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SECTION 2 — ENGINE TUNING

GENERAL INFORMATION

Engine tuning is one of the most important of the
maintenance services, it determines whether or not the
vehicle will perform with maximum economy and
efficiency. It is therefore important that this service be
performed on the engine at the intervals specified in the
Lubrication and Maintenance Section or more often if

conditions warrant.
The following paragraphs outline in general the

tuning procedures.

COMPRESSION TEST

An engine without reasonably high and uniform com-
pression cannot be effectively tuned. The compression
of each cylinder should be tested before any other tun-
ing operations are performed. The engine must be at
operating temperature when performing the compres-
sion test.

Compression pressurg with engine warm, spark plugs
removed, wide open throttle at minimum cranking
speed of 130 R.P.M. should be within the specified

limits.

(1) Remove any foreign matter from around spark
plugs by blowing out plug area with compressed air,
then loosen all plugs one turn.

(2) Start the engine and accelerate to 1000 R.P.M. to
blow out loosened carbon. Stop engine and remove
plugs, note cylinder from which each plug was removed
for future reference.

NOTE: Clearing out carbon jn this manner is im-
portant in preventing false compression
readings due to particles of carbon becoming
lodged under the valves.

(3) Remove air cleaner and block throttle and choke
in wide open position.

(4) Connect remote control starter swiich to the
starter solenoid.

(5) Imsert the compression gauge firmly in spark
plug opening, and crank engine through at least four
compression strokes to obtain highest possible reading.

(6) Test and record compression of each cylinder.
Compression should read within the limits indicated in
the specifications.

{(7) If one or more cylinders read low or uneven,
inject about a tablespoon of engine oil on top of pistons
in low reading cylinders. Crank engine several times
and re-check compression. If compression comes up
but does not reach normal, rings are worn. If com-
pression does not improve, valves are sticking or seating
poorly. If two adjacent cylinders show low compres-
sion, and injecting oil does not improve condition, the
cause may be a head gasket leak between the cylinders.

YALVE CLEARANCE

Manual Adj_ustment

The valve to rocker clearance should be set in
accordance with specifications and procedure set out in
Engine Section of this manual.

IGNITION SYSTEM

Spark Plugs

(1) Remove the spark plugs. Examine firing ends of
plugs for evidence of oil fouling, gas fouling, burned or
over-heating conditions. Oil fouling is usually identified
bv wet, sludgy deposits caused by excessive oil con-
sumption. Gas fouling is usually identified by dry, black
fluffy deposits, caused by incomplete combustion.
Burned or over-heated spark plugs are usually identified
by a white burned or blistered insulator nose, and badly.
burned electrodes. Incorrect fuel, inefficient cooling, in-
correct ignition timing, or incorrect spark plug heat
range for operating conditions, normally are the cause.
Normal conditions are usually identified by white,
powdery deposits, or rusty-brown fto greyish-tan
powdery conditions.
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(2) Clean the spark plugs with a suitable sand blast
cleaner following the manufacturer’s instructions.

(3) Remove carbon and other deposits from the
threads with a stiff wire brush.

(4) Dress the electrodes with a smal! file to secure
flat, parallel surfaces on both the centre and the side
electrode.

{5) Adjust the spark plug gap by bending the ground
electrode, use a wire gauge, and adjust the gap to the
specified clearance.

(6) Install and tighten to specified torque.

Distributor Cap, Rotor and Wires

(1) Remove wires from distributor cap and examine
cap and rotor for cracks, carbon tracks, electrode wear
or other damage. Use a small round stiff bristle brush if
necessary, to clean corrosion from the wire terminal
towers.

WARNING: Care should be taken not to damage
the “supressor” type cables during removal or
installation. The correct method of detaching
this type of cable is to grasp the rubber in-
sulator of the end of cable and remove by a
combined twisting and pulling action. Pulling
on the lead away from the end could result in
a break in the carbon trace inside the cable
resulting in an open circuit.

{2) Using a weak solution of liquid soap or deter-
gent diluted with warm water, thoroughly scrub the
inner and outer surfaces of the distributor cap. Flush
with hot water, shake out excess water and dry
thoroughly. Do not use compressed air to dry or blow
out the water.

(3) Inspect the spark plug cables and coil high ten-
sion cable for worn, cracked or damaged insulation, or
any condition that may cause current leakage. Check
‘cables for open circuit, loose terminals and high resis-
tance. Replace cable if the resistance exceeds specifica-
tions or if the terminal has pulled off. Check for
hardened or split cable nipples and replace if necessary.

Distributor Resistance

Excessive resistance of the igmition primary circuit
from the distributor side of the coil, through the points
and the distributor ground will prevent the coil from
producing sufficient output for good over-all ignition.

NOTE: The following service operations can best
be performed with the distributor mounted in
a reliable distributor tester.

Distributor Point Replacement

If the distributor shaft appears to have excessive side
play, measure and replace parts as necessary (see Groap
8—Electrical).

Excessive wear changes the point gap, causing dwell
variations which will affect ignition timing and engine
performance.

(1) Remove the old contact points and install a new
set.

(2) Align the contacts to provide centre contact by
bending the stationary contact bracket only. Never bend
movable arm to obfain alignment.

(3) After aligning the points, adjust the point gap to
specifications using feeler gauges.

(4) Test the breaker arm spring tension, by hooking
a spring scale on the breaker arm. Pull the scale in a
straight line at right angles to the point surfaces and
read the scale as the points start to separate.

(5) If the spring tension is not within specifications a
new breaker set must be installed.

(6) Lubricate the breaker lever pivot with one drop
of light engine oil. Apply a small amount of heat resist-
ing grease fo a clean cloth and very lightly wipe over
the-distributor cam.

CAUTION: Excessive lubricant on the cam may
be thrown off when hot and find its way
between the contact points, cansing ignition
failure.

Points Dwell Test

Correct distributor point dwell is essential for good
ignition performance and point life. (See Group 8§—
Electrical for details).

Electronic Ignition

Electronic ignition generally does not require any
maintenance, if necessary refer to Group 8 — Electrical
test procedures.

Distributor Advance Test

Check the performance of the centrifugal advance
mechanism using a reliable stroboscope-type distributor
tester.

Tf the advance is not in accordance with the specifi-
cations new springs should be installed. (See Group 8
—Electrical).

Vacuum Diaphragm Leak Test

(1) Check vacuum diaphragm for leakage (as out-
lined in Group 8—Electrical—Distributor overhaul)
and replace if necessary.

(2) Observe breaker plate whilst performing the
leak test, to check response of breaker plate to vacuum
advance. There should be instant response to the pull
of the diaphragm, moving the plate without drag or
bind.

Vacuum Advance

(1) Check vacuum advance as shown in Group 8—
Electrical.

(2) If the vacuum advance is above or below specifi-
cations, the unit must be replaced as no adjustment is
provided.

e,
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IGNITION COIL

When testing a coil designed to operate with an ex-
ternal ballast resistor, include the resistor in the test.

Test coil according to coil tester Manufacturer’s in-
structions. Test coil primary resistance. Test ballast
resistor resistance. Test coil secondary resistance. Replace
any coil or ballast resistor that does not meet specifi-
cations.

Every time an ignition coil is replaced because of a
burned tower, carbon tracking, or any evidence of arcing
at the tower, the nipple or boot on the coil end of the
secondary cable, replace cable. Any arcing at the tower
will carbonize the nipple so that placing it on a new
coil will invariably cause another coil failure.

If secondary cable shows any signs of damage, cable
should be replaced with a new cable with a neoprene
nipple since the old cable can cause arcing, and there-
fore, ruin a new coil.

Condenser (B.P.l. only)

Test the capacity of the condenser with a reliable con-
denser tester. Refer to specifications for condenser
capacily in microfarads.

Ignition Timing _

To obtain maximum engine performance, the distri-
butor must be correcily positioned on the engine to give
correct ignition timing.

The ignition timing test will indicate the timing of
the spark at No. I cylinder at idle {only). Test proce-
dures are as follows:

(1) Disconnect the vacuum hose at distributor.

(2) Connect the secondary lead of Power Timing
Light to No. 1 spark plug, red prlmary lead to positive
terminal of battery and black primary lead to the nega-
tive battery terminal.

NOTE: Do not puncture the wires, boots or nipples
with test probe — always use adapters. Break-
ing of the rubber insulation may permlt secon-
dary voltage to arc to ground.

(3) Start the engine and set the idle to specified
R.P.M., engine at normal operating temperature.

(4) Using a timing light, observe the position of
timing mark on the crankshaft damper, and check against
specifications.

(5) Loosen the distributor hold down lock plate screw
and rotate the distributor housing so that the timing mark
on the pulley, aligns with the specified mark on timing
plate.

{6) Tighten the distributor hold down lock plate serew
after the timing has been set and re-check timing adjust-
ment with the timing light.

: less-

(7} When the spark timing is correct re-connect the
vacuum hose to the distributor.

NOTE: As-the engine speed is increased the timing
mark on the pulley shonld appear to move in
direction opposite to engine rotation and away
from the pointer on the timing chain case cover.
This will indicate that the distributor advance
mechanisms are operative.

BATTERY

Electrolyte Test

The specific gravity of the battery eléctrolyte indicates
the state of charge of the battery. Do not take hydro-
meter readings immediately after refilling the battery
with distilled water. If the hydrometer readings do not
comply with specifications proceed to examine the bat-
tery dccording to instructions in Group 8 — Electrical.

STARTER AND CABLES

Current Resistance and Current Draw Test

'Test_ the battery. If it tests 1.210 specific grawty or
sengine at normal operating temperature, charge the
battery. Test the circuit resistance and the starter current
draw as follows:

(N Disqoﬁn_ect.the positive battery lead from the bat-
tery terminal post.

(2) Connect an 0 to 300 scale ammeter between the
ted lead and the battery terminal post.

: ect a test voltmeter with .10 volt scale divi-
sions bétwéen the battery positive post and the starter
switch terminal at the starter.

(4) Crank the engine and observe the readings of the
voltmeter and the ammeter. The voltage should not ex-
ceed .12 volt per 100 amperes of current, The current
should not exceed specifications. A reading of voltage
that exceeds .12 volt per 100 amperes indicates there is
high resistance caused by loose circuit connections, de-
fective cables, burned starter relay or solenoid switch
contacts, A current that is high and is combined with
slow cranking speed, indicates that the starter should be
removed and repaired (refer Group 8 — “Electrical” for
details of starter repair).

