0:1
1st 2nd and 3rd 4th 5th and 6th
Character- Characters Character Characters
(Year) {Month) (Engine Type) (Day)
0-1980 01-12 c 01-31
1-1981 .
EXAMPLE: 4 10 C 18 60257

The example code identifies a 258 CID (4.2 liter) en-
gine with 2V carburetor and 8.0:1 compression ratio that
was built on October 18, 1980.

Oversize or Undersize Components

Some engines may be built with oversize or undersize
components, such as oversize cylinder bores, undersize
crankshaft main bearing journals, undersize connecting

\d journals or oversize camshaft bearing bores. These

agines are identified by a letter code stamped on a boss
between the ignition coil and distributor (fig. 1B-45).
The letters are decoded as listed in the Oversize or Un-
dersize Components chart.

ENGINES 1B-29

Oversize or Undersize Components

Code
Letter Definition
B All cyiinder bores -0.010-inch
(0.254mm) oversize
M All crankshaft main bearing journals 0.010-inch
(0.254mm) undersize
P All connecting rod bearing journals -0.010-inch*
(0.254mm) undersize
c All camshaft bearing bores -0.010-inch
(0.254mm) oversize

EXAMPLE: The code letters PM mean that the crankshaft main bearing
journais and connecting rod journals are 0.010-inch undersize.

60258

DISTRIBUTOR i
B <

" IGNITION
geow.

Fig. 1B-45 Oversize or Undersize Letter Code Location

SHORT ENGINE ASSEMBLY (SHORT BLOCK)

A service replacement short engine assembly (short
block) may be installed whenever the original engine
block is worn or damaged beyond feasible repair. It
consists of engine block, piston and rod assemblies,
crankshaft, camshaft, timing sprockets and chain.

NOTE: Short engine assemblies have an S stamped on
the same surface as the build date code for
identification.

Installation includes transfer of component parts
from the worn or damaged original engine. Follow the
appropriate procedures for cleaning, inspection, instal-
lation and tightening as outlined in this chapter.

ENGINE MOUNTING

Resilient rubber cushions support the engine arid
transmission at three points: at each side on the center-
line of the engine and at the rear between the transmis-
sion extension housing and the rear suppor:
crossmember (fig. 1B-46). Replacement of a cushion may
be accomplished by supporting the weight of the engine
or transmission at the area of the cushion.
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ENGINE
MOUNTING
BRACKETS

4 e
; ﬁ . CUSHIONS

Fig. IB:iE Engine Mnuntlnq—Tyﬁlui

42578

ENGINE HOLDING FIXTURE

If it is necessary to remove the front engine mounting
brackets or cushions, an engine holding fixture may be
fabricated (fig. 1B-47) to support the engine.

The engine also may be supported by a jack placed
under the oil pan skid plate. Use a board between the
jack and skid plate to distribute the weight evenly.

UPPER TRUNNION

(2) 9/16 INCH - 12 NUTS
. BEARING

PIVOT OR
SLEEVE

2X2X6INCH
HARDWOOD
BLOCK

\»
SN
) 1-1/4 INCH
ANGLE IRON
\\\ iy :
(2) 1/2 INCH
2X 2X6INCH HiL
HARDWOOD BLOCK
41883

Fig. 1B-47 Engine Holding Fixturs

ENGINE REMOVAL

The engine is removed without the transmission and

' flywheel/drive plate housing. Raise the vehicle slightly

to provide working clearance.
(1) Drain cooling system.

NOTE: Drain coolant in a clean container for re-use. -

(2) On all vehicles except CJ, remove hood. Mark
hinge locations for installation alignment.

(3) Remove battery on Cherokee, Wagoneer and
Truck vehicles. On CJ vehicles, disconnect battery nega-
tive cable. R it :

(4) Remove air cleaner. Disconnect and. plug fuel
pipe connected to fuel pump. Disconnect fuel return pipe
from hose at connection on frame. :

(5) Disconnect heater hoses at front of engine and
rear of intake manifold on CJ vehicles, and at heater on
other vehicles. 5 2 o

(6) Disconnect throttle cable from engine. R

(T) Disconnect threttle valve rod, if equipped.

(8) Disconnect wiring harness from engine and al-
ternator and lay aside. DL iy

(9) Identify and tag vacuum hoses, and disconnect
from engine.

(10) Disconnect shroud, if equipped, from radiator.

(11) Remove radiator, fan and shroud. Install bolt in
pulley after fan is removed to maintain pulley in align-
ment with bolt holes in water pump. :

(12) Disconnect cable from starter motor. Remove
starter motor. .

(13) Remove engine mount cushion-to-frame attach-
ing nuts.

(14) Disconnect exhaust pipe.

(15) If equipped with manual transmission:

(a) Remove flywheel housing bolts.
(b) Remove clutch linkage and shield.
(16) If equipped with automatic transmission:
(a) Remove drive plate access cover. -
(b) Mark converter and drive plate to facilitate
correct installation alignment. .

L (c) Remove converter-to-drive plate bolts. Ro-
tate crankshaft for access to each bolt.

' (d) Remove drive plate housing-to-engine bolits.
Remove oil pan screws that retain transmission fluid
cooler lines.

(17) Support transmission with jack.

(18) If equipped with power steering, disconnect
hoses at steering gear. Tie hoses to engine to prevent
draining. i

(19) If equipped with air conditioning:

(a) Turn compressor service fitting valve stem
to seat position.

(b) Loosen service fitting.

(c) Allow compressor refrigerant to escape.

(d) Remove fittings from compressor.

(20) Attach engine lift device. Pull engine forward to
disengzge from transmission. Lift upward to remove.
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ENGINE INSTALLATION

(1) Remove right mount from engine.

(2) Lower engine into compartment. Attach engine
to transmission.

(3) Install flywheel/drive plate housing bolts and
remove transmission jack.

(4) Attach engine mount to block. Lower engine and
tighten all engine mount bolts and nuts.

(5) If equipped with manual transmission:

(a) Install flywheel housing shield and clutch
linkage.

(b) Adjust clutch, if necessary.

(6) If equipped with automatic transmission:

(a) Align marks on converter and drive plate.
Install converter-to-drive plate bolts.

(b) Install drive plate access cover.

(c) Attach transmission fluid cooler lines to en-
gine with oil pan screws.

(7) Install exhaust pipe.
(8) Install starter motor and connect cable.
(9) Remove lifting device. '
(10) Connect fuel supply and return pipes.
(11) If equipped with power steering, connect hoses
to steering gear. :
(12) Connect electrical wires and vacuum hoses.
(13) Connect heater hoses.
(14) Install fan. If equipped with shroud, position
roud over fan blades.
(15) Install radiator and attach shroud to radiator.
(16) Connect radiator hoses. If equipped with auto-
matic transmission, connect fluid cooler lines to
radiator.
(17) Install throttle linkage.
(18) Connect throttle valve rod and retainer. Install
throttle valve and spring.
(19) If equipped with air conditioning:

(a) Connect service valves to compressor.

(b) Open valve to mid-position.

(c) Open service port slightly. Allow small
amount of refrigerant to escape to purge compressor of
air.

(d) Tighten port cap.

(20) Install battery, if removed, and connect cables.
(21) Install coolant.

WARNING: Use extreme caution when engine is oper-

ating. Do not stand in direct line with fan. Do not put’

hands near pulleys, belts or fan. Do not wear loose
clothing.

(22) Start engine. While engine is warming up, in-
all hood.
(23) Inspect for fuel, oil and water leaks. Turn engine
off and check fluid levels.
(24) Install air cleaner and road-test vehicle.

|

VALVE TRAIN

The six-cylinder engine has overhead valves that are
operated by push rods and rocker arms. A chain-driven
camshaft is mounted in the cylinder block. Hydraulic
valve tappets provide automatic valve lash adjustments.

Rocker Arm Assambly

The intake and exhaust rocker arms of each cylinder
pivot on a bridge and pivot assembly that is secured
with two capscrews as illustrated in figure 1B-48. The
bridge and pivot assembly maintains correct rocker
arm-to-valve tip alignment. Each rocker arm is actuated
by a hollow steel push rod with a hardened steel ball at
each end. The hollow push rods route oil to the rocker
arm assemblies.

ROCKER ARM
b CAPSCREW

BRIDGE

PIVOT

ROCKER
ARM

CYLINDER
HEAD
PEDESTAL

HOLLOW
PUSH ROD

90639

Fig. 1B-48 Rocker Arm Assembly

flemoval

(1) Remove cylinder head cover and gasket.

(2) Remove two capscrews at each bridge and pivot
assembly. Alternately loosen capscrews one turn at a
time to avoid damaging bridge.

(3) Remove bridge and pivot assembiies and corre-
sponding pairs of rocker arms and place on bench in
same order as removed.
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(4) Remove push rods and place on bench in same
order as removed.

Cleaning and Inspection

Clean all parts with a cleaning solvent and use com-
pressed air to blow out oil passages in the rocker arms
and push rods.

Inspect the pivoting surface of each rocker arm and
pivot. Replace any parts that are scuffed, pitted or ex-
cessively worn. Inspect valve stem tip contact surface of
each rocker arm and replace any rocker arm that is
deeply pitted. Inspect each push rod end for excessive
wear and replace as required. If any push rod is exces-
sively worn because of lack of oil, replace the push rod
and inspect the corresponding tappet. i

It is not normal to find a wear pattern along the
length of the push rod. Examine the cylinder head for
obstruction if this condition exists.

Installation :

(1) Install each push rod in same location from
where it was removed. Ensure bottom end of each rod
is centered in plunger cap of hydraulic valve tappet.

(2) Install bridge and pivot assemblies and pair of
rocker arms adjacent to same cylinders from where they
were removed.

(3) Loosely install capscrews on each bridge and
pivot assembly. .

(4) At each bridge, tighten capscrews alternately,
one turn at a time, to avoid damaging bridge. Tighten
with 19 foot-pounds (26 Nem) torque.

(5) Install cylinder head cover and gasket.

Valves

NOTE: The following procedures apply only after the
cylinder head has been removed from the engine. Refer
to Cylinder Head for removal procedure.

Disassembly

(1) Compress each valve spring with Valve Spring
Compressor Tool J-22534-01 and remove valve locks, re-
tainers, springs and valve stem oil deflectors.

(2) Remove valves and place in rack in same order
as removed from cylinder head.

Cleaning and Inspection

(1) Clean all carbon deposit from combustion cham-
bers, valve ports, valve stems and head.

(2) Clean all foreign matter and gasket cement from
cvlinder head machined surface.

(3) Inspect for cracks in combustion chambers and
valve ports.

(4) Inspect for cracks in gasket mating surface
around each coolant passage.

(5) Inspect valves for burned, cracked or warped
heads. Inspect for scuffed or bent valve stems. Replace
valves displaying any damage.

Valve Refacing

Use a valve refacing machine to reface intake and
exhaust valves to the specified angle. After refacing, at
least 1/32-inch (0.787 mm) margin must remain. If not,
replace the valve. Examples of correct and incorrect
valve refacing are illustrated in figure 1B-49.

The valve stem tip can be resurfaced and rechamfered -
when worn. Do not remove more than 0.020 inch (0.508
mm).

1/32-INCH
(0.787 mm)
VALVE MARGIN

CORRECT VALVE FACING

NO MARGIN

INCORRECT VALVE FACING

60117

Fig. 18-49 Valve Refacing

Valve Seat Refacing

Install a pilot of the correct size in the valve guide and
reface the valve seat to the specified angle with a dress-
ing stone in good condition. Remove only enough metal
to provide a smooth finish.

Use tapered stones to obtain the specified seat widths
when required.

Control seat runout to a maximum of 0.0025 inch
(0.064 mm) (fig. 1B-50).

Vaive Stem Oil Deflector Replacsment

Nylon valve stem oil deflectors are installed on each
valve stem to prevent lubricating oil from entering the
combustion chamber through the valve guides. Replace
the oil deflectors whenever valve service is performed or
if the deflectors have deteriorated.

Valve stem oil deflector replacement requires removal
of valve spring(s). Refer to Valve Springs for procedure.
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Fig. 1B-50 Measuring Vaive Seat Runout

Valve Guides

The valve guides are an integral part of the cylinder
head and are not replaceable. When the stem-to-guide
clearance is excessive, ream the valve guide bores to
accommodate the next larger oversize valve stem. Over-
size service valves are available with 0.003-inch (0.076
mm), 0.015-inch (0.381 mm), and 0.030-inch (0.762 mm)
stem diameter sizes. Refer to Valve Guide Reamer Sizes

hart for reamer sizes.

Valve Guide Reamer Sizes

Reamer )
Tool Number Size

J-6042-1 0.003-inch (.076 mm)

J-6042-5 0.015-inch (.381 mm)

J-60424 0.030-inch (.762 mm)

60260

NOTE: Ream valve guides in steps, starting with the
0.003-imch (0.076 mm) oversize reamer and progresszng
to the size required.

Valve Stem-to-Guide Clsarancs

Valve stem-to-guide clearance may be measured by
either of the following two methods.
Preferred Method:

(1) Remove valve from head and clean valve guide
bore with solvent and bristle brush.

(2) Insert telescoping gauge into valve guide bore
approximately 3/8 inch (9.525 mm) from valve spring
side of head (fig. 1B-51) with contacts crosswise to cylin-

- head. Measure telescoping gauge contacts with
.iicrometer.

(3) Repeat measurement with contacts lengthwise

to cylinder head.

GAUGE
VALVE
GUIDE

N\

oo

80303

Fig. 1B-51 Valve Stem-to-Guide Clsarance Measurament
with Telescoping Gauge

(4) Compare crosswise to lengthwise measurements
to determine out-of-roundness. If measurements differ
by more than 0.0025 inch (0.064 mm), ream guide bore to
accommodate oversize valve stem.

(5) Compare valve guide bore diameter with diame-
ter listed in Specifications. If measurement differs more
than 0.003 inch (0.076 mm), ream guide to accommodate
oversize valve stem.

Alternate Method:

(1) Use dial indicator to measure lateral movement
of valve stem with valve installed in its guide and barely
off valve seat (fig. 1B-52).

(2) Correct clearance is 0.001 to 0 003 inch (0.025
mm to 0.076 mm). If indicated movement exceeds ac-
ceptable clearance, ream guide to accommodate oversize
valve stem.

Fig. 1B-52 Vaive Stem-to-Guide Clearance Measursment
with Dial Indicator
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Assambly

(1) Thoroughly clean valve stems and valve guide
bores.

(2) Lightly lubricate stem and install valve in same
valve guide bore from where it was removed.

(3) Install replacement valve stem oil deflector on
valve stem. .

NOTE: If valves with oversize stems are used, oversize
il deflectors are also required.

+

(4) Position valve spring and retainer on cylinder
head and compress valve spring with compressing tool.
Install valve locks and release tool.

(5) Tap valve spring from side-to-side with hammer
to assure spring is properly seated on cylinder head.

Vaive Springs

Vaive Spring and Ol Deflector Removal

NOTE: This procedure is for removal of valve springs
and oil deflectors with the cylinder head installed on the
engine. Refer to Valves for removal procedure unth the
head removed from the engine.

The valve spring is held in place on the valve stem by a-

retainer and a pair of conical-type valve locks. The locks
can be removed only by compressing the valve spring.

(1) Remove cylinder head cover. ;

(2) Remove bridge and pivot assemblies and rocker
arms.

(3) Remove push rods.

NOTE: Retain push rods, bridge and pivot assemblies
and rocker arms in same order and position as removed.

(4) Remove spark plug from each cylinder.

NOTE: Steps (5) through (9) apply to each cylinder to
be serviced. : :

(5) Install 14-mm (thread size) air adapter in spark
plug hole.

NOTE: An adapter can be fabricated by welding an air
hose connection to the body of a spark plug having the
porcelain removed.

(6) Connect air hose to adapter and maintain at
least 90 psi (620 kPa) in cylinder to force valves against
their seats.

NOTE: On vehicles equipped with air conditioning, use
a flexible air adapter when servicing No. 1 cylinder.

(7) Use Valve Spring Remover and Installer Tool J-
22534-01 to compress spring and remove locks (fig. 1B-
33).

(8) Remove valve spring and retainer.
(9) Remove valve stem oil deflector.

Fig. 18-53 Valve Spring Removal

Valve Spring Tension Test

Use Valve Spring Tester J-8056, or equivalent, to test
each valve spring for the specified tension value (fig. 1B-
54). Replace valve springs that are not within the
specification.

0il Deflector and Vaive Spring Instailation

NOTE: The following procedure applies to each cylin-
der being serviced.

TORQUE
WRENCH

AJ41885

Fig. 18-54 Vaive Spring Tester—Typical

il
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(1) Use 7/16-inch deep socket and small hammer to
gently tap oil deflector onto valve stem.

~CAUTION: Install the deflector carefully to prevent
amage from the sharp edges of the valve lock groove.

(2) Install valve spring and retainer.

(3) Compress valve spring with tool J-22534-01 and
position valve locks. Release spring tension and remove
tool.

NOTE: Tap spring from side-to-side to ensure spring is
seated properly on cylinder head.

(4) Disconnect air hose, remove adapter from spark
plug hole and install spark plug.

(5) Install push rods. Ensure bottom end of each rod
is centered in plunger cap of hydraulic valve tappet.

(6) Install rocker arms and bridge and pivot assem-
bly. At each bridge and pivot assembly tighten cap-
screws alternately, one turn at a time, to avoid
damaging bridge.

(7) Install cylinder head cover. Refer to Cylinder
Head Cover for procedure.

CAMSHAFT AND BEARINGS

The camshaft is supported by form steel-shelled, bab-
bitt-lined bearings pressed into the block and line
reamed. The step-bored camshaft bearing bores are
"arger at the front bearing than at the rear to permit
asy removal and installation of the camshaft. Cam-
shaft bearings are pressure lubricated.

NOTE: [t1is not advisable to replace camshaft bearings
unless the special removal and installation tools are
avarlable.

Camshaft end play is maintained by the load placed
on the camshaft by the oil pump and distributor drive
gear. The helical cut of the gear holds the camshaft
sprocket thrust face against the cylinder block face.
Camshaft end play is zero during engine operation.

Measuring Cam Lobe Lift

(1) Remove cylinder head cover.

(2) Remove bridge and pivot assemblies and rocker
arms. ‘

(3) Remove spark plugs.

(4) Install dial indicator on end of push rod. Use
piece of rubber tubing to hold dial indicator plunger
squarely on push rod (fig. 1B-55).

(5) Rotate crankshaft until cam lobe base (heel)
circle (push rod down) is under valve tappet. Set dial
indicator to zero.

(6) Rotate crankshaft until push rod reaches its

.aximum upward travel. Note distance on dial in-
dicator. Correct cam lobe lift is 0.242 to 0.254 inch (6.147
to 6.451 mm).

PUSH ROD
g

DL i

Fig. 1B-55 Cam Lobe LIft Measurement and Vaive Timing

Vaive Timing

(1) Disconnect ignition wires and remove spark
plugs.

(2) Remove cylinder head cover.

(3) Remove bridge and pivot assembly and rocker
arms from No. 1 cylinder.

(4) Rotate crankshaft until No. 6 piston is at TDC
on compression stroke.

(5) Rotate crankshaft counterclockwise (viewed
from front of engine) 90°.

(6) Install dial indicator on end of No. 1 cylinder
intake valve push rod. Set dial indicator to zero (fig. 1B-
35).

(T) Rotate crankshaft clockwise (viewed from front
of engine) until dial indicator pointer indicates 0.016-
inch (0.406 mm) lift.

(8) Timing mark on vibration damper should be
indexed with TDC mark on timing degree scale. If tim-
ing mark is more than 1/2 inch (12.7 mm) from TDC in
either direction, valve timing is incorrect.

Camshaft Removal
(1) Drain cooling system.
NOTE: Drain coolant in clean container if reusable. .

(2) Remove radiator and fan assembly.

(3) Remove air conditioner condenser and receiver
assembly as charged unit, if equipped.

(4) Remove fuel pump.

(5) Remove distributor and ignition wires.
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(6) Remove cylinder head cover.

(7) Remove rocker arms and bridge and pivot
assemblies.

(8) Remove push rods.

NOTE: Retain push rods, bridge and pivot assemblies
and rocker arms in the same order as removed.

(9) Remove cylinder head and gasket.

(10) Remove hydraulic tappets.

(11) Remove timing case cover. Refer to Timing Case
Cover Removal for procedure.

(12) Remove timing chain and sprockets. Refer to
Timing Chain Removal for procedure. :

(13) Remove front bumper or grille as required.

(14) Remove camshaft.

Camshaft Inspection

Inspect the camshaft bearing journals for an uneven
wear pattern or rough finish. If either condition exists,
inspect camshaft bearings. Inspect loaded (bottom) side
of bearing. This is the most probable location for bearing
failure. Replace camshaft and bearings as required. Re-
fer to Camshaft Bearing Replacement for procedure.

Inspect the distributor drive gear for damage or exces-
sive wear. Replace if necessary.

Inspect each cam lobe and the corresponding hydrau-
lic valve tappet for wear. If the face of the tappet(s) is
worn concave, the corresponding camshaft lobe(s) will
also be worn. Replace both the camshaft and the
tappet(s).

If the camshaft appears to have been rubblng heav11y
against the timing case cover, examine the oil pressure
relief holes in the rear cam journal. These holes relieve
oil pressure between the end of the camshaft and the
rear bearing plug.

Camshait Installation

(1) Lubricate camshaft with Jeep Engine Oil Sup-
plement (E.0.S), or equivalent.

(2) Install camshaft carefully to prevent damaging
camshaft bearings.

(3) Install timing chain, crankshaft sprocket and
camshaft sprocket with timing marks aligned. Refer to
Timing Chain Installation for procedure.

(4) Install camshaft sprocket retaining screw and
tighten.

(5) Install timing case cover with replacement oil
seal. Refer to Timing Case Cover Installation for
procedure.

(6) Install vibration damper.

(7) Install damper pulley, if removed.

(8) Install engine fan and hub assembly.

(9) Install drive belt(s) and tighten to specified ten-
sion. Refer to Chapter 1C—Cooling Systems.

(10) Install fuel pump.

(11) Rotate crankshaft until No. 1 piston is at TDC.
position on compression stroke.

(12) Install distributor and ignition wires. Install
distributor with rotor aligned with No. 1 terminal on cap
when distributor housing is fully seated on block.

(13) Install hydraulic tappets. Lubricate tappets and
all valve train components with Jeep Engine Oil Supple-
ment (EOS), or equivalent. -

NOTE: The EOS must remain in the engine for at least
1,000 miles (1 609 km) but need not be drained until the
next scheduled oil change.

(14) Install cylinder head and gasket

(15) Install push rods.

(16) Install rocker arms and brldge and pivot assem-
blies. Alternately tighten capscrews for each bridge one
turn at a.time to avoid damaging bridge.

(17) Install eylinder head cover. Refer to Cylinder
Head Cover for procedure.

(18) Install air conditioner condenser and receiver
assembly; if equipped.

CAUTION: Open both service valves before the air
conditioming system s operated.

(19) Install radiator, connect hoses and fill cooling
system with specified mixture. Refer to Chapter
1C—Cooling Systems.

(20) Install front bumper or grille, if removed.

(21) Check ignition timing and adjust as required.

Camshait Bearing Heplacnment

Camshaft bearing replacement requires that the en-
gine be removed from the vehicle. Remove timing case
cover, crankshaft, camshaft and rear bearing plug.
When installing bearings, use a screw-type tool that
provides steady force. Do not use a driver-type tool to
install bearings. Care must be taken to align oil holes in
bearings with oil galleries in the block. It is not neces-
sary to line ream camshaft bearings after installation.

HYDRAULIC VALVE TAPPETS

The hydraulic valve tappet consists of the tappet

body, plunger, plunger return spring, check valve as-
sembly metering disc, plunger cap and lockring (fig. 1B-
56).

The tappet operates in a guide bore that intersects
with the main oil gallery.

Operation

The operating cycle of the hydraulic tappet begins
when the tappet is on the heel (base circle) of the cam
lobe (engine valve closed). A groove in the tappet body
aligns with the tappet oil gallery to admit pressurized oil
into the tappet (fig. 1B-57). A hole and groove arrange-
ment admits the oil to the inside of the plunger. Oil is

.
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Fig. 1B-56 Hydraufic Valve Tappet Components

forced past the plunger check valve and fills the cham-
ber between the plunger and tappet body. When the
chamber is full, additional oil in the plunger body un-
seats the metering disc, and a spurt of oil flows up inside
the push rod to lubricate the rocker assembly. These
events described above all occur while the tappet is on
the heel of the cam lobe. As the cam turns, the lobe
begins exerting force on the tappet body. This force is
transmitted by the trapped oil in the tappet chamber to
the plunger and finally to the push rod and rocker as-
sembly. The engine valve opens. While the valve is open,
the trapped oil is subjected to considerable pressure and
some of it escapes between the plunger and the tappet
body (leak-down). The cycle is completed as the cam lobe
rotates back to the starting position and another charg-
ing cycle begins. In this way, zero valve lash is main-
tained and engine noise is reduced.

Removal
(1) Drain coolingsystem.
OTE: Drain coolant in clean container if reusable.

(2) Remove cylinder head cover.
(3) Remove bridge and pivot assemblies and rocker
arms.

(5) Remove cylinder head and gasket.

(6) Remove tappets through push rod openings in
block with Hydraulic Valve Tappet Remover and In-
staller Tool J-21884 (fig. 1B-3%).

e To U O, s
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Fig. 1B-58 Hydraulic Valve Tappst Removal
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Disassembly, Cleaning, Inspection and Reassembly

NOTE: Retain tappet components in the same order as
removed.

(1) Release lockring and remove plunger cap, me-
tering disc, plunger, check valve assembly and plunger
return spring from tappet body (fig. 1B-56).

(2) Clean components in cleaning solvent to remove
all varnish and gum deposits.

(3) Inspect for evidence of scuffing on side and face
of tappet body.

(4) Inspect each tappet face for concave wear by
laying straightedge across face. If face is concave, corre-
sponding lobe on camshaft is also worn, and replace-
ment of camshaft and tappet(s) is necessary.

(5) Install plunger return spring, check valve as-
sembly, plunger, metering disc and plunger cap in tap-
pet body (fig. 1B-56).

(6) Compress plunger assembly using push rod on
plunger cap, and install lockring.

Hydraulic Vaive Tappet Leak-Down Test

After cleaning, inspection and reassembly, leak-down
test each tappet to ensure zero-lash operation. Figure
1B-59 illustrates tool J-5790, which can be used to accu-
rately test tappet leak-down rate.

POINTER

WEIGHTED
ARM

HANDLE

TOOL
J-5790

AJ41891

Fig. 1B-59 Hydraulic Vaive Tappet Leak-Down Rate Tester

(1) Swing weighted arm of tester away from ram of
tester.

(2) Place 0.312- to 0.313-inch (7.925 to 7.950 mm)
diameter ball bearing on tappet plunger cap.

(3) Lirt ram and place tappet with ball bearing in-

side tester cup.

(4) Lower ram, then adjust nose of ram until it
contacts ball bearing. Do not tighten hex nut on ram.

(5) Fill tester cup with Valve Tappet Test Oil J-
5268, or equivalent, until tappet is completely covered.

(6) Swing weighted arm onto ram and pump up and
down on tappet to remove air. When air bubbles cease,
swing weighted arm away and allow plunger to rise to
normal position.

(7) Adjust nose of ram to align pointer with SET
mark on scale of tester and tighten hex nut.

(8) Slowly swing weighted arm onto ram. Rotate
cup by turning handle at base of tester clockwise one
revolution every two seconds.

(9) Time leak-down interval from instant pointer
aligns with START mark on scale until pointer aligns
with 0.125 mark. Acceptable tappet will require 20 to
110 seconds to leak-down. Discard tappets that have
leak-down interval outside this range.

NOTE: Do not charge the tappet assemblies with en-
gine oil. They will charge themselves within 3 to 8 min-
utes of engine operation.

Installation

(1) Dip each tappet assembly in Jeep Engine Oil
Supplement (EOS), or equivalent.

(2) Use Hydraulic Valve Tappet Remover and In-
staller Tool J-21884 to install each tappet in same bore
from where it was removed.

(3) Install cylinder head and replacement gasket
and tighten screws. Refer to Cylinder Head Installation
for tightening sequence.

(4) Install push rods in same order as removed.

(5) Install rocker arms and bridge and pivot assem-
blies. Loosely install capscrews at each bridge. Tighten
capscrews alternately, one turn at a time, to avoid dam-
aging or breaking bridge.

(6) Pour remaining EOS over entire valve train.

NOTE: The EOS must remain in the engine for at least
1.000 miles (1 607 km) but need not be drained until the
next scheduled ol change.

(7) Install cylinder head cover. Refer to Cylinder
Head Cover for procedure.
(8) Install coolant.

TIMING CASE COVER

The timing case cover is provided with a seal and oil
slinger to prevent oil leakage at the vibration damper
hub (fig. 1B-60). A socket is attached in the cover for the
use of a magnetic timing probe. A graduated timing
degree scale is located on the cover for standard ignition
timing.
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It is important that the timing case cover be properly
aligned with the crankshaft to prevent eventual damage
o the oil seal. The oil seal may be replaced without
‘emoving the timing case cover.

TIMING
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AND PULLEY DEGREE
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SLINGER

TIMING
PROBE
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Fig. 1B-60 Timing Case Cover

Removal

(1) Remove drive belt(s), engine fan and hub assem-
bly, damper pulley and vibration damper. Refer to Vi-
bration Damper and Pulley Removal for procedure.

(2) Remove oil pan-to-timing case cover screws and
cover-to-block screws.

(3) Remove timing case cover and gasket from
engine.

(4) Cut off oil pan gasket end tabs flush with front
face of cylinder block and remove gasket tabs.

(56) Clean timing case cover, oil pan and cylinder
block gasket surfaces.

(6) Remove crankshaft oil seal from timing case
cover.

Instailation

(1) Apply seal compound (Perfect Seal, or equiva-
lent) to both sides of replacement timing case cover
gasket and position gasket on cylinder block.

(2) Cut end tabs off replacement oil pan gasket cor-
responding to pieces cut off original gasket. Cement
these pieces on oil pan.

(3) Coat oil pan seal end tabs generously with Per-
matex No. 2, or equivalent, and position seal on timing
case cover (fig. 1B-61).

AJ4a1894

Fig. 1B-61 Oll Pan Front Seal Installation

(4) Position timing case cover on engine. Place Tim-
ing Case Cover Alignment Tool and Seal Installer J-
22248 in crankshaft opening of cover (fig. 1B-62).

Fig. 1B-62 Timing Case Cover Alignment

(5) Install cover-to-block screws and oil pan-to-
cover screws. Tighten cover-to-block screws with 5 foot-
pounds (7 Nem) torque and oil pan-to-cover screws with
11 foot-pounds (15 Nem) torque.

(6) Remove cover aligning tool and position replace-
ment oil seal on tool with seal lip facing outward. Apply
light film of Perfect Seal, or equivalent, on outside di-
ameter of seal.

(7) Insert draw screw from Tool J-9163 into seal
installing tool. Tighten nut against tool until tool con-
tacts cover (fig. 1B-63).

(8) Remove tools and apply light film of engine oil
to seal lip.

o~
SCREW-PART
OF J-9163

60120

Fig. 1B-63 Timing Case Caover Oil Seal Instailation
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(9) Install vibration damper and tighten retaining
screw with 80 foot-pounds (108 Nem) torque.
(10) Install damper pulley. Tighten capscrews with
20 foot-pounds (27 Nem) torque.
(11) Install engine fan and hub assembly.
(12) Install drive belt(s) and tighten to specified ten-
sion. Refer to Chapter 1C—Cooling Systems.

Timing Case Cover Oil Seal Replacement (Cover not
Removed)

(1) Remove drive belts.

(2) Remove vibration damper pulley.

(3) Remove vibration damper.

(4) Remove oil seal with Tool J-9256 (fig. 1B-64).

Fig. 1B-64 Timing Case Cover Oil Seal Removal

(5) Position replacement oil seal on Timing Case
Cover Alignment Tool and Seal Installer J-22248 with
seal lip facing outward. Apply light film of Perfect Seal,
or equivalent, to outside diameter of seal.

(6) Insert draw screw from Tool J-9163 into seal
installing tool. Tighten nut against tool until tool con-
tacts cover.

(7) Remove tools. Apply light film of engine oil to
seal lip.

(8) Install vibration damper and tighten retaining
bolt with 80 foot-pounds (108 Nem) torque.

(9) Install damper pulley. Tighten capscrews with
20 foot-pounds (27 Nem) torque.

(10) Install drive belt(s) and tighten to specified ten-
sion. Refer to Chapter 1C—Cooling Systems.

TIMING CHAIN

Installation of the timing chain with the timing marks
of the crankshaft and camshaft sprockets properly
aligned assures correct valve timing. A worn timing
chain will adversely affect valve timing. Replace the
timing chain if it deflects more than 1/2 inch (13 mm).

The correct timing chain has 48 pins. A chain with
more than 48 pins will cause excessive slack.

Removal

(1) Remove drive belt(s).

(2) Remove engine fan and hub assembly.

(3) Remove vibration damper pulley.

(4) Remove vibration damper.

(5) Remove timing case cover.

(6) Remove oil seal from timing case cover.

(7) Remove camshaft sprocket retaining screw and
washer.

(8) Rotate crankshaft until timing mark on crank-
shaft sprocket is closest to and on centerline with timing
mark of camshaft sprocket (fig. 1B-65).

Fig. 1B-65 Timing Spracket Alignment

(9) Remove crankshaft sprocket, camshaft sprocket
and timing chain as assembly. Disassemble chain and
sprockets.

Installation

(1) Assemble timing chain, crankshaft sprocket and
camshaft sprocket with timing marks aligned (fig. 1B-
65).

(2) Install assembly on crankshaft and camshaft.

(3) Install camshaft sprocket retaining screw and
washer and tighten with 50 foot-pounds (68 Nem)
torque.

NOTE: To verify correct installation of the timing
chain, position timing mark of the camshaft sprocket at
approximately ome o'clock position. This positions tim-
ing mark of crankshaft sprocket at a location where the
adjacent tooth meshes with chain (fig. 1B-66). Count the
number of chain pins between timing marks of both
sprockets. There must be 15 pins. ;

(4) Install timing case cover and replacement oil
seal.

(5) Install vibration damper and tighten retaining
bolt with 80 foot-pounds (108 Nem) torque.
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(6) Install damper pulley and tighten capscrews

with 20 foot-pounds (27 Nem) torque.
(7) Install engine fan and hub assembly.

(8) Install drive belt(s) and tighten to specified ten-

sion. Refer to Chapter 1C—Cooling Systems.

Fig. 1B-66 Timing Chain Instailation

INTAKE AND EXHAUST MANIFOLDS

The aluminum intake and cast iron exhaust manifolds

2. 1B-67) are attached to the cylinder head on the left
side of the engine. A gasket is used between the intake
manifold and the cylinder head. No gasket is used be-
tween the exhaust manifold and cylinder head.

An exhaust gas recirculation (EGR) valve is mounted
on the side of the intake manifold. The intake manifold
has an electric heater that improves fuel vaporization
during warmup and shortens choke operation time.
Coolant is also routed through the intake manifold to
improve fuel vaporization.

Intake and Exhaust Manifold Removal

(1) Remove air cleaner. Disconnect fuel pipe, carbu-
retor air horn vent hose, solenoid wire, if equipped, and
choke heater wire.

(2) Disconnect throttle cable from throttle bell-
crank. Disconnect throttle valve rod, if equipped.

(3) Disconnect PCV vacuum hose and heater wire
from intake manifold.

(4) Drain coolant below intake manifold level.

NOTE: Do not waste reusable coolant. Drain into clean
container for reuse.

(5) Disconnect coolant hoses from intake manifold.

(6) Disconnect spark CTO valve vacuum hoses.

(7) Disconnect vacuum hose from EGR valve. Dis-
connect EGR tube fittings from intake and exhaust
manifold.
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Fig. 1B-67 Intake and Exhaust Manifolds

(8) Disconnect air injection hoses at air pump and
air injection manifold check valve. Disconnect diverter
valve vacuum hose and remove diverter valve with hoses
attached.

(9) Remove air pump/power steering mounting
bracket, if equipped.

(10) Remove air pump. :

(11) Detach power steering pump, if equipped, and
set aside. Do not remove hoses.

(12) Remove air conditioner drive belt idler pulley
assembly from cylinder head, if equipped.

(13) Disconnect exhaust pipe from exhaust manifold
flange. Remove oxygen sensor, if equipped.

(14) Remove manifold attaching bolts, nuts ana
clamps. Remove intake and exhaust manifolds. Discard
intake manifold gasket.

(15) Clean mating surfaces of manifolds and cylinder
head.

Intake and Exhaust Manifoid Instailation

(1) Position exhaust manifold over end studs om
cviinder head and install positioning sleeves over enc
studs.
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(2) Secure exhaust manifold to head at positions 1
and 2 (fig. 1B-68). Tighten bolts with 23 foot-pounds (31
Nem) torque. Remove positioning sleeves.

(3) Loosely connect EGR tube to intake manifold.

(4) Position intake manifold gasket over dowels and
flush against head.

(5) Position intake maifold over dowels and flush
against gasket. Loosely connect EGR tube to exhaust
manifold.

(6) Secure intake manifold to head at positions 3
and 4 (fig. 1B-68). Tighten bolts with 23 foot-pounds (31
Nm) torque.

(7) Install remaining bolts at positions 5 through 10
and nuts at positions 11 and 12 (fig. 1B-68).

(8) Tighten bolts and nuts according to sequence
depicted in figure 1B-68 with 23 foot-pounds (31 Nem)
torque.

(9) Tighten EGR tube fitting with 30 foot-pounds
(41 Nem) torque.

41887

Flg. 1B-68 Manifold Tightening Sequence

(10) Position flange gasket and connect exhaust pipe
to exhaust manifold flange. Tighten nuts with 20 foot-
pounds (27 Nem) torque. Install oxygen sensor, if
removed.

(11) Connect fuel pipe and air horn vent hose to car-
buretor. Connect solenoid wire, if equipped.

(12) Install AC drive belt idler pulley assembly, if
removed.

(13) Install air pump, if removed.

(14) Install air pump/power steering pump mount-
ing bracket, if removed.

(15) Install diverter valve. Connect air hoses to air
pump and check valve. Connect vacuum hose.

(16) Install drive belt(s) and tighten to specified ten-
sion. Refer to Chapter 1C—Cooling Systems.

(17) Install spark CTO valve vacuum hoses.

(18) Connect vacuum hose to EGR valve.

(19) Connect throttle cable and PCV hose. Connect
throttle valve rod, retainer and spring. Connect intake
manifold heater wire.

(20) Connect coolant hoses to intake manifold.

(21) Install air cleaner.

WARNING: Use extreme caution when engine is oper-
ating. Do unt stand in direct line with fan. Do not put
hands near pulleys, belts or fan. Do not wear loose
clothing.

(22) Szart engine and inspect for air leaks into vac-
uum fitzings, and exhaust and coolant leaks.

Intake Manifold Replacement

NOTE: I is necessary to discommect both the intake
and exfaust manifolds from the engine because they
have common attaching hardware. It is not necessary to
remove ihe carburetor from the intake manifold until
arter manirold is removed. After removing the carbu-
retor jrom the intake manifold, it may be set to one side
with vacuum hoses still attached.

(1) Remove air cleaner.

(2) Disconnect heater wire from choke cover termi-
nal and solenoid wire, if equipped.

(3) Disconnect carburetor control shaft from
carbureror. : '

(4) Remove carburetor from intake manifold and
set aside. Remove carburetor insulator block.

(5) Remove carburetor mounting studs from intake
manifoid.

(6) Remove intake and exhaust manifolds from en-
gine. Refer to Intake and Exhaust Manifold Removal for
procedure.

(7) Remove throttle control bracket.

() Remove EGR valve and studs and install in re-
placement manifold.

(9) Remove intake manifold heater and install in
replacement manifold.

(10) Install throttle control bracket. Tighten nuts
with 2 0 < foot-pounds (3 to 5 Nem) torque.

(11) Izstall vacuum hose fittings.

(12) Izstall intake and exhaust manifolds. Refer to
Intake and Exhaust Manifold Installation for procedure.

(13) Izstall vacuum hoses.

(14) Install carburetor studs, replacement gaskets
and spacer.

(15) Izszall carburetor and connect linkage, fuel pipe
and hoses.

(16) Tighten carburetor mounting nuts with 14 foot-
pounds 19 Nem) torque.

(17) Connect and choke heater wire to choke cover
terminai.

WARNING: Use extreme caution when engine 1is oper-
ating. Do not stand in direct line with fan. Do not put
hands =ear pulleys, belts or fan. Do not wear loose
clothing.

(18) Stzrzengine and inspect for leaks.
(19) Instziiair cleaner.
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Exhaust Manifold Replacament

NOTE: It is necessary to disconnect both the intake
md exhaust manifolds from the engine because they
have common attaching hardware. It is not necessary to
remove the carburetor from the intake manifold until
after manifold is removed. After removing the carbu-
retor from the intake manifold, it may be set to one side
with vacuum hoses still attached.

(1) Remove air cleaner.

(2) Disconnect choke heater wire from choke cover
terminal.

(3) Disconnect carburetor control shaft from
carburetor.

(4) Remove carburetor from intake manifold and
set aside.

(5) Remove intake and exhaust manifolds from en-
gine. Refer to Intake and Exhaust Manifold Removal for
procedure.

(6) Remove throttle control bracket.

(7) Remove spark CTO valve hose clamp and install
on replacement manifold.

(8) Remove air injection manifold and fittings and
install on replacement manifold.

(9) Install throttle control bracket. Tighten nuts
with 2 to 4 foot-pounds (3 to 5 Nem) torque.

(10) Install intake and exhaust manifolds. Refer to
ntake and Exhaust Manifold Installation for procedure.

(11) Install carburetor spring bracket.

(12) Install carburetor on intake manifold.

(13) Tighten carburetor mounting nuts with 14 foot-
pounds (19 Nem) torque.

(14) Install carburetor control shaft. Install throttle
return spring.

(15) Connect choke heater wire to choke cover
terminal.

(16) Connect exhaust pipe to exhaust manifold.
Tighten nuts with 20 foot-pounds (27 Nem) torque.

WARNING: Use extreme caution when engine is oper-
ating. Do not stand in direct line with fan. Do not put
hands near pulleys, belts or fan. Do not.wear loose
clothing.

(17) Startengine and inspect for leaks.
(18) Install air cleaner.

CYLINDER HEAD AND COVER

The cylinder head incorporates hardened exhaust
valve seats and exhaust valves with flash chrome stems.

»ylinder Head Cover

CAUTION: Cylinder head cover is molded plastic. Use
care when removing and installing.

Removal

(1) Remove air cleaner and PCV molded hose.

(2) Disconnect distributor vacuum spark advance
hose at spark CTO valve. Disconnect fuel pipe at fuel
pump and move aside to allow removal of cylinder head
cover.

(3) Disconnect PCV valve from grommet in cylinder
head cover. Disconnect hoses from canister.

(4) Remove cylinder head cover holddown nuts. In-
sert thin bladed tool (e.g., razor blade or putty knife)
between cover and head and cut RTV sealant to loosen
from head.

CAUTION: Do not strike cover with mallet to loosen
RTV sealant.

(5) Inspect cylinder head cover for cracks.

Instailation

A room temperature vulcanizing (RTV) silicone rub-
ber adhesive is required for installation. Use Jeep Gas-
ket-in-a-Tube, or equivalent.

(1) Remove adhesive and gasket material from seal-
ing surface area.

(2) Wipe gasket mating surface on cylinder head
with oily rag. This prevents adhesion but permits
sealing.

(3) Apply 1/8-inch (3.2 mm) bead of silicone along
entire length of cover flange.

(4) Before silicone begins to cure, install cover on
cylinder head. Do not allow silicone to contact rocker
arms.

CAUTION: Do not overtighten nuts because cover may
crack from excess stress.

(5) Initially, tighten nuts by hand, then tighten
with 24 inch-pounds (3 Nem) torque.

(6) Connect PCV valve to grommet in cylinder head
cover, connect canister hoses. :

(7) Install air cleaner and connect PCV hose.

Cylinder Head

Removal

(1) Drain coolant and disconnect hoses from ther-
mostat housing.

(2) Remove air cleaner.

(3) Remove cylinder head cover and sealant. Refer
to Cylinder Cover Removal for procedure.

(4) Remove bridge and pivot assemblies and rocker
arms. Alternately loosen each capscrew one turn at a
time to avoid damaging bridge.

(5) Remove push rods.

NOTE: Retain push rods, bridge and pivot assemblies
and rocker arms in same order as removed.
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(6) Disconnect power steering pump, air pump and
brackets. Lay pumps and brackets aside. Do not dis-
connect hoses.

(7) Remove intake and exhaust manifolds from cyl-
inder head. Refer to Intake and Exhaust Manifold Re-
moval for procedure.

(8) If equipped with air conditioning, perform the
following:

(a) Remove air conditioning drive belt idler
pulley bracket from cylinder head.

(b) Loosen alternator drive belt. Remove alter-
nator bracket-to-head mounting bolt.

(¢) Remove bolts from compressor mounting
bracket and set compressor aside.

(9) Disconnect ignition wires and remove spark
plugs. '

(10) Disconnect coolant temperature sending unit
wire and battery negative cable.

(11) Remove ignition coil and bracket assembly.

(12) Remove cylinder head bolts, cylinder head and
gasket.

Cleaning and Inspection

(1) Thoroughly clean machined surfaces of cylinder
head and block. Remove all deposits and gasket cement.

(2) Remove carbon deposits from combustion cham-
bers and top of pistons.

(3) Use straightedge and feeler gauge to determine
flatness of cylinder head and block mating surfaces.
Refer to Specifications.

Installation

(1) If cylinder head is to be replaced and original
valves used, measure valve stem diameter. Only stand-
ard size valve stems can be used with service replace-
ment cylinder head unless replacement head valve guide
bores are reamed to accommodate oversize valve stems.
Remove all carbon deposits and reface valves as outlined
within Valve Refacing procedure.

(2) Install valves in cylinder head using replace-
ment valve stem oil deflectors.

(3) Transfer all detached components from original
head that are not included with replacement head. Do
not install coolant temperature sending unit until cool-
ant is installed. This permits trapped air to escape from
block and head.

CAUTION: Do not apply sealing compound on head
and block mating surfaces. Do not allow sealing com-
pound to enter cylinder bore.

(4) Apply an even coat of Perfect Seal sealing com-
pound, or equivalent, to both sides of replacement head
gasket and position gasket flush on block with word TOP
facing upward.

(5) Install cylinder head. Tighten bolts in sequence

with 85 foot-pounds (115 Nem) torque (fig. 1B-69).
' (6) Connect battery negative cable.

AJ42830

Fig. 1B-69 Cylinder Head Tightening Saquencs

(7) Install ignition coil and bracket assembly.

(8) Install spark plugs and connect ignition wires.

(9) Attach air conditioning compressor mounting
bracket to cylinder head, if removed.

(10) Install intake and exhaust manifolds. Refer to
figure 1B-68 for correct tightening sequence. Refer to
Intake Manifold Replacement for procedure.

(11) Install alternator bracket on head. Install alter-
nator, belt and adjust tension. Refer to Chapter
1C—Cooling Systems for procedure.

(12) Install power steering bracket and pump. Ad-
just belt tension. Refer to Chapter 1C—Cooling Systems
for procedure.

(13) Install air pump bracket on head. Install air
pump and belt. Adjust belt tension. Refer to Chapter
1C—Cooling Systems for procedure.

(14) Install each push rod in its original location.

(15) Install rocker arms and bridge and pivot assem-
blies in original locations. Loosely install capscrews for
each bridge and tighten capscrews alternately, one turn
at a time, to avoid damaging bridge. Tighten screws
with 19 foot-pounds (26 Nem) torque.

(16) Install cylinder head cover. Use silicone rubber
(RTV) sealant.

(17) Connect coolant hoses to thermostat housing
and fill cooling system to specified level. Refer to Cool-
ing System Specifications, Chapter 1C. Install temper-
ature sending unit.

NOTE: The head gasket is constructed of aluminum-
coated embossed steel and does not require the head
bolts to be retightened after the engine has been
operated.

(18) Install fuel pipe and vacuum advance hose.

WARNING: Use extreme caution when engine is oper-
ating. Do not stand in direct line with fan. Do not put
hands mear pulleys, belts or jfan. Do not wear loose
clothing. ?

(19) Operate engine with radiator cap off. Inspect for
leaks and continue operating engine until thermostat
opens. Add coolant, if required. To vent air from system
refer to Chapter 1C—Cooling Systems.

(20) Install air cleaner.
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LUBRICATION SYSTEM
Ganeral

A gear-type positive displacement pump is mounted
at the underside of the block opposite the No. 4 main
bearing (fig. 1B-70). The pump brings oil up through the
pickup screen and inlet tube from the sump at the rear
of the oil pan. The oil is driven between the drive and
idler gears and the pump body, then is forced through
the outlet to the block. An oil gallery in the block routes
the oil to the inlet side of the full flow oil filter. After
passing through the filter element, the oil flows from
the center outlet of the filter head through an oil gallery
up to the main oil gallery, which extends the entire
length of the block.

Smaller galleries extend downward from the main oil
gallery to the upper insert of each main bearing. The
crankshaft is drilled internally to route oil from the
main bearing journals (except No. 4) to the connecting
rod journals. Each connecting rod bearing cap has a
small squirt hole. Oil passes through the squirt hole and
is thrown off as the rod rotates. This oil throw-off lubri-
cates the camshaft lobes, distributor drive gear, cylinder
walls and piston pins.

The hydraulic valve tappets receive oil directly from
the main oil gallery. Oil is also routed to the camshaft
bearings through galleries. The front camshaft bearing
journal directs oil through the camshaft sprocket to the
timing chain. Rotation of the sprocket lubricates the
crankshaft sprocket and chain. Oil drains back to the oil
pan under the No. 1 main bearing cap.

The oil supply for the rocker arms and bridge and
pivot assemblies is provided by the hollow push rods
from the hydraulic valve tappets. Oil passes from each
tappet through the hollow push rod to a hole in the
corresponding rocker arm. Oil from the rocker arms
lubricates the valve train components, then flows down
through the push rod guide bores in the cylinder head
past the valve tappet area, and returns to the oil pan.

Qil Filter

A full flow oil filter, mounted on the lower right side
of the engine, is accessible through the hood opening. A
bypass valve incorporated in the fiiter mounting head on
the cylinder block provides a safety factor if the filter
should become inoperative as a result of dirt or sludge
accumulation (fig. 1B-71).

CAUTION: Use the short, 1.25-inch (107.95 mm) filter
on ste-cylinder engine CJ vehicles. If the long, 5.44-inch
(138.18 mm) filter is used, it may contact the engine
support bracket or frame rail. This can puncture the
filter and result in a loss of ol and possible engine
damuage.

Tool J-22700 will facilitate removal of the oil filter.
Before installation, apply a thin film of oil to the re-
placement filter gasket. Turn filter until gasket contacts

the seat of the filter head. Tighten by hand only, follow-
ing the instructions on the replacement filter. If the

instructions are not printed on the filter, tighten the

filter until the gasket contacts the seat and then tighten
an additional 3/4 turn.
Operate engine at fast idle and check for leaks.

Qil Pump

The positive-displacement gear-type oil pump is
driven by the distributor shaft, which is driven by a gear
connected to the camshaft. Lubrication oil is pumped
from the sump through an inlet tube and screen assem-
bly that is pressed into the pump body (fig. 1B-71). The
pump incorporates a non-adjustable pressure relief
valve to regulate maximum pressure. The spring tension
is calibrated for 75 psi (517 kPa) maximum pressure. In
the relief position, the valve permits oil to bypass
through a passage in the pump body to the inlet side of
the pump.

Removal

NOTE: 0il pump removal or replacement will not af-
fect the distributor timing because the distributor drive
gear remains in mesh with the camshaft gear.

(1) Drain engine oil.
(2) Remove oil pan. Refer to Oil Pan Removal for
procedure.

CAUTION: Do not disturb position of oil inlet tube and
screen assembly in pump body. If tube is moved within
pump body, a replacement tube and screen assembly
must be installed to assure an airtight seal.

(3) Remove oil pump retaining screws, oil pump and
gasket.

Disassembly and Inspaction

(1) Remove cover retaining screws, cover and gas-
ket from pump body.

(2) Measure gear end clearance.
e Preferred Method:

(a) Place strip of Plastigage across full width of
each gear end (fig. 1B-72).

(b) Apply a bead of Loctite 513, or equivalent,
around perimeter of pump cover and install. Tighten
serews with 70 inch-pounds (8 Nem) torque.

(c) Remove pump cover and determine amount
of clearance by measuring width of compressed Plasti-
gage with scale on Plastigage envelope. Correct clear-
ance by this method is 0.002 to 0.006 inch (0.002 inch
preferred) [0.051 to 0.203 mm (0.051 mm preferred)].

e Alternate Method:

(a) Place straightedge across ends of gears and
pump body.

(b) Select feeler gauge that fits snugly but
freely between straightedge and pump body (fig. 1B-73).
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Fig. 1B-71 Ol Filter and 0il Pump Assembly

STRAIGHTEDGE

Correct clearance by this method is 0.004 to 0.008 inch
(0.007 inch preferred) [0.102 to 0.203 mm (0.178 mm
preferred)]. If gear end clearance is excessive, replace oil
pump assembly.

AJ41901

Fig. 1B-73  Oll Pump Gear End Clearance
Measursment—~Fesier Gauge Method

(3) Measure gear-to-body clearance by inserting
Fig. 18-72  Oil Pump Gear End Clearancs feeler gauge between gear tooth and pump body inner
Measursment—~Plastigage Method wall directly opposite point of gear mesh. Select feeler
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gauge that fits snugly but freely (fig. 1B-74). Rotate
gears and measure each tooth clearance in this manner.
Correct clearance is 0.0005 to 0.0025 inch (0.0005 pre-
ferred) [0.013 to 0.064 mm (0.013 mm preferred)]. If
gear-to-body clearance is more than specified, replace
idler gear, idler shaft and drive gear assembly.

FEELER
GAUGE

AJ41902

Fig. 1B-74 0l Gear-to-Body Clearance Measursment

(4) Remove cotter pin and slide spring retainer,
spring and oil pressure relief valve out of pump body.
Examine for sticking condition during disassembly.
Clean or replace as necessary.

NOTE: The ol inlet tube must be moved to allow re-
moval of the relief valve. Install a replacement pickup
tube and screen assembly.

Assembly and Installation

(1) Install oil pressure relief valve, spring, retainer
and cotter pin.

(2) If position of inlet tube in pump body has been
disturbed, install replacement tube and screen assem-
bly. Apply light film of Permatex No. 2, or equivalent,
around end of tube. Use Tool J-21882 to drive tube into
body. Ensure support bracket is properly aligned (fig.
1B-75).

(3) Install idler shaft, idler gear and drive gear
assembly.

TOOL
J-21882

AJ41903
Fig. 1B-75  Oil Pump Inlet Tubs Instailation

NOTE: To ensure self-priming of the oil pump, fill
pump with petroleum jelly before installing the oil
pump cover. Do not use grease.

(4) Apply a bead of Loctite 515, or equivalent,
around perimeter of pump cover and install. Tighten
cover screws with 70 inch-pounds (8 Nem) torque.

NOTE: Check for gear binding before installing the oil
pump.

(5) Install oil pump and replacement gasket.
Tighten short screws with 10 foot-pounds (14 Nem)
torque and long screws with 17 foot-pounds (23 Nem)
torque.

(6) Install oil pan, using replacement gaskets and
seals. Refer to Oil Pan Installation. Fill crankcase with
clean lube oil to specified level.

0il Pan

Removal

(1) Raise vehicle and drain engine oil.
(2) Remove starter motor.
(3) On CJ Vehicles:

(a) Place jack under transmission.

(b) Disconnect engine right support cushion
bracket from block and raise engine to allow sufficient
clearance for oil pan removal.

(4) Remove oil pan.

(5) Remove oil pan front and rear neoprene oil seals
and side gaskets.

(6) Thoroughly clean gasket surfaces of oil pan and
engine block. Remove all sludge and residue from oil pan
sump.
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Instailation

(1) Install replacement oil pan front seal on timing
case cover. Apply generous amount of Jeep Gasket-in-a-
Tube (RTV silicone), or equivalent, to end tabs.

(2) Cement replacement oil pan side gaskets into
position on engine block. Apply generous amount of Jeep
Gasket-in-a-Tube (RTV silicone), or equivalent, to gas-
ket ends. '

(3) Coat inside curved surface of replacement oil
pan rear seal with soap. Apply generous amount of Jeep
Gasket-in-a-Tube (RTV silicone), or equivalent, to side
gasket contacting surface of seal end tabs.

(4) Install seal in recess of rear main bearing cap,
ensuring it is fully seated.

(3) Apply engine oil to oil pan contacting surface of
front and rear oil pan seals.

(6) Install oil pan and tighten drain plug securely.

(7) Lower engine and connect right support cushion
bracket to block. Remove jack.

(8) Install starter motor.

(9) Lower vehicle and fill crankecase with clean lube
oil to specified level.

0l Pressure Gauge

Refer to Chapter 1L—Power Plant Instrumentation
for operation, diagnosis and replacement of oil pressure
gauge.

CONNECTING ROD AND PISTON ASSEMBLIES

NOTE: The following procedure is used to service con-
necting rod and piston assemblies with the engine in-
stalled in the vehicle.

Removal

(1) Remove cylinder head.

(2) Position pistons near bottom of stroke and use
ridge reamer to remove ridge from top end of cylinder
walls.

(3) Drain engine oil.

(4) Remove oil pan and gaskets.

(53) Remove connecting rod bearing caps and inserts
and retain in same order as removed.

NOTE: Connecting rods and caps are stamped with the
corresponding cylinder number.

CAUTION: Ensure that connecting rod bolts do not
scratch the comnecting rod journals or cylinder walls.
Short pieces of rubber hose siipped over the bolts will
provide protection during removal.

(6) Remove connecting rod and piston assemblies
through top of cylinder bores.

Installation

(1) Clean cylinder walls thoroughly. Apply light
film of clean engine oil to walls with clean, lint-free
cloth.

(2) Install piston rings on pistons. Refer to Piston
Rings for procedure.

(3) Lubricate piston and rings with clean engine oil.

CAUTION: Ensure that connecting rod screws do not
scratch the commecting rod jowrnals or cylinder walls.
Short pieces of rubber hose slipped over the screws will
provide protection during instailation.

(4) Use Piston Ring Compressor Tool J-3601 to in-
stall connecting rod and piston assemblies through top
of eylinder bores (fig. 1B-76).

(5) Install connecting rod bearing caps and inserts
in same order as removed.