COOLING SYSTEM AND BELTS

(1) Check level of coolant, inspect the entire system
for leaks. Inspect the condition of the hoses and re-
place soft or cracked hoses.

(2) Inspect belis and adjust tension if required (refer
Group 7 — Cooling).
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MANIFOLD

Inspect for evidence of leaking intake manifold
gaskets. With the engine idling, squirt kerosene or light
engine oil around the gasket areas. A leak will generally
be indicated by a change in engine R.P.M. and/or ex-
. cessive smoke from the exhaust Tighten manifold bolts

or replace gaskets as necessary.

FUEL SYSTEM

Carburettor Air Cleaner

(1) Remove the air cleaner assembly from the carbu-
rettor and remove cover and filter element.

(2) Clean the housing and cover with compressed air.

(3) Using low pressure compressed air, gently clean
paper element by holding air nozzle at least 50 mm (2™)
from the side screen.

After cleaning, examine element for punctures. Dis-
card an element that has small pin point punctures. Exa-
mine soft plastic sealing rings on both sides of element
for smoothness and uniformity, '

Throttle Control

(1) Before setting the throttle control, make sure no
binding exists in any part of the control. Make sure the
choke is fully open and the fast idle cam is released.

(2) Adjust the contro! (refer Group 14 — Fuel
System).

Automatic Choke Unit

To function correctly, it is important that all parts
be clean and move freely.

(1) Move the choke valve open and closed. to check
for free movement, and possible interference between the
choke arm and bottom of air cleaner.

(2) If choke plate is difficult to operate, free-up the
choke shaft and/or linkage with a suitable solvent.

Apply the solvent through the opening in the carbu-
rettor air horn, Operate the choke plate back and forth
until gum formation is flushed out and the choke plate
moves freely.

Fuel Pump

iIf the fuel pump fails to supply fucl properly to the
carburettor, test the pump on the vehicle (refer Group
14 — Fuel) and if it does not comply with specifications
remove for service (or replacement in case of sealed
units).
Carburettor

(1) Warm up engine to normal operating temperature,
then using a tachometer, set the engine idle speed with
idle speed adjusting screw.

(2) Adjust the idle mixture screws to conform to speci-
fications, then reset idle speed. Refer “Fuel System™,
Group 14,

(3) Adjust the fast idle speed to specifications. Refer
to procedure set out in “Fuel System”, Group 14,

NOTE: It is important that the fast idle speed is
correctly adjusted for cold weather operation.
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ENGINE WILL NOT
START
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SECTION 3 — SERVICE DIAGNOSIS

Possible Cause
(a) Weak battery.

(b) Corroded or loose battery connections,

(c} Faulty coil or condenser.

(d) Dirty or corroded distributor contacts.

(e) Moisture on ignition wires and
distributor cap.

{(f) Incorrect spark plug gap.

(2) Incorrect ignition timing.

(h) Faulty ignition cables.

(i} Dirt or water in fuel line or
carburettor.

(iy Carburettor flooded.

(k) Faulty fuel pump.

(1} Carburettor percolating. No fuel in
the carburetior.

(m) Faulty starting motor.

{n) Faulty ignition control unit.

(a) Idle speed set too low.

(b} Idle mixture too lean or too rich.
(c) Incorrect carburettor float setting.
{d) Incorrect choke adjustment.

(e) Leak in intake manifold.

(f) Dirty, burned or incorrectly gapped
distributor contacts.

(g) Worn or burnt distributor rotor.

(h) Incorrect ignition wiring,

(i) Faulty ceil or condenser.

(a} Incorrect ignition timing.

(b) Worn or burned distributor rotor.

(c) Leaking vacuum diaphragm.

(d) Worn distributor shaft or cam.

{e) Dirty or incorrectly gapped spark plugs.
(f) Dirt or water in fuel line or carburettor.
{g} Incorrect carburettor or float setting.
(h) Faulty fuel pump.

{i) Incorrect valve timing,

() Blown cylinder head gasket.

(k) Low compression.

(1) Burned, warped, pitted valves.
(m) Plugged or restricted exhaust system.

Correction

(a) Test the battery specific gravity and
recharge or replace as necessary.

(b} Clean and tighten the battery connec-
tions. Apply a coat of petroleum jelly
to the terminals

(c) Test and replace if necessary.*

(d} Clean or replace as necessary.*

(e} Wipe wires and cap clean and dry.

(fy Set the gap to specification.

(2) Refer to “Ignition Timing.*

(h) Replace any cracked or shorted cables.
(i) Clean the lines and carburettor.**

(j) Adjust the float level-—check seats.**

{k) Repair or replace pump**

() Measure the float level. Adjust the
bowl vent.** Inspect the operation of
the manifold control valve.

(m) Refer to “Starting Motor™.*

(n) Test and replace if necessary.

(a} Adjust carburettor.**

(b} Adjust carburettor,**

(c) Adjust float setting.**

{d) Adjust choke.

{e) Inspect intake manifold and gasket.
Replace as necessary.

{f) Replace contacts and adjust.*

(g) Install a new rotor.
(h} Install correct wiring.
(i) Test and replace if necessary.*

(a) Refer to “Ignition Timing.”**
(b} Install a new rotor.
(c) Install a new vacuum advance unit.
(d) Remove and repair distributor.*
(¢) Clcan plugs and set gap to specifications
(f) Clean lines and carburettor.**
{g) Adjust float level.**
(h) Repair or replace pump**
(i) Refer to “Checking Valve Timing.”***
(i) Tnstall a new head gasket.”**
(k) Test the compression of each
cylinder, ***
() Install new valves *** ]
(m) Install new parts as necessary.

*Refer to the “Electrical and Instrumenis” Group 8 for service procedures.
**Refer to the “Fuel System” Group 14 for service procedures.
***Refer to the “Engine” Group 9.
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ENGINE MISSES ON
ACCELERATION

ENGINE MISSES AT
HIGH SPEEDS

NOISY VALVES

CONNECTING ROD
NOISE
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SERVICE DIAGNOSIS

Possible Cause

(n) Faulty ignition cables.
{o) Faulty coil or condenser.

(a) Dirty, burned, or incorrectly gapped
distributor contacts.
{(b) Dirty, or gap too wide in spark plugs.

(¢} Incorrect ignition timing.

(d) Dirt in carburettor.

(e) Carburettor accelerator pump faulty.
(f) Burned, warped or pitted valves.

(g) Faulty coil or condenser.

{a) Dirt or water in fuel line or carburettor.
(b) Dirty jets in carburettor.
(c) Dirty or incorrectly gapped
distributor contacts,
(d) Dirty or gap too wide in spark plugs.

(e) Worn distributor shaft or cam.

(f) Worn or burned distributor rotor.
{g) Faulty coil or condenser.

(h) Incorrect ignition timing.

(a) Worn rocker arms.
(b} Worn valve guides.

(c} Worn or damaged camshaft lobes.

(d) Excessive valve seat or valve face
run-out,

{e) Incorrect valve clearance,

(a) Insufficient oil supply.

(b) Low oil pressure.

(c) Thin or dituted oil.

(d) Excessive bearing clearance.

(e} Connecting rod journals out-of-round.

(f) Misaligned connecting rods.

Correction

(n) Replace any cracked or shorted cables.
(0} Test and replace as necessary.*

(a) Replace the contacts and adjust,*

(b) Clean the spark plugs and set gap to
specifications.

{c} Refer to “Ignition Timing.”*

(d) Clcan the carburettor. **

(¢} TInstall a new pump.**

(f) Install new valves.***

(g) Test and replace if necessary.*

(a) Clcan the lines and the carburettor.™*
(b} Clean the jets.**
(c} Clean or replace as necessary.*

(d) Clean the spark plugs and set gap
to specifications.

{e) Remove and repair the distributor.*

(f) Install a new rotor.

(g) Test and replace as necessary.*

(h) Refer to “Ignition Timing.”*

(a) Replace arms and check oil supply
holes.

(b) Replace guides and if necessary install
new valves,

{c) Replace cam shafi.

(d} Re-cut valves and seats.

(e) Re-adjust valve clearance.

(a) Check engine oil level.

{b) Check the engine oil Ievel. ***

(¢) Change oil to correct viscosity.

(d) Measurc the bearings for correct
clearances or fajlures.***

(¢) Remove the crankshaft and regrind
journals.***

(f) Remove the bent connecting rods.***

*Refer to the “Electrical and Instruments” Group 8 for service procedures.
** Refer to the “Fuel System” Group 14 for service procedures.
*** Refer to the “Engine” Group 9.



Condition

MAIN BEARING
NOISE

OIL PUMPING AT
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OIL PRESSURE DROP
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SERVICE DIAGNOSIS

Possible Cause

(2) Insufficient oil supply.
{b) Low oil pressure.

(c) Thin or diluted oil.
(d) Excessive bearing clearance.

(e} Excessive end play.

(f) Crankshaft journals out-of-round
or WOTTL.
(g) Loose flywheel.

(a) Worn, scuffed, or broken rings.

{b) Carbon in oil ring slots.
(¢) Rings fitted too tight in grooves.

(d) Compression rings installed upside
down.

(a) Low oil level.

(b) Faulty oil pressure sending unit,

(c) Thin or diluted oil.

{dy Oil pump relief valve stuck,

{e) Oil pump suction tube loose,
bent or cracked.

(fy Clogged oil filter.

(g} Excessive bearing clearance.

Correction

(a) Check the engine oil level.***

(b) Check the engine oil level.
Inspect the oil pump relief valve,
damper and spring.***

(c) Change the oil to correct viscosity,

{d) Check the bearings for correct
clearances or failures.***

(e} Check the respective end thrust bearing
for wear on fianges.

() Remove the crankshaft and
regrind journals. ***

(g) Tighten to the correct torque.

(a) Hone cylinder bores and install
new rings.***

{b) Install new rings.***

(¢} Remove the rings. Check the grooves.
If groove is not proper width, replace
the pistons.***

(d) Remove and reassemble correctly.

{a) Check the engine oil level.

(b) Install a new sending unit.

{cy Change the oil to correct viscosity.

{d) Remaove the valve and inspect.

(¢} Remove the oil pan and install a
new tube if necessary.

(f) Install a new oil filter.