NOTE: 0il squirt holes in connecting rods must face
camshaft.

(6) Install oil pan using replacement gaskets and
seals. Tighten drain plug.

(7) Install gasket and cylinder head.

(8) Fill crankcase with clean oil to specified dipstick
level.

CONNECTING RODS

The connecting rods are malleable iron, balanced as-
semblies with bearing inserts at the crankshaft journal
end. The piston pin is 2,000 pound (907.2 kg) press-fitted.

ARROW POINTS TO
FRONT OF ENGINE

: *_;. AJ41905:

Fig. 1B-76 Plston Instailation
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Connecting Rod Bearing Fitting Chart

Crankshaft Connecting Rod Journal

Bearing Color Code

Color and Diameter in
Inches (Journal Size)

Upper Insert Size

Lower Insert Size

Yellow —2.0955 to 2.0948
(53.2257-53.2079mm) (Standard)
Orange —2.0948 to 2.0941
{53.2079-53.1901mm)(0.0007 Undersize)
Black —2.0941 to 2.0934 Black
(53.1901-53.1723mm)(0.0014 Undersize) | Red
Red —~2.0855 to 2.0848

(53.9717-52.9539mm)(0.010 Undersize)

Yellow -—Standard
Yellow -Standard Black
—0.001-inch (0.025mm) Undersize | Black
—0.010-inch (0.254mm) Undersize | Red

Yellow —Standard

—0.001-inch (0.025mm) Undersize
—0.001-inch (0.025mm) Undersize
—0.010-inch (0.254mm) Undersize

IS

A squirt hole in the crankshaft end of the connecting
rod provides lubrication for the camshaft lobes, distrib-
utor drive gear, cylinder walls and piston pins. The
squirt hole faces the camshaft when the connecting rod
is installed.

Misaligned or bent connecting rods cause abnormal
wear on pistons, piston rings, cylinder walls, connecting
rod bearings and crankshaft connecting rod journals. If
wear patterns or damage to any of these components
indicate the probability of a misaligned connecting rod,
check rod alignment. Replace misaligned or bent rods.

Side Clearance Measursment

Slide snug-fitting feeler gauge between connecting rod
and crankshaft journal flange. Correct clearance is 0.010
to 0.019 inch (0.25 to 0.48 mm). Replace connecting rod if
side clearance is not within the specification.

Connecting Rod Bearings

The connecting rod bearings are steel-backed alumi-
num-alloy.

Each bearing is selectively fitted to its respective jour-
nal to obtain the desired operating clearance. In produc-
tion, the select fit is obtained by using various-sized,
color-coded bearing inserts as described in the Bearing
Fitting chart. The bearing color code appears on the edge
of the insert.

NOTE: Bearing size is not stamped on inserts installed
during production.

The rod journal size is identified in production by a
color coded paint mark on the adjacent cheek or counter-
weight toward the flanged (rear) end of the crankshaft.
The color codes used to indicate journal size are listed in
the Bearing Fitting chart.

When required, upper and lower bearing inserts of
different sizes may be used as a pair. A standard size
insert is sometimes used in combination with a 0.001-
inch (0.025 mm) undersize insert to reduce clearance
0.0005 inch. (0.013 mm)

NOTE: Never use a pair of bearing inserts with more
than 0.001-inch (0.025 mm) difference in size.

60261
Example:
Bearing Insert Pairs
Insert Correct Incorrect
Upper Standard Standard
Lower 0.001-inch (07025mm) 0.002-inch (0.051mm)
undersize undersize
70242

Service replacement bearing inserts are available as
pairs in the following sizes: standard, 0.001-, 0.002-,
0.010- and 0.012-inch undersize. The bearing size is
stamped on the back of service replacement inserts.

NOTE: The 0.002- and 0.012-inch undersize inserts are
not used for production assembly.

Removal

(1) Drain engine oil.

(2) Remove oil pan and gaskets.

(3) Rotate crankshaft as required to position two
connecting rods at a time at bottom of stroke.

(4) Remove connecting rod bearing cap. Remove
lower bearing insert.

(5) Remove upper bearing insert by rotating it out
of connecting rod.

NOTE: Do not interchange bearing caps. Each con-
necting rod and its matching cap is stamped with the
cylinder number on a machined surfuce adjacent to the
oul squirt hole, which faces the camshajt side of the
engine block.

Inspection

(1) Clean inserts.

(2) Inspect linings and backs of inserts for irregular
wear pattern. Note any scraping, stress cracks or dis-
coloration (fig. 1B-77). If bearing has “spun” in rod,
replace bearing and connecting rod and inspect crank-
shaft journal for scoring.

(3) Inspect for material imbedded in linings that
may indicate piston, timing sprocket, distributor gear or
oil pump gear problems. Figures 1B-78 and 1B-79 depict
common score patterns.
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(4) Inspect fit of bearing locking tab in rod cap. If

‘aspection indicates that insert may have been caught

etween rod and rod cap, replace upper and lower bear-
ing inserts.

LOCKING TABS

¥ UPPER

MATING EDGES

GROOVES
" CAUSED BY
ROD BOLTS
SCRATCHING
JOURNAL
DURING

WEAR PATTERN— INSTALLATION

ALWAYS GREATER
ON UPPER BEARING

LOWER:

60757

Fig. 1B-77 Connecting Rod Bearing Inspection

LOWER UPPER
60759
Fig. 1B-78 Scoring Caussed by Insufficient Lubrication
PR - )
GROQVES
" 60760,

T = TP

Flg. 1B-79  Scoring Caused by imbedded Materiai

(5) Inspect insert in area of locking tab. Abnormal
wear indicates bent tabs or improper installation of
inserts (fig. 1B-80).

(6) Replace bearing inserts that are damaged or
worn.

ABNORMAL CONTACT AREA
DUE TO LOCKING TABS NOT
FULLY SEATED OR BENT TABS

‘60758"
Fig. 1B-80 Locking Tab Inspection

Measuring Bearing Clearanss with Plastigage

(1) Wipe journal clean.

(2) Lubricate upper insert and install in rod.

(3) Install lower insert in bearing cap. Lower insert
must be dry. Place strip of Plastigage across full width
of lower insert at center of bearing cap.

NOTE: Plastigage must not crumble in use. If brittle,
obtain a fresh stock.

(4) Attach bearing cap to connecting rod and
tighten nuts with 28 foot-pounds (38 Nem) torque.

NOTE: Do not rotate crankshaft. Plastigage will shist,
resulting in inaccurate clearance indication.

(5) Remove bearing cap and determine amount of
clearance by measuring width of compressed Plastigage
with scale on Plastigage envelope (fig. 1B-81). Correct
clearance is 0.001 to 0.0025 inch (0.025 to 0.064 mm).

SCALE

COMPRESSED !
PLASTIGAGE |

Flg. 18-81 Rod Bearing Claarancs Measurement with Plastigage
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NOTE: Plastigage should maintain the same size
across the entire width of the insert. If size varies, it
may indicate a tapered journal, bent connecting rod or
Sforeign material trapped between the insert and rod.

(6) If correct clearance is indicated, bearing fitting
is not necessary. Remove Plastigage from crankshaft
and bearing and proceed to Installation.

CAUTION: Never use inserts that differ more than
one bearing size as a pair. For example, do not use a
standard upper and 0.002-inch undersize lower insert.

(T) If clearance exceeds specification, install 0.001-
inch (0.025 mm) undersize bearing inserts and measure
clearance as described in steps (1) through (5) above.

NOTE: The clearance indicated with a 0.001-inch (0.025
mm) undersize bearing installed will determine if a pair
of 0.001-inch undersize inserts or some other com-
bination is needed to provide the correct clearance. For
example, if the imitial clearance was 0.003 inch (0.076
mm), 0.001-inch (0.025 mm) undersize inserts would re-
duce clearance by 0.001 inch (0.025 mm). Qil clearance
would be 0.002 inch (0.051 mm) and within specification.
A 0.002-inch (0.051 mm) undersize insert and a 0.001-
imch (0.025 mm) undersize insert would reduce this
clearance an additional 0.0005 inch (0.013 mm). Oil
clearance would thenm be 0.0015 inch (0.038 mm).

(8) If oil clearance exceeds specification when pair
of 0.002-inch (0.051 mm) undersize inserts are installed,
measure connecting rod journal on crankshaft with mi-
crometer. If journal size is correct (not less than 2.0934
inch or 53.172 mm), inside diameter of connecting rod is
incorrect and rod must be replaced. If journal size is
incorrect, replace crankshaft or grind journal to accept
suitable undersize bearing.

Measuring Bearing Clearance with Micrometer

(1) Wipe connecting rod journal on crankshaft
clean.

(2) Use micrometer to measure maximum diameter
of rod journal at four locations. Measure diameter at
two locations 90° apart at each end of journal.

(3) Examine for taper and out-of-round condition.
Correct tolerance is 0.0005-inch (0.013 mm) maximum
for both taper and out-of-round. If any rod journal is not
within specification, crankshaft must be replaced.

(4) Compare measurement obtained with journal
diameters listed in Connecting Rod Bearing Fitting
Chart and select inserts required to obtain specified
bearing clearance.

Instailation

(1) Lubricate bearing surface of each insert with
clean engine oil.

CAUTION: Use care when rotating the crankshaft
with bearing caps removed. Ensure the connecting rod
bolts do mot accidentally come in contact with the rod
Jjournals and scratch the surface. Bearing failure would
result. Short pieces of rubber hose slipped over the con-
necting rod bolts will provide protection during
installation.

(2) Install bearing inserts, cap and retaining nuts.
Tighten with 33 foot-pounds (45 Nem) torque.

(3) Install oil pan using replacement gaskets and
seals. Tighten drain plug.

(4) Fill crankcase with clean oil to specified level.

PISTONS

Aluminum alloy Autothermic pistons are used. Steel
reinforcements provide strength and control expansion.
The ring land area above the piston pin provides for two
compression rings and one oil control ring.

The piston pin boss is offset from the centerline of the
piston to place it nearer the thrust side of the piston,
minimizing piston slap.

An arrow on the top surface of the piston mdlcates the
correct installation position in the bore. The arrow
points toward the front of engine when installed cor-
rectly (fig. 1B-82).

'FRONT QFéNGlNED

ARROW POINTS
"TOFRONT

41908

Fig. 1B-82 Pistons Corractly Positloned In Cylinders

Piston Fitting

Micrometer Msthod

(1) Measure inside diameter of cylinder bore 2-5/16
inches (58.725 mm) below top of cylinder.
(2) Measure outside diameter of piston.

NOTE: Pistons are cam ground and must be measured
at a nght angle (90°) to piston pn at centeriine of mn
(fig. 1B-83).

(3) Difference between cylinder bore diameter and
piston diameter is piston-to-bore clearance.
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Fig. 1B-83 Piston Measurament

41909

Feeler Gauge Method

(1) Remove rings from piston.

(2) Insert long 0.0005-inch (0.013 mm) feeler gauge
into cylinder bore.

(3) Insert piston, top first, into bore alongside feeler
sauge. With entire piston inserted in bore, piston should
‘ot bind against feeler gauge.

(4) Repeat steps (2) and (3) above with long 0.002-
inch (0.051 mm) feeler gauge. Piston should bind.

If piston binds on 0.0005-inch (0.013 mm) gauge, pis-
ton is too large or bore is too small. If piston does not
bind on-0.002-inch (0.051 mm) gauge, piston may be
enlarged by knurling or shot-peening. Replace pistons
that are 0.004 inch (0.102 mm) or more undersize.

Piston Rings

The two compression rings are made of cast iron. The
oil control ring is a three-piece steel design.

Ring Fitting

(1) Clean carbon from all ring grooves. Oil drain
openings in oil ring grooves and pin boss must be open.
Do not remove metal from grooves or lands. This will
change ring groove clearances and will damage ring-to-
land seating.

(2) Measure ring side clearance with feeler gauge
fitted snugly between ring land and ring. Rotate ring in
groove. It must move freely at all points (fig. 1B-84).
Refer to Specifications for correct ring side clearance.

(3) Place ring in bore and push down with inverted
piston to position near lower end of ring travel. Measure
ring gap (joint clearance) with feeler gauge fitting
snugly in ring end gap (fig. 1B-835). Refer to Specifica-
tions for correct ring gap clearance.

FEELER

/GAUGE
5 b, [
i, (e

30051

Fig. 1B-84 ARing Side Claarance

il

Fig. 18-85 Ring Gap Clsarancs

Instailation

Refer to figure 1B-86 for position of ring gaps when
installing rings.

(1) Install oil control rings as indicated by instruc-
tions in package. It is not necessary to use tool to install
upper and lower rails (fig. 1B-37). Insert expander ring
first, then side rails.




1B-54 ENGINES

TOP COMPRESSION RING

BOTTOM
COMPRESSION RING

—

~\\\\\§§;;;;
OIL RAIL
EXPANDER

/ BOTTOM OIL

CONTROL RAIL

TOP OIL
CONTROL RAIL

IMAGINARY
LINE THROUGH

|
| CENTER
\——;\ OF PISTON
: ' \ SKIRT

IMAGINARY LINE
PARALLEL
TO PISTON PIN

RING GAP POSITION MAY
VARY % 20° FROM
POSITION ILLUSTRATED

80124

Fig. 1B-86 Piston Ring Gap Position

60122

Fig. 1B-87 0Il Control Ring Rail Instailation

(2) Install lower compression ring using ring in-
staller to expand ring around piston (fig. 1B-88).

RING EXPANDER
RECOMMENDED

Fig. 1B-88 Comprassion Ring Instailation

NOTE: Ensure upper and lower compression rings are
installed properly. Ideally, ring gaps should be located
180 degrees apart. Figure 1B-89 depicts typical ring
markings that indicate the top side of each ring.

(3) Install upper compression ring using ring in-
staller to expand ring around piston (fig. 1B-88). Posi-
tion ring gap 180° from lower compression ring.

. BT

41913

Fig. 1B-89 Typical Piston Ring Markings

Piston Pins

Piston pins are press fit into the connecting rod and
require no locking device.

Removal

(1) Using Piston Pin Remover Tool J-21872 and ar-
bor press, place piston on Remover Support Tool J-
21872-1 (fig. 1B-90).

(2) Use Piloted Driver Tool J-21872-3 to press pin
completely out of piston. Note position of pin through
gauge window of remover support.

Pin Inspection

(1) Inspect pin and pin bore for nicks and burrs.
Remove as necessary.

NOTE: Never reuse piston pin after it has been in-
stalled in and removed from a conmecting rod.

(2) With pin removed from piston, clean and dry
piston pin bore and replacement piston pin.
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\‘AJ J-21872-3

J-21872-2
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WINDOW
3-21872-1 Bb0ss

Fig. 1B-90 Piston Pin Removal or Installation

(3) Position piston so that pin bore is in vertical
position. Insert pin in bore. At room temperature, the
replacement pin should slide completely through pin
bore without using force.

(4) Replace piston if pin jams in pin bore.

Instailation

(1) Insert Pin Pilot Tool J-21872-2 through piston
and connecting rod pin bores (fig. 1B-90).

(2) Position pin pilot, piston and connecting rod on
Support Tool J-21872-1.

(3) Insert piston pin through upper piston pin bore
and into connecting rod pin bore.

(4) Position Piloted Driver Tool J-21872-3 inside pis-
ton pin.

(5) Use arbor press to press piston pin through con-
necting rod and piston until pin pilot indexes with mark
on support.

NOTE: The piston pin requires a 2,000 pound (8.9 kN)
press-fit. If little effort is required to install piston pin
m connecting rod, or if rod moves along pin, replace
connecting rod.

(6) Remove piston and connecting rod assembly
from press. Pin should be centered in rod, £0.0312 inch
(0.792 mm).

CRAANKSHAFT

The nodular iron crankshaft is counterweighted and
balanced. The crankshaft has four counterweights,
‘even main bearing journals and six connecting rod jour-

als. End thrust is controlled by the No. 3 main bearing.

An oil slinger is located at the rear main journal,
inboard of the rear oil seal. The component parts and
crankshaft are first individually balanced and then the
complete assembly is balanced as a unit.

Service replacement vibration dampers, crankshafts,
flywheels, drive plates, torque converters and clutch
components are balanced individually and may be re-
placed as required without balancing the complete
assembly.

+

Removal or Replacement

If the crankshaft is damaged to the extent that re-
conditioning is not feasible, it must be replaced. Re-

moval and installation procedures are outlined under
Cylinder Block.

Crankshaﬁ End Play Measurement

The crankshaft end play is controlled by the No. 3
main bearing inserts, which are flanged for this
purpose. :

(1) Attach dial indicator to cylinder block adjacent
to No. 3 main bearing (fig. 1B-91).

DIAL
NUMBER INDICATOR
THREE
MAIN
BEARING
CAP

s

3

)

{

(2) Pry shaft forward with flat-bladed screwdriver
and with dial indicator stem on face of crankshaft
counterweight, set to zero.

(3) Pry shaft fore and aft and observe dial in-
dicator. The end play is the difference between the high
and low measurements. The correct crankshaft end play
is 0.0015 to 0.0065 inch (0.0020 to 0.0025 desired) [0.038 to
0.165 mm (0.051 to 0.064 mm desired)].

Fig. 1B-91 Measuring Crankshaft End Play
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(4) If end play is not within specifications, inspect
crankshaft bearing thrust faces for wear. If wear is
apparent, replace thrust bearing and measure end play.
If end play is still not within specifications, replace
crankshaft.

NOTE: When replacing the thrust bearings, pry the
crankshaft fore and aft to align the faces of the thrust
bearings before the final tightening.

Crankshaft Main Bearings

The main bearings are a steel-backed, micro-babbitt,
precision type. The main bearing caps are numbered
(front to rear) from 1 through 7, and an arrow indicates
the forward position. The upper main bearing inserts
are grooved while the lower inserts are smooth.

Each bearing is selectively fitted to its respective jour-
nal to obtain the desired operating clearance. In produc-
tion, the select fit is obtained by using various sized
color coded bearing inserts as described in the Main
Bearing Fitting Chart. The bearing color code appears
on the edge of the insert.

NOTE: Beuring size is not stamped on inserts installed
during production assembly.

The main bearing journal size is identified in produc-
tion by a color-coded paint mark on the adjacent cheek
toward the flanged (rear) end of the crankshaft, except
for the rear main journal, where the paint mark is on
the crankshaft rear flange.

When required, upper and lower bearing inserts of
different sizes may be used as a pair. A standard size
insert is sometimes used in combination with a 0.001-
inch (0.025 mm) undersize insert to reduce clearance by
0.0005 inch (0.013 mm).

Example:
Bearing Insert Pairs
Insert Correct Incorrect
Upper Standard Standard
L Aine 0.001-inch (.QZSmm) 0.002-inch (,051mm)
undersize undersize
70242

CAUTION: Never use a pair of bearing inserts with
greater than 0.001-inch (0.025 mm) difference in size.

CAUTION: When replacing bearing inserts, all the odd
size inserts must be either all on the top (in block) or all
on the bottom (in main bearing caps).

Service replacement bearing inserts are available as
pairs in the following sizes: standard, 0.001-, 0.002-,
0.010- and 0.012-inch undersize. The size is stamped on
the back of service replacement inserts.

NOTE: The 0.012-inch undersize insert is not used in
production.

Removal

(1) Drain engine oil.

(2) Remove oil pan.

(3) Remove main bearing cap and insert.

(4) Remove lower insert from bearing cap.

(5) Loosen other bearing caps and insert small cot-
ter pin in crankshaft oil hole. Fabricate cotter pin as
illustrated in figure 1B-92.

BEND HEAD TO FOLLOW
CONTOUR OF JOURNAL

7/64-INCH COTTER PIN

60763

Flg. 1B-92 Fabricated Upper Main Bearing Removal Tool

(6) With cotter pin in place, rotate crankshaft so
that upper bearing insert rotates in direction of its lock-
ing tab.

Main Bearing Fitting Chart

Crankshaft Main Beariny Journal 1-6 ;
Color Code and Diameter in Basring Color Code
Inches (Journal Size) Upper Insert Size Lower Insert Size
Yeilow — 2.5001 to 2.4996 (Standard) Yellow — Standard Yellow — Standard
(63.5025 to 63.4898 mm)
Orange — 2.4996 to 2.4991 (0.0005 Undersize) Yeillow — Standard Black — 0.001-inch Undersize (0.025 mm)
(63.4898 to0 63.4771 mm) 2
Black — 2.4991 to 2.4986 (0.001 Undersize) Black —(.001-inch Undersize (0.025 mm) | Black — 0.001-inch Undersize {0.025 mm)
(63.4771 to 63.4644 mm)
Green — 2.4986 to 2.4981 (0.0015 Undersize) Black — 0.001-inch Undersize (0.025 mm) | Green — 0.002-inch Undersize (0.051 mm)
(63.4644 t0 63.4517 mm)
Red — 2.4901 to 2.4896 (0.010 Undersize) Red — 0.010-inch Undersize (0.254 mm) | Red — 0.010-inch Undersize (0.254 mm)
(63.2485 to 63.2358 mm)

60262A
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Crankshaft Main Bearing Journal 7
Color Code and Diameter in

Bearing Color Code

Inches (Journal Size)

Upper Insert Size

Lower Insert Size

Yellow — 2.4995 to 2.4990 (Standard)
(63.4873 t0 63.4746 mm)

Yeilow - Standard

Yellow — Standard

Orange  — 2.4990 to 2.4985 (0.0005 Undersize)
(63.4746 to 63.4619 mm)

Yellow — Standard

Black — 0.001-inch Undersize (0.025 mm)

(63.4619 to 63.4492 mm)

Black — 2.4985 to 2.4980 (0.001 Undersize) Black — 0.001-inch Undersize (0.025 mm)| Black — 0.001-inch Undersize (0.025 mm)

(63.4492 to 63.4365 mm)

Green — 2.4980 to 2.4975 (0.0015 Undersize) Black — 0.001-inch Undersize (0.025 mm)| Green — 0.002-inch Undersize (0.051 mm)

Red — 2.4895 to 2.4890 (0.010 Undersize) Red
(63.2333 to0 63.2206 mm)

— 0.010-inch Undersize {0.254 mm) | Red

— 0.010-inch Undersize (0.254 mm)

NOTE: Because there is no hole in the number . main
Journal, use a tongue depressor or similar soft-faced tool
to remove the bearing (fig. 1B-93). After moving the
msert approximately one inch (25.4,0 mm), the insert can
be removed by applying pressure under the tab.

UPPER MAIN £
BEARING
INSERT

= DEPRESSOR

e

'
Fig. 1B-93 Removing No. 4 Main Bearing Insert

(7) In the same manner described above, remove
remaining bearings one at a time for inspection.

Inspaction

(1) Wipe lower insert clean and inspect for abnor-
mal wear pattern and for metal or other foreign mate-
rial imbedded in lining. Normal main bearing wear
pattern is illustrated in figure 1B-94.

NOTE: [f the crankshaft jowrnal is scored, remove the
engine for crankshaft repair.

(2) Inspect back of insert for fractures, scrapings or
irregular wear pattern.

602628

UPPER

NO WEAR IN
THIS AREA o

- LOW AREA
IN BEARING

LOWER/

HEAVIER WEAR
~ PATTERN ON
LOWER BEARING
60762

Fig. 1B-94 Normal Main Bearing Wear Pattern

(3) Inspect locking tabs for damage.
(4) Replace bearing inserts that are damaged or
worn.

Measuring Bearing Claarance with Plastigage (Crankshaft Instailed)

NOTE: Measure clearance of one bearing at a time. All
other bearings must remain tightened.

(1) Remove main bearing cap and insert.

(2) Clean insert and exposed portion of crankshaft
journal.

(3) Place strip of Plastigage across full width of
bearing insert.

(4) Install bearing cap and tighten bolts with 80
foot-pounds (108 Nem) torque.

(5) Remove bearing cap and determine amount of
clearance by measuring width of compressed Plastigage
with scale on Plastigage envelope (fig. 1B-95). Correct
clearance is 0.001 to 0.003 inch (0.025 to 0.076 mm) . The
Plastigage should maintain same size across entire
width of insert. If size varies, it may indicate tapered
journal or foreign material trapped behind insert.
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SCALE

COMPRESSED |

PLASTIGAGE 41917

Fig. 1B-35 Measuring Main Bearing Clearance with Plastigage

NOTE: Do not rotate crankshaft. Plastigage will shift,
resulting in mmaccurate indication. Plastigage must not
crumble. If brittle, obtain fresh stock.

(6) If correct oil clearance is indicated, bearing fit-
ting is not necessary. Remove Plastigage from crank-
shaft and bearing and proceed to Installation.

(7) If oil clearance exceeds specification, install pair
of 0.001-inch (0.025 mm) undersize bearing inserts and
measure clearance as described in steps (4) through (6)
above. -

CAUTION: Never use a pair of inserts that differ more
than one bearing size as a pair. For example, do not use a
standard upper and 0.002-inch (0.051 mm,) undersize
lower insert.

NOTE: The clearance indicated with the 0.001-inch
(0.025 mm) undersize inserts installed will determine if
the pair of 0.001-inch (0.025 mm) undersize inserts or
some other combination will provide the correct clear-
ance. For example, if the clearance was 0.0035 inch
(0.089 mm) originally, a pair of 0.001-inch (0.025 mm)
undersize inserts would reduce the clearance by 0.001
inch (0.025 mm). Oil clearance would be 0.0025 inch
(0.064 mm) and within specification. A 0.002-inch (0.051
mm) undersize imsert and a 0.001-inch (0.025 mm) un-
dersize insert would reduce this clearance an additional
0.0005 inch (0.013 mm) and the oil clearance would be
0.002 inch (0.051 mm).

(8) If oil clearance exceeds specification using 0.002-
inch (0.051 mm) undersize bearing inserts, measure
crankshaft journal with micrometer. If journal size is
correct, crankshaft bore in cylinder block may be mis-
aligned, which requires cylinder block replacement or
machining to true bore. If journal size is less than 2.4981
inch (63.4517 mm), replace crankshaft or grind to accept
suitable undersize inserts.

Measuring Main Bearing Journal with Micrometer (Crankshait Removed)

(1) Clean main bearing journal.

(2) Measure maximum diameter of journal with mi-
crometer. Measure at two locations 90 degrees apart at
each end of journal.

o g

(3) Compare measurements obtained with journal
diameters listed in Main Bearing Fitting Chart and se-
lect inserts required to obtain specified bearing
clearance.

Installation

(1) Lubricate bearing surface of each insert with
clean engine oil.

(2) Loosen all main bearing caps and install main
bearing upper insert(s).

(3) Install lower insert(s) and main bearing caps.
Tighten bolts with 40 foot-pounds (54 Nem) torque. Then
tighten with 60 foot-pounds (81 Nem) torque. Finally,
tighten with 80 foot-pounds (108 Nem) torque. Rotate
crankshaft after tightening each main bearing cap to
ensure it rotates freely.

NOTE: When installing a crankshaft kit (crankshayt
plus bearing inserts), measure euch bearing with Plasti-
gage to determine if fit is correct.

(4) Install oil pan, using replacement gaskets and
seals. Tighten drain plug.

(5) Fill crankcase with clean lube oil to specified
dipstick level. ;

Rear Main Bearing 0il Seal

The rear main bearing crankshaft oil seal consists of
two pieces of neoprene with a single lip that effectively
seals the rear of the crankshaft. To ensure leak-free
operation, replace the upper and lower seal halves in
pairs.

Removal

(1) Drain engine oil.

(2) Remove oil pan.

(3) Remove rear main bearing cap and discard
lower seal.

(4) Loosen all remaining main bearing caps.

(5) Use brass drift and hammer to tap upper seal
until seal protrudes enough to permit pulling it out
completely.

(6) Remove oil pan front and rear neoprene oil seals
and oil pan side gaskets.

(7) Clean gasket surfaces of oil pan and engine
block. Remove all sludge and residue from oil pan sump.

(8) Clean main bearing cap thoroughly to remove
all sealer.

Installation

(1) Wipe seal surface of crankshaft clean and
lightly coat with engine oil.

(2) Coat lip of seal with engine oil.

(3) Install upper seal into engine block.

NOTE: Lip of seal must face toward front of engine.

(4) Coat both sides of lower seal end tabs with RTV
silicone (Jeep Gasket-in-a-Tube, or equivalent). Use care
to prevent applying sealer to lip of seal.

pa
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(5) Coat outer curved surface of lower seal with
soap and lip of seal with engine oil.

(6) Install seal into cap recess and seat it firmly.

(7) Coat both chamfered edges of rear main bearing
cap with RTV silicone (fig. 1B-96).

LiQuip
SOAP ON

ENGINE OIL ON OUTSIDE

LIP

RTV SILICONE ON
TOP AND
BOTTOM OF BOTH
SIDES OF SEAL

RTV SILICONE ON
CHAMFERED EDGES

RTV

SILICONE

ON CHAMFERED
EDGES

41904

Fig. 1B-96 Rear Main OIl Seal and Cap Instailation

CAUTION: Do not apply sealer to cylinder block mat-
mg surraces of rear main bearing cap because bearing
clearance would be affected.

(8) Install rear main bearing cap.
(9) Tighten all main bearing bolts in steps with 40,
60 and 80 foot-pounds (54, 81 and 108 Nem) torque.
(10) Install oil pan using replacement gaskets and
seals. Tighten drain plug.
(11) Fill crankcase with clean oil to specified dipstick
level.

Vibration Damper and Puiley

The vibration damper is balanced independently and
then rebalanced as part of the complete crankshaft
assembly.

Do not attempt to duplicate the vibration damper
balance holes when installing a service replacement. The
vibration damper is not repairable and is serviced only
as a complete assembly.

Removal

(1) Remove drive beit(s).

(2) Remove three retaining bolts and separate vi-
bration damper pulley from vibration damper.

(3) Remove vibration damper retaining screw and
washer.

(4) Use Vibration Damper Remover Tool J-21791 to
remove damper from crankshaft (fig. 1B-97).

TOoOL
J-21791

WRENCH

A P AJ41892

Fig. 1B-97 Vibration Damper Removai

Installation

(1) Align key way of vibration damper with crank-
shaft key and tap damper onto crankshaft. ;

(2) Install vibration damper retaining screw and
washer. Tighten screw with 80 foot-pounds (108 Nem)
torque.

(3) Install damper pulley with retaining bolts.
Tighten bolts with 20 foot-pounds (27 Nem) torque.

(4) Install drive belt(s) and tighten to specified ten-
sion. Refer to Chapter 1C—Cooling System.

Flywheel/Drive Plate and Ring Gear Assembly

The ring gear can be replaced only for vehicles
equipped with manual transmission. The ring gear is
welded to and balanced as part of the converter drive
plate on vehicles with automatic transmissions. The en-
tire drive plate and ring gear assembly must be replaced
on automatic transmission eguipped vehicles.

Ring Gear Replacement (Manuai Transmission)

(1) Position flywheel on arbor press with steel
blocks equally spaced around perimeter and under ring
gear.

(2) Press flywheel througn ring gear.

NOTE: Ring gear can also be removed by breaking
with chisel.

(3) Apply heat to expand inside diameter of replace-
ment ring gear.
(4) Press flywheel into replacement ring gear.

NOTE: On manual transmission equipped cars, the fly-
wheel is balanced as an indiridual component and also
as part oy the crankshart assembly. Do not attempt to
duplicate orginal flywheel talance holes when instal-
ling « service replacement. Service flywheels are bal-
anced durimg manuyacture.
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CYLINDER BLOCK

Disassembly

(1) Remove engine as outlined within Engine
Removal.

(2) Place engine assembly on engine stand.

(3) Remove intake and exhaust manifolds.

(4) Remove cylinder head cover.

(5) Remove bridge and pivot assemblies and rocker
arms. Back off each capscrew one turn at a time to avoid
damaging the bridge.

(6) Remove push rods.

(7) Remove cylinder head and gasket.

(8) Remove valve tappets.

(9) Remove drive pulley and vibration damper.

(10) Remove timing case cover.

(11) Remove timing chain and sprockets.

(12) Remove camshaft.

(13) Position pistons, one at a time, near bottom of
stroke and use a ridge reamer to remove any ridge from
top end of cylinder walls.

(14) Remove oil pan and gaskets.

(15) Remove oil pump.

(16) Remove connecting rod bearing caps and inserts
and retain in same order as removed.

NOTE: Connecting rods and caps are stamped with the
number of the corresponding cylinder.

(17) Remove piston and connecting rod assemblies
through top of cylinder bores.

NOTE: Ensure that the connecting rod bolts do mot
scratch the commecting rod jowrnals or cylinder walls.
Short pieces of rubber hose slipped over the rod bolts
will prevent damage to the cylinder bores and
crankshaft.

(18) Remove main bearing caps and inserts.
(19) Remove crankshaft.

Cylinder Bore Reconditioning

Measuring Cylinder Bors

Use a bore gauge to measure the cylinder bore (fig.
1B-98). If a bore gauge is not available, use an inside
micrometer.

(1) Measure cylinder bore crosswise to block near
top of bore. Repeat measurement at bottom of bore.

(2) Determine taper by subtracting smaller dimen-
sion from larger dimension.

(3) Turn measuring device 120° and repeat step (1).
Then turn another 120° and repeat measurements.

(4) Determine out-of-round by comparing differ-
ence between measurements taken 120° apart.

If the cylinder taper does not exceed 0.005 inch (0.013
mm) and the out-of-round does not exceed 0.003 inch
(0.076 mm), the cylinder bore may be trued by honing. If

BORE
GAUGE

) O s

ol o i

80304

Flg. 18-98 Measuring Cylinder Bors with Bors Gauge

the cylinder taper or out-of-round condition exceeds
these limits, bore and then hone the cylinder for an
oversize piston.

Resurfacing Cylinder Bore

CAUTION: Do not use rigid type hones to remove cyl-
inder wall glaze. A slight amount of taper always exists
in cylinder walls after an engine has been in service for a
period of time.

(1) Use expanding hone to true cylinder bore and to
remove glaze for faster ring seating. Move hone up and
down at sufficient speed to produce uniform 60° angle
crosshatch pattern on cylinder walls. Do not use more
than ten strokes per cylinder (a stroke is one down and
one up movement).

CAUTION: Protect engine bearings and lubrication
system from abrasives.

(2) Scrub cylinder bores clean with solution of hot
water and detergent.

(3) Immediately apply light engine oil to cylinder
walls. Wipe with clean, lint-free cloth.

Assambly

(1) Install upper main bearing inserts in cylinder
block. ‘
(2) Install erankshaft.
(3) Install lower main bearing inserts and caps. Ap-
ply oil to insert before installing. Tighten bolts in steps



of 40, 60 and 80 foot-pounds torque (54, 81, 108 Nem).
Plastigage all inserts if replacement inserts or crank-
shaft have been installed.

(4) Clean cylinder bores thorougly. Apply light film
of clean engine oil to bores with clean, lint-free cloth.

(5) Install piston rings on piston. Refer to Piston
Rings for procedure.

(6) Lubricate piston and rings with clean engine oil.

(7) Use Piston Ring Compressor Tool J-5601 to in-

stall connecting rod and piston assemblies through top
of cylinder bores (fig. 1B-82).
NOTE: Ensure that connecting rod bolts do not scratch
the comnecting rod journals or cylinder walls. Short
lengths of rubber hose slipped over the connecting rod
bolts will provide protection during installation.

(8) Apply oil to inserts. Install connecting rod bear-
ing inserts and caps in same location as removed.
Tighten retaining nuts with 33 foot-pounds (45 Nem)
torque.

NOTE: Oul squirt holes in connecting rods must face
camshaft.
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(9) Install oil pump with replacement pick-up tube

and screen assembly.

(10) Install oil pan using replacement gaskets and

seals. Tighten drain plug.

(11) Install camshaft and timing chain—sprocket

assembly.

(12) Install timing case cover.
(13) Install vibration damper and drive pulley.

(14) Install valve tappets.

(15) Install gasket and cylinder head.

(16) Install push rods.

(17) Install rocker arms and bridge and pivot assem-
blies. Loosely install capscrews at each bridge, then
tighten capscrews alternately, one turn at a time, to
avoid damaging or breaking bridge.

(18) Install cylinder head cover, using silicone (RTV)

rubber sealant.

(19) Install intake and exhaust manifolds.
(20) Remove engine from engine stand.
(21) Install engine assembly as outlined within En-

gine Installation.

SPECIFICATIONS

Six-Cylinder Engine Specifications

(USA) (METRIC)
Inches Millimeters
Uniess Unless
Otherwise Otherwise
Specified Specified
TVPEr . 5 e a5 e AR In Line, OHV, Six-Cylinder
BOMBLL . e v v v v e 3.75 95.25
Stroke
CBE o  i v e e s e 3.885 98.93
Displacement
e Bk, SRR L 258 cubic inches 4.2 liters
Compression Ratio . . . ... ... .. 8.0:1
Compression Pressure
288 T B L el 120-150 psi 827-1034 kPa
Maximum Variation SBetween
Cylinders. . . . . ... ...... . 30 psi 206 kPa
PIing OBeC .. . & v i o g o 1-5-3-6-2-4
Taxable Horsepower . . . . . . . . . . 33.75 Bhp 25.2 kW
Fuel. . . ... ... .. ... unleaced
Camshaft .
Fuel Pump Eccentric Diameter . . . . 1.615-1.625 41.02-41.28

Tappet Cizarance
End Play

Zero Lash (Hycraulic tappets)
Zero (engine operating)

Searing Clearance. . . . ... ... .. 0.001-0.003 0.025-0.076
Bearing Journal Diameter
Nosaptoiaan . | o | wsiekiae L 2.029-2.030 51.54-51.56
Noy Desbmiiten. . o L o BEo i o 2.019-2.020 51.28-51.31
Naadass sen . | 10 cemnes | 2.009-2.010 51.03-51.05
Mos et e 4ni™s o o rormiarae . o 1.8999-2.000 50.78-50.30
Base Circle Sunout . . . . ., . . . . . 0.001 (max) 0.03 (max)
Cam Lobe Lift. . . . . .. .. . . . 0.253 6.43
Intake Valve Timing
Opens. . . ... ... .. ... . .. 3° BTDC
Closes. . . ... .. .. ... .. . . 73° ABDC
Exhaust Vaive Timing
Opens. . . ... .. ... 579 38DC
Closes. . . ... ... .. ... . .. 25° ATDC
Valve Overiap . . . . . f s ow o w b 34°
Intake Duration. . . . . . . 262°
Exhaust Duration. . . . . ... .. . . 262°

Connecting Rods

Total Weight (less oearings)
2538

Toral Length (center-to-center)
258

Connecting Rod 3ore (less bearings) .
Bearing Clearante . . .oia0t n b & .

Crankshaft
End Play
Main Bearing Journal Diameter . . .
Main Bearing Journal Width
No. 1
No. 3

Main Bearing Clearance

NG, EMBING .« ol o s, i s

No.7Main. . . ... ........

Connecting Rod Jsurnal Diametear .

Connecting Roa Journai Wiath . . . .

(UsA)

Inches

Uniess
Otherwise
Specified

(METRIC)
Millimeters
Unless
Otherwise
Specified

695-703 grams

5.373-5.377
2.2085-2.2080
0.001-0.0025
{0.0015-0.202
preferred)

.010-.018
0.001 per inch

0.0005
per inch

0.0015-0.0065

. 2.4986-2.5001

1.086-1.098
1.293%.293
1.182-1.188

.0005 to .0026
(.0015
preferred)
.0005 to .003
(.0017
preferred)

.0011 10 .0035
(.0023
preferred)
2.0934-2.C¢
1.070-1.07

55
5

149.17-140.28
56.09-56.03
0.03-0.06
(0.044
preferred)
.25-43
0.025 per
25.4 mm
0.0127 per
25.4 mm

0.038-0.165
63.464-62.502

27.58-27.83
32.28-32.33
30.02-20.18

.013 to .066
(.04
preferred)
.013 t0 .076
(.045
preferred)

.028 0 .089
(.0s8
preferred)
53.17-53.23

27.18-27.33

50263 A
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w

Maximum Out-of-Round
(All Journals)
Maximum Taper (All Journals) . . . .

Cylinder Block
Deck Maight . . . .« « o « o o oo s o
Deck Clearance . . . . . ... ... ..
Cylinder Bore (standard). . . . . . . .
Maximum Cylinder Taper
Maximum Cylinder
(Qut-of-Round)
Tappet Bore Diameter
Cylinder Block Flatness

Cylinder Head

Combustion Chamber Volume . . . .
Valve Arrangement. . . . . . . . . . .
Valve Guide ID (Integral)
Valve Stem-to-Guide Clearance . . . .
Intake Valve Seat Angle
Exhaust Valve Seat Angle
Valve Seat Width
Valve Seat Runout
Cylinder Head Flatness. . . . . . . ..

Lubrication System
Engine Oil Capacity. . . . . . .. ...

Normal Operating Pressure. . . . . . .

Oil Pressure Relief
Gear-to-8ody Clearance Radial . . . .

Gear End Clearance, Plastigage . . . .

Gear End Clearance, Feeler Gauge . .

Pistons
Weight (lesspin) . . . . ... ... ..
Piston Pin Bore Centerline-to-Piston

DA e b i s e v E i
Piston-to-Bore Clearance

Piston Ring Gap Clearance —
Compression (both) . . . . .. ..

Six-Cylinder Engine Specifications (Continued)

(USA) (METRIC)

Inches Millimeters

Uniess Uniess
Otherwise Otherwise
Specified Specified
0.0005 0.013
0.0005 0.013

9.487-9.493  240.97-241.12

0.0148 0.376

(below block)  (below block)
3.7501-3.7533 95.253-95.334
0.005 0.13

0.003 .. -0.08
0.9055-0.9065  23.0-23.025
0.001/1-0.002/6 0.03/25-0.05/152

(max) 0.20 (max)

67.84-70.84cc
El-IE-IE-EI-EI-IE
0.3735-0.3745  9.487-9.512
0.001-0.003 0.03-0.08
300
44 .50
0.040-0.060 1.02-1.52
0.0025 0.064
0.001/1-0.002/6 0.03/25-0.05/152

0.008 (max) 0.20 (max)
4 quarts 3.8 liters
(Add 1 quart (Add 0.9
with filter liter with filter
change) change)
13psi at 89.6 kPa at
600 rom; 600 rpm;
37-75 psi 255.1-517.1
(max) at kPa (max) at
1600+ rpm 1600+ rpm
75 psi (max) 517.1 kPa (max)
.002-.004 .051-.102
(.002 preferred) (.051 preferred)
0.002-0.006 Q.051-0.152
(0.002 (0.0508
preferred) preferred)
0.004-0.008 0.1016-0.2032
(0.007 (0.1778
preferred) preferred)

498-502 grams

1.651-1.655 41.9442.04
0.0009-0.0017  0.023-0.043
(0.0012-0.0013 (0.030-0.033

preferred) preferred)
0.010-0.020 0.25-0.51

(USA) (METRIC)
Inches Millimeters
Uniess Uniess
Otherwise Otherwise
Specified Specified
Piston Ring Gap Clearance —
Qil Controi Steel Rails . . . . . .. 0.010-0.025 0.25-0.64
Piston Ring Side Clearance
No. 1 Compression . .. ... ... 0.0017-.0032 0.043-0.081
(0.0017 (0.043
preferred) preferred)
No. 2 Compression . . . ... ... 0.0017-.0032 0.043-0.081
(0.0017 (0.043
preferred) preferred)
QHICEPIOL s —ererdipnins, s 4z s 0.001-0.008 0.03-0.20
(0.003 (0.08
preferred) preferred)
Piston Ring Groove Height
Compression (both) . . . .. . ... 0.0795-0.0805  2.019-2.045
OHCaptrBl = 57, s v v wvie 0.188-0.1895 4.784.80
Piston Ring Groove Diameter
Mot and MO 2 . wsais i o hls - 3.324-3.329 84.43-84.56
OUONEO s e s 4o eis oo 3.329-3.339 84.56-84.81
Piston Pin Bore Diameter. . . . . . . . 0.9308-0.9313 23.642-23.655
Piston Pin Diameter . . . . . ... ... 0.9304-0.9309 23.632-23.645
Piston Pin-to-Clearance . . . . . . . 0.0003-0.0005  0.008-0.013
loose loose
(0.0005 (0.013
preferred) preferred)
Piston Pin-to-Connecting Rod . . . 2000 Ibf 8.900 kN
i press-fit press-fit
Rocker Arms, Push Rods and Tappets
Rocker ArmRatio . . ......... 1.6:1
PushRodlength . . .......... 9.640-9.660 244.856-245.364
Push Rod Diameter. . . . . ... ... 312-.315 7.92-8.00
Hydraulic Tappet Diameter . . . . . . 0.904-0.9045 22.96-22.97
Tappet-to-Bore Clearance . . . . . . . 0.001-0.0025 0.03-0.05

Vaives
Valve Length

(Tip-to-Gauge Dim. Line) 4.7895-4.8045

121.653-122.034

Valve Stem Diameter. . . . . . . ... 0.3715-0.3725 9.436-9.462
Stem-to-Guide Clearance. . . . . . .. 0.001-0.003 0.03-0.08
Intake Valve Head Diameter. . . . . . 1.782-1.792 45,26-45.52
Intake Valve Face Angle. . . . . . .. 290
Exhaust Valve Head Diameter. . . . . 1.401-1.411 35.59-35.84
Exhaust Valve Face Angle. . . . . .. 440
Maximum Allowable Removed for

Tip Refinishing . . . . ... .... 0.010 0,25

Valve Springs, Exhaust
Valve Open
ValveClosed. . . . . . . .v oo s o+

Valve Springs, Intake

Freedength .. ... . o000 .. 1.99 approx.
Spring Tension
Valve Closed, . . .Ul . 64-72 Ibf
at 1.786
LT G o o R s g e SN 188-202 Ibf
at 1.411
Inside Diameter . . . . . .. ... ... 0.948-0.968

Six-Cylinder Engine
Firing Order

CNONORONONO)

ot

80-88 at 1.625
210-226 at 1.188
1.000-1.020 in.

50.55 approx.

285-320 N
at 45.24
836-898 N
at 35.84
24.08-24.59

602638
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' Torque Specifications

Service Set-To Torques should be used when assembling components. Service In-Use Recheck Torques shouid be used for checking a pre-torqued item,

USA (ft-ibs) Metric (N-m)
Service Service
Service In-Use Service In-Use
Set-To Recheck Set-To Recheck
Torque Torque Torque Torque
Air Injection Tube-to-Manifold . . . . . ... .. ... .. .. ... . .. 20 15-20 27 20-27
Air Pump Adjusting Strap-to-Pump. . . . . . . . . e 20 15-22 27 20-30
Air Pump Brackets-to-Engine (A/C Compressor or Pedestals) . . . .. .. ........ 25 18-28 34 24-38
Al PUMD-L0-BIBCKETL . o . i L i e e e e e e e 20 15-22 27 20-30
Alternator Adjusting Bolt . . . . . . . . . .. e 18 15-20 24 20-27
Alternator Mounting Bracket-to-Engine . . . . . . . .. .. ... 28 23-30 38 3141
AltRraator PIVOTBDITOr NI, . . & vov s cv v 50 5o 65 65 65 008 08 in o mmome o 28 20-35 38 2747
Alternator Pivot Mounting Bolt-to-Head . . . . . . . . .. .. .. .. ... .. 33 30-35 45 4147
Blogk Bleatar Nt . o v oo v e o 2 4 oy wn v e e e e e e e s s 20 in-bs 17-25 in-lbs 2 2-3
Camshaft SProcket SCrew . . . . . . o v v v it et e e e e e e e 50 45-55 68 61-75
Carburetor Hold-Down NUTS. . . . . . .o ittt s e e e 14 12-20 19 16-27
Clutch Housing Spacer to BIOCK SCTeWS . . . . . o . o v v v e o e e, 12 9-15 16 12-20
Clutch Housing-to-Block Screws (bottom). . . . . .. ... ............... 43 3747 58 50-64
Clutch Housing-to-Block Screws (top) . . . . v v v v v oo e e e e 27 22-30 37 30-41
Coil Bracket-to-Cylinder Head. . . .. ... .. T S PR L R L B 14 10-18 19 14-24
Connebting RoH BoltNGIs i ol o s e e s e s v s n s s moa 33 30-35 45 4147
Crankshaft Pulley-to-Damper Bolts. . . . . . . . . v vt e e 20 15-25 27 20-34
Cylinder HeadiGapscrows s .5 iabdng B s Bl St R et e s ek 85 80-90 118 108-122
Cylinder Heagd.-Cover Nurs- & . ., s o0 e et gaatl g 058 28 in-bs 25-31 in-ibs 32 2.8-3.5
Distributor Clamp Bracket SCrew: oo o ivn . sid i T L e 13 10-18 18 14-24
EGR Valyes Sarin o Gl ol il T onn st Uit B Bl K L L L e 13 9-18 18 12-24
Exhaust MBRifOIEBOINS: | + = | Mo L0 s i b aliBe e adel B L L L L 23 18-28 31 24-38
Exbaust RipsStaeMaaifolo’ oo, .0 o b S W e s Bl e Tt L 20 15-25 27 20-34
Fan and'Hubrassambiy-Roltst .~ ep o ti s e Ll I e L 18 12-25 24 16-34
Drive Plate-taMSORVaEtBESEra tan e e rans i i e L 22 20-25 30 27-34
EGR Tube MUteEes Thc i, Sudtapt i, Silin. | B S e I e 30 25-35 41 3447
Flywhee! or Drive Plate-to-Crankshaft . .-, . . . . v o idon o ovie o o oo v enasns 105 95-115 142 129-156
Sront Support Bracket-to-Block SCrew. . . & . . . .. e e 35 2540 47 34-54
ont SuppPort Cushion-to-Bracket . . . . . . . . v vt v it it et e e e e 33 27-38 45 36-52
ront Support Cushion-to-Bracket-to-Frame . . . . . .. .. oo oo i 37 3045 50 4161
Fuel Pump Serews . . fsiti s il . . L v e e e e e s i s e e e s 16 13-19 22 18-26
ldler Arm Brackat-t0-Sil . . . o s o i i e e e e e e e e s e s e e 50 3560 68 47-81
idier Pulley Bracket-to-Front Cover NUT. . . . . . . . .o v i e e e 7 4-9 9 5-12
Idler Pulley Bearing Shaft-to-Bracket NUt . . . . . . . . . . o v v i 33 28-38 45 38-52
Intake Manifold Coolant Fittings . . . . . . ... ... .. ... ', 20 15-25 27 20-34
lotakeNanifold Heater Screws . . il s o i iaia nae s 4 s 55 € 3 % o m e 74 5-9 9 7-12
intake ManifoldiBerews . . . . Ll i a s i e e e e s e s e 23 18-28 31 24-38
Main BearingiQapseraws ... . . . . s i i e 5 S o e e aie e e e e es s s 80 75-85 108 101-115
Ol FiltagsHantats-, | aer i ol ot B0 S SE s B e e 48 42-55 65 57-75
Ot Pan i RIUGlE S0 0 o Ry s i e T b e § B E e e s e 30 25-35 41 3447
Qil Pan Screws—1/4 inch—20 . . . . . . . . 0t it e e e 7 59 9 7-12
Oil Pan Screws—5/16inch—=18 . . . . . . . . ottt t it et et i 1 9-13 15 12-18
Ol Pump, At1aching Screws tLong) . . <o « o v v v vivi Tt Foe s v s o v oo oo 17 12-20 23 16-27
Qil Pump Attaching Screws (Short). . . . . . . . . o it e e e 10 8-13 14 11-18
Ol PUMIICOVBESCIBWST 5ot L . . 5iln o i e o et o el Me o 5 s 5 we me e o s 70 in-ibs 60-80 in-lbs 8 7-9
OxXVAEAISENSOR: Jea bl o o) oiage B8 at L o spas s T 35 32-38 48 43-52
Power Steering Pump-Adapter Screw. . . . .. ... .... L0 S0 i o v it s ot i o1 gt 23 18-28 33 24-38
Power Steering Pump Bracket SCrew . . . . . . . . .. .. it 43 3747 58 5064
Power Steering Pump Mounting SCrew . . . . . o . . o vt i i 28 25-35 38 3447
Power Steering Pump Pressure Line NUT. . . . . . . . . . v v i e 38 3045 52 4161
Power Steering PUMPDRPUHEY NUL . . . o & . e i e e o 38 4065 79 54-88
Rear Crossmember-to-Side Sill NUt. . . . . .. . . ... .o 30 20-35 41 2747
Rear Support Bracket-to-Transmission . . . . . . . . oo v v v i i et 33 27-38 45 37-52
Rear Support Cushion-to-Bracket. . . . . . . ... ..o v i i s 48 40-55 65 54-75
Rear Support Cushion-to-Crossmember . . . . . . . ... ... . 18 12-25 24 16-34
Rocker Arm Assembly-to-Cylinder Head. . . . . . .. ... ... ... ... ..... 19 16-26 26 22-35
SPALK PIUG & s hin s e v e i s e s b e B RS s e s e e e 11 7-15 15 10-20
Starter to Converter Housing BoIT . . . . . . .o v v e e 18 13-25 24 18-34
Thermostat HoUSING SCrew . . . . . . . . .ot e 13 10-18 18 14-24 -
Timing Case Cover-to-Block SCrews. . . . . . . . o v i e e 5 4-8 7 5-11
Timing Case Cover-to-Block Studs . . . . . . v v v v v et e s e e et e 16 13-19 22 18-26
‘bration Damper Screw, Lubricated. . . . . . . . .. ... ... ... 80 70-30 108 395-122
et ROMGBEIEING . S0 & 45 5 a5 0% Sn o B B m e 3 e a s e e e S 13 3-18 18 12-24

All Torque values given in foot-pounds and newton-meters with dry fits uniess otherwise specified.

Refer to the Standard Torque Specifications and Capscrew Markings Chart in Chapter A of this manual for any torque spacifications not listed above.
602648
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GENERAL

The 304 (5 liters) and 360 (6 liters) CID engines are 90-
degree V-8 cylinder designs incorporating overhead
valves (figs. 1B-99 and 1B-100). The cylinders are num-
bered from front to rear: 1-3-3-7 on the left bank and 2-
4-6-8 on the right bank. The cylinder firing order is 1-3-
4-3-6-3-T-2.

41920

Fig. 1B-89 Sectlonal View of Eight-Cylinder Engine Assembly

The crankshaft, supported by five two-piece main
hearing inserts, rotates in a counterclockwise direction
as viewed from the rear. The camshaft is supported by
five one-piece, line-bored bearings.

Bridge and pivot assemblies control movement of in-
take and exhaust rocker arms and are paired by
cylinder.

Because of the similarity of the two engines, service
procedures have been consolidated and typical illustra-
tions are used to represent both engines.

60487

Fig. 1B-100 Typical Eight-Cylinder Engine Assembly

Engine Identification

The cubic-inch displacement numbers are cast intd
both sides of the cylinder block. These numbers are ™
located between the engine mounting bracket bosses.
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Engine Type and Build Date Cods

The engine Type and Build Date Code is located on a
ate attached to the right bank cylinder head cover (fig.
.3-101).

/.’/\ 80003

Fig. 1B-101 Engine Type and Build Date Code Location

The code numbers identify the year, month, and day
that the engine was built. The code letter identifies the
cubic inch displacement, number of carburetor venturi
and compression ratio.

The example code identifies a 304 CID (5 liters) engine
with 2V carburetor and 8.4:1 compression ratio built on

tober 15, 1980.

Engine Type and Build Date Code

Letter Compression
CciD Carburetor
Code Ratio
H 304 2V 3.4:1
N 360 2v 8.25:1
Ist 2nd and 3rd 4ath 5th and 6th
Character Characters Character Characters
(Year) (Month) (Engine Type) (Day)
5-1981 -
4-1980 01-12 Hor N 01-31
EXAMPLE: 4 10 H 15 50265

Oversize or Undersizs Components

[t is sometimes necessary to machine all cylinder
bores 0.010-inch (0.254 mm) oversize, all crankshaft
main bearing journals 0.010-inch (0.254 mm) undersize,
all connecting rod journals 0.010-inch (0.254 mm) under-
size, or all camshaft bearing bores 0.010-inch (0.254 mm)
oversize. If so, the engine has a single or double letter

e stamped adjacent to the Engine Type and Buiid
—ate Code on the plate attached to the right bank cylin-
der head cover. The code is explained in the Oversize or
Undersize Components Code chart.

Oversize or Undersize Components Code

cylinder bore 0.010-inch
{0.254mm) oversize

Single Letter B

main bearings 0.010-inch
(0.254mm) undersize

Single Letter M

connecting rod bearings 0.010-inch
(0.254mm) undersize

Single Letter F

Double Letters PM main and connecting rod bearings

0.010-inch (0.254mm) undersize

camshaft bearing bores 0.010-inch
(0.254mm) oversize

Single Letter C

60258

SHORT ENGINE ASSEMBLY (SHORT BLOCK)

A service replacement short engine assembly (short
block) may be installed whenever the original engine
block is damaged beyond feasible repair. A short engine
assembly consists of an engine block, piston and con-
necting rod assemblies, crankshaft, camshaft, timing
sprockets and chain. When installing a short engine
assembly, always install a replacement oil pump pickup
tube and screen assembly.

NOTE: Short engine assemblies include a replacement
engine type and build date code plate. Remove the origi-
nal plate and attach the replacement plate to right cylin-
der head cover.

Installation includes transfer of required component
parts from the worn or damaged original engine. Follow
the appropriate procedures for cleaning, inspection and
tightening as outlined in this section.

ENGINE MOUNTING

Resilient rubber mounting cushions support the en-
gine and transmission at three points. A cushion is lo-
cated at each side on the centerline of the engine. The
rear is supported by a cushion between the transmission
extension housing and the rear support crossmember
(fig. 1B-102).

FRONT
CUSHIONS
- Pay RESTRICTOR
LI I ] PLATES
o, )
~ T 442579

Flg. 1B-102 Typical Engine Mounting
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Removal or replacement of any cushion may be ac-
complished by supporting the weight of the engine or
transmission in the area of the cushion.

ENGINE HOLDING FIXTURE

If necessary to remove the front engine mounts to
perform service such as oil pan removal, fabricate an
engine holding fixture such as that illustrated in figure
1B-103.

+

2 INCH X 2 INCH X 6 INCH

(2) 9718 INCH ~32 NUTS! ' - | HARBINDOO SLOGY

UPPER TRUNNION
BEARING \ :
)

PIVOT OR
SLEEVE

s P
pe
4 INCH X 51 INCH 27
CHANNEL IRON /‘2 INCHES
@
y
1/2 INCH - 13
R o LIFTING EYE
P INSTALLED
SN IN INTAKE
MANIFOLD
2 INCH X 2 INCH X 6 INCH
HARDWOOD BLOCK
41950

Fig. 1B-103 Engine Holding Fixturs

ENGINE REMOVAL

The engine is removed with the transmission and fly-
wheel/drive plate housing detached.