(g} Check the bearings.***

*Refer to the “Electrical and Instruments” Group 8 for service procedures.
. **Refer to the “Fuel System™ Group 14 for service procedures.
***Refer to the “Engine” Group 9.
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SECTION 3D — ENGINE ASSEMBLY: SATURN TYPE FOUR CYLINDER (4G3)

ENGINE GENERAL

Type ..
Number of Cyhnders

Bore — 1,6 Litre

Stroke
Displacement -~ l 6 Litre

RAC Power Rating — 1,6 Litre

Compression Ratio ...

Compression Pressure (@ 250 R P. M
Maximum Variation between Cylinders ...
Spark Plug Type

Firing Order

Direction of Rotation

CYLINDER HEAD

Material
Type .. .
Maximum AlIowable Dlstortlon
Cylinder Head Height (Between Block and Rocker
Cover Gasket Surface) .. .
Maximum Allowable Re-machmmg of Surface .
Inlet Valve Seat Insert Hole Diameter
— 0,3 mm (0.012”) Oversize
— 0,6 mm (0.024”) Oversize .
Exhaust Valve Seat Insert Hole Dlameter
— 0,3 mm (0.012”) Oversize
— 0,6 mm (0.024™) Oversize
Inlet and Exhaust Valve Seat Insert Helght
-— 0,3 mm (0.012™) Oversize
— 0,6 mm (0.024”) Oversize
Valve Guide Hole Diameter
— 0,05 mm (0.002”") Oversize
— 0,25 mm (0.010”) Oversize
— 0,50 mm (0.020™) Oversize .
Camshaft/Camshaft Bearing Clearance ..

VALVES

Material —— Inlet

— Exhaust ..
Head Diameter — Inlet ...
~— Exhaust

Stem Diameter .. -

Stem Piameter Wear lelt —_ Inlet
—-—Exhaust

Valve Face Angle

SPECIFICATIONS

In line OH
Four ‘

76,9 mm (3.0276™)

86,0 mm (3.386”)
1597 em® (97.4 in3)

14,7

8,5:1

1050 kPa (150 p.s.i)

10%

NI2Y

1,3, 4,2

Clockw1se Observed From Front of Vehicle

Aluminium Alloy
Hemispherical Combustion Chambers, Cross Flow Design
0,05 mm (0.002”)

88,5 mm (3.484™)
0,30 mm (0.012)

39,300 to 39,325 mm (1.5472” to 1.5482”)
39,600 to 39,625 mm (1.5590” to 1.5600™)

34,300 to 34,325 mm (1.3504” to 1.3514")
34,600 to 34,625 mm (1.3622” to 1.3632")

7,40 to 7,60 mm (0.2913” to 0.2992”)
7,70 to 7,90 mm (0.3031” t0 0.3110")

13,05 to 13,07 mm (0.5138" t0 0.5145”)
13,25to 13,27 mm (0.5216" to 0.5224")
13,50 to 13,52 mm (0.5315” to 0.5323")
0,05 to 0,09 mm (0.0020” to 0.0035™)

Heat Resisting Steel Special Alloy Seat

Heat Resisting Austenitic Steel, Special Alloy Seat
38,0 mm (1.496")

31,0 mm (1.220")

8,0 mm (0.315™)

0,10 mm (0.004)

0,15 mm (0.006")

45°
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Valve Head Thickness — New
— Wear Limit
Valve Length — Inlet
— Exhaust ..
—~— Wear Limit ...
Valve Seat Contact Width ..
Valve Stem to Guide Clearance — Inlet
— Exhaust
Valve Clearance (Hot) — Inlet ..
— Exhaust ..

Installed Height Between Spring Seat and Retainer ..

Valve Stem Seal Installed Dimension

VALVE GUIDES

Outside Diameter
Inside Diameter
Length — Inlet ..
— Exhaust ...
Installed Height .. ...
Cylinder Head Hole Size for Overmze Guides ..
— 0,05 mm (0.0027) . .
— 0,25 mm (0.010”) .
— 0,50 mm (0.020™) ...

VALVE SPRINGS

Number.
Free Length
Load ..

YALVE TIMING

Set Valve Clearance to
Inlet Opens

Inlet Closes

Duration ... ...
Exhaust Opens ..
Exhaust Closes ..
Duration ...

Overlap

CAMSHAFT

Material .
Camshaft Bearmgs
Bearing Clearance
Journal Diameter
End Float .. .
Camshaft Bend .. ...
Height of Cam Lobe — Inlet ...
— Exhaust
Nominal Cam Lift ...
Rocker Arm to Rocker Shaft Clearance

1,50 mm (0.059”)

1,60 mm (0.039™)

105,90 mm (4.169™)

102,50 mm (4.035™)

0,50 mm (0.020™)

0,90 to 1,30 mm (0.035” to 0.0517)
0,025 to 0,055 mm (0.0010” to 0.0022”)
0,050 to 0,085 mm (0.0020” to 0.0033™)
0,15 mm (0.006™

0,25 mm (0.010™)

37,30 mm -+ 1,0 mm. (1.469” 4 0.039")
14,70 to 15,10 mm (0.579" to 0.595™)

13,00 to 13,10 mm (0.512 to 0.516")
8,000 to 8,018 mm (0.3150” to 0.3157")
44,0 mm (1.73")

48,0 mm (1.89”)

13,70 to 14,30 mm (0.5394” to 0.5630")

13,05 to 13,07 mm (0.5138” to 0.5145™)
13,25 to 13,27 mm (0.5216” to 0.5224")
13,50 to 13,52 mm (0.5315” to 0.5323")

8
45,85 mm - 1,0 mm (1.805” - 0.039")
28 kg/37,30 mm (61 Ibs./1.47)

24° BTDC
64° ABDC
268°

67° BBDC
21° ATDC
268°

45°

Grey Cast Iron

5

0,05 to 0,09 mm (0.002” to 0.0035™)
34,0 mm (1.34)

0,05 to 0,15 mm (0.002” to 0.006”)
0,02 mm (0.0008") or less

36,36 mm (1.4316”)

36,41 mm (1.4336”)

5,5 mm (0.216”)

0,013 to 0,043 mm (0.0005” to 0.0017™)
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SPROCKET CAMSHAFT
Material — Chain Drive ..
— Belt Drive .
Number of Teeth — Chain Drlve
— Belt Drive
GEAR — CAMSHAFT DRIVE
Material — Chain Drive
— Belt Drive ...
Number of Teeth — Chain Dnve
— Belt Drive

SPROCKET — OIL PUMP

Material ... |
Number of Teeth

TIMING CHAIN

Type .. .
Number of Lmks

Pitch .. ...
Chain Tens1oner Sprmg — Free Length
: — Load

Timing Chain Length (Gear Centre to Centre)“:

TIMING BELT

Type .. .
Number of Teeth
Length

Width

Pitch

CYLINDER BLOCK

Material ... .
Maximum Allowable Distortion Upper Face .

Height of Block (Between Cylinder Head and 011

Pan Gasket Surface)

Maximum Allowable Re—mach;hlng of Surface .

Cylinder Bore Diameter ~ 1.6 Litre

Maximum Bore Oversize ..

Cast Iron
Sintered Alloy
36

48

Cast Tron
Sintered Alloy
18
24

Sintered Alloy
24

Duplex Roller

96

9,525 mm (0.375™)

55,4 mm (2.1817)

12,6 kg/38,4 mm (25.6 1bs./1.496")
285,8 t0 289,0 mm (11.25” to 11.38™)

Toothed Rubber
120

11430 mm {45.0™)
19,1 mm (0.75™)
9,525 mm (0.3757)

Alloy Cast Iron
0,05 mm (0.602”)

285,2 mm (11.228™)
0,20 mm (0.008™)
76,9 mm (3.0276™)

1,20 mm (0.0477)

Maximum Diameter Dlﬁerence”Between Cyllnders“.-. 0,02 mm (0.0008”)

Maximum Ovality ...
Maximum Taper .
Main Bearing Tunnel Bore Diameter

PISTONS

Material . .

Type .. ..
Piston Pin Hole

0,01 mm (0.0004”)
0,01 mm (0.0004”)
61,0 mm (2.4017)

Aluminium Alloy Tin Plated
Solid Skirt
19,0 mm (0.7483™)

REV. APRIL '81




9-3D-4

Mass of Pistons — 1,60 Litre ..

Piston Diameter (Measured 2,0 mm (0 079”) from
the bottom of the plston)
— 1,6 Litre .. R

Piston to Bore Clearance ..
Piston Oversizes

PISTON PIN

Type .. ...

Material ...
Diameter

Length e
Offset in Plston
Clearance in Plston

PISTON RINGS
Number .
Ring Gap — New — Compressmn and Scraper

— Oil Ring ..
— Service Limit (All)
Side Clearance — New -— Compression ...
— Scraper ...
— Oil Ring (1,4 htre)
— Service Limit — Compressmn and
Scraper
— Qil Ring (1,4 litre)

CONNECTING RODS

Material ...
Length Between Centres
Conrod Mass ...

Small End Bore Dlameter
Big End Bore Diameter ...
Conrod Bearing Clearance
Conrod Bearing Undersizes

Conrod Bend or Distortion (within) ..
Conrod Side Clearance on Journal ...

CRANK SHAFT

Type .. .

Number of Main Bearlngs

Main Bearing Journals
— Standard Diameter .
— Maximum Allowable Ovahty
— Mazimum Allowable Taper

0,274 kg (9.665 oz.)

76,87 to 76,88 mm (3.0264” to 3.0268”)
76,88 to 76,89 mm (3.0268” to 3.0272")
76,89 to 76,90 mm (3.0272” to 3.0276™)
0,02 to 0,04 mm (0.0008” to 0.0016™)
0,25 mm (0.010™)

0,50 mm (0.020™)

0,75 mm (0.030")

1,00 mm (0.039™)

Press Fit in Conrod

Cold Forged Chrome Molybdenum Steel
19,001 to 19,007 mm (0. 7481” to 0.7483")
64,0 mm (2.520”) '

1,0 mm (0.039™) :

0,001 to 0 013 mm (0 00004” to (.0005™)

3 o
0,20 to 0,40 mm (0.008” to 0.016")
0,20 to 0,50 mm (0.008” to 0.020")
1,00 mm (0.039”)

0,03 to 0,07 mm (0.0012" to 0.0028")
0,02 to 0,06 mm (0.0008” to 0.0024”)
0,025 to 0,675 mm (0.001” to 0.0037)

0,10 mm (0.004™)
0,15 mm (0.006)

Drop Forged Steel

153,7 mm (6.051")

0,670 kg (23.633 oz.)