(1) On Cherokee, Wagoneer and Truck vehicles,
mark hood hinge locations at hood panel for ease of
alignment during installation. Remove hood from
hinges. On CJ vehicles, hood will tilt far enough rear-
ward to facilitate engine removal.

(2) Remove air cleaner assembly.

WARNING: If engine has been recently operated. use
care to prevent scalding by hot coolant. System is
pressurized.

(3) Drain cooling system and disconnect upper and
lower radiator hoses. Disconnect heater hoses.

NOTE: If coolant s
container.

reusable. drain into clean

(4) If equipped with automatic transmission, dis-
connect fluid cooler tubing from radiator and where
attached to engine.

NOTE: If the vehicle is equipped with a radiator
shroud, separate the shroud from the radiator to facil-
itate removal and installation of the radiator and fan
assembly.

(5) Remove radiator.

(6) Remove fan assembly. If equipped with power
steering, remove fluid from pump reservoir and dis-
connect hoses.

(T) If equipped with air conditioning, turn both
service valves clockwise to front-seated position. Vent
compressor refrigerant charge by slowly loosening ser-
vice valve fittings. Remove service valves from
compressor.

(8) Remove Cruise Command vacuum servo bellows
and mounting bracket as an assembly, if equipped.

(9) On Cherokee, Wagoneer and Truck vehicles, re-
move battery. On CJ vehicles, disconnect battery nega-
tive cable.

(10) Disconnect wire harness from engine and move -
aside.

(11) Disconnect following hoses, as applicable:

(a) Fuel supply and return hoses at chassis
tubing.

(b) Vacuum hose at power brake unit.

(¢c) Vacuum hose for heater damper doors at
intake manifold.

(12) If equipped with automatic transmission, dis-
connect transmission filler tube bracket from right cyl-
inder head. Do not remove filler tube from transmission.

(13) Remove both engine front support cushion-to-
frame retaining nuts.

(14) Support weight of engine with lifting device.

(15) On CJ vehicles, remove left front support cush-
ion and bracket from cylinder block.

(16) On CJ vehicles equipped with manual transmis-
sion, remove transfer case shift lever boot, floormat (if
equipped), and transmission access cover.

(17) On vehicles equipped with automatic transmis-
sion, remove upper screws securing drive plate housing
to engine. If equipped with manual transmission, re-
move upper screws securing flywheel housing to engine.

(18) Disconnect exhaust pipe from exhaust mani-
folds and support bracket.

(19) Remove starter motor.

(20) Support transmission with floor jack.

(21) If equipped with automatic transmission:

(a) Remove drive plate housing inspection
cover. Scribe mark to indicate assembled position of
converter and drive plate and remove converter-to-drive
plate boits.

(b) Remove lower throttle valve and inner man-
ual linkage support. Disconnect throttle valve rod -at
lower end of bellcrank.

(22) Remove remaining screws securing fly-;
wheel/drive plate housing to engine. If equipped with
manual transmission, remove flywheel housing lower
cover.
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CAUTION: Ifequipped with power brakes, avoid dam-
aging the power unit while removing the engine.

(23) Remove enginé by lifting upward and forward.

ENGINE INSTALLATION

(1) Lower engine slowly into engine compartment
and align with flywheel/drive plate housing. With man-
ual transmissions, ensure clutch shaft is aligned prop-
erly with splines of clutch driven plate..

(2) Install flywheel/drive plate housing screws.
Tighten screws with specified torque. Automatic trans-
mission: 28 foot-pounds (38 Nem). Manual transmission:
27 foot-pounds (37 Nem).

(3) Remove floor jack used to support transmission.

(4) If equipped with automatic transmission, align
scribe marks previously made on converter and drive
plate, install converter-to-drive plate bolts and tighten
with specified torque. Install throttle valve bellcrank
and manual linkage support.

(5) Install inspection cover (automatic transmis-
sion) or flywheel housing lower cover (manual
transmission).

(6) Install starter motor.

(7) On CJ vehicles, install left front support cushion
and bracket on cylinder block. Tighten screws with 28
foot-pounds (38 Nem) torque.

(8) Lower engine onto supports. Remove lifting
device.

(9) Install front support cushion retaining nuts.
Tighten nuts with 33 foot-pounds (45 Nem) torque.

(10) Connect exhaust pipe to exhaust manifolds and
support bracket.

(11) If equipped with automatic transmission, con-
nect transmission filler tube bracket to right cylinder
head. ;

(12) Install battery, if removed.

(13) Install Cruise Command vacuum servo bellows
and mounting bracket, if removed.

(14) Connect all wires, tubing, linkage and hoses to
engine.

(15) Connect receiver outlet to disconnect coupling.
Connect condenser and evaporator lines to compressor.

CAUTION: Both service valves must be open before
the air conditioning system is operated.

(16) Purge compressor of air.

(17) If equipped with power steering, connect hoses
and fill pump reservoir to specified level.

(18) Install radiator fan assembly and tighten retain-
ing screws with 18 foot-pounds (24 Nem) torque.

(19) Install radiator and connect upper and lower
hoses. If equipped with automatic transmission, connect
fluid cooler tubing.

(20) Fill cooling system to specified level.

(21) Install air cleaner assembly.

WARNING: Use extreme caution when engine is oper-
ating. Do not stand in direct line with fan. Do not put
hands near pulleys, belts or fan. Do not wear loose
clothing.

(22) Start engine. Inspect all connections for leaks.
Stop engine.

(23) If removed, install and align hood assembly.

(24) If removed, install transmission access cover,
floormat and transfer case shift lever boot.

VALVE TRAIN

General

All eight-cylinder engines have overhead valves oper-
ated by hydraulic tappets, push rods and rocker arms. A
chain-driven camshaft is mounted in the cylinder block.
The hydraulic valve tappets provide automatic valve
lash adjustment.

Rocker Arm Assembly

The intake and exhaust rocker arms for each cylinder
pivot on a bridge and pivot assembly that is secured to
the cylinder head by two capscrews (fig. 1B-104). The
bridge and pivot assembly maintains correct rocker
arm-to-valve tip alignment. Each rocker arm is actuated

ROCKER ARM

CAPSCREW
/

BRIDGED

/ PIVOT

ROCKER
ARM

CYLINDER
HEAD
PEDESTAL

! ) :
J -~ 7 HOLLOW
: % o PUSH ROD

| b 5k

Fig. 1B-104 Rocker Arm Assembly

90639
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by a hollow steel push rod with a hardened steel ball at
each end. The hollow push rods also route oil to the
rocker arm assemblies.

Removal

(1) Remove cylinder head cover.

(2) Remove two capscrews at each bridge. Alter-
nately loosen capscrews one turn at a time to avoid
damaging bridge.

(3) Remoye bridge and pivot assemblies and place
on bench in same order as removed.

(4) Remove rocker arms and place on bench in same
order as removed.

(5) Remove push rods and place on bench in same
order as removed.

Cleaning and Inspection

Clean all parts with cleaning solvent. Use compressed
air to clean out the oil passages in the rocker arms and
push rods.

Inspect the pivot contact surface of each rocker arm
and push rod. Replace parts that are scuffed, pitted or
excessively worn. Inspect the valve stem contact surface
of each rocker arm and replace if deeply pitted. Inspect
each push rod end for scuffing or excessive wear. If any
push rod is excessively worn from lack of oil, replace
the push rod as well as the corresponding hydraulic
valve tappet and rocker arm.

It is not normal for a wear pattern to exist along the
length of the push rod. Inspect the cylinder head for
obstruction if this condition exists.

Installation

(1) Install push rods. Ensure bottom end of each
rod is centered in plunger cap of hydraulic valve
tappet.

(2) Install bridge and pivot assembly and pair of
rocker arms adjacent to cylinder from where they were
originally removed.

(3) Loosely install two capscrews through each
bridge. Tighten capscrews alternately, one turn at a
time, to avoid damaging bridge. Tighten with 19 foot-
pounds (26 Nem) torque.

(4) Reseal and install cylinder head cover.

(5) Install retaining screws and washers. Tighten
screws with 50 inch-pounds (6 Nem) torque.

Valves

The following procedures apply only after the cylinder
head has been removed from the engine and the bridge
and pivot assemblies, rocker arms and push rods re-
moved from the head. If the head has not been removed
from the engine, refer to Cylinder Head for removal
procedure.

Removal

(1) Compress each valve spring with C-clamp type .
spring compressor tool. Remove valve locks and retain- @
ers. Release compressor tool.

(2) Remove valve springs.

(3) Remove valve stem oil deflectors.

(4) Remove valves individually and place in rack in
same order as installed in cylinder head.

Cleaning and Inspection

Remove all carbon deposits from the combustion
chambers, valve ports, and valve stems and heads.

Remove all foreign material and gasket cement from
the cylinder head gasket mating surface.

Inspect for cracks in the combustion chambers and
valve ports and in the gasket surface area at each cool-
ant passage. -

Inspect for burned or cracked valve heads and scuffed
valve stems. Replace any valve that is bent, warped or
scuffed.

Vaive Refacing

Use a valve refacing machine to reface intake and
exhaust valves to specified angle. After refacing, at least
1/32-inch (0.787 mm) margin must remain. If not, re-
place the valve. Examples of correct and incorrect valve
refacing are illustrated in figure 1B-105.

1/32-INCH
(.0.787 mm)
VALVE MARGIN

CORRECT VALVE FACING

NO MARGINM

INCORRECT VALVE FACING

60117 -

Fig. 1B-105 Vaive Refacing
{
Resurface and rechamfer the valve stem tip when
excessively worn. Never remove more than 0.020 inch
(0.508 mm).
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Valve Seat Refacing

Install a pilot of the correct size in the valve guide and
reface the valve seat to the specified angle with a dress-
ing stone in good condition. Remove only enough metal
to provide a smooth finish. This is especially important
on exhaust valve seats. The seat hardness varies in
depth. Use tapered stones to obtain the specified seat
widths when required. Maximum seat runout is 0.0025
inch (0.064 mm) (fig. 1B-106).

DIAL
INDICATOR

Fig. 1B-106 Vaive Seat Runout Measurement

Valve Stem 0il Deflector Replacement

Nylon valve stem oil deflectors are installed on each
valve stem to prevent lubrication oil from entering the
combustion chamber through the valve guide bores. Re-
place oil deflectors whenever valve service is performed
or if the deflectors have deteriorated.

Oil deflector replacement requires removal of valve
springs. Refer to Valve Springs for procedure.

Valve Guides

The valve guides are an integral part of the cylinder
head and are not replaceable. When the stem-to-guide
clearance is excessive, ream the valve guide bores to the
next larger valve stem size. Service valves are available
with 0.003-inch (0.076 mm), 0.015-inch (0.127 mm) and
0.030-inch (0.760 mm) oversize stems.

Refer to the Valve Guide Reamer Size chart for listing
of reamers.

Valve Guide Reamer Sizes

Reamer

Tool Number Size

J-6042-1 0.003-inch (0.076mm)
J-6042-5 0.015-inch (0.381mm)
J-60424 0.030-inch (0.762mm)

60268

NOTE: Ream valve guide bores in steps. Start with the
0.003-inch (0.076 mm) reamer and progress to the size
required.

Valve Stam-to-Guids Clearancs

Valve stem-to-guide clearance can be measured by
either one of two methods:

Preferred Method

(1) Remove valve from head and clean valve guide
bore with solvent and bristle brush.

(2) Insert telescoping gauge into valve guide bore
approximately 3/8 inch (9.525 mm) from valve spring
side of head (fig. 1B-107) with contacts crosswise to
head. Measure telescoping gauge with micrometer.

(3) Repeat measurement with contacts lengthwise
to cylinder head.

(4) Compare lengthwise and crosswise measure-
ments to determine out-of-roundness. If measurements
differ by more than 0.0025 inch (0.0635 mm), ream guide
bore to accommodate oversize valve stem.

(5) Compare valve guide bore diameter measure-
ment with diameter listed in Specifications. If measure-
ment is larger by more than 0.003 inch (0.076 mm), ream
guide bore to accommodate oversize valve stem.

GAUGE

VALVE
GUIDE

Fig. 1B-107 Measuring Vaive Guide Bors with Telescoping Gauge

Alternate Method

Use a dial indicator to measure the lateral movement
of the valve stem with the valve installed in its guide
and barely off the valve seat (fig. 1B-108). Correct clear-
ance is 0.001 to 0.003 inch (0.025 to 0.076 mm).

Installation

(1) Thoroughly clean valve stems and valve guide
bores.

(2) Lightly lubricate stem and install valve in same
valve guide bore from where it was originally removed.

(3) Install replacement valve stem oil deflector on
valve stem. X

(4) Position valve spring and retainer on cylinder
head and compress valve spring with compressor tool.
Install valve locks and release tool.

(5) Tap valve spring from side to side with light
hammer to seat spring properly on cylinder heac.



1B-70 ENGINES

Fig. 1B-108 Valve Stem-to-Guide Clsarancs
Measurement with Dial Indicator

Valve Springs

Valve springs and oil deflectors can be removed with-
out removing the cylinder head. Refer to Valves for the
removal procedure with the cylinder head removed from
the engine.

Valve Spring and 0l Deflector Removal

The valve spring is held in place on the valve stem by a
retainer and a set of valve locks. The locks can be re-
moved only by compressing the valve spring.

(1) Remove cylinder head cover.

(2) Remove bridge and pivot assemblies and rocker
arms from valves requiring valve spring or oil deflector
removal. Remove two capscrews at each bridge. Alter-
nately loosen capscrews, one turn at a time, to avoid
damaging bridge.

(3) Remove push rods.

NOTE: Retain rocker arms, bridge and pivot assem-
blies and push rods in the same order as removed.

(4) Remove spark plug from cylinder that requires
valve spring or oil deflector removal.

(5) Install 14 mm (thread size) air adapter in spark
plug hole.

NOTE: An adapter can be constructed by welding an
air hose comnection to the body of a spark plug having
the porcelain removed.

(6) Connect air hose to adapter and maintain at
least 90 psi (620 kPa) in cylinder to hold valves against
their seats.

(T) Use Valve Spring Remover and Installer Tools J-

22534-1, J-22534-4, and J-22534-5 to compress valve
spring. Remove valve locks (fig. 1B-109).

Fig. 1B-109 Valve Spring Remaval

(8) Remove valve spring and retainer from cylinder
head.
(9) Remove oil deflector.

Valve Spring Tension Test

Use Valve Spring Tester J-8056, or equivalent, to test
each valve spring for the specified tension value (fig. 1B-
110). Replace springs that are not within specification.
Replace springs that bind because of warpage.

Installation

(1) Use 7/16-inch (11 mm) deep socket and hammer
to gently tap oil deflector onto valve stem.

NOTE: A close-coil valve spring is used with all »alves.
The close-cotl end must face the cylinder head when
mstalled.

(2) Install valve spring and retainer.

(3) Compress valve spring with Valve Spring Re-
mover and Installer Tools J-22534-1, J-22534~f and
J-22534-5. Insert valve locks. Release spring com-
pression and remove tool. )

(4) Tap valve spring from side to side with light
hammer to ensure spring is seated properly on cviinder
head.

(5) Disconnect air hose, remove air adapter from
spark plug hole and install spark plug.
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Fig. 1B-110 Vaive Spring Tester

(6) Install push rods. Ensure bottom end of each rod
is centered in plunger cap of hydraulic valve tappet.

(7) Install rocker arms and bridge and pivot assem-
bly. At each bridge, tighten capscrews alternately, one
turn at a time, to avoid damaging bridge. Tighten cap-
screws with 19 foot-pounds (25 Nem) torque.

(8) Reseal and install cylinder head cover.

(9) Install retaining screws and washers. Tighten
screws with 50 inch-pounds (6 Nem) torque.

CAMSHAFT AND BEARINGS

General

The 304 CID (5 liter) engine uses the same camshaft as
the 360 CID (6 liter) engine. The camshaft is supported
by five steel-shelled, babbitt-lined bearings pressed into
the block and line reamed. The step bored camshaft
journals are larger at the front bearing than at the rear
to permit easy removal and installation of the camshaft.
All camshaft bearings are pressure lubricated.

NOTE: Do not replace camshaft bearings unless spe-
cial removal and installation tools are available.

Camshaft end play is maintained by the load placed
on the camshaft by the oil pump and distributor drive
gear. The helical cut of the gear holds the camshaft
sprocket thrust face against the cylinder block face to
maintain zero camshaft end play during engine oper-
ation. The rear camshaft bearing journal has two holes
drilled through it to relieve pressure that could develop
between the journal and camshaft plug and force the
camshaft forward.

' Cam Lobe Lift Measurament

(1) Remove cylinder head cover and gasket.

(2) Remove bridge and pivot assemblies and rocker
arms. Alternately loosen capscrews one turn at a time to
avoid damaging bridge.

(3) Remove spark plugs.

(4) Use piece of rubber tubing to secure dial in-
dicator on end of push rod (fig. 1B-111).

DIAL
INDICATOR

RUBBER

TUBING

| 1
|

Fig. 1B-111 Cam Lobs Lift Measursment

(5) Rotate crankshaft until cam lobe base circle
(push rod down) is under valve tappet.

(6) Set dial indicator to zero.

(7) Rotate crankshaft until point of maximum push
rod upward movement occurs.

(8) Note travel on dial indicator. Correct lift is 0.260
to 0.270 inch (6.604 to 6.858 mm) for both 304 (5 liter)
and 360 (6 liter) CID engines.

NOTE: Rocker arm ratio is 1.6:1. Multiply cam lift by
1.6 to determine valve lift.

Valve Timing

(1) Remove spark plugs.

(2) Remove cylinder head covers and gaskets.

(3) Remove bridge and pivot assemblies and rocker
arms from No. 1 cylinder.

(4) Rotate crankshaft until No. 6 piston is at top
dead center (TDC) on compression stroke. This positions
No. 1 piston at TDC on exhaust stroke in valve overiap
position.

(5) Rotate crankshaft counterclockwise 90° as
viewed from front.
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(6) Install dial indicator on No. 1 intake valve push
rod end. Use rubber tubing to secure stem on push rod.

(7) Setdial indicator at zero.

(8) Rotate crankshaft slowly in direction of normal
rotation (clockwise viewed from front) until dial in-
dicator indicates 0.020 inch (0.508 mm).

(9) This should align milled timing mark on vibra-
tion damper with TDC mark on timing degree scale. If
more than 1/2-inch (13 mm) variation exists in either
direction from TDC mark, remove timing case cover and
inspect timing chain installation.

Inspect for incorrect camshaft sprocket location. The
sprocket keyway should align with the centerline of the
first lobe of the camshaft.

Camshaft Removai

WARNING: If engine has been recently operated, use
care to prevemt scalding by hot coolant. System is
pressurized.

(1) Drain radiator and cylinder block.

NOTE: If coolant is reusable,
container.

drain into clean

(2) Remove radiator assembly.

(3) If equipped with air conditioning, remove con-
denser and receiver assembly as charged unit.

(4) Remove cylinder head covers and gaskets.

(5) Remove bridge and pivot assemblies and rocker
arms. Alternately loosen capscrews, one turn at a time,
to avoid damaging bridge.

(6) Remove push rods.

NOTE: Retain push rods, rocker arms, bridge and pivot
assemblies and tappets in the same order as removed.

) Remove intake manifold assembly.
) Remove tappets. :
) Remove drive belts.
) Remove fan and hub assembly.

(11) Remove distributor. .

(12) Remove damper pulley and vibration damper.

(13) Remove timing case cover.

(14) Install vibration damper screw with two or more
flat washers to provide means of rotating crankshaft.

(15) Rotate crankshaft until timing mark on crank-
shaft sprocket is closest to and on centerline with timing
mark on camshaft sprocket (fig. 1B-121).

(16) Remove retaining screw from camshaft. Re-
move retaining screw from crankshaft.

(17) Remove distributor drive gear and fuel pump
eccentric from the camshaft (fig. 1B-112).

(18) Remove crankshaft sprocket, camshaft sprocket
and timing chain as assembly.

(19) Remove hood latch support bracket, front
bumper or grille as required and remove camshaft.

1
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DRIVE SPROCKET
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CAMSHAFT
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PUMP
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SCREW

70451

Flg. 1B-112 Camshaft Assembly

Camshatt Inspection

Inspect the camshaft bearing journals for an uneven
wear pattern or rough finish. Replace camshaft if either
condition exists.

Inspect the distributor drive gear for damage or exces-
sive wear.

Inspect fuel pump eccentric for excessive wear.

Inspect each cam lobe and the associated hydraulic
valve tappet for wear. If the face of the tappet(s) is worn
concave and the corresponding camshaft lobe(s) is also
worn, replace both camshaft and tappet(s).

- Camshatt Instailation

(1) Lubricate entire camshaft generously with Jeep
Engine Oil Supplement (EOS), or equivalent.

(2) Carefully install camshaft into engine block.

(3) Assemble timing chain, crankshaft sprocket and
camshaft sprocket with timing marks aligned. Refer to
Timing Chain Installation for procedure.

(4) Install oil slinger on crankshaft.

(5) Install fuel pump eccentric and distributor drive
gear on camshaft (fig. 1B-112). Tighten retaining screw
with 30 foot-pounds (41 Nem) torque.

NOTE: The fuel pump eccentric has the word “REAR"™
stamped on it to indicate proper installed position. The
camshaft washer (fig. 1B-112) fits into the recess in the
distributor drive gear.

(6) Install replacement timing case cover gasket.
(7) Install timing case cover.
(8) Install replacement oil seal. Apply light film of
engine oil to lips of seal.
(9) Install vibration damper.
(10) Install damper pulley with retaining bolts.
Tighten bolts with 30 foot-pounds (41 Nem) torque.
(11) Install hydraulic valve tappets lubricated with
Jeep Engine Oil Supplement (EOS), or equivalent.

-
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NOTE: Do not drain the EOS from the engine for at
least 1,000 miles (1 609 km) or until the next scheduled
otl change.

(12) Install intake manifold assembly with replace-
ment gasket.

(13) Install push rods.

(14) Install rocker arms and bridge and pivot assem-
blies. Tighten capscrews alternately, one turn at a time,
to avoid damaging bridge. Tighten capscrews with 19
foot-pounds (26 Nem) torque.

(15) Reseal and install cylinder head covers.

(16) Install fuel pump.

(17) Rotate crankshaft until No. 1 piston is at TDC
position on compression stroke.

NOTE: After No. 1 intake valve has closed, TDC can be
attained by rotating the crankshaft clockwise as viewed
from the front until the timing mark on the vbration
damper aligns with the TDC index on the timing degree
scale.

(18) Install distributor so that rotor is aligned with
No. 1 terminal of cap when fully seated on block.

(19) Install distributor cap.

(20) Install ignition wires.

(21) If removed, install air conditioner condenser and
receiver assembly.

CAUTION: Both service valves must be open before
the air conditioning system is operated.

(22) Install hood latch support bracket, front bumper
or grille, if removed.

(23) Install radiator.

(24) Install fan and hub assembly.

(25) Fill cooling system to specified level.

(26) Install and adjust drive belts to proper tension.
Refer to Chapter 1C—Cooling Systems for procedures.

HYDRAULIC VALVE TAPPETS

A hydraulic valve tappet consists of a tappet body,
plunger, plunger return spring, check valve assembly,
metering dise, plunger cap and lockring (fig. 1B-113).

The tappet operates in a guide bore that has an oil
passage drilled into the adjoining oil gallery.

The operating mode of the hydraulic tappet begins
when the tappet is on the heel (base circle) of the cam
lobe (engine valve closed). A groove in the tappet body
aligns with the tappet oil gallery, admitting pressurized
oil into the tappet (fig. 1B-114). A hole and groove ar-
rangement admits the oil to the inside of the plunger. Oil
is forced past the plunger check valve and fills the cham-
ber between the plunger and tappet body. When the
chamber is full, additional oil in the plunger body un-
seats the metering disc, and a spurt of oil flows up the
pushrod to lubricate the rocker arm assembly. These
events all take place while the tappet is on the heel of the
cam lobe. As the cam turns, the lobe begins exerting

force on the tappet body. This force is transferred by the
trapped oil in the tappet chamber to the plunger and
finally to the pushrod and rocker arm assembly. The
engine valve opens. While the valve is open, the trapped
oil is subjected to considerable pressure and some of it
escapes between the plunger and the tappet body (leak-
down). The cycle is completed as the cam lobe rotates
back to the starting position and another charging cycle
begins. In this way, zero valve lash is maintained and
engine noise is reduced.

LOCKRING
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PLUNGER CAP
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g
1
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TAPPET BODY 42811

Fig. 18-113 Hydraulic Tappst Assembly

Removal

{1) Remove crlinder head cover.

(2) Remove bridge and pivot assemblies and rocker
arms. Alternately loosen capscrews, one turn at a time,
to avoid damaging bridge.

(3) Remove push rods.

NOTE: Retain bhridge and pivot assemblies, rocker
arms and push rods in the same order as removed.

(4) Remove intake manifold.
(3) Remove tappet from guide bore in engine block
with Tool J-21884.
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Fig. 1B-114 Hydraulic Tappet Opsration

Cleaning and Inspection

(1) Release lockring.
(2) Remove plunger cap, metering disc, plunger as-
sembly and plunger return spring from tappet body.

NOTE: Retain the tappets and all components in the
same order as removed. Do not interchange components.

(3) Clean all tappet components in cleaning solvent
to remove all varnish and gum deposits.

(4) Visually inspect each tappet assembly for evi-
dence of scuffing on side and face of tappet body. Inspect
tappet face for wear using straightedge across face. If
tappet face is concave and corresponding lobe on cam-
shaft is worn, replace camshaft and tappets.

(5) Replace entire assembly if any component is
worn or damaged.

(6) Install plunger return spring, check valve as-
sembly, plunger, metering disc and plunger cap in tap-
pet body.

(7) Use push rod on plunger cap to compress
plunger assembly and install lockring.

Hydraulic Tappet Lsak-Down Rate Test

After cleaning, inspection and assembly, use Tester J-
5790 to test tappet leak-down rate and to ensure zero-
lash operating condition (fig. 1B-115).

(1) Swing weighted arm of tester away from ram of
tester.

(2) Place 0.312- to 0.313-inch (7.92 to 7.95 mm) di-
ameter ball bearing on plunger cap of tappet.

(3) Lift ram and place tappet with ball bearing in-
side tester cup.

POINTER

WEIGHTED
ARM

HANDLE

41891

Fig. 1B-115 Hydraulic Tappet Leak-Down Rate Tester J-5790

(4) Lower ram, then adjust nose of ram until it
contacts ball bearing.

(5) Fill tester cup with valve tappet test oil J-5268,
or equivalent, until tappet is completely covered.

(6) Swing weighted arm onto ram and pump up and
down on tappet to remove air. When air bubbles cease,
swing weighted arm away and allow plunger to rise to
normal position.

(7) Adjust nose of ram to align pointer with SET
mark on scale of tester and tighten hex nut.

(8) Slowly swing weighted arm onto ram. Rotate
cup by turning handle at base of tester clockwise one
revolution every two seconds.

(9) Time leak-down interval from instant pointer
aligns with START mark on scale until pointer aligns
with 0.125 mark.

(10) Acceptable tappet will require 20 to 110 seconds
interval to leak down. Replace tappets with leak-down
rate outside this range.

NOTE: Do not charge the tappet assemblies with en-
gine oil because they will charge themselves within
three to eight minutes of engine operation.

Installation

(1) Dip each tappet assembly in Jeep Engine Oil
Supplement (EOS), or equivalent. Install tappet in same
bore from where it was originally removed.

(2) Install push rods in same position as removed.

(3) Install rocker arm and bridge and pivot assem-
blies in same position as removed. Tighten capscrews
alternately, one turn at a time, to avoid damaging
bridge. Tighten with 19 foot-pounds (26 Nem) torgue.

(4) Pour remaining EOS over entire valve train
mechanism.

s
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NOTE: Do not drain the EOS from the engine for at
least 1,000 miles (1 609 km) or until the next scheduled
otl change.

(5) Reseal and install cylinder head cover. Tighten
retaining screws with 50 inch-pounds (6 Nem) torque.

(6) Install intake manifold using replacement gas-
ket and end seals. Tighten manifold retaining screws
with 43 foot-pounds (58 Nem) torque.

(7) Install all pipes, hoses, linkage and wires dis-
connected from intake manifold.

TIMING CASE COVER

The timing case cover is die-cast aluminum. A crank-
shaft oil seal is used to prevent oil leakage at the vibra-
tion damper hub (fig. 1B-116). The oil seal may be
installed from either side of the timing case cover. It is
not necessary to remove the cover whenever oil seal
replacement is required.

TIMING CASE
COVER GASKET
OIL SLINGER

TIMING CASE COVER

ENGINE ACCESSORY
DRIVE PULLEY

VIBRATION DAMPER

TIMING CASE
COVER OIL SEAL

41933

Fig. 1B-116 Timing Case Cover Asssmbly

A graduated timing degree scale cast in the cover is
used for ignition timing. A socket is also provided for
timing the ignition with a magnetic timing probe.

The engine oil pump, oil passages and coolant pas-
sages are incorporated within the timing case cover cast-
ing. The timing case cover casting is also used to mount
the fuel pump, distributor and water pump.

Removal

WARNING: If engine has been recently operated, use
care to prevent scalding by hot coolant. System 1is
pressurized.

(1) Drain radiator and cylinder block.

NOTE: If coolant is reusable, drain into a clean
container.

(2) Disconnect radiator hoses and bypass hose.

(3) Remove all drive belts.

(4) Remove fan and hub assembly.