18,974 to 18,985 mm (0. 7470” to 0.7474")
48,0 mm (1.890")

0,010 to 0,060 mm {0.0004” to 0.0024™)
0,25 mm (0.010™)

0,50 mm (0.020”)

0,75 mm (0.030™)

0,03 mm (0.0012™)

0,10 to 0,25 mm (0.004” to 0.010™)

Drop Forged Steel
5

57,0 mm (2.24417)
0,01 mm (0.0004”)
0,01 mm (0.0004”)
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CRANK SHAFT (Continued)

Main Bearing Clearance — Journal

Bearing Material

Main Bearing Undersmcs —~ Rework Dlameter
— 0,25 mm (0.010™) ...
— 0,50 mm (0.0207) .
— 0,75 mm (0.030”) ...

Main Bearing Journal Length — Al except No.3 ..

—No. 3.

Connecting Rod Bearing Journal

— Standard Diameter . .

— Maximum Allowable Ovailty

— Maximum Allowable Taper . .
Conrod Journal Length ... .
Conrod Bearing Undersizes — Rework Diameter

— 0,25 mm {0.0107) ...

— 0,50 mm (0.020™) ...

— 0,75 mm (0.0307) ...
Crank shaft End Float ...
End Float Controlled by . ..
Pinion Pilot Bearing ..
Outside Diameter
Inside Diameter .. ...
Flywheel out of Round (Max )

EC102

E192

EOM20 ..
ESM25 ..
ESM30 ..
ESM30 ..
EOM60 ..
E9MSS

SPECIAL TOOLS

0,020 to 0,070 mm (0.0008” to 0.0028”)
Tri-metal

56,735 to 56,750 mm (2.2337” to 2.23427)
56,485 to 56,500 mm (2.2238” to 2.2244”)
56,235 to 56,250 mm (2.2140” to 2.2146”)
28,90 to 29,00 mm (1.137” to 1.1417)
29,00 to 29,05 mm (1.141” to 1.143%)

45,00 mm (1,77177)

0,01 mm (0.0004")

0,01 mm (0.00047)

28,35 to 28,40 mm (1.116” to 1.1187)

44,735 to 44,750 mm (1.7612” to 1.7618”)
44,485 to 44,500 mm (1.7514” to 1.7520”)
44,235 to 44,250 mm (1.7415” to 1.74217)
0,050 to 0,175 mm (0.002” to 0.007”)

No. 3 Bearing

Roller Bearing

32 mm (1.260°)

15 mm (0.590™)

0,13 mm (0.0057)

Compressor — Valve Spring
Compressor — Piston Ring

Cylinder Head Bolt Remover/Installer
Camshaft Seal Installer

Kit — Remover/Installer Valve Guide and Oil Seal

Remover/Installer — Piston Pin
Remover/Installer Crank shaft Rear Oil Seal
Spanner — Belt Tensioner Nut and Bolt
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TORQUE SPECIFICATIONS

APPLICATION Nm Ibs. /1t. Ibs. /in.
Camshaft Bearing Caps ... - ... ... ... .. .. 18-19 13-14
Camshaft Sprocket ... ... ... ... .. ... .. 60-77 44-57
Connecting Rod Cap .. ... ... ... .. .. .. 31-34 23-25
Chain Tensioner Plug ... ... ... .. .. .. 49-58 36-43
Crankshaft Pulley — Chain Drive ... ... ... .. 60-68 44-50
— Belt Drive ... ... ... .. 10-12 8-9 96-108
Crankshaft Sprocket Belt (Belt Drive) .. ... ... 59-69 43-51
Cytinder Block to Engine Mounting .. ... ... ... 39-49 29-36
Cylinder Head Attaching Bolts — Cold ... ... . 69-73 - 51-54
—Hot .. . 79-83 + 58-61
Drive Plate to Crankshaft Bolts (Auto. Trans.) ... 113-122 §3-90
Engine Rear Support Bracket to Body ... ... ... 9 7 84
Flywheel to Crankshaft Bolis ... ... ... ... .. 127-137 94-101
Front Insulator to Engine Bracket ... ... ... .. 14-19 10-14
Front Insulator to Sub Frame ... ... ... ... .. 30-39 22-29
Heater Joint ... ... ... ... .. . . .. 20-38 1528
Inlet/Exhaust Manifold ... .. .. .. .. ... 15-19 11-14
Main Bearing Cap ... ... .. .. .. .. .. 49-53 36-39
Oil and Temperature Gauge Unit ... ... ... . 30-38 22-28
QilFilter ... ... ... .. ... .. .. .. .. 11-12 . 89 96-108
OilPan ... ... ... ... . .. . . .. 7-8 5-6 60-72
jOilPan Drain Plag ... ... ... ... .. . .. 58-77 . - 43-57
© Oil Pump Cover — Chain Drive ... .. .. .. 15-20 11-15
— Belt Drive . ... ... ... . 15-18 11-13
Oil Pump Sprocket Nut (Belt Drive) . ... ... .. 3439 25.29
Rear Insulator to Engine- Support Bracket ... . 5-9 4-7 48-84
Rear Insulator to Transmission — Manual ... . 20-23 15-17
| — Automatic .. .. 13-16 10-12
Rocker Cover ... . ... . . . .. .. - 5.7 45 48-60
Spark Plug . ... ... ... . . . . 20-28 15-21
Belt Tensioner — Nut and Bolt . I 20-28 15-21

NOTE: Torque figures quoted are for clean, dry threads in good condition.
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Fig. 1—Saturn engine (with chain drive camshaft) longitudinal view
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Fig. 2—Saturn engine (with chain drive camshaft) front section
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GENERAL INFORMATION

The Saturn engine is a four cylinder, over head cam,
cross flow design with hemispherical combustion
chambers.

The cylinder head is made of aluminium alloy, being
light in weight and ensuring maximum cooling effect.
Hemispherical combustion chambers permit the use of
large diameter valves helping improve fuel combustion
efficiency and minimising differences in combustion
chamber volume, thus ensuring smooth engine operation.
The cross flow design permits the intake gases to be
drawn into the cylinder and exhaust gases to be driven out
from the cylinder in one direction, thus improving the
effect of combustion chamber scavenging and spark plug
cooling.

The camshaft is chain driven (early type) belt driven
(later type) by the crankshaft and is supported in the
cylinder head by five journals and retaining caps.

The cylinder block is made of alloy cast iron, with
good wear resistance characteristics. The drop forged steel
crankshaft is supported by five main journals, thrust being
taken by the centre bearing.

ENGINE REMOVAL

{1) Drain the cooling system.
(2) Disconnect the battery negative lead.

(3) Remove radiator hoses, heater hoses, automatic
transmission cooler pipes (if applicable) and remove
radiator.

{4) Disconnect all wiring to alernator, distributor, coil,
starter motor, sending unit, cut off solenoid and
transmission,

(5) Remove air cleaner and disconnect all vacuum lines,
fuel lines and linkages.

(6) Disconnect exhaust pipe, ﬁropelle_r shaft and gear
linkages.

(7) Remove the gear lever (manual trans. vehicles).
(%) Disconnect clutch cable and speedo cable.

(9) Remove the engine hood (Refer Group 23).
(10) Drain engine and transmission oil.

{(11) Disconnect all engine mountings.

{12) Install a suitable engine lifting bracket and remove
the engine and transmission with a suitable lifting hoist.

installation

(1) Imstall engine lifting bracket on engine, attach hoist
and install engine into vehicle being careful not to damage
any engine or body components.

(2) Align engine mounts, position engine and tighten
mounts to specification.

{3) Remove hoist and lifting bracket.

vacuum hoses, electrical

(4) Replace all fuel lines,
clutch cable,

wiring, exhaust pipe, throttle control,
propeller shaft and air cleaner.

>
g I l!" || m"".mulif
) @ '

‘ Mhuww.lm"" 4

Rocker cover

Valve spring retainer
Valve spring

Stemn seal

Exhaust valve
Rocker arm

Rocker arm shaft
Camshaft bearing cap
Camshaft

10 Cylinder Head

11 Intake valve

O 00 -1 SN LA B L B

12 Valve seat ring
3 Bafile plate
14 Nipple (Blowby gas)

_ Fig. 3—Sectional view cylinder head
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{5) Replace radiator, shroud, radiator hoses, heater
hoses and transmission cooler pipes (if applicable).

(6) Replace gear lever (manual trans.) and reconnect
transmission linkages.

(7) Fill radiator using rain water or demineralized
water and adding corrosion inhibitor {or antifreeze if
required).

(8) Fill engine crankcase with the correct grade and
quantity of first grade engine oil.

(9) Refill transmission with the correct type and
guantity of oil.

(10) Refit engine hood and adjust clearance margins
ensuring it closes correctly and securely.

(11) Run engine and check for leaks at oil lines, fuel
lines, coolant hoses and oil pan. :

(12) Adjust all linkages and settings to specifications.

CYLINDER HEAD

The aluminium alloy cylinder head has hemispherical
combustion chambers and is of a cross flow design. An
overhead camshaft is supported by five journals and
operates the valves through two rocker shafts, Inlet valves
are on the left, exhaust valves are on the right. The stem
and head of the exhaust valves are welded and the valve
face is stellited.

Removal {Chain Drive Camshaft Type)

NOTE: Prior to removing cylinder head allow the
engine to cool otherwise cylinder head warpage
may occur,

Dowel pin 42°

Timing mark
(position of TOC}

Fig. 4—Position TDC on No. 1 piston

(1) Disconnect the battery negative (ground) terminal.

{2) Drain the water from the radiator and cylinder
block.

(3) Disconnect exhaust pipe from manifold.

(4) Disconnect throttle cable, kickdown linkage (if
applicable), fuel supply line, vacuum hoses, electrical
leads, radiator and heater hoses, etc.

(5) Manually rotate engine to the top dead centre
position with No. 1 piston on the compression stroke.

(6) If the cylinder head is to be disassembled, the inlet
and exhaust manifolds can be removed for easier handling
of the cylinder head.

(7) Remove the rocker arm cover,

{8) Ensure that No. 1 piston is at top dead centre on the
compression stroke by aligning the crankshaft pulley
timing mark on the TDC “T” mark of the timing plate.
The camshaft dowel pin should be in the position shown
in Fig. 4.