(5) If equipped with air conditioner, remove com-
pressor and bracket assembly from engine and move
aside. Do not disconnect air conditioner hoses.

(6) Remove alternator, alternator mounting
bracket and back idler pulley.

(7) Disconnect heater hose at water pump.

(8) Remove power steering pump and bracket as-
sembly, if equipped. Remove air pump and mounting
bracket as assembly. Do not disconnect power steering
pump hoses.

(9) Remove distributor cap. Note rotor and housing
position.

(10) Remove distributor.

(11) Remove fuel pump.

(12) Remove vibration damper pulley.

(13) Remove vibration damper using tool J-21791.

(14) Remove two front oil pan screws.

(15) Remove screws that secure timing case cover to
engine block.

NOTE: The cover retaiming screws are of various
lengths and must be installed in the same location as
removed.

(16) Remove cover by pulling forward until clear of
locating dowel pins.

(17) Clean gasket contact surface of cover.

(18) Remove oil seal.

NOTE: Always replace the oil seal whenever the tim-
ing case cover is removed. Refer to Oil Seal Replacement
Jfor procedure.

Installation

(1) Remove lower locating dowel pin from engine
block.

NOTE: The dowel pin is required for correct cover
alignment. Dowel must be installed after the cover is in
position.

(2) Use sharp knife or razor blade to cut both sides
of oil pan gasket flush with engine block.

(3) Apply Permatex No. 2, or equivalent, to both
sides of replacement timing case cover gasket. Install
gasket on timing case cover.

(4) Install replacement front oil pan seal to bottom
of timing case cover.

NOTE: There are two methods of sealing timing case
cover to oil pan where oil pan gaskets were cut off. If
replacement oil pan gaskets are used, perrorm step (5).
If room temperature vulcanizing (RTV) silicone is used,
perform step (6).

(5) If oil pan gaskets are used:
(a) Using original gasket pieces as guide, trim
replacement gaskets to correspond to amount cut off in
step (2) above.
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(b) Align tongues of replacement oil pan gasket
pieces with oil pan seal and cement into place on cover
(fig. 1B-117).

TRIMMED
GASKET

41934

Fig. 1B-117 OIl Pan Front Seal Instailatlon

(c) Apply Permatex No. 2, or equivalent, to cut
off edges of original oil pan gaskets.

(d) Place timing case cover in position and in-
stall front oil pan screws.

(e) Tighten screws slowly and evenly until
cover aligns with upper locating dowel.

(f) Insert lower dowel through cover and drive
into corresponding hole in engine block.

(g) Install remaining cover retaining screws in
same location as removed. Tighten all secrews with 25
foot-pounds (34 Nem) torque.

(h) Proceed to step (7).

(6) If RTV is used:

(a) Apply coating of RTV silicone 1/8-inch
(3.175 mm) thick on timing case cover flanges (fig. 1B-
117). Use Jeep Gasket-in-a-Tube, or equivalent. Flanges
must be clean and dry.

(b) Place cover in position. Align with top
dowel. .

(c) Loosely install front cover retaining screws
in same locations as removed.

(d) Insert lower dowel through cover and drive
into corresponding hole in engine block.

(e) Install remaining cover retaining screws
and tighten all screws with 25 foot-pounds (34 Nem)
torque.

(f) Apply small bead of RTV to joint between
pan and cover and force into place with finger.

(g) Apply drop of Loctite, or equivalent, to oil
pan screws and tighten until snug. Do not over-tighten
because oil pan will distort.

(h) Proceed to step (7).

(7) Install vibration damper. Tighten retaining
screw with 90 foot-pounds (122 Nem) torque.

(8) Install damper pulley. Tighten retaining bolts
with 30 foot-pounds (41 Nem) torque.
(9) Install fuel pump.
(10) Install distributor with rotor and housing in
same position as it was prior to removal.
(11) Install distributor cap and connect heater hose.
(12) Install power steering pump, air pump and
mount bracket, if removed.
(13) Install alternator, alternator mounting bracket,
and back idler pulley assembly.
(14) Install' air conditioner compressor and bracket
assembly, if removed.
(15) Install fan and hub assembly.
(16) Install all drive belts and adjust to specified
tension. Refer to Chapter 1C—Cooling Systems.
(17) Connect radiator hoses and bypass hose.
(18) Fill cooling system to specified level.

WARNING: Use extreme caution when engine 1s oper-
ating. Do not stand in direct line with fan. Do not put
hands near pulleys, belts or fan. Do mot wear loose
clothing.

(19) Start engine and inspect for oil and coolant
leaks.

(20) Adjust initial ignition timing to specified de-
grees BTDC. Refer to Chapter 1A—General Service and
Diagnosis.

0il Seal Repiacement

(1) Loosen all drive belts.

(2) Remove vibration damper pulley.

(3) Remove vibration damper screw and washer.

(4) Install damper screw in crankshaft to prevent
damper puller from damaging screw threads in
crankshaft.

(5) Remove vibration damper with Tool J-21791. Re-
move damper screw.

(6) Remove oil seal using Remover J-9256 (fig. 1B-
118).

Fig. 1B-118 Removing Timing Case Cover Oll Seal
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(T) Wipe crankshaft sealing area clean.

(8) Apply Permatex No. 2, or equivalent, to outer
metal surface of replacement seal.

(9) Install seal using Installer Tool J-26562 (fig. 1B-
119).

Fig. 1B-119 Installing Timing Case Cover Oil Seal

(10) Apply light coating of engine oil to seal contact

surface of damper.

(11) Install damper, flat washer and screw. Tighten

with 90 foot-pounds (122 Nem) torque.

(12) Install pulley and belts. Adjust beits to specifi-

cations. Refer to Chapter 1C—Cooling Systems.

TIMING CHAIN

To ensure correct valve timing, install the timing
chain with the timing marks of the crankshaft and cam-
shaft sprockets correctly positioned.

Timing Chain Wear Measursment

(1) Remove timing case cover. Refer to Timing Case
Cover Removal for procedure.

(2) Rotate camshaft or crankshaft sprocket until all
slack is removed from right side of chain.

(3) Determine reference point for deflection meas-
urement according to following:

(a) Measure up from dowel on right side of en-

gine 3/4 inch (19 mm) and mark location (fig. 1B-120).

(b) Position straightedge across timing chain
from point at lowest root of camshaft sprocket to point
marked in step (a) above (fig. 1B-120).

(¢) Grasp chain where straightedge dissects
chain and use as reference.

(d) Move chain inward toward centerline of en-
gine and mark engine block at point of maximum in-
ward chain deflection (fig. 1B-120).

RIGHT SIDE

OF ENGINE )
/ i
4
) 1
=/
ROOT OF
CAM SPROCKET € PUSH CHAIN
TooM ‘ OUTWARD
(CPUSH CHAIN “N ¢ /O SCRIBE ON
\ BLOCK

INWARD SCRIBE VALY " /
ON BLOCK = >

Ve 5

DEFLECTION _ /
7/8 INCH MAX. i

{22mm) 90623 _

Fig. 18-120 Timing Chain Wear Measurement

(e) Move chain outward from centerline of en-
gine and mark engine block at point of maximum out-
ward chain deflection (fig. 1B-120).

(f) Measure distance between two marks to de-
termine total deflection.

(g) Replace chain assembly if deflection (wear)
exceeds 7/8 inch (22 mm). Refer to Timing Chain Re-
moval and Installation for procedure.

(h) Install timing case cover. Refer to Timing
Case Cover Installation for procedure.

Removal

(1) Remove vibration damper pulley, damper, tim-
ing case cover and gasket.

(2) Remove crankshaft oil slinger.

(3) Remove camshaft sprocket retaining screw and
washer.

(4) Remove distributor drive gear and fuel pump
eccentric (fig. 1B-112).

(5) Rotate crankshaft until zero timing mark on
crankshaft sprocket is closest to and on centeriine with
zero timing mark on camshart sprocket (fig. 1B-121).

(6) Remove crankshaft sprocket, camshaft sprocket
and timing chain as assembly.

Installation

(1) Assemble timing chain, crankshart sprocket and
camshaft sprocket with timing marks positioned as de-
picted in figure 1B-121.

(2) Install chain and sprocket assembiy on crank-
shaft and camshart.

NOTE: [ustall the fuel pump eccentric vith the
stamped word REAR facing the camshart sprocket.
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Fig. 1B-121 Timing Chain and Sprocket Allgnment

(3) Install fuel pump eccentric and distributor drive
gear.

(4) Install camshaft washer and retaining screw.
Tighten screw with 30 foot-pounds (41 Nem) torque.

(5) To verify correct installation of timing chain:

(a) Rotate crankshaft until timing mark on
camshaft sprocket is on horizontal line at 3 o’clock posi-
tion (fig. 1B-122).

(b) Beginning with pin directly adjacent to cam-
shaft sprocket timing mark, count number of pins down-
ward to timing mark on crankshaft sprocket.

(¢) There must be 20 pins between these two
points. The crankshaft sprocket timing mark must be
between pins 20 and 21 (fig. 1B-122).

(6) Install crankshaft oil slinger.
(7) Remove original oil seal from timing case cover.
(8) Install replacement oil seal in timing case cover.
(9) Install timing case cover using replacement gas-
ket. Tighten retaining screws with 25 foot-pounds (34
Nem) torque.
(10) Install vibration damper and pulley.
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Fig. 1B-122 Corract Timing Chain Instailation Verification

INTAKE AND EXHAUST MANIFOLDS

Intake Manifold

The cast iron intake manifold is designed to enclose
and seal the tappet area between the cylinder heads. A
one-piece metal gasket, used to seal the intake manifold
to the cylinder heads and block, also serves as an oil
splash baffle.

The intake manifold contains coolant passages, a
crankcase ventilator passage and an exhaust crossover
passage. Passages are also incerporated within the in-
take manifold for the Exhaust Gas Recirculation (EGR)
system.

Induction system passages distribute a uniform fuel
and air mixture to the combustion chamber of each
cylinder. The left side of the carburetor supplies the
fuel/air mixture through passages in the intake mani-
fold to numbers 1, 7, 4 and 6 cylinder intake ports. The
right side supplies numbers 3, 5, 2, and 8 cylinder intake
ports.
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Removal

WARNING: If engine has been recently operated, use
care to prevent scalding by hot coolant. System is
pressurized.

(1) Drain coolant from radiator and cylinder block.

NOTE: If coolant is reusable, drain into clean
container.

(2) Remove air cleaner assembly.
(3) Disconnect ignition wires.
(4) Remove ignition wire plastic separators from
cylinder head cover brackets.
(5) Disconnect radiator upper hose and bypass hose
from intake manifold.
(6) Disconnect and move aside wire from coolant
temperature gauge sending unit.
(7) Disconnect ignition coil bracket and move coil
and bracket assembly aside.
(8) Disconnect heater hose from rear of manifold.
(9) Identify and disconnect all hoses, pipes and wire
connectors from carburetor assembly.
(10) Disconnect throttle and throttle valve linkage
from carburetor and intake manifold.
(11) Disconnect air hoses from air injection
manifolds.
(12) Disconnect diverter valve from air pump output
hose and move valve and air hoses aside.
(13) Remove carburetor.
(14) Remove intake manifold, metal gasket and end
seals.
(15) Clean gasket mating surfaces of engine block,
cylinder head and intake manifold.

Installation

NOTE: When installing replacement intake manifold,
transfer all components (i.e., EGR valve and back-pres-
sure sensor, EGR CTO wvalve, thermostat housing and
coolant temperature gauge sending unit) from original
manifold. Clean and tighten as required.

(1) Apply nonhardening sealer or RTV silicone seal-
ant such as Jeep Gasket-in-a-Tube, or equivalent, to
both sides of replacement manifold gasket.

(2) Position gasket by aligning locators at rear of
cylinder head. While holding rear of gasket in place,
align front locators.

(3) Install two end seals. Apply Permatex No. 2,
Jeep Gasket-in-a-Tube, or equivalent, to seal ends.

(4) Install intake manifold and retaining screws.
Ensure all screws are properly started before tight-
ening. Tighten with 43 foot-pounds (58 Nem) torque.

(5) Install diverter valve and connect air pump out-
put hose.

(6) Connect air hoses to air injection manifolds.

(7) Identify and connect all disconnected hoses,
pipes, linkages and wires to intake manifold and
carburetor.

(8) Install ignition coil and bracket assembly.
(9) Connect radiator upper hose and bypass hose.
(10) Install ignition wire plastic separators on cylin-
der head cover brackets.
(11) Connect ignition wires.
(12) Install air cleaner assembly.
(13) Add coolant as necessary.

Exhaust Manifold

The swept-flow designed cast iron manifold provides
efficient removal of exhaust gases and minimizes back
pressure. The mating surface of the exhaust manifold
and the cylinder head are machined smooth to eliminate
the need for a gasket.

All eight-cylinder engines are equipped with an air
injection system and have air injection manifolds at-
tached at number 1, 3 and 5 exhaust ports of the left
exhaust manifold and numbers 2, 4, 6 and 8 of the right -
exhaust manifold. Refer to Chapter 1IK—Exhaust Sys-
tems for description of the air injection system.

Removal

(1) Disconnect ignition wires.

(2) Disconnect air hose at injection manifold.

(3) Disconnect exhaust pipe at exhaust manifold.

(4) Remove exhaust manifold retaining screws.

(5) Separate exhaust manifold from cylinder head.

(6) Remove air injection manifold, fittings and
washers.

Instailation

(1) Clean mating surfaces of exhaust manifold and
cylinder head. Do not nick or scratch.

(2) Install air injection manifold on exhaust
manifold.

CAUTION: The correct screws and washers must be
used to allow the manifold to expand and prevent
cracking.

(3) Install exhaust manifold and retaining screws.
Tighten two center screws with 25 foot-pounds (34 Nem)
torque. Tighten four outer screws with 135 foot-pounds
(20 Nem) torque.

(4) Connect exhaust pipe using replacement seal, if
required. Tighten nuts with 20 foot-pounds (27 Nem)
torque.

(5) Connect air hose to air injection manifold.

(6) Connect ignition wires.

CYLINDER HEADS AND COVERS
Cylinder Head Covers

The cylinder head covers zare installed with a formed-
in-place RTV (room temperature vulcanizing) silicone
gasket.

+
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Removal

(1) Remove air cleaner assembly.
(2) Disconnect air hose from air injection manifold.
(3) Left side: :
(a) Disconnect power brake vacuum hose at in-
take manifold, if equipped.
(b) Disconnect throttle stop solenoid wire, if
equipped.
(4) Right side:
(a) Remove thermostatically controlled air
cleaner (TAC) hot air hose.
(b) Remove heater hose from choke cover
clamp.
(5) Disconnect ignition wires and remove plastic
wire separator from cylinder head cover bracket.
(6) Remove retaining screws and washers. Strike
cover with rubber mallet to break loose from cylinder
head. Remove cover and gasket.

Installation

(1) Inspect for bent or cracked cover and repair or
replace as required.

(2) Remove gasket material from cylinder head
cover and cylinder head gasket surface area.

(3) Apply bead of Jeep Gasket-in-a-Tube, or equiva-
lent, to cylinder head and cylinder head cover gasket
surface area.

(4) Position cylinder head cover on engine.

(5) Install retaining screws and tighten with 50
inch-pounds (6 Nem) torque.

(6) Connect ignition wires and install plastic wire
separator on cylinder head cover bracket.

(7) Right side:

(a) Install heater hose on choke cover clamp.
(b) Install TAC hot air hose.
(8) Leftside:
(a) Connect power brake vacuum hose at intake
manifold.
(b) Connect throttle stop solenoid wire.
(9) Connect air hose to air injection manifold.
(10) Install air cleaner assembly.

Cylinder Heads

Removal

WARNING: Use extreme caution when engine is oper-
ating. Do not stand in direct line with fan. Do not put
hands near pulleys, belts or fan. Do not wear loose
clothing.

(1) Drain cooling system and cylinder block.

NOTE: If coolant is reuseable, drain into clean
container.

(2) Remove ignition wires and spark plugs.

(3) Remove cylinder head cover and gasket.

(4) Remove bridge and pivot assemblies and rocker
arms. Alternately loosen capscrews, one turn at a time,
to avoid damaging bridge.

(5) Remove push rods.

NOTE: Retain rocker arms, bridges, pivots and push
rods in the same order as removed to facilitate installa-
tion in original locations.

(6) Remove intake manifold.

(7) Disconnect exhaust manifold from head. It is
not necessary to remove exhaust pipe from manifold.

(8) Loosen all drive belts.

(9) Right side:

(a) If equipped with air conditioning, remove
compressor mount bracket and battery negative cable
from cylinder head.

(b) Disconnect alternator support brace from
cylinder head.

(10) Left side: Disconnect air pump and power steer-
ing mount bracket, if equipped, from cylinder head.

(11) Remove cylinder head retaining screws.

(12) Remove cylinder head and gasket.

Cleaning and Inspection

Thoroughly clean the gasket surfaces of the cylinder
head and block to remove all foreign material and gasket
cement. Remove carbon deposits from the combustion
chambers and the top of each piston.

Use a straightedge and feeler gauge to determine the
flatness of the cylinder head and block mating surfaces.
Refer to Specifications for tolerances.

If the cylinder head is to be replaced and the original
valves reused, remove the valves and measure the stem
diameters.

NOTE: Service replacement heads have standard-size
valve guide bores. If valves with cversize stems from
original head are to be installed in replacement head,
ream valve guide bores to appropriate oversize
diameter.

If the original valves are used, remove all carbon
deposits and reface the valves as outlined within Valve
Refacing. Install the valves in the cylinder head using
replacement valve stem oil deflectors. If valves with
oversize stems are used, oversize deflectors are also re-
quired. Transfer all components from the original head
that are not included with the replacement head.

Installation

NOTE: Wire brush the threads of screws prior to in-
stallation. Unclean threads will affect the tighteming
torque indications. Blow coolant from screw holes to
prevent trapping coolant.

29w,



ENGINES 1B-81

IlIlIlIIIll-IIII-IIlIII-III-IIIIIIII-I----IIIllll.I-IIlIlIIIlllIIIlIlllllllllllll-llll-.llll..

NOTE: The 30, CID engine uses an aluminum coated
embossed steel gasket and the 360 CID engine uses an
luminum coated laminated steel and asbestos gasket.
Retightening head bolts after engine has been operated
is not necessary for either gasket.

(1) Apply even coat of nonhardening sealing com-
pound to both sides of replacement head gasket.

NOTE: Do not apply sealing compound to head and
block surfaces. Do mot allow sealer to enter cylinder
bores.

(2) Position gasket flush on block with stamped
word TOP facing upward.

(3) Install cylinder head over gasket

(4) Tighten cylinder head capscrews evenly with 80
foot-pounds (108 Nem) torque following sequence out-
lined in figure 1B-123. Then repeat sequence and tighten
screws with 110 foot-pounds (149 Nem) torque.
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Fig. 1B-123 Cylinder Head Tightening Sequence

(5) Left side: connect air pump mount bracket and
power steering pump, if removed, to cylinder head.
(6) Right side:

(a) Connect alternator support bracket to cylin-
der head.

(b) Install air conditioner compressor mounting
bracket, if removed, and battery negative cable on cylin-
der head.

(T) Adjust all drive belts to specified tensxon Refer
to Chapter 1C—Cooling Systems.

(8) Install exhaust manifold and tighten retaining
screws with 25 foot-pounds (34 Nem) torque.

(9) Install intake manifold. Tighten
screws with 43 foot-pounds (58 Nem) torque.

(10) Install all disconnected pipes, hoses, linkage and
wires.

(11) Install push rods, rocker arms and bridge and
pivot assemblies in original position. Loosely install cap-
screws through bridges. Tighten capscrews alternately,
one turn at a time, to avoid damaging bridges. Tighten
capscrews with 19 foot-pounds (26 Nem) torque.

(12) Reseal and install cylinder head cover. Tighten
retaining screws with 50 inch-pounds (6 N*m) torque.

(13) Install spark plugs and connect ignition wires.

(14) Fill cooling system to specified level.

retaining

LUBRICATION SYSTEM

Oil is pumped from the sump of the oil pan through a
pick-up tube and screen assembly to a horizontal oil
gallery located at the lower right side of the engine block
(fig. 1B-124). A passage in the timing case cover chan-
nels oil into the oil pump. Pressure is developed when oil
is driven between the gears and pump body. '

The oil is forced from the pump through a passage in
the oil pump cover to the oil filter (fig. 1B-125).

The oil passes through the filtering element and on to
an outlet passage in the oil pump cover. From the oil
pump cover passage, the oil enters an adjoining passage
in the timing case cover and is channeled into a gallery
that extends up the left front of the cylinder block. This
gallery channels oil directly to the right main oil gallery,
which intersects with a short passage that channels oil
to the left main oil gallery.

The left and right main oil galleries extend the length -
of the cylinder block. The left oil gallery channels oil to
each hydraulic tappet on the left bank. The right oil
gallery channels oil to each hydraulic tappet on the right
bank. In addition, passages extend down from the right
oil gallery to the five camshaft bearings and on to the
five upper main bearing inserts. The crankshaft is
drilled to allow oil to flow from each main journal to
adjacent connecting rod journals. A squirt hole in each
connecting rod bearing cap distributes oil to the cylinder
walls, pistons and piston pins as the crankshaft rotates.

A small passage within the front camshaft bearing
journal channels oil through the camshaft sprocket to
the timing case cover area where the case and sprockets
throw off oil to lubricate the distributor drive gear and
fuel pump eccentric (see insert, fig. 1B-124). The oil
returns to the oil pan by passing under the front main
bearing cap.

0il for the rocker arm assemblies is metered through
the hydraulic valve tappets and routed through hollow
push rods to a hole in the corresponding rocker arm.
This oil lubricates the valve train, then returns to the oil
pan through channels at both ends of the cylinder head.

0il Filter

A full flow oil filter mounted on the oil pump at the
lower right-hand side of the engine is accessible from
below the chassis.

A bypass valve in the filter mounting base provides a
safety factor in the event the filter should become inop-
erative as a result of restriction from sludge or foreign
material accumulation (fig. 1B-126). Oil Filter Remover
Tool J-22700 will facilitate removal.

Before installation, apply a thin film of oil to the filter
gasket. Do not use grease. Rotate filter until the gasket
contacts the seat of the filter base. Tighten by hand
only, following instructions on replacement filter. If in-
structions are not printed on filter, tighten filter until
gasket contacts seat and then tighten an additional 3/4
turn. Operate engine at fast idle and inspect for leaks.

i
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Fig. 1B-125 OIl Pump Cover
0il Pump

The positive-displacement gear-type oil pump is
driven by the distributor shaft, which is driven by a gear
on the camshaft (fig. 1B-126). The pump is integral with
the timing case cover. A cavity in the cover forms the
body of the pump. A pressure relief valve regulates
maximum oil pressure.

Oil pump removal or replacement will not affect the
distributor timing because the distributor drive gear
will remain in mesh with the camshaft drive gear.

0il Prassure Rellef Valve

The oil pressure relief valve is not adjustable. The
spring tension is calibrated for 75 psi (517 kPa) max-
imum pressure.

In the relief position, the valve permits oil to bypass
through a passage in the pump cover to the inlet side of
the pump (fig. 1B-126).

Removal

(1) Remove retaining screws and separate oil pump
cover, gasket and oil filter as an assembly from pump
body (timing case cover).
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Fig. 18-126 Ol Pump and Filter Assembly

(2) Remove drive gear assembly and idler gear by
sliding them out of body.

(3) Remove oil pressure relief valve from pump
cover for cleaning by removing retaining cap and spring.
Clean cover thoroughly. Test operation of relief valve by
inserting poppet valve and determining if it slides back
and forth freely. If not, replace pump cover and poppet
valve.

Gear End Clearance Measurement

This measurement determines the distance between
the end of the pump gear and the pump cover. The ideal
clearance is as close as possible without binding gears.
The pump cover gasket is 0.009- to 0.011-inch (0.229 to
0.279 mm) thick. Symptoms of excessive pump clearance
are fair to good pressure when the oil is cold and low or
no pressure when the oil is hot.

Preferred Method:

(1) Place strip of Plastigage across full width of
each gear (fig. 1B-127).

(2) Install pump cover and gasket. Tighten screws
with 55 inch-pounds (6 Nem! torque.
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Fig. 1B-127 Oll Pump Gear End Clearancs
Measurement—Plastigage Method

(3) Remove pump cover and determine amount of
clearance by measuring width of compressed Plastigage
with scale on Plastigage envelope. Correct clearance by
this method is 0.002 to 0.008 inch (0.002 preferred) [0.051
t0 0.203 mm (0.051 mm preferred)].

Alternate Method:

(1) Place straightedge across gears and pump body.

(2) Select feeler gauge that will fit snugly but freely
between straightedge and pump body (fig. 1B-128). Cor-
rect clearance by this method is 0.004 to 0.008 inch (0.008
inch preferred) [0.102 to 0.203 mm (0.203 mm
preferred)].

FEELER
GAUGE

STRAIGHTEDGE

Fig. 1B-128 Ol Pump Gear End Clearancs
Measursment—Fesler Gaugs Msthod

NOTE: Ensure gears are up into body as far as possible
for measurement.

If gear end clearance is excessive, measure gear

length. If gear length is correct, install thinner gasket. If .

gear length is incorrect, replace gears and idler shaft.

Gear Tooth-to-Body Clearancs

(1) Insert feeler gauge between gear tooth and
pump body inner wall directly opposite point of gear
mesh. Select feeler gauge that fits snugly but can be
inserted freely (fig. 1B-129).

FEELER

41940

Fig. 1B-129 Gear Tooth-lo-Body Clearance Measursment

(2) Rotate gears and measure clearance of each
tooth and body in this manner. Correct clearance is
0.0005 to 0.0025 inch (0.0005 inch preferred) or 0.013 to
0.064 mm (0.013 mm preferred).

(3) If gear tooth-to-body clearance is more than
specified, measure gear diameter with micrometer. If
gear diameter is correct and gear end clearance is cor-
rect and relief valve is functioning properly, replace
timing case cover. If gear diameter is incorrect, replace
gears and idler shaft.

NOTE: If the oil pump shaft or distributor drive shaft
is broken, inspect for loose oil pump gear-to-shaft fit or
worn front cover. QOuersize pump shafts are mot
available.

Instailation

(1) Install oil pressure relief valve in pump cover
with spring and retaining cap.

(2) Install idler shaft, idler gear and drive gear _

assembly.

NOTE: To ensure self-priming of the ol pump, fill
pump with petroleum jelly prior to the installation of
the oul pump cover. Do not use grease of any type.

.
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(3) Install pump cover and oil filter assembly with
aplacement gasket. Tighten retaining screws with 55
ich-pounds (6 Nem) torque.

0il Pan

Removal

(1) Drain engine oil.
(2) Remove starter motor.
(3) On CJ vehicles:

(a) Remove frame cross bar.

(b) Remove automatic transmission fluid cooler
tubing, if equipped.

(c) Cut corner of engine mount on right side
with hacksaw to provide clearance for pan removal, if
required.

(4) On all vehicles, bend tabs down on dust shield, if
equipped with manual transmission.

(5) Remove oil pan attaching screws. Remove oil

an.

. (6) Remove oil pan front and rear neoprene oil
seals. .

(7) Thoroughly clean gasket surfaces of oil pan and
engine block. Remove all sludge and residue from oil pan

sump.
Installation

(1) Install replacement oil pan front seal for timing
case cover. Apply generous amount of Jeep Gasket-in-a-
Tube (RTV silicone sealant), or equivalent, to end tabs.

(2) Coat inside curved surface of replacement oil
pan rear seal with soap or RTV silicone sealant. Apply
generous amount of RTV silicone sealant to gasket con-
tacting surface of seal end tabs.

(3) Install seal in recess of rear main bearing cap,
ensuring it is fully seated.

(4) Apply RTV silicone sealant to oil pan contacting
surface of front and rear oil pan seals.

(5) Cement replacement oil pan side gaskets into
position on engine block. Apply generous amount of
RTV silicone sealant to gasket ends.

(6) Install oil pan. Tighten 1/4-20 oil pan screws
with 7 foot-pounds (9 Nem) torque and 5/16-18 oil pan
serews with 11 foot-pounds (15 Nem) torque.

(7) Tighten drain plug securely.

(8) Install starter motor and connect cable.

(9) On CJ vehicles:

(a) Install frame cross bar.
(b) Install automatic transmission fluid cooler
tubing, if removed.
(10) Fill crankcase to specified level with clean lube
oil.

,I Pressure Gauge

Refer to Chapter 1L—Power Plant Instrumentation
for a description of operation, diagnosis and replace-
ment procedure.

CONNECTING ROD AND PISTON ASSEMBLIES

Use the following procedures to service connecting
rods and pistons with the engine installed in the vehicle.

Removal

(1) Remove cylinder head cover(s).

(2) Alternately loosen bridge and pivot assembly
capscrews one turn at a time to avoid damaging bridges.
Remove bridges, pivots and rocker arms. .

(3) Remove push rods.

NOTE: Retain bridges, pivots, rocker arms and push
rods in same order as removed to factlitate installation
n original locations.

(4) Remove intake manifold assembly.

(5) Remove exhaust manifold(s). It is not necessary
to disconnect exhaust pipe from manifold.

(6) Remove cylinder head(s) and gasket(s).

(7) Position pistons, one at a time, near bottom of
stroke. Use ridge reamer to remove any ridge from top
end of cylinder walls.

(8) Drain engine oil.

(9) Remove oil pan.

(10) Remove connecting rod bearing caps and in-
serts. Retain in same order as removed.