(9) With a suitable marking pencil, mark the timing
chain in line with the camshaft dowel pin. Tie the sprocket
with a stecl wire as shown in Fig, 5.

Steel wire

Fig. 5——Tying sprocket and chain

{10) Remove the camshaft sprocket bolt and remove
the sprocket from the camshaft.

NOTE: Do not remove the sprecket from the timing
chain, as this will necessitate timing chain cover
removal to realign the timing gears,

{11) Loosen the cylinder head bolts using Tool E9IM20,
in two stages to prevent cylinder head warpage — use
order shown in Fig. 6.

REV. APRIL '81
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Fig. 6—Cylinder head bolt removal sequence

(12) Remove the cylinder head from the cylindér block
by raising it vertically over the timing chain and sprocket.

NOTE: The cylinder head is positioned on the block
by two dowel pins. When removing the head, do
not twist or slide it or the camshaft sprocket may
dislodge from the chain,

(13) Clean head thoroughly and inspect for damaged
surfaces, components, cracks, water leaks, etc.

Installation (Chain Drive Camshaft Type)

(1) Ensure that the joint surface between the top of the
chain cover and cylinder block is flat.

(2) Apply sealant to the two joint surfaces as shown in
Fig. 7.

NOTE: Use only jeiniing compound part numbers
P49355, 4067481 (Hylomar) on the cylinder
head gasket,

(4) Install the cylinder head locating it on the dowel
pins. Do not slide the head across the dowel pins as
damage to the head surface may occur. Care must also be
taken to avoid dislocation of the camshaft sprocket from
the timing chain.

(5) Tighten the cylinder head bolts in three stages to the
specified torque and in the sequence shown in Fig. 8.

(6) Install the camshaft sprocket onto the camshaft,
rotating the camshaft to align the dowel pin to the sprocket.
Ensure that the sprocket mating mark is aligned with
the timing chain plated link. Temporarily tighten the
sprocket bolt.

Fig. 8—Cylinder head bolt tightening sequence

(7) Turn the crankshaft back 90° and tighten the
sprocket bolt to the specified torque.

(8) Adjust the valve clearances to specification.

' = T

Fig. 7—Sealing points

(3) Fit the cylinder head gasket to the cylinder block
locating it correctly on the dowel pins.

Fig. 9—Installing camshaft sprocket

REV. APRIL 'B1
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(9) Install the breather and gasket to cylinder head,
applying sealer to the contact surfaces—Refer Fig. 10.

(10) Install the rocker shaft cover and tighten the
retaining bolts to specification.

(11) Install the intake and exhaust manifolds using new
gaskets. Apply sealer to both sides of the inlet manifold
around the coolant passages. Tighten the manifold nuts to
the specified torque:

(12) Connect all linkages, fnel lines, vacuum hoses,
breather hoses, electrical leads, radiator and heater hoses,
etc.

(13) Reconnect exhaust pipe.

(14) Fill the radiator using rain water or demineralized
water and adding corrosion inhibitor (or anti-freeze if
required).

Seglant

Seatant

Fig. 10—Breather sealing points

(15) Connect battery cable and start engine. Run engine
* until normal operating temperature is reached and check
for water or oil leaks,.

NOTE: Cylinder head bolts must be retorqued after
800 km (500 miles).

Cylinder Head Removal
(Belt Drive Camshaft Type)

NOTE: Prior to removing cylinder head allow the
engine to cool otherwise cylinder head warpage
may occur.

(1) Disconnect the battery negative (ground) terminal.

(2) Drain the water from the radiator and cylinder
block.

(3) Disconnect exhaust pipe from manifold.

Timing

[/ indicator

3

Fig. 11—Position TDC on No. 1 piston

(4) Disconnect throttle cable, kick down linkage (if
applicable), fuel supply line, vacuum hoses, electrical
leads, radiator and heater hoses, etc.

(5) Manually rotate engine to the top dcad centre
position with No. 1 piston on compression stroke.

NOTE: DO NOT rotate engine anti-clockwise as the
timing belt may jump the sprocket teeth,

(6) If the cylinder head is to be disassembled, the inlet

and exhaust manifolds can be removed for casier handling

of the cylinder head.
(7) Remove the rocker arm cover,

(8) Remove the timing belt upper front cover, retain
bolts and remove the cover (Fig. 12).

® With a suitable marking pen, mark the belt in line
with the camshaft sprocket timing mark.

(10) Remove the camshaft sprocket retaining bolt and
remove the sprocket from the shaft, keeping the sprocket
and belt in mesh at all times.

g 72
L/

Front upper
cover

Y

e
)
\

oy
h

e =

Fig. 12—Removing timing belt upper front cover bolts
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Mating mark
here

Timing mark
of camshaft
sprocket

Fig. 13— Timing belt mating marks

(11) Rest the sprocket on the sprocket holder (Fig. 14).
If the clearance between the sprocket- and holder is
excessive, pack the holder with a piece of old belt or
similar packing, thus preventing the belt and sprocket
falling out of mesh.

NOTE: Do not rofate the engine while the camshaft
sprocket is removed, as belt timing will be lost,
making it necessary to remove the lower cover
to retime the belf,

Timing belt
upper rear

L .
Insert a small

piece timing belt

Fig. 14-—Camshaft sprocket removal

(12) Remove the three bolts retaining the upper rear
cover (Fig. 14), then remove the cover.

(13) Loosen the cylinder head boits using Tool E9M20,
in two stages to prevent cylinder head warpage — wuse
sequence shown in Fig. 15,

(14) Remove the cylinder head from the cyIinder block
being careful not to dislodge the camshaft sprocket.

Fig. 15—Cylinder head bolt removal sequence

(15) Clean head thoroughly and inspect for damaged
surfaces, components, cracks, water leaks, etc.

Instaltation {Belt Drive Camshaft Type)

(1) Position the new cylinder head gasket to the block :
locating it correctly onto the dowel pins. Ensure there
are no old gasket pieces left on the block or head surfaces.

(2) Install the cylinder head assembly onto the cylinder.

block and tighten head bolts to the specified torque in
three stages and in the sequence shown in Fig. 16. e

NOTE: Be careful not to dislodge the camshaft
sprocket from the holder.

Fig. 16—Cylinder head bolt tightenin'g,sequence

(3) Install the timing belt upper rear cover and tighten
the bolts securely. '
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{4) Lift the camshaft sprocket and install it on the
camshaft. If difficulty is experienced in locating the
sprocket, insert a suitable lever through the top hole of
the sprocket and rest the end under the ridge portion of
the upper rear cover, carefully pry the sprocket up.

NOTE: Ensure the camshaft belt mark made at
removal is aligned with the mating mark on the
sprocket.

{7) Install the timing belt upper front cover,

(8) Adjust the valve clearance to specification.

{9) Install the rocker arm cover gasket to the cover.

Upper rear
cover
tightening
bolts

(10) Apply sealer to the area shown in Fig. 19.

Camshaft bearing  Cylinder 3
i hesd

, front
Upper rear 10 mm add
cover (0.4in ) VAL S 1W0mm L
{0.4in.) T
Apply [@?_O_ @ Semi-circuler il Apply
sealant EO O packing . £ cualant
S (@) 10mm 1
10mm (I IPAY (0.4in.) [N

(0.4 in.)}—

Fig. 17—Installing upper rear timing belt cover

Cylinder head L T —J

Fig. 19—Rocker arm cover sealing points

(5) I the sprocket dowel pin hole does not align with
the camshaft dowel pin, rotate the camshaft by lightly
tapping either of the two projections located at the rear
of the No. 2 exhaust cam of the camshaft,

(11) Install the rocker arm cover and tighten the bolts
to specification.

(12) Install the intake and exhaust manifolds using new
gaskets. Apply sealer to both sides of the inlet manifold

: nk i . .
NOTE: Ensure that the crankshaft is not rotated around the coolant passages. Tighten the manifold nuts

during sprocket installation.

(6) Tighten the camshaft sprocket retaining boit.

to the specified torque.

(13) Install the distributor.

K
No. 2
pournal

Projoctions

No. 2 cylinder
Wo. 2 cylinder (exhsust cam
intske cam

(14) Connect all linkages, fuel lines, vacuum hoses,
breather hoses, electrical leads, radiator and heater hoses,
etc.

(15) Reconnect exhaust pipe.

(16) Fill the radiator using rain water or demineralized
water and adding corrosion inhibitor (or anti-freeze if
required).

(17) Connect battery cable and start engine. Run
engine until normal operating temperature is reached and
check for water or oil leaks.

NOTE: Cylinder head bolts must be retorqued after
800 km (500 miles).

Fig. 18—Camshaft turning projections
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VALVE CLEARANCE ADJUSTMENT

NOTE: Valve clearances must be adjusted with the
engine warm and stationary.

(1) Remove air cleaner and rocker shaft cover.

(2) Set ‘No. I piston to top dead centre (T.D.C.) on
compression stroke.

(3) Loosen the valve adjusting lock nuts.

(4) Adjust the valve clearance on No. 1 inlet and
exhaust, No. 2 inlet and No. 3 exhaust to the specified

dimension,

(5) Tighten the locknuts.

No. 1 piston on TDC

No. 4 p_iston on TDC

Fig. 20—Valve clearance adjustment sequence

(6) Rotate the engine once and align the crankshaft
pulley with the TDC mark, i.e. No. 4 on TDC.

-(7) Adjust the valve clearance on No. 4 inlet and
exhaust, No. 3 inlet and No. 2 exhaust to the specified

dimension.

(8) Install the rocker cover and air cleaner assembly.

SN

(T i
il
f’ﬁ‘_ = &g
> T
/

=)

Fig. 21--Adjusting valve clearances
CYLINDER HEAD DISASSEMBLY

With cylinder head removed from engine and inlet and
exhaust manifolds removed, proceed as follows:

(1) Remove spark plugs.

(2} Remove camshaft bearing cap nuts,

(3) Holding the front and rear caps, remove the rocker
arm shaft assemblies.

(4) Disassemble the caps, rocker arms, springs, shafts
and wave washers keeping them in the order of removal.
Care should be taken not to lose the camshaft cap
locating dowel pins.

(5) Remove the camshaft.

(6) Using a valve spring compressor, remove the collets,
spring retainers, springs, spring seats and valves, keeping
them in the order of removal.

(7) With the aid of a screwdriver, remove the valve
stem scals—Refer fig. 22.