NOTE: Connecting rods and caps are stamped with the
number of the associated cylinder.

(11) Remove connecting rod and piston assemblies
through top of cylinder bores. Ensure that connecting
rod bolts do not scratch connecting rod journals or cylin-
der walls. Short pieces of rubber hose slipped onto rod
bolts will provide protection during removal.

Instailation

(1) Thoroughly clean cylinder bores. Apply light
film of clean engine oil to bores with clean, lint-free
cloth.

(2) Arrange spacing of piston ring gaps. Refer to
Piston Rings for procedure.

(3) Lubricate piston and ring surfaces with clean
engine oil.

(4) Use piston ring compressor tool to install con-
necting rod and piston assemblies through top of cylin-
der bores. Ensure that connecting rod bolts do not
scratch connecting rod journals or cylinder walls. Short
lengths of rubber hose slipped over connecting rod bolts
will provide protection during installation.

NOTE: Squirt holes in connecting rods must face in-
ward (fig. 1B-130).

(5) Install connecting rod bearing caps and inserts
in original positions. Tighten retaining nuts with 33
foot-pounds (45 Nem) torque.

(6) Install engine oil pan using replacement gaskets
and seals.
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ROD AND
CYLINDER
NUMBERS

AJ41944

Fig. 1B-130 Rod Number and Squirt Hole Location

(7) Install ecylinder head(s) and replacement
gasket(s). '

(8) Install push rods.

(9) Install rocker arms and bridge and pivot assem-
blies. Loosely install capscrews through each bridge and
alternately tighten, one turn at a time, to avoid dam-
aging bridge. Tighten capscrews with 19 foot-pounds (26
Nem) torque.

(10) Install intake manifold gasket and manifold
assembly. .

(11) Install exhaust manifold(s).

(12) Reseal and install cylinder head cover(s).

(13) Fill crankcase with clean oil to specified level.

WARNING: Use extreme caution when engine is oper-
ating. Do no stand in direct line with fan. Do not put
hands near pulleys, belts or fan. Do not wear loose
clothing.

(14) Start engine inspect for leaks.

CONNECTING RODS

The connecting rods are malleable iron and are inde-
pendently balanced. The crankshaft end of the con-
necting rod incorporates a two-piece bearing insert. The
number stamped onto the removeable bearing cap and
onto the adjacent machined surface of the rod corre-
sponds to the associated cylinder (fig. 1B-130). The pis-
ton end of the rod is connected to the piston with a 2000
pound (8.9 kN) press-fitted piston pin.

Have the connecting rod alignment checked by a com-

petent machine shop whenever engine wear patterns or

damage indicates probable rod misalignment. Always
replace bent connecting rods.

Connecting Rod Side Clearance Measursment

(1) Rotate crankshaft to position where connecting
rod journal is at bottom of stroke.

(2) Insert snug fitting feeler gauge between con-
necting rods (fig. 1B-131).

Fig. 1B-131 Connecting Rod Side Clearance Measursment

(3) Compare feeler gauge measurement to specified
clearance. Replace rods that are not within specifi-
cations.

Connacting Rod Bearings

The connecting rod bearings are precision-type steel-
backed aluminum alloy inserts. The connecting rod
bearing inserts are selectively fitted to their respective
journals to obtain the desired operating clearance. In
production, the select fit is obtained by using various
sized color coded bearing inserts as listed in the Bearing
Fitting Chart. The bearing color code appears on the
edge of the insert.

NOTE: Bearing size is not stamped on production
mserts.

The rod journal size is identified in production by a
color coded paint mark on the adjacent cheek or counter-
weight toward the flanged (rear) end of the crankshaft.
Refer to color codes listed in the Bearing Fitting Chart
to identify journal size and select the correct bearing
inserts to obtain correct clearances.

CAUTION: Never use a pair of bearing inserts that are
greater than 0.001-inch (0.025 mm) difference in size.

When required, different sized upper and lower bear-
ing inserts may be used as a pair. A standard size insert
is sometimes used in combination with a 0.001-inch
(0.025 mm) undersize insert to reduce clearance by
0.0005 inch or 1/2 thousandth of an inch (0.013 mm).
Example:

Insert Correct Incorrect

Upper Standard Standard

Lower 0.001-inch (0.l025mm) 0.002-inch (0.051mm)
undersize undersize

70242
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Connecting Rod Bearing Fitting Chart
304 - 360 CID Engines

Crankshaft Connecting Rod Journal Bearing Color Code
Color Code and Diameter in Inchas
(Journal Size) Upper Insert Size Lower Insart Size
Yellow —2.0955 to 2.0948 Yellow — Standard Yellow — Standard
(53.2257 - 53.2079 mm) (Standard)
Orange —2.0948 to 2.0941 Yellow — Standard Black —0.001-inch (0.025mm)Undersize
(53.2079 - 53.1901 mm) (0.0007 Undersize)
Black —2.094! to 2.0934 Black — 0.010-Inch (0.025mm)Undersize | Black —0.001-inch (0.025mm)Undersize
(53.190! - 53.1723 mm) (0.0014 Undersize)
Red —2.0855 to 2.0848 Red — 0.010-Inch (0.254mm)Undersize | Red ~0.010-inch (0.254mm)Undersize
(52.9717 - 52.9535 mm) (0.010 Undersize)

Service replacement bearing inserts are available in
pairs in the following sizes: standard, 0.001-inch (0.025
mm) undersize, 0.002-inch (0.051 mm) undersize, 0.010-
inch (0.250 mm) undersize and 0.012-inch (0.305 mm)
undersize. The size is stamped on the back of service
replacement inserts.

NOTE: The 0.002-inch (0.051 mm) and 0.012-inch (0.305
mm) undersize inserts are not used for production en-
gime assembly.

LOCKING TABS

UPPER

MATING EDGES

GROOVES
CAUSED BY
ROD BOLTS
SCRATCHING
JOURNAL
DURING
INSTALLATION

Removal

Use the following procedure to service connecting rod v —

3 ; iy : 8 WEAR PATTERN-

_earings with the engine installed in the vehicle. ALWAYS GREATER
(1) Drain engine oil. ON UPPER BEARING
(2) Remove oil pan. '
(3) Rotate crankshaft as required to position two

connecting rods at a time at bottom of their stroke. ‘ LOWER
(4) Remove bearing caps and lower inserts. '
(5) Remove upper insert by rotating insert out of

connecting rod. 60757

NOTE: Do not interchange bearing caps. Connecting
rod and corresponding cap are stamped with the associ- Fig. 18-132  Connecting Rod Bearing Inspection
ated cylinder number (fig. 1B-130). The numbers are
located on a machined surface opposite the squirt holes.

Inspaction [ R é
(1) Clean inserts c i !a
(2) Inspect linings and backs of inserts for irregular g N
wear pattern. Note any scraping, stress cracks or dis- :
tortion (fig. 1B-132). If bearing has spun in rod, replace LOWER UPPER
bearing and connecting rod and inspect crankshaft jour- '

nal for scoring. T
(3) Inspect for material imbedded in linings that
may indicate abnormal piston, timing gear, distributor Fig. 18-133  Scoring Caused by Insufficient Lubrication
~ear or oil pump gear wear. Figures 1B-133 and 1B-134
‘)pict common score problems. (5) Inspect contact area of locking tab. Abnormal

(4) Inspect fit of insert locking tab in rod cap. If wear indicates bent tabs or improper installation of
result of inspection indicates that insert tab may have inserts (fig. 1B-135).
been pinched between rod and rod cap, replace upper (6) Replace bearing inserts that are damaged or
and lower bearing inserts. worn.
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GROOVES

60760

ABNORMAL CONTACT AREA
DUE TO LOCKING TABS NOT .
FULLY SEATED OR BENT TABS

80758A
Flg. 1B-135 Locking Tab Inspection

Measuring Bearing Clearance with Plastigage

(1) Wipe bearing inserts and rod journal clean.

(2) Lubricate upper insert and install in rod.

(3) Place strip of Plastigage across full width of
lower insert at center of bearing cap. Lower insert must
be dry.

(4) Install bearing cap on connecting rod and
tighten retaining nuts with 33 foot-pounds (45 Nem)
torque.

NOTE: Do not rotate crankshaft. Plastigage will shift,
resulting in inaccurate indication. Plastigage must not
crumble. If brittle, obtain fresh stock.

(5) Remove bearing cap and determine amount of
clearance by measuring width of compressed Plastigage
with scale on Plastigage envelope (fig. 1B-136).

COMPRESSED

PLASTIGAGE 41907

Flg. 1B-136 Connecting Rod Bearing Clearance
Measurament with Plastigage

(6) If correct clearance is indicated, bearing fitting
is not necessary. Remove Plastigage from crankshaft
journal and bearing and proceed to Installation.

NOTE: Traces of Plastigage left on bearing surfaces
will dissolve in hot engine oil after engine is operating.

(T) If oil clearance exceeds specification, install
0.001-inch (0.025 mm) undersize bearing inserts and
measure clearance as described in steps (1) through (5)
above.

NOTE: The measured clearance with 0.001-inch (0.025
mm) undersize bearing inserts installed will determine
if a pair of 0.001-inch (0.025 mm) undersize inserts or
some other combination are needed to provide the cor-
rect clearance. For example, if the initial clearance was
0.008 inch (0.076 mm), 0.001-inch (0.025 mm) undersize
inserts will reduce the clearance by 0.001 inch (0.025
mm). The oil clearance will be 0.002 inch (0.051 mm) and
within specification. A combination of a 0.002-inch
(0.051 mm) undersize insert and a 0.001-inch (0.025 mm)
undersize insert will reduce the clearance an additional
0.0005 inch (0.013 mm). The oil clearance will then be
0.0015 inch (0.038 mm).

CAUTION: Never use a combination of inserts that
differ more than one bearing size as a pair. For example.
do not use a standard upper and a 0.002-inch (0.051 mm)
undersize lower insert.

(8) If oil clearance exceeds specification when 0.002-
inch (0.051 mm) undersize inserts are installed, measure
diameter of connecting rod journal with micrometer. If
journal diameter is correct, inside diameter of con-
necting rod is incorrect and rod must be replaced.

Measuring Connecting Rod Journal with Micrometer
NOTE: If the journal diameter does not conyorm to the

specification, it may have been ground 0.010-inch (0.254
mm) or more undersize.
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If journal diameter is incorrect, replace crankshaft or
srind journal to accept the appropriate undersized bear-
.ng insert pair.

(1) Wipe connecting rod journal clean.

(2) Use micrometer to measure journal diameter at
two locations 90 degrees apart at each end of journal.
Note difference between maximum and minimum
diameters.

(3) Refer to Specifications for maximum allowable
taper and out-of-roundness. If any rod journal dimen-
sion is not within specification, replace crankshaft or
recondition crankshaft journals and fit with appropriate
undersize bearing inserts.

(4) Compare largest diameter measurement with
journal diameters listed in Bearing Fitting Chart.

(5) Select bearing insert pair required to provide
specified bearing clearance.

NOTE: Always measure clearance with Plastigage af-
ter imstalling replacement bearing inserts. Also, meas-
ure the clearance of each journal after installing a
crankshaft kit (crankshaft supplied with bearings).

Instailation

CAUTION: Use care when rotating the crankshaft
with bearing caps removed. Ensure the connecting rod
bolts do not accidentally come in contact with the rod
‘ournals and scratch the surface finish, which can cause
oearing failure. Short pieces of rubber hose slipped over
the rod bolts unll provide protection during installation.

(1) Rotate crankshaft to position connecting rod
journal at bottom of stroke.

(2) Lubricate bearing surface of each insert with
clean engine oil.

(3) Install bearing inserts, cap and retaining nuts.
Tighten with 33 foot-pounds (45 Nem) torque.

(4) Install oil pan using replacement gaskets and
seals. Tighten drain plug securely.

(5) Fill crankcase to specified level with clean en-
gine lube oil.

PISTONS

The pistons used with all eight-cylinder engines are
aluminum alloy Autothermic pistons. They are steel
reinforced for strength and to control expansion.

The pistons are cam-ground and are elliptical in
shape. The ring belt area contains three piston rings:
two compression rings and one oil control ring located
above the piston pin.

The piston pin boss is offset from the piston centerline
so that it is nearer the thrust side of the piston. This
minimizes piston slap.

To ensure correct installation of the pistons in the
pore, two notches are cast in the top perimeter of the
pistons for both the 304 (5 liter) and 360 (6 liter) CID
engines. The notches must face forward when installed
(fig. 1B-137).

NOTCHES MUST
FACE FORWARD

Fig. 18-137 Installing Piston Asssmbly Into Cyiinder Bore

Piston Measursments

Micromster Method

(1) Use inside micrometer to measure cylinder bore
inside diameter at location 2 5/16 inches (59 mm) below
top of bore and crosswise to block.

(2) Measure outside diameter of piston.

NOTE: Pistons are cam ground and must be measured
at a right angle (90 degrees) to piston pin at centerline of
pin (fig. 1B-138).

(3) Difference between cylinder bore diameter and
piston diameter dimensions is piston-to-bore clearance.
Refer to Specifications.

Fesler Gauge Method

(1) Remove rings from piston.

(2) Insert long 0.0005-inch (0.013 mm) feeler gauge
into cylinder bore.

(3) Insert piston (top first) into cylinder bore along-
side feeler gauge. With entire piston inserted in cylinder
bore, piston should not bind against feeler gauge.

(4) Repeat steps (2) and (3) above with long 0.002-
inch (0.051 mm) feeler gauge. Piston should bind.

If the piston binds on the 0.0005-inch (0.013 mm) feel-
er gauge, either the piston is too large or the cylinder
bore is too smalil. If the piston does not bind on the 0.002-
inch (0.051 mm) feeler gauge, the piston may be en-
larged by knurling or shot-peening. Replace any piston
that is 0.004-inch (0.102 mm) or more undersize.
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Fig. 1B-138 Piston Measurements

Piston Rings

The top compression ring is constructed of moly-filled
iron. The second compression ring is constructed of cast-
iron. The oil control ring has a three-piece steel design.

Ring Measuraments

CAUTION: Do mot remove metal from grooves or
lands. This will change ring groove clearances and will
destroy ring-to-land seating.

(1) Clean carbon deposits from all ring grooves. En-
sure oil drain openings in oil ring grooves and pin boss
are open.

(2) Measure ring side clearance with correct size
feeler gauge that fits snugly between ring land and ring.
Slide ring around groove. It must slide freely around
circumference of groove (fig. 1B-139). Refer to Specifica-
tions for correct ring side clearance.

(3) Place ring in cylinder bore. Use inverted piston
to push ring down near lower end of ring travel area.
Measure ring gap (clearance) with feeler gauge fitted
snugly in ring opening (fig. 1B-140). Refer to
Specifications.

NOTE: Insert each compression Ting (not otl control
rings) in its respective cylinder bore and measure end
gap.

Fig. 1B-139 Ring Side Clearance Measursment
Installation

NOTE: Ensure top and bottom compression rings are
installed properly. Ideally, ring gaps should be spaced
180 degrees from each other. Correct ring gap spacing 1s
depicted in figure 1B-141.

(1) Install oil control rings according to instructions
in package. Roll upper and lower rails into place without
use of tool (fig. 1B-142).

Fig. 1B-140 Comprassion Ring Gap Measursment
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80124

Fig. 1B-141 Ring Gap Spacing

Fig. 1B-142 Instailing Oll Controi Ring Upper and Lower Rails

(2) Install bottom compression ring using ring in-
taller to expand ring around piston (fig. 1B-143).

NOTE: Ensure top and bottom compression rings are
installed with top side up. Figure 1B-1,. illustrates typi-
cal rmng marks that indicate the top side of the ring.

RING
INSTALLER

AJ41914

Fig. 1B-143 Compression Ring Installation

A s A 4

AJ41913

Fig. 1B-144 Typical Compression Ring Marks

(3) Install top compression ring using ring installer
to expand ring around piston (fig. 1B-143).

Piston Pins

The piston pins are pressed into the rods with 2000
pounds force (8900 N) and do not require a retaining
device.

Removai

(1) Using Piston Pin Remover Tool J-21872 and ar-
bor press, place piston on Remover Support Tool J-
21872-1 (fig. 1B-145).

(2) Use Piloted Driver Tool J-21872-3 to press pin
completely out of piston and connecting rod. Note posi-
tion of pin through gauge window of remover support
tool.

Pin Fitting

(1) Inspect piston and connecting rod bores for
nicks and burrs. Replace rod and piston if necessary.

NOTE: Never reuse a piston pin after it has been
pressed in and out of a connecting rod.

(2) With pin removed from piston and connecting
rod, clean and dry piston pin bores.
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J-21872-3 J
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Fig. 1B-145 Piston Pin Removal and Instailation

(3) Position piston so that pin bore is in vertical
position. Insert replacement pin in bore. At room tem-
perature, replacement pin should slide completely
through piston bore without forcing.

(4) Replace piston if pin jams in bore.

Ingtailation

(1) Position piston and connecting rod so that piston
notches will face forward and rod squirt hole will face
inward when assembly is installed in engine.

(2) Place Pin Pilot Tool J-21872-2 through piston
and connecting rod pin bores (fig. 1B-145).

(3) Place pin pilot, piston and connecting rod on
Support Tool J-21872-1. ;

(4) Insert piston pin into piston pin bore and into
connecting rod pin bore.

(5) Insert Piloted Driver Tool J-21872-3 into piston
pin.

(6) Use arbor press to press piston pin through con-
necting rod and piston bores until pin pilot indexes with
mark on support.

NOTE: The piston pin requires 2000 pounds force (8900
N) for installation. If insufficient force is required to
press piston pin into conmmecting rod, or if rod slides
along pin, replace connecting rod.

(7) Remove piston and connecting rod assembly
from press. Pin should be centered in rod £1/32 inch
(0.787 mm).

CRANKSHAFT

The crankshaft for eight-cylinder engines is counter- |
weighted and balanced independently. The associated
components for the crankshaft are also individually bal-
anced, then the complete assembly is balanced as a unit.
Service replacement vibration dampers, crankshafts,
flywheels, drive plates and torque converters may be
replaced without rebalancing the entire assembly.

, The crankshaft has five main bearing journals and
four connecting rod bearing journals. The end thrust is
controlled by the No. 3 main bearing.

The rear main bearing oil seal is shielded from expo-
sure to excessive oil by a slinger that is machined in-
tegral with the crankshaft.

Removal and Installation

Replace crankshafts that are damaged or worn be- ~
yond feasible reconditioning. Use the procedures out-
lined within Cylinder Block to remove and install a
crankshaft.

NOTE: Scribe mark the torque converter and drive
plate prior to crankshaft removal. Install vn the same
position during assembly.

Crankshaft End Play Measurement

Crankshaft end play is controlled by the No. 3 main

bearing, which is flanged for this purpose.

(1) Attach dial indicator to crankcase adjacent to
No. 3 main bearing.

(2) Set dial indicator stem on face of adjacent
counterweight (fig. 1B-146).

(3) Pry crankshaft fore and aft.

(4) Note dial indicator. End play is difference be-
tween high and low measurements. Refer to
Specifications

Ve 6928‘\

Fig. 1B-146 Crankshaft End Play Measursment
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(5) If end play is not within specification, inspect
crankshaft thrust faces for wear. If no wear is apparent,
replace No. 3 (thrust) main bearing inserts and measure
end playv. If end play is not within specification, replace
crankshaft.

NOTE: When installing the No. 3 (thrust) main bearing
imserts. pry the crankshaft fore and aft to align the
thrust faces of the bearing inserts before final
tightening.

Crankshaft Main Bearings

The main bearing inserts are steel-backed aluminum-
tin lined. Optional bearing inserts are available with
overplated copper-lead linings. The main bearing caps
are numbered 1 through 5, front to rear, with an arrow
to indicate the forward position. The upper main bear-
ing insert surfaces are grooved. The lower insert sur-
faces are smooth.

Each bearing insert pair is selectively fitted to its
respective journal to obtain the desired operating oil
clearance. In production, the select fit is obtained by
using various-sized color-coded main bearing inserts as
listed in the Main Bearing Fitting Chart. The bearing
color code appears on the edge of the insert.

NOTE: The bearing size is not stamped on production
nserts.

The main bearing journal diameter is identified in
production by a color-coded paint mark on the adjacent
cheek toward the flanged (rear) end of the erankshaft,
except for the rear main journal. The paint mark that
identifies the rear main journal diameter is on the
crankshaft rear flange.

Refer to the Main Bearing Fitting Chart to select the
proper bearing inserts to obtain the specified bearing
clearance. The correct clearance is 0.0015 to 0.0020 inch
(0.038 to 0.051 mm) for No. 1 through No. 4 main bear-
ings and 0.0025 to 0.0030 inch (0.064 to 0.076 mm) for the
rear main bearing.

When required, use different sized upper and lower
bearing inserts as a pair. Use a standard size upper
insert in combination with a 0.001-inch (0.025 mm) un-
dersize lower insert to reduce the clearance by 0.0005
inch or 1/2 thousandth of an inch (0.013 mm).

Example:

Insert Correct Incorrect
Upper Standard Standard
Lower 0.002-inch (0.051 mm){0.001-inch (0.025 mm}
undersize undersize
70242

NOTE: When installing upper and lower inserts having
different sizes, install undersize inserts either all on the
top (upper) or all on the bottom (lower). Never use bear-
ing mserts in combination with greater than 0.001-inch
(0.025 mm) difference in size.

Service replacement main bearing inserts are avail-
able as pairs in the following sizes: standard, 0.001-inch
(0.025 mm) undersize, 0.002-inch (0.051 mm) undersize,
0.010-inch (0.250 mm) undersize, and 0.012-inch (0.305
mm) undersize. The bearing size is stamped on the back
of service replacement inserts.

NOTE: The 0.012-inch (0.305 mm) undersize insert is
not used for production engine assembly.

Removal

The following procedure can be used when the engine
is installed in the vehicle.

(1) Drain engine oil and remove oil pan.

(2) Remove main bearing cap and lower insert.

(3) Remove lower insert from bearing cap.

(4) Remove upper insert by loosening all other bear-
ing caps and inserting tool fabricated from cotter pin
approximately 1/2-inch (14 mm) into crankshaft oil
hole. Fabricate cotter pin as depicted in figure 1B-147.

Main Bearing Fitting Chart

Crankshaft Main Bearing Journal

Bearing Color Code

Color Code and Diameter in
Inches (Journal Size)

Upper insert Size

Lower Insert Size

Yellow —2.7489 to 2.7484 Yellow
(69.8220-69.8093mm) (Standard)

Orange —2.7484 to 2.7479 Yellow
(69.8093-69.7966mm) (0.0005 Undersize)

Black —2.7479 t0 2.7474 Black
{69.7966-69.7839mm}(0.001 Undersize)

Green —2.7474 to 2.7469 Black
(69.7839-69.7712mm)}{0.0015 Undersize)

Red —2.7389 to 2.7384 Red

(69.5680-69.5553mm)(0.010 Undersize)

—Standard
—Standard Black
0.001-inch(.025mm) Undersize | Black
0.001-inch(.025mm) Undersize

0.010-inch(.254mm) Undersize Red

Yellow —Standard

0.001-inch(0.025mm) Undersize.
C.001-inch(0.025mm) Undersize
Green  0.002-inch{0.051mm) Undersize

0.010-inch{0.254mm} Undersize
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BEND HEAD TO FOLLOW
CONTOUR OF JOURNAL

7/64-INCH COTTER PIN

60763
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Fig. 1B-147 Fabricated Upper Main Bearing Insert Removal Tool

(5) With cotter pin in place, rotate crankshaft so
that upper bearing insert is rotated in direction of its
locking tab.

(6) Remove remaining bearings in same manner as
outlined above.

Inspaction

(1) Wipe inserts clean and inspect for abnormal
wear patterns and for metal or other foreign material
imbedded in lining. Normal main bearing insert wear
patterns are illustrated in figure 1B-148.

UPPER

NO WEAR IN
THIS AREA

LOW AREA
"IN BEARING

'HEAVIER WEAR
PATTERN ON
LOWER BEARING

60762
Fig. 1B-148 Normal Main Bearing Insert Wear Patterns

NOTE: If any of the crankshaft journals are scored,
remove the engine for crankshaft repair.

(2) Inspect back of inserts for fractures, scrapings
or irregular wear patterns.

(3) Inspect upper insert locking tabs for damage.

(4) Replace all damaged or worn bearing inserts.

Measuring Main Bsaring Clearance with Plastigage (Crankshatt Installed)

(1) Support weight of crankshaft with jack placed {
under counterweight adjacent to journal being
measured.

NOTE: Measure clearance of one bearing at a time.
ALL other bearing caps must remain tightened.

(2) Remove main bearing cap and lower insert.

(3) Wipe insert and exposed portion of crankshaft
journal clean.

(4) Place strip of Plastigage across full width of
bearing insert.

NOTE: Plastigage must not crumble. If brittle, obtain

fresh stock.

(5) Install bearing cap and tighten retaining screws
with 100 foot-pounds (136 Nem) torque.

NOTE: Do not rotate crankshaft. Plastigage will shift,
resulting in inaccurate indication.

(6) Remove bearing cap and determine amount of
clearance by measuring width of compressed Plastigage
with scale on Plastigage envelope. Correct clearance is
0.0015 to 0.0020 inch.(0.038 to 0.051 mm) for No. 1
through No. 4 main bearings and 0.0025 to 0.003 inch
(0.064 to 0.076 mm) for rear main bearing (fig. 1B-149).

SCALE

COMPRESSED
PLASTIGAGE

41917

Fig. 18-149 Measuring Main Bearing Claarance with Plastigage

NOTE: The compressed Plastigage should maintain
the same size across the entire width of the insert. If the
size varies, this may indicate either a tapered journal or
Jforeign material trapped behind the insert.

(7) If correct clearance is indicated, bearing replace-
ment is not necessary. Remove Plastigage from crank-
shaft and insert. Proceed to Installation. (

NOTE: Small pieces of Plastigage may remain on in-
sert or journal surfaces. If so. they will dissoive in hot
engine ol when the engine is operated.
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(8) If oil clearance exceeds specification, install pair

of 0.001-inch (0.025 mm) undersize bearing inserts and

easure clearance as described in steps (3) through (6)
above.

(9) Clearance measured with 0.001-inch (0.025 mm)
undersize inserts installed will determine if pair of
0.001-inch (0.025 mm) undersize inserts or some other
size combination will provide correct clearance. For ex-
ample, if clearance was 0.0035-inch (0.089 mm) origi-
nally, a pair of 0.001-inch (0.025 mm) undersize inserts
will reduce clearance by 0.001 inch (0.025 mm). Oil clear-
ance will be 0.0025 inch (0.064 mm) and within specifica-
tion. Combination of 0.002-inch (0.051 mm) undersize
insert and 0.001-inch (0.025 mm) undersize insert will
reduce this clearance additional 0.0005 inch (0,013 mm)
and oil clearance will be 0.002 inch (0.051 mm).

CAUTION: Never use a combination of inserts that
have a difference of more than one bearing size. For
example, do not use a standard upper and 0.002-inch
(0.051 mm) undersize lower insert.

(10) If oil clearance exceeds specification with pair of
0.002-inch (0.051 mm) undersize inserts, measure crank-
shaft journal diameter with micrometer. Refer to Speci-
fications. If journal diameter is correct, crankshaft bore
in cylinder block may be misaligned, which requires
cylinder block replacement. If journal diameter is in-

orrect, replace or grind crankshaft to standard
‘ndersize.

Instailation

(1) Lubricate journal contact surface of each insert
with clean engine oil.

(2) Loosen all main bearing caps.

(3) Install main bearing upper insert(s).

(4) Install main bearing cap(s) and lower insert(s).
Tighten retaining screws evenly with 100 foot-pounds
(136 Nem) torque in steps of 30, 60, 90 and 100 foot-
pounds (41, 81, 122 and 136 Nem) torque. Rotate crank-
shaft after each tightening step to determine if it rotates
freely. If it does not rotate freely, examine inserts for
proper installation and size.

(5) Install oil pan using replacement gaskets and
seals. Tighten drain plug securely.

(6) Fill crankcase to specified level with clean lube
oil.

Measuring Main Bearing Journals with Micromster (Crankxhiﬂ
Removed)

(1) Wipe main bearing journals clean.
(2) Measure each journal diameter with microme-
:r. Note difference between maximum and minimum
diameters of each journal.
(3) Refer to Specifications for maximum allowable
taper and out-of-roundness.

(4) Compare measured largest diameter dimensions
with journal diameter dimensions listed in Main Bear-
ing Fitting Chart.

(5) Select insert pairs that will provide specified
bearing clearance. Correct clearance is 0.0015 to 0.0020
inch (0.038 to 0.051 mm) for No. 1 through No. 4 main
bearings and 0.0025 to 0.0030 inch (0.064 to 0.076 mm)
for rear main bearing.

Rear Main Bearing Ol Seal

The rear main bearing oil seal consists of a two-piece
neoprene single lip seal. Correct installation of the seal
is required for leak-free engine operation.

Removal

(1) Drain engine oil.

(2) Remove starter motor.

(3) Remove oil pan.

(4) Remove oil pan front and rear neoprene oil
seals.

(5) Remove oil pan side gaskets.

(6) Thoroughly clean gasket mating surfaces of oil
pan and engine block. Remove all sludge and residue
from oil pan sump.

(7) Remove rear main bearing cap.

(8) Remove and discard lower seal.

NOTE: To ensure leak-free operation, always replace
the upper and lower seal halves as a pair.

(9) Clean main bearing cap thoroughly to remove
all sealer.
(10) Loosen all remaining main bearing capscrews.
(11) Use brass drift and hammer to tap upper seal
half until sufficient portion of seal is protruding to per-
mit pulling seal out completely.

Installation

(1) Wipe crankshaft seal surface area clean and ap-
ply light film of oil.

(2) Coat block contact surface area of replacement
upper seal half with soap and lip of seal with clean
engine oil (fig. 1B-150).

(3) Insert upper seal half into engine block.

NOTE: The lip of the seal must face the front of the
engine.

(4) Coat both sides of repiacement lower seal half
end tabs with Jeep Gasket-in-a-Tube (RTV silicone), or
equivalent. Do not apply sealer to lip of seal. )

(5) Coat outer curved surzzce of lower seal half with
soap and lip of seal with clean engine oil.

(6) Insertseal into cap recess and seat firmly.

(7) Apply Jeep Gasket-in-z-Tube (RTV silicone), or
equivalent, to both chamfered sdges of rear main bear-
ing cap.
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Fig. 1B-150 Rear Main OIl Seal Installation

CAUTION: Do not apply sealer to the cylinder block
mating surface of the rear main cap because bearing
clearance could be affected.

(8) Tighten all main bearing capscrews with 100
foot-pounds (136 Nem) torque.
(9) Install oil pan using replacement gaskets and
seals. Tighten drain plug securely.
(10) Install starter motor.
(11) Fill crankcase to specified level with clean en-
gine lube oil.

VIBRATION DAMPER AND PULLEY

The vibration damper is balanced independently and
then rebalanced as part of the complete crankshaft
assembly. ,

Do not attempt to duplicate original vibration
damper balance holes when installing a service re-
placement damper. The vibration damper is not repair-
able and is serviced only as a complete assembly.

Removal

(1) Loosen damper retainingscrew.

(2) Loosen alternator drive belt.

(3) Loosen air conditioner compressor drive belt, if
equipped, and move aside.

(4) Loosen power steering pump drive belt, if equip-
ped, and move aside.

(5) Remove damper pulley retaining bolts. Remove
damper pulley from damper.

(6) Remove damper retaining screw and washer
and loosely install screw to prevent damage to screw
threads when removal tool is used.

CHAMFERED EDGES %

(7) Use Vibration Damper Removal Tool J-21791 to
remove damper from crankshaft (fig. 1B-151). o

60125

Fig. 1B-151 Vibration Damper Rsmaval

Installation

(1) Polish damper hub with crocus cloth to prevent
seal damage.

(2) Apply light film of engine oil to seal contact
surface area of damper.

(3) Align key slot in damper hub with crankshaft
key way.

(4) Position damper on end of crankshaft.

(5) Lubricate screw threads and washer with engine
oil.

(6) Install damper retaining screw and washer and
tighten with 90 foot-pounds (122 Nem) torque.

NOTE: If crankshaft turns before specified torque is
attained, proceed with belt installation. With belts in-
stalled, tighten damper retaining screw with 90 foot-
pounds (122 Nem) torque.

(7) Install damper pulley and retaining bolts.
Tighten boits with 30 foot-pounds (41 Nem) torque.

(8) Install drive belts and adjust to specified ten-
sion. Refer to Chapter 1C—Cooling Systems.

FLYWHEEL/DRIVE PLATE AND RING GEAR ASSEMBLY

The ring gear can be removed only from engines usea.
with manual transmissions. With automatic transmis-
sions, the ring gear is welded to and balanced as part of
the drive plate and is not removeable.
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Ring Gear Replacament—~Manual Transmission (Flywheel
Removed)

(1) Place flywheel on arbor press with steel blocks
equally spaced around perimeter and under ring gear.
(2) Press flywheel down through ring gear.

NOTE: The ring gear can also be removed by breaking
it with a chisel.

(3) Apply heat to expand inside perimeter of re-
placement ring gear.
(4) Press replacement ring gear onto flywheel.

NOTE: The flywheel is balanced as an individual com-
ponent and also as part of the crankshaft assembly. Do
not attempt to duplicate original flywheel balance holes
when installing a service replacement.

CYLINDER BLOCK

Disassembly

(1) Drain engine oil.

(2) Remove engine assembly from vehicle as out-
lined in Engine Removal.

(3) Use engine stand to support engine assembly

(4) Remove distributor.

(5) Remove cylinder head covers and gaskets.

(6) Remove bridge and pivot assemblies and rocker
arms. Alternately loosen capscrews, one turn at a time,
to avoid damaging bridge.

(7) Remove push rods.

NOTE: Retain bridges, pivots, rocker arms, push rods
and tappets in cylinder sets to facilitate installation in
original locations.

(8) Remove intake manifold assembly.
(9) Remove valve tappets.

(10) Remove cylinder heads and gaskets.

(11) Position pistons, one at a time, near bottom of
stroke. Use ridge reamer to remove ridge, if any, from
top end of cylinder walls.

(12) Loosen all drive belts. Remove power steering
pump, air pump and air conditioner compressor, if
equipped.

(13) Remove damper pulley and vibration damper.

(14) Remove timing case cover.

(15) Remove oil pan.

(16) Remove camshaft.

(17) Remove connecting rod bearing caps and inserts
and retain in same order as removed.

IOTE: Connecting rods and caps are stamped with the
number of the associated cylinder.

(18) Remove connecting rod and piston assemblies
through top of cylinder bores. Ensure that connecting

rod bolts do not scratch connecting rod journals or cylin-
der walls. Short pieces of rubber hose slipped over rod
bolts will provide protection during removal.

(19) Remove oil pickup tube and screen assembly.

(20) Remove main bearing caps and inserts.

(21) Remove crankshaft.

Cyllnder Bors Reconditioning

Cylinder Bore Measurament

Use a bore gauge to measure the cylinder bores (fig.
1B-152). If a bore gauge is not available, use an inside
micrometer.

B

e

80304

Fig. 1B-152  Measuring Cylinder Bors with Bora Gaugs

(1) Measure cylinder bore crosswise to block near
top of bore. Repeat measurement at bottom of bore.

(2) Determine taper by subtracting smaller dimen-
sion from larger dimension.

(3) Turn measuring device 120° and repeat step (1).
Then turn another 120° and repeat measurements.

(4) Determine out-of-roundness by comparing dif-
ference between measurements taken 120° apart.

If the cylinder taper does not exceed 0.005 inch (0.127
mm) and the out-of-roundness does not exceed 0.003
inch (0.076 mm), true the cylinder bore by honing. If the
cylinder taper or out-of-round condition exceeds these
limits, bore and then hone cylinder for an oversize
piston.
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Resurfacing Cylinder Bors

CAUTION: Do not use rigid type hones to remove cyl-
inder glaze. A slight amount of taper always exists in
cylinder walls after the engine has been in service fora
period of time.

(1) Use expanding hone to true cylinder bore and to
remove glaze for faster ring seating. Move hone up and
down at sufficient speed to produce uniform 60° angle
crosshatch pattern on the cylinder walls. Do not use
more than ten strokes per cylinder. A stroke is one
down-and-up motion.

CAUTION: Protect engine bearings and lubrication
system from abrasives. g

(2) Secrub cylinder bores clean with solution of hot
water and detergent.

(3) Immediately apply light engine oil to cylinder
walls. Wipe with clean, lint-free cloth.

NOTE: If crankshaft is not removed from block, cover
commecting rod journals with clean cloths during clean-
g operation.

Assembly

(1) Install and lubricate upper main bearing inserts
and rear main upper seal half. Lubricate seal lip.

(2) Install crankshaft.

(3) Install main bearing caps and inserts. If replace-
ment bearings are installed, measure each bearing clear-
ance with Plastigage.

(4) Install replacement oil pickup tube and screen
assembly. Do not attempt to install original pickup tube.
Ensure plastic button is inserted in bottom of replace-
ment screen.

(5) Install camshaft. -

(6) Position piston rings on pistons. Refer to Piston
Rings for procedure.

(T) Lubricate piston and ring surfaces with clean
engine oil. ¥

(8) Use piston ring compressor tool to install con-
necting rod and piston assemblies through top of cylin-
der bores. Ensure that connecting rod bolts do not

seratch connecting rod journals or cylinder walls. Short

lengths of rubber hose slipped over connecting rod bolts -

will provide protection during installation.

(9) Install connecting rod bearing caps and inserts
in same location as removed. Tighten nuts with 33 foot-
pounds (45 Nem) torque.

(10) Install camshaft and crankshaft sprockets and
timing chain as an assembly.

(11) Install timing case cover and gaskets. Refer to
Timing Case Cover for procedure.

(12) Install engine oil pan using replacement gaskets
and seals. Tighten drain plug securely.

(13) Install vibration damper and damper pulley.

(14) Install cylinder heads with replacement gaskets.

(15) Install valve tappets.

(16) Install intake manifold with
gasket.

(17) Install push rods.

(18) Install rocker arms and bridge and pivot assem-
blies. Loosely install capscrews through each bridge and
then alternately tighten capscrews, one turn at a time,
to avoid damaging bridge. Tighten capscrews with 19
foot-pounds (26 Nem) torque.

(19) Turn crankshaft to position No. 1 piston at TDC
on compression stroke.

(20) Reseal and install cylinder head covers.

(21) Install power steering pump, air pump and air
conditioner compressor.

(22) Install distributor.

(a) Point rotor at No. 1 spark plug firing
position. i

(b) Turn oil pump drive shaft with long screw
driver to engage with distributor shaft.

(¢) With rotor pointing at No. 1 spark plug fir-
ing position, rotate distributor housing counter-
clockwise until leading edge of trigger wheel segment is
aligned with center of sensor. Tighten distributor hold-
down clamp.

replacement

NOTE: When engine is installed and operating, check
ignition timing as outlined in Chapter 1A—General
Service and Diagnosis.

(23) Remove engine from stand.

(24) Install engine assembly as outlined in Engine
Installation.
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Compression Pressure

QOG0 v o Sk
% {51 F i - S

Maximum Variation Between

Clingies.. . . ... o5 s

Taxable Horsepower

L

Camshaft

Fuel Pump Eccentric Diameter. . .
Tappet Clearance . . . .. .. ...
B Playy e o ook o s
Bearing Clearance . . . . . ... ..

Bearing Journal Diameter
No. 1
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MEED ¢ asms e s smms s 5 @

Cam Lobe Lift
304/360

Intake Valve Timing

Opens 304/360. . . . . .. ...
Closes 304/360. . . . . ... ..

Exhaust Valve Timing

Opens 304/360. . . . .. .. ..
Closes 304/360. . . . .. .. ..

Vaive QOverlap
304/360

Intake Duration
304/360

Exhaust Duration
304/360

SPECIFICATIONS

Eight-Cylinder Engine Specifications

(USA)

Inches

Unless
Otherwise
Specified

3.75
4.08

3.44
3.44

304 cu.in.
360 cu.in.

(METRIC)
Millimeters
Uniess
Otherwise
Specified

95.25
103.63

© 87.38
87.38

5 liter
6 liter

8.40:1
8.25:1

120 - 140 psi (min) 8271034 kPa

120 - 140 psi (min)

827-1034 kPa

30 psi 206 kPa !
45.00 33.56 kW
53.27 39.72 kW
unleaded
2.182-2.192 55.423-55.677

Zero lash (hydraulic tappets)
Zero (engine operating)

0.001-0.003

(0.0017-0.0020

preferred)

2.1195-2.1205
2.0895-2.0905
2.0585-2.0605
2.0295-2.0305
1.9995-2.0005
0.001

0.266

0.0254-0.0762
(0.0432-0.0508

preferred)

53.835-53.861
53.073-53.099
52.311-52.337
51.549-51.575
50.787-50.813
0.0254

6.7564

14.75°9 8TDC
68.75° 8TDC

56.75° 88DC
26.759 ATDC

41.500

263.500

263.50°

Connecting Rods

Total Weight (Less Bearings)
304/360

Total Length (Center-to-Center)
304/360

Bearing Clearance . . . . .. .. ...

SideClonrines . . . . . o .o o o 5 4«
Maximum Twist . . . . . .. ... ..

MaximumBend . . .. ... ... ..

Crankshaft

Erd U O O o o gogtaladniety o g

Main Bearing Journal Diameter

NOcY, 2B, B . . o5 e « o

Rear Main

Main Bearing Journal Width
304/360
No. 1

e P S
L
i Fe e A i S
NGBS . . . s s oa e

Main Bearing Clearance
No.1,2,3,4

Rear Main

B D s s 0 ha e s B E

Connecting Rod Journal Diameter
304/360

Connecting Rod Journal Width
304/360

Connecting Rod Bearing
Clearance

Maximum Taper (All Journais)
Maximum Qut-of-Round

(All Journals). . . . ... .. ...

Cylinder Block

Deekidleight " o . . v ale s - vme s

Deck Clearance
304/360

(USA)

Inches

Unless
Otherwise
Specified

(METRIC)
Millimeters
Uniess
Otherwise
Specified

681-689 grams

5.873-5.877
0.001-0.003
(0.0020-0.0025
preferred)

0.006-0.018

0.0005

per inch

0.001
per inch

0.003-0.008

2.7474-2.7489
2.7464-2.7479

1.2635-1.2695
1.246-1.248
1.273-1.275
1.246-1.248
1.215-1.217

0.001-0.003
(0.0017-0.0020
preferred)

0.002-0.004
(0.0025-0.003
preferred)

2.0934-2.0955

1.998-2.004

0.001-0.003
(0.0020-0.0025
preferred)
0.0005

0.0005

9.205-8.211

0.0145
{below biock)

149.17-149.28
0.03-0.08
(0.051-0.064
preferred)
0.15-0.46
0.013
per 25.4 mm
0.03
per 25.4 mm

0.08-0.20

69.784-69.822
69.759-69.797

32.093-32.25
31.65-31.70
32.33-32.39
31.65-31.70
30.86-30.91

0.03-0.08
(0.04-0.05
preferred)

0.05-0.10
(0.06-0.08
preferred)

53.172-53.266

50.75-50.80

0.03-0.08
(0.051-0.064
preferred)
0.013

0.013

233.81-233.96

0.363
{betow Biock)

6C271A
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Maximum Cylinder Taper
Maximum Cylinder Qut-of-Round. . .
Tappet Bore Diameter

Cylinder Block Fiatness

Cylinder Head
Combustion Chamber Volume
304
360
Vailve Arrangement
Valve Guide ID (Integral)
Vaive Stem-to-Guide Clearance . . . .
Intake Valve Seat Angle
Exhaust Valve Seat Angle
Valve Seat Width
Valve Seat Runout
Cylinder Head Flatness

Lubrication System
Engine Qil Capacity

Gear End Clearance, Feeler Gauge . .

Gear End Clearance, Plastigage . . . .

Pistons
Weight (Less Pin)
304

Piston Pin Bore CL-to Piston Top
304/360

Piston-to-Bore Clearance
304

Piston Ring Gap Clearance
No. 1 and No. 2

Qil Controi Steel Rail

Piston Ring Side Clearance
340
No. 1

Eight-Cylinder Engine Specifications (Continued)

(USA) (METRIC)
Inches Millimeters
Unless Unless
Otherwise Otherwise
Specified Specified
0.005 0.13
0.003 0.08
0.9055-0.9065 22.999-23.025
0.001/1- 0.03/25-
0.002/6 0.05/152
0.008 (max) 0.20 (max)

57.42-60.42 cc
58.62-61.62 cc

El-IE-EI-IE
0.3735-0.3745 9.487-9.512
0.001-0.003 0.03-0.08
300
44 50
0.040-0.060 1.02-1.52
0.0025 (max) 0.064 (max)
0.001/1- 0.03/25-
0.002/6 0.05/152
0.008 (max) 0.20 (max)
4 quarts 3.8 liters
(add 1 quart (add 0.9 liters
with filter with filter
change) change)
13 psi at 90 kPa at
600 rpm 600 rpm
37-75 psi 255-517 kPa
at 1600+ rpm at 1600+ rpm
75 psi {(max) 517 kPa (max)
0.0005-0.0025 0.013-0.064
(0.0005 (0.013
preferred) preferred)
0.004-0.008 0.010-0.2
(0.008 (0.10
preferred) preferred)
0.002-0.008
(0.002
preferred)
1.1-1.12 lbs 506-510 grams
1.32-1.33 lbs 601605 grams
1.599-1.603 40.62-40.72
0.0010-0.0018 0.025-0.46
(0.0014 (0.035
preferred) preferred)
0.0012-0.0020 0.030-0.051
(0.0016 (0.041
preferred) preferred)
0.010-0.020 0.25-0.51
(0.010-0.012 (0.25-0.305
preferred) preferred)
0.010-0.025 0.25-0.64
0.015-0.045 0.38-1.14
(0.010-0.020 (0.25-0.51
preferred) preferred)

0.0015-0.0035
(0.0015
preferred)

0.038-0.089
(0.038
preferred)

(USA)

Inches

Unless
Otherwise
Specified

0.0015-0.003
(0.0015
preferred)
0.0011-0.008

360
0.0015-0.003
(0.0015
preferred)
0.0015-0.0035
(0.0015
preferred)
0.000-0.007

Qil Control

Piston Ring Groove Height
No. 1 and No. 2
Qil Control

0.0795-0.0805
0.1880-0.1895

Piston Ring Groove Diameter

304
NS, Tand Non2 . .« 0w o 3.328-3.333
Qil Control . .. ........ 3.329-3.339
360
No. 1and NG, 2 o v vxws s 3.624-3.629
QilControl . .. ........ 3.624-3.635

Piston Pin Diameter
304/360

Piston Pin Bore Diameter
304/360

Piston-to-Pin Clearance . . . . ... .. 0.0003-0.0005
(0.005
preferred)
loose
Piston Pin-to-Connecting Rod Fit. . . 2000 Ibf
Press-Fit
Rocker Arms, Push Rods, and Tappets
Rocker Arm Ratio . . ... ... ... 1.6:1
Push Rod Length . . .. ........ 7.790-7.810 1
Push Rod Diameter .. . . ... .. .. 0.312-0.315
Hydraulic Tappet Diameter . . . . . . 0.8040-0.9045 2
Tappet-to-Bore Clearance ... .. .. 0.001-0.0025

Vaives
Valve Length
(Tip-tc-Gauge Dim. Line)

(METRIC)
Millimeters
Uniess
Otherwise
Specified

0.038-0.076
(0.038
preferred)
0.028-0.203

0.038-0.076
(0.038
preferred)
0.038-0.089
{0.038
preferred)
0.000-0.18

2.018-2.045

y.

47754813 _

84.53-84.66
84.56-84.81

92.05-92.18
92.05-92.33

0.9308-0.9313 23.649-23.655

{0.013
preferred)
loose

8900 N
Press-Fit

97.87-198.37
7.93-8.00

2.862-22.974

0.025-0.064

Valve Stem Diameter . . . . .. .. .. 0.3715-0.3725 9.436-9.462
Stem-to-Guide Clearance . . . . . . .. 0.001-0.003 0.03-0.08
Intake Valve Head Diameter
il Qe g L A T 1.782-1.792 45.26-45.52
360 . - S R TE e s s s 2.020-2.030 51.31-51:56
Intake Valve Face Angle . . . .. . .. 290
Exhaust Valve Head Diameter
08 ...l v nesnweas 1.401-1.411 35.59-35.84
360 .. ... 1.675-1.685 42.55-42.80
Exhaust Valve Face Angle . . . . . .. 440
Valve Springs
Freelength: .0 o vuiwmens qmes 1.99 50.55 -
Spring Tension
VatveClosad-. . . . ... ....:~ 64-72 Ibf 282-317 N
at 1.786 at 45.36
ValveOpen . ... ......... 202-220 Ibf 889-968 N
at 1.356 at 34.44
Inside Diameter (All) . . ... ... .. 0.948-0.968 24.08-24.59
602718

0.9288-0.9298 23.592-23.617
0.008-0.013

4.78954.8045 121.653-122.034
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Torque Specifications

Service Set-To Torques should be used when assembling components. Service Iin-Use Recheck Torques should be used for checking a pre-torqued item.

USA (ft-lbs) Metric (N-m)
Service Service
Service In-Use Service In-Use
Set-To Recheck Set-To Recheck
Torque Torque Torque Torque
Air Injection Tube-to-Manifold . . . . . . . . ... 38 30-45 52 41-61
Air PUump-t0-Bracket PIVOT SCrewW . . . . . o o ottt e e e 20 15.22 27 20-30
Air Pump Brackets-to-Engine—AC Compressor or Pedestals . . . .. . .. .. .. .... 25 18-28 34 24-38
Air Pump Adjusting Strap-to-PUMP . . . . o . o o e 20 15-22 27 20-30
Alternator Pivot Bolt or NUT . . . . v o o o o e e e e e e e e 28 20-35 38 27-47
Alternator Adjusting Bolt . . . . . . .. e 18 15-20 24 20-27
Alternator Mounting Bracket Bolt-to-Engine . . . . .. .. ... ... ....... ... 28 23-30 38 31-41
Alternator Pivot Mounting Baolt-to-Head . . . . . . . .. .. ... 33 30-35 45 41-47
Block Heater Nut, T-Screw Type . . . . . . . . ittt e 20 in-lbs 17-25 in-ibs 2 2-3
Camshaft Gear Retainer Screw . . . . . . . . .. ..... T S e e 30 25-35 4 34-47
Carburetor Adapter-to-Manifold Screws—2V . . . . ... .. ... 14 12:15 19 16-20
Carburetor Holddown NUTS . . . . . . . . ot it e et e e e 14 12-15 19 16-20
Connecting Rod Bolt NUTS . . . . . o v vt o e e e e e e 33 30-35 45 41-47
Crankshaft Pulley-to-Damper . . . . . . . . v it 23 18-28 | 24.38 -
Cuiirsder HAst CaDRCTEWE] . v o o« » 5 s s 5 o 5 5 0 s 8 % 5% 5 s m mma ¥ o b s 4w 110 100-120 149 136-163
Cylinder Head Cover SCrews . . . . . v v v v v i e et e et e e e e 50 in-lbs 42-58 in-ibs 6 5-7
Distributor Clamp SCIBW . . . o . ¢ . e v st e s s e s m e e s e s s e s 20 18-24 18 14-24
Drive Plate-to-CONVErter SCreW . . . . . . o v v it e e e e e 22 20-25 30 27-34
BOH ValvaatOiManifold . . . 5 c o & con v v b 5 5 5 w5 508 5 s e @i w0 bs ane smom et 13 9-18 18 12-24
Exhaust Manifold Screws
CHARBE TN . ., vovie v o oo b e it R o i s e 8 S W e e e e 25 20-30 34 2741
OuLer (BN |5 . s oo or o srs b5 STREINS ity a6 s w o ne n o wow w6y 438 15 12-18 20 16-24
Exhaust PIneMOMAmTOId NULE. . . 4 v vv v @ 5 n 6 s nii oo sim os v o o we o sn S8 20 15-25 27 20-34
Fan and Hub Assembly BOIS . . . . o o o o it e e e 18 12-25 24 16-34
Flywheel or Drive Plate-to-Crankshaft . . . . .. .......... .. ... ...... 105 95-115 142 129-156
Front Support Cushion Bracket-to-Block Screw . . . ... ... ... .. .. ... ... 35 2540 47 34-54
'Front Support Cushion-to-Bracket-to-Frame. . . .. . ... ... ... .. ........ 37 3045 50 4161
Pgl PUTIBATAWET .50 x o s % ot oo ie e o el n o e s s g s R ms e R R e 16 13-19 22 18-26
Idler Pulley Bearing Shaft-to-Bracket NUT . . . . . . . ..ot i i oo 33 28-38 45 38-52
Idler Pulley Bracket-to-Front Cover NUt . . . . . . . ... v vttt 7 4.9 9 5-12
Intake Manifold SOrBWS . . « v v v v v v vt v e me o e e s e e s e 43 37-47 58 50-64
Main BearinBiBapscrews. . . . . . . . .o s e e s i e s e e e e e e 100 90-105 136 122-142
O POMOCOMIIBGIBG 5 . - - & « ws & & 2 8 8 G0 E s B e e e s el e e e e e 55 in-ibs 45-35 in-lbs 6 5-7
Qil Pan Screws
3 TV W T A - U T . ... S SIS S S R e 7 5-9 9 7-12
TR e e L . e I T L & s 5 9-13 18 12-18
Ol RBUSEVAWBGAG . . v 5 4 56 wov 5 305 5w & 5 & 5 8 % Fim 6a m RUE e 5 > ox s was 28 22-35 38 30-47
Power Steering Pump Adapter SCrew . . . . . . . oot v i 23 18-28 31 24-38
Power Steering Pump Bracket Screw . . . . .. ... 43 37-47 58 50-64
Power Steering Pump Mounting SCrew . . . . . . ... ... 28 25-35 38 34-47
Rear Crossmember-to-Side Sill NUt . . . . . . . . . it 30 20-35 4 2747
Rear Insulator Bracket-to-Trans. SCreW . . . . . . . . vt v i 33 27-38 45 37-52
Rear Support Insulator-to-Bracket NUT . . . . . . ... ... 48 40-55 65 54-75
Rear Support Cushion-to-Crossmember Screw Nut . . . . . . ... .. .. ... ... .. 18 12-25 24 16-34
Rocker Arm CapsCreW . . . . v . o v v e P . - <SP 19 16-26 26 22-35
Spark PIIES' . i i v cs o mimee o s 5 SRS ¢k s ene e e e o o ol himia s 8 28 22-33 38 3045
Starter Motor to Converter HOusing SCrews . . . . . . .« o oot 18 13-25 24 18-34
Thermostat HOUSIBG SOreW . . . . . . . . . Gy % e v v oo s oo o0 i o o 13 10-18 18 14.24
Throttie Valve Rod Adjusting Screw . . . . . . . . . ..o 40 in-lbs 30-50 in-ibs 5 36
Timing Case Coverato-BIOBK. . . ..\ s o -+ « wpwtmm e = > v o oo o oor oa doxiian s 25 18-33 34 2445
Vibration Damper Screw (Lubricated) . . . . . .. ... .. ... e 90 80-100 122 108-136
Watar-Pump Setelys 230 50l . L .o . HESOLE. L - 0 L s dRMEE R SR . 48 in-ibs 40-55 in-lbs 5 5-6

All Torque values given in foot-pounds and newton-meters with dry fits uniess otherwise specified.
Refer to the Standard Torque Specifications and Capscrew Markings Chart in Chapter A of this manual for any torque specifications not listed above.
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1B-102 ENGINES

Eight-Cylinder Engine
Firing Order

@ ® ® O

® ® ® @

Tools
Four-Cylinder Engine

£J
45821 o i ;:: 124086 J-3049 J-8087
VALVE LIFTER ) BT-7612 VALVE LIFTER CYLINDER BORE
CLEANING TANK PISTON PIN REMOVER CHECKING GAUGE
ToOL (RANGE 2-1/2"—9")
e o
{1
1! -—
J-5830 1214731 J-6305-11 1-21054-1
VALVE GUIDE CAMSHAFT BUSHING CONNECTING ROD HANDLE (CAMSHAFT
REAMER SET REMOVER & INSTALLER BOLT GUIDE SET BUSHING REMOVER
ADAPTER (USE WITH & INSTALLER) (USE
J-21054-1) WITH J-21473-1)
——— 3
1\
ﬂ ‘\i e 1 DAL
J-22330 J-8101 123042 422794 J-4160
VALVE SEAL VALVE GUIDE TIME COVER AIR LINE HYDRAULIC VALVE
INSTALLER & CLEANING TOOL SEAL ALIGNER ADAPTER LIFTER PLUNGER
TESTER & INSTALLER REMOVER
J-5569 J-5892-1
PISTON RING VALVE SPRING
COMPRESSOR COMPRESSOR
(4)

504288



ENGINES 1B-103

Tools
Six- and Eight-Cylinder Engine

J-22534-1

VALVE SPRING

REMOVER AND J-21791

INSTALLER VIBRATION, DAMPER

REMOVER

HAUUD

(T

J26562 8= 3 s O

J-21872 TIMING CASE COVER 4-5790
PISTON PIN REMOVER AND INSTALLER () SEAL INSTALLER HYDRAULIC VALVE LIFTER TESTER

ﬁ J—-5959-4

DIAL INDICATOR
CLAMP AND ROD

J—-6042-1,4,5
VALVE GUIDE REAMERS

J-26562

—\ OIL SEAL INSTALLER
' R
R ; D i S
B ~‘_“—\\i ﬁ/& p \\
\\ /'
) S
— s ]

' J—8520 = J—8056
DIAL INDICATOR SET . J—-22700 VALVE AND CLUTCH
(0-1 INCH -.001 INCH GRADUATION) OIL FILTER WRENCH SPRING TESTER
b —— A
®
\Q SCREW, TIMING CASE

J-22248°

TIMING CASE COVER
ALIGNMENT TOOL AND
SEAL INSTALLER

COVER CRANKSHAFT E
SEAL INSTALLER @ :
PART OF TOOL J-9163 121882 P

OIL PUMP INLET

TUBE INSTALLER ;9556 TIMING CASE COVER

OlL SEAL REMOVER

J-5601 ,
PISTON RING
COMPRESSOR 3-3/4”

—

J-6042-1,4,5
VALVE GUIDE REAMERS

s
J-21884 HYDRAULIC VALVE TAPPET
REMOVER AND INSTALLER ’

TOOL J-22534-1 TOOL TOOL
VALVE SPRING REMOVER J-22534-4 J-22534-5
AND INSTALLATION TOOL

J-21791 VIBRATION
DAMPER REMOVER

J-22534 VALVE SPRING REMOVER AND INSTALLATION TOOL
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NOTES