NOTE: Valve stem seals should not be re-used.

7
ik .

. y Htittin
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[
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Al

Fig. 22— Removing valve stem seals




9-3D-16

Cleaning and Inspection
Check the cylinder head for water leakage and damage
before cleaning.

Clean each part carefully removing all pieces of dirt, oil,
grease and carbon deposits. Clean oil holes and passages
using compressed air ensuring they are not clogged.

Care should be taken not to damage valve seats, cylinder
head surface and camshaft journals,

Using a straight edge and feeler gauge, check the
cylinder head for distortion as shown in Fig. 23.

A x o ' o R F

Fig. 23—Check cylinder head distortion

If cylinder head distortion exceeds the specified limit it
must be resurfaced.

Check the cylinder head manifold mounting surfaces for
flatness or damage.

VALVE GUIDES

Check the valve stem to guide clearance. If the clearance
exceeds the specified limit replace the guide with the next
oversize guide. Valve gunides are shrunk into position,
therefore when replacement is necessary the following
procedure must be adopted.

(1) Using Tool No. E9IM30 remove defective guide
towards cylinder block surface.

NOTE: This operation shonld be conducted with the
cylinder head temperature raised to 250°C
(480°F).

(2) With the cylinder head at normal temperature, ream
the head as specified for the oversize guide.

(3) Heat the cylinder head to 250°C (480°F), and insert
the guides quickly. Using Tool No. E9M30, install guides
. to the specified dimension.

(4) After guide is installed check the inside diameter

and ream to specification if necessary.

Fig. 24— Removing valve guides

VALVE SEAT INSERT

The valve seat should be checked for overheating and
improper contact with the valve face. If faulty it must be
re-cut or replaced.

Fig. 25—Installing valve guides

Re-Cutting Valve Seat
(1) Check valve guide for wear, if faulty replace guide

as previously described.

(2) Re-condition the seat using either a seat grinder or
seat cutter.

(3) The valve seat contact width should be as specified,

at the centre of the valve face and as shown in Fig. 26.

(4) After cutting, lap the valve and valve seat lightly
with a fine lapping compound.
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Fig. 26—Valve seat angles

Replacing Valve Seat Insert

Check the valve seat insert “sinkage” by measuring the
installed height of the valve spring between the spring
retainer and seat. If the sinkage exceeds the specified limit,
replace the seat insert as follows:

)

Fig. 27—Checking valve spring installed height

(1) Thin down the valve seat insert by cutting, with a
suitable cutter, to within 0,5 to 1,0 mm (0.020” to 0.040”)
of the cylinder head. Refer to Fig. 28 (A).

(2) Remove the valve seat insert and cut the seat insert
bore diameter and height to the dimension shown in
specifications, Refer Fig. 28 (B) .

(3) Heat the cylinder head to 250°C (480°F) and press
in the new valve seat insert.

(4) Cut the insert to form a new seat as described in
Re-cutting Valve Seat.

Fig. 28—Replacing valve seat insert

VALVES

Check each valve for wear, damage and deformation of
the head and stem (B), Refer Fig. 29.

If the stem tip (A) is pitted it must be re-ground. Re-
move only sufficient material to restore tip flatness.

If the thickness of the valve face (C) is less than the
specified limit, the valve must be replaced.

Fig. 29-—Valve check points

VALVE SPRINGS

Check the free length and tension of each valve spring.
If they are not within specifications replace the spring.

Using a square, check the squareness of each spring. If
the spring is excessively out of square, replace the spring.

CAMSHAFT AND CAMSHAFT BEARING CAP

(1) Check the camshaft for bending by supporting it at
the ends and mounting a dial indicator at the No. 2 or No.
3 journal. Rotate the camshaft once. Half of the total
indicator reading is the amount of camshaft bend, if this
exceeds the specified limit the camshaft should be repaired
or replaced.
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Fig. 30—Checking camshaft for bending

(2) Check the cam lobes and profile for damage. If the
lobe or profile are damaged, or worn excessively (see
specifications), replace the camshaft.

Fig. 31—Checking cam lobe height

(3) Check the camshaft caﬁs for damage on the inner
surface. If the caps are excessively damaged the cylinder
head must be replaced.

Check the camshaft journal to cap clearance by instal-
ling the caps to the cylinder head and measuring the cap
inside diameter and the camshaft journal outside diameter
as shown in Figs. 32 and 33. If the clearance exceeds the
specified limit and the journals are worn, replace the cam-~
shaft. If the caps are worn replace the cylinder head.

NOTE: The cap retaining nuts must be tightered to
the specified torque prior to measuring internal
diameter.

Fig. 33—Measuring camshaft journal diameter

(4) Check the camshaft end float, if it exceeds the speci-
fied limit check the camshaft and cylinder head for wear
and replace the faulty component.

Fig. 34—Checking camshaft end float
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ROCKER ARMS AND ROCKER ARM SHAFTS

) (1) Check if rocker arm to cam lobe contact face and
4 adjusting screw to valve contact face is damaged or worn.
e If only slight wear is evident they can be corrected with

an oil stone. If they are severely worn or damaged they
must be replaced.

Fig. 35—Checking the rocker arms

(2) Check the clearance between the rocker arms and
rocker arm shaft, if they exceed the specified limit replace
the arms or shafts.

{3) Check the rocker arm shafts for damage and bend,
if faulty they must be replaced.

Fig. 36—Measuring rocker arm shafts diameter

NOTE: As a running change the cast iron rocker arms
were replaced with assemblies made from die
cast alaminiom plus the introduction of oil
grooves in the L.H. rocker shaft (refer Fig. 39).
The early rocker arms can be used on the later
rocker shaft, the later type rocker arms MUST
NOT be ased on the early non grooved shatt.

CYLINDER HEAD RE-ASSEMBLY

When assembling cylinder hiead ensurc all parts are
thoroughly cleaned and that all moving parts are lubricated
with engine oil prior to assembly.

S (1) Install the valve spring seats.
L (2) Install the valve stem seals over the valve guides
using Tool No. E9M30C. The seal is installed to the

Stem seal instalier

Valve spring seat

Fig. 37—Installing valve stem scals

specified position by the tool. Failure to position the seal
correctly will cause damage to the seal resulting in oil
passing the seal.

NOTE:; Old stem seals must not be reused,

{3) Apply engine oil to the valve stems and install the
valves into the guides. Do not use excessive force to press
the valve stem past the valve stem seal.

(4) Ensure the valve moves smoothly in the guide.

(5) Install valve springs and spring retainers.

NOTE: Install valve springs with the enamel identifi-
cation marks facing the rocker arms.

(6) Using a valve spring compressor install the valve .
collets.

NOTE: When compressing the spring, take care that
the spring retainer is not forced against the valve
stem seal,

(7) Position the camshaft onto the cylinder head and
check end float.

{8) Install the caps, rocker arms springs and wave
washers onto both rocker arm shafts. The ‘caps must be
installed with the indicating arrow facing the front of the
engine and in the order they were removed. The springs

@ ~—— Rocker shaft,
Rocker arm Sprlng right

" ht
Bearing cap, @ ”g YD % FYYYR @
front
¢ I-i }NO ZNO 3 }No 4‘Rear _
Forward !‘

Wave washer

Spnng left
T+ 9 ) g )

Rocker shaft, left

Fig, 38—Rocker arm shaft assemblics (chain drive
camshaft type)

REY. APSIL '&1
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Shaft, left

Shaft, right

Cap. front

Rocker arm
{Common to right
and left shafts}

Front of engine

Qil grooves
O ot

L/H Rocker Shaft

o}

Spring, left

Spring. right

Cap. rear

Waved washer

Front of
engine

G

Waved washer

Fig. 39—Rocker arm shaft assemblies (belt drive camshalft type)

7

Arrow indicating
the front
CHAIN DRIVE CAMSHAFT

Mating mark

Rocker shaft

Make certain that
the mating marks
are out of sight.

{amshaft bearing
Cap, front
© BELT DRIVE CAMSHAFT

Fig. 40—Rocker arm shaft to cap alignment
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must also be fitted onto the correct shaft, right hund shaft
springs are shorter, left hand springs are longer. On later
cngines the shorter spring is used on both ieft hand and
right hand shafts. The right hand shaft has 8 oil holes, the
left hand shaft as 4 oil holes, on later engines fitted with
alumintum rockers the shafts also have grooves at the oil
holes. See inset Fig. 39.

NOTE: When assembtiing the rocker arm shafts to the

caps align the mating marks on the shafts and cap.

Install the wave washers with the convex side facing the
front of the engine.

(9) Position the camshaft, with the sprocket locating
key/dowel, as shown in Fig. 41.

(10) Install the cap dowel bushings and position the
rocker shaft assembly onta the cylinder head.

{11} Install the rocker arm cover attaching brackets to
the front and No. 4 camshaft caps (if applicable).

(12) Install cap retaining nuts and tighten in two stages
to the specified torque. Tightening order — No. 3, 2, 4,
front and rear.

(13) Instail spark plugs.

About 42°

o
=
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Belt Drive Camshatt Type
(14) Install the distributor drive gear.

Fig. 42—-Installing distributor drive gear

(15) Using Tool No. E9M25 install the camshaft froat
oil seal, align the hole in the tool with the camshaft
keyway.

NOTE: Lubricate the seal lip with engine oil prior

to installation.

Dil seal

Camshatt oil
seal installer

Hole indicating
position of K
™ keyway

Fip. 43—Installing camshaft oil seal

Dit seal

Camshatt oit
seal installer | 3

Fig. 44— Positioning oil seal
(16) The seal is correctly installed when the tool just
comes info contact with the distributor gear.
(17) Lubricate the camshaft spacer and install it to the
camshaft being careful not to roll the lip of the seal when
inserting the spacer through the seal.

Fig. 45—Installing camshaft spacer

CAMSHAFT DRIVE

Chain Type
Removal

(1) Drain cooling system and remove radiator, hoses,
fan and alternator.

(2) Rotate the engine to T.D.C. with No. 1 piston on -
compression and remove distributor, Lo

(3) Drain engine oil and remove engine oil pan bo
allowing oil pan to clear timing chain cover. :

(4) Remove the crankshaft pulley.

(5) Remove the two bolts attaching the cylinder head
to the timing chain cover.

(6) Remove the tensioner retaining plug on the right
of the timing case and remove the spring and plunger.

(7) Remove the chain case retaining bolts and remove
the case being careful not to damage the cylinder head
gasket.

(8) Remove the rocker shaft cover and remove the
camshaft sprocket retaining bolt and remove the sprocket
and chain.

(9) If necessary the crankshaft sprocket and chain
guides can be removed.

Installation

{1} Install the timing chain guides.

(2} Install the camshaft and crankshaft sprockets onto
the timing chain with the sprocket mating-marks aligned
with the plated links on the chain. o

(3) With the sprocket and chain mating marks aligned,
install the crankshaft sprocket onto the crankshaft.

(4) Align camshaft dowel pin with the camshaft
sprocket and install sprocket onto camshaft. Tighten
sprocket bolt to the specified torque.

(5) Install the chain cover applying sealer to the
gasket surfaces.

(6) Install the tensioner plunger, spring and retaining
plug.

(7) Install the crankshaft pulley and tighten the retain-
ing bolt to the specified torque.

(8) Install the engine oil pan, tighten retaining bolts to
the specified torque.

{9) Install the rocker shaft cover, fan, radiator, hoses,
alternator and distributor, readjust fan belt,
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(10) Fill the cooling system with rain or demineralized
water, add corrosion inhibitor (or anti-freeze if required).
(11) Fill the engine with the correct grade and quantity
of first grade engine oil.

B~ Plated tink

Fig. 46—Timing chain drive

Beli Type
Removal

(1} Rotate the engine to T.D.C. with No. 1 piston
_on compression stroke.

" NOTE: DO NOT rotate engine anti-clockwise as
the timing belt may jump the sprocket teeth,

(2) Remove the fan, water pump pulley, belt and
crankshaft pulley.

(3) Remove the front upper and lower timing belt
covers.

(4) Remove the crankshaft sprocket bolt.

(5) Slighily loosen the belt tensioner mounting bolt
and nut and push the tensioner fully away from the belt
and tighten the adjusting nut to prevent the tensioner

- from returning..

(6) Suitably mark the timing belt to show direction of
rotation and then remove belt,
(7} The sprockets can now be removed if necessary.

Tensioner

Bolt Timing belt “A™

Fig. 47—Timing belt tensioner

fnspection

Check the belt and sprockets for wear or damage and
replace any faulty components,

SR

N\,

O ‘
Fig. 48—Timing belt rotation marking
Installation

(1) Install the crankshaft spacer, flange and sprocket
and tighten the bolt to specification.

(2) Install the tensioner assembly if removed, ensuring
the straight end of the spring is seated against the water

pump.

Spacer Flange

Sprocket

TN

Fig. 49—Crankshaft sprocket assembly

-~ Springr

i
Straight end
of spring

= T \\ \

® O ~ ®
Fig. 50— Tensioner spring location

(3) Attach the other end of the spring to the hook of
the tensioner. Install the tensioner to the stud and then
instafl the washer and flange nut, Position the tensioner
to align the hole ‘B’ with the hole ‘A’ (Fig. 50), and
install the retaining bolt. Position the tensioner towards
the water pump and temporarily tighten the flange nut.
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(4) Align the camshaft and crankshaft sprocket timing
marks (Fig. 51 and 52).

Upper rear
cover

Sprocket

/Timing mark

Fig. 52—Crankshaft sprocket timing marks

(5) Noting the previously marked direction of rotation,
install the timing belt by fitting it to the crankshaft
sprocket, oil pump and camshaft sprocket in that order,
ensuring there is no “slack” on the tension side of the belt.

(6) Loosen the tensioner mounting bolt and nut and
allow the tensioner alone to tension the belt. Check to
ensure the belt is fully meshed with the sprockets
especially around the camshaft sprocket. If the belt is
loose on the sprocket, push the tensioner in the direction
of the arrow (Fig. 53) until belt mesh is achieved.

(7) Tighten the tensioner mounting nut and then the
bolt in that order.

NOTE: If the bolt is tightened first, excessive belt
tension will result, '

{8) Temporarily install the crankshaft pulley, to pre-
vent the belt from coming off, rotate the crankshaft
clockwise one complete turn to settle the belt.

NOTE: DO NOT rotate the crankshaft anti-clock-
wise or twist and shake the belt while rotating
the crankshaft,

(9) Loosen the tensioner bolt and nut, thus allowing
the tensioner to set itself, then tighten the nut and bolt, in
that order, to the specified torgue.

Fig. 54—Tightening belt tensioner

{10} Check the belt tension between the.camshaft and
oil pump sprocket by pulling the belt out as shown in
Fig. 55. The clearance between the belt and rear cover
should be approximately 12 mm (0.5”). Readjust if
necessary.

(11) Remove the temporarily installed crankshaft
pulley. :

(12) Install the front upper and lower belt cover.

\ @) 12 mm
Lt~ (0.5}

Fig. 55—Timing belt tension

REV. MAY '78
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Cranishaft
rear 2if seal

Bearing cap
bolt

Main bearing
with flange

BELT DRIVE CAMSHAFT ENGINE

CHAIN DRIVE CAMSHAFT ENGINE

Crankshaft rear oil seal
|

k Bearing cap boit

. Main bearing
R’ with flange

Fig. 56—Cylinder block

{13) Install the crankshaft pulley, fan pulley, belt and
fan, tighten the bolts to specification.

NOTE: Ensure the crankshaft pulley is correctly
positioned on the location lug.
For in situ belt adjustment on later model engines —
refer to page 9 -3D- 32

CYLINDER BLOCK DISASSEMBLY

The cylinder block can be disasembled with the engine
cither in or out of the vehicle. This mainly depends on the
amount of reconditioning required.

The following description details the disassembly with
the engine removed from the vehicle and transmission
removed from the engine,

(I) Remove the cylinder head assembly as described
under Cylinder Head Removal.

{2) Rcmove the oil pan and oil screen.

{3) Remove the camshaft drive chain/belt as previously

. deseribed.

{(4) Remove the flywheel and clutch assembly or torque
converter drive plate.

(5) Remove the alternator and adjusting strap.

Belt Drive Type

® Remove the oil pump sprocket by winding a used bett
around the sprocket to stop it from turning while
removing the bolt.

NOTE: Do not wse a screw driver to hold the
sprocket or fry fo remove the bolt while the
timing belt is installed.

® Remove the rear timing belt cover.
® Remove the water pump.

® Remove the oil pump.

® Remove the front casc retaining bolts and remowve the

case. If the case is stuck to the block, insert a screw

driver in the slot provided at the top of the casc and
lever the case from the block, DO NOT lever the case
in any other position as casting damage may occur,

{6) Remove the crankshaft rear oil seal assembly.

(7) With the cylinder block on its side, remove the
connecting rod caps.

NOTE: Later model engines do not have the cylinder
‘number stampings on the rod or cap. Mark the
rod and cap with the appropriate cvlinder num-
ber as an aid to assembly,

(8) With the aid of a soft piece of wood push the piston
and rod assembly out through the top of the ¢ylinder block,
kecping the piston assemblies and caps in the order
removed.

Push rod —J~=

Piston pin Connecting red

R Front mark (32)
Front mark <" [ .«
] 4

Piston 5

e

]
I -
s v H r
A S

ff
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Fig. 57——Removing piston from connecting rod
g1
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NOTE: Prior to removing the piston and rod assem-
blies, remove all carbon deposits and/or
cylinder ridge from the cylinder bore.

(9) Remove the piston rings from the pistons keeping

them in order of removal.

(103 Remove the pistons from the rods using Tool No.

E9MS50.

{11} Remove the crankshaft bearing caps and lower

bearings, kecping them in removed order.

(12) Remove the crankshaft and the upper bearing

halves,

NOTE: The main bearings (except the centre one)
are interchangeable, however, if they are fo be
rensed they should be installed in the original
position.

Cleaning and Inspection

Before cleaning, check the cylinder block for water
leakage, cracks or damage.

When cleaning, remove all traces of oil, grease, dirt,
carbon and scale from all components. Clean out all eil
passages by blowing with compressed air.

Checking Cylinder Block

(1) Check the cylinder bores for scatches, rust, corro-
sion, cracks or any defects or damage, if faulty the block
must be rebored or replaced.

(2) Check the upper surface of the cylinder block for
distortion using a straight edge and fecler gauges. If it is
not within specifications the surface must be refaced. 1f
refacing is nececssary, an equivalent amount must be
removed from the timing chain case to maintain a flat
gasket surface.

step

Fig. 58-—Checking cylinder block for distortion

(3) Mecasure the cylinder bore size at three levels. If the
wear exceeds the specified limit the cvlinders must be
re-bored to the next piston size.

NOTE: K only one cylinder requires re-boring, all the

cylinders MUST be re-bored.

(4) If the cylinder does not require re-boring, remove
the ridge at the top of the cylmder and hone the bores if
necessary.

Fig. 60—Measuring cylinder bores

Cylinder Boring

(1) The piston size to be used should be determined by
the cylinder which has the largest bore size.

(2) Check the outside diameter of each oversize piston
at the skirt and across the thrust faces, The measurement
should be taken at a point 2,0 mm (0.079™) from the
bottom of the piston.

(3) To determine the cylinder re-bore size proceed as
follows:

(a) Mecasure the diameter of the piston.

(b) Allow piston to bore clearance.

{c} Honing margin = 0,02 mm (0.0008") or less.

(d) Finished re-boring size =a+b—c=a- 0to

0,02 mm (0.0008™). .

(4) The cylinder should be re-bored to the size obtalned
by the calculation.

(5) The final cut should not be greater than 0,05 mm

- (0.0027).

NOTE: Do not attempt to cut too much from the
bore at one time.

{6) To prevent heat distortion of the bores when
re-boring, the cylinders should be bored in the following
sequence: 2-4-1-3 or 3-1-4-2.

(7) The cylinder bore size will vary immediately after
re-boring, due to the heat generated by the cutting opera-
tion, therefore care should be taken when measuring the
bore size.

) iy
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Fig. 61—Measuring piston diameter

(8) After cutting, the bore should be honed accurately to
the finished size. The bores should be honed until all traces
of the cutting operation are removed. The honing angle
should be between 30° and 45°.

(9) Check the piston to cylinder wall clearance.

PISTONS, PISTON PINS AND PISTON RINGS

(1) Check the pistons for seizure, nicks, wear, cracks
and any other defect. Replace any faulty pistons.

(2) Check the piéton pin to piston pin hole fit. The pin
must be a smooth hand press fit info the piston hole.
Replace any piston and pin assembly that is defective.

(3) Check the piston rings for breakage, damage and
abnormal wear. Replace any defective rings.

NOTE: If a piston is replaced, new rings should also
be fitted. o

(4) Measure the piston ring side clearance by placing
the ring in its respective piston groove and checking the
clearance with a feeler gauge. If it exceeds the specified

Fig. 62—Measuring piston ring side clearance

Hlimit, recheck the clearance with a new piston ring. If the
clearance is still excessive replace the piston and rings, if
it is within specification, replace the rings only. '

(5) Measure the piston ring end gap by inserting the
ring into the cylinder and positioning it at right angles to
the cylinder wall by pressing it down with a piston.
Remove the piston and measure the ring gap using a feeler
gauge. If the gap exceeds the specified limit, replace the
piston rings.

NOTE: H the cylinders are not being re-bored, the
ring gap measurement should be made at the
lower part of the cylinder, the area having the
least wear. When replacing the piston rings, be
sure to use rings of the same size.

Piston ring

Fig. 63—Measuring piston ring gap

CONNECTING RODS

(1) Check the connecting rod for damage at the thrust
faces at either end and for step wear or severely rough
surface of the inside diameter of the small end. Replace
faulty rods.

NOTE: When using a new connecting rod, the
e¥linder number showld be stamped or marked |
on the big end.

(2) Measure the connecting rod small end diameter, if
not within specifications, replace the rod.

(3) Using a connecting rod aligner, check the rod for
bend and twist. If a rod falls just cutside the specified Jimit
it can be straightened by using a press. A rod that is
severely bent or distorted must be replaced.

(4) Measure the connecting rod side clearance by
assembling the rod and bearing onto the crankshaft and
tightening the bolts to the specified torque. Measure the
clearance between the connecting rod and crankshaft using
feeler gauges. If this exceeds the specified limit, replace the
roed.

REV. MAY 78
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Fig. 64—Measuring connecting rod side clearance

CRANKSHAFT

(1) Check the crankshaft journals for damage, uneven
wear and cracks. Check all oil holes for clogging.

(2) Check the crankshaft for bending by supporting it
between centres and positioning & dial indicator on the
centre journal, Rotate the shaft once noting the total
indicator reading. Half of the reading is the amount of
bend, if this exceeds the specified limit, repair or replace
the crankshaft.

Fig. 66—Measuring crankshaft journal diameter

2.5mm R
(0.098in.R)

2.5nmR10.098in.R}, 2.5mm R(D.098in.R}

U

Fig. 65-—Measuring crankshaft bend

(3) Measure the crankshaft journal diameters as shown
in Fig. 66. If they are excessively out of round, tapered or
worn they must be re-ground to the next undersize.

NOTE: Grinding of crankshaft jouma]é must onfy be
done AFTER checking/repaiving crankshaft
bend.

NOTE: Whenever crankshaft journals are re-ground,
the correct undersize bearings must be fitied.

(4) When grinding the crankshaft, care must be taken to
ensure the crankshaft journal fillet radii are 2,5 mm
{0.098™).

Fig. 67-—Crankshaft journal fillet radii

(5) Check the crankshaft end float by assembling the
crankshaft, bearings and caps to the cylinder block. Insert
a feeler gauge between the centre bearing and crankshaft,
if the end float exceeds the specified limit, replace the
centre bearing. '

Fig. 68—Measuring crankshaft end float
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MAIN AND CONNECTING ROD BEARINGS
(1) Check all bearings for peeling, melting, scizure and
improper contact. Replace any faulty bearings.

{2) Checking the journal to bearing clearance can be
done using either of two methods:

(a) measuring journal and bearing diameters;

(b) using the plastigauge method.

Measuring Diameters

(1) Measure the outside diameter of the main and con-
necting rod journals, Fig. 66.

(2) Assemble the bearings and caps and measure the
bearing inside diameter, Fig. 69. The clearance is the
differcnce between the respective bearing and journal
diameter.

(3) If the clearance is not within specification and the
journal diameter is within specification the bearings must:

be replaced.

Fig‘. 69—Measuring bearing diameter

Piastigauge Method

(1) Remove all oil, grease and dirt from the bearings
and journals.

(2} Cut a piece of plastigauge the length of the bearing

width and place it across the bearing, away from the oil
hole.

(3) Install the crankshaft/connecting rod, bearings and
caps and torque them to specifications.

NOTE: Do not rotate the crankshaft or connecting
rod doring this operation.

(4) Remove the caps and measure the width of the
plastigauge at the widest part using the scale printed on
the plastigauge packet.

{5) If the clearance is not within specification and the
journal diameter is within specification the bearings must
be replaced.

ot
b uiaird
..-_—-u_’
P

N,

e o e g

Fig. 70--Checking bearing clearance using plastigauge

SPROCKET, CHAIN, TENSIONER AND GUIDE
(Chain Drive)
(1} Check sprockets for teeth damage and wear.

(2) Check the chain for roller play, wear, damage, dis-
connected links, etc.

(3) Check the chain tcnsioner rubber for wear and
the tensioner spring length specification.

Qil hole

Fig. 71—Tensioner assembly

(4) Check the chain guide for wear and damage. If the
guide is severely worn or damaged it should be replaced.

(5) Check the chain stretch using two sprockets as
shewn in Fig. 72. Stretch the chain and measure the
distance between the sprocket centres. If the distance is
greater than specified replace the chain.
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GCamshaft sprocket

Fig. 72—Checking timing chain stretch

SPROCKETS, BELT AND TENSIONER (Belt Drive)

(1) Check sprockets for wear, cracks or damage, replace
as necessary. Check the oil pump sprocket and camshaft
spacer for wear on the oil seal contacting surface.

(2} Check the tensioner for light and, smooth pulley
rotation, looseness or noise. Check spring for tension and
breakage.

{3) Check the timing belt for worn, damaged or torn
teeth/backing. Replace belt if contaminated by oil or-dust.
Slightly affected belts can be cleaned by wiping with a
cloth, do not use any form of solvent.

(4) Check timing belt covers for deformation and
cracks, replace as necessary. Check that the rubber seals
are held securely in the grooves.

FLYWHEEL AND RING GEAR

{1) Check the flywheel surface for wear or damage, if
excessively worn or damaged, replace the flywheel.

(2) Check the flywheel] surface run-out, if it exceeds the
specified limit replace the flywheel.

(3) Check the ring gear for damage, cracking and wear,
replace if neccssary.

Fig. 73—Checking flywheel surface run-out

Ring Gear Replacement

(1} Remove the ring gear by tapping it around the
circumferance with a hammer and drift.

NOTE: Do not attenipt to remove the ring gear by
heating.
(2) Install the ring gear by heating it on a gas ring to
260 to 280°C (500 to 536°F) and shrinkage-fit it on the
flywheel.

OIL SEALS, OIL PAN AND OIL SCREEN

(1) Check the front and rear crankshaft seals for
damaged and worn lips. Replace the seal if defective. .

(2) Check the oil pan for damage and cracks, rcpail‘"or
replace the oil pan as necessary.

(3) Check the oil screen for failure, damage and cracks.
Check the O-ring for defects. Replace any faulty parts.

(4) Refer to Group 10 Engme Oiling for oil pump
servicing.

CYLINDER BLOCK REASSEMBLY

When assembling the cylinder block the following
procedures should be observed:

® Thoroughly clean all components especially oil holes,
bearings, housings, bores and cylinder walls.

® Apply engine oil to sliding and rotating parts such as
cylinder walls, pistons, bearings and gears prior to
installation.

® Gaskets and oil seals should be replaced with new
parts.

¢ Apply sealant to gaskets as required.

® Torque all bolts to specification and in the specified
sequence where necessary.

® Check all oil clearances, thrust clearances and back-
lash where necessary.

(1) Install main bearings, upper, to the cylinder block.
If reusing the main bearings install them in their original
position.

{2) Position crankshaft onto cylinder block and apply
oil to journals,

NOTE: On later engmes, changes were made to the
crankshaft, main bearing shells and caps. This
involved the use of additional oil holes in the
crankshaft main bearing journals and the dele-
tion of oil greoves in the lower main bearing
shells and caps.

CAUTION: Lower main hearings and caps with the
oil groove are used with the old crankshaft and
may be used with the new crankshaft. For
engines with the lower main bearing and cap
without the groove, the new crankshaft MUST
be used.

{3) Install bearing caps and bearings, tightening the
cap bolts to specification and in the sequence of: centre,
No. 2, No. 4, front and rear.

NOTE: The caps must be installed with the arrow

mark facing the front of the engine and in the
" correct order.
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Fig. 74—Instalting main bearing caps

(4} Ensure the crankshaft rotates lightly and smoothly
and that the end float is within specifications.

(5) Using Tool No. E9M50 set the piston pin positively
between the push rod and guide bar.

Fig, 75—Fitting piston pin onto tool

(6) Lubricate the outer surface of the piston pin and
small end bore of the connecting rod.

(7) With the connecting rod and piston front marks
aligned (arrow on piston, numerals on connecting rod),
insert the piston pin, guide bar and push rod into the
piston.,

(8) Insert the guide bar in the slot provid.cd in tc?ol
support, with the flat side of the guide bar aligned with
the inner wall of the slot. Sit the connecting rod small end
to rest positively on the tool support. Turn the piston pin

assembly half a turn.

Front mark

Piston

Guide har

Fig. 76—Piston and connecting rod assembled into tool

(9) With the aid of a press, install the piston pin until
the top end of the guide bar bottoms in the tool base.
The force required to install*the pin must be between
4900 to 14700 N (1102 to 3306 Ibs.).

NOTE: If the force required to fit the pin is not as
specified, the piston pin must be removed and
the pin and connecting rod diameters checked.

(10} With the piston assembled to the connecting rod
ensure that the piston moves freely and lightly.

Fig. 77—Installing piston pin

{11) Install the piston rings in the following order:
{a) Install the oil ring expander.
(b) Fit one end of the oil ring top side rail into
the groove and “peel” the ring into the groove.
(Refer Fig. 78). Fit the lower side rail in a
similar manner.

NOTE: Ensure that both upper and lower side rails
can be turned freely in the piston and that the
markings on the side rails face the top of the

piston.
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(c) Install the No. 2 piston ring and then No. 1 piston
ring.

NOTE: Piston rings must be installed with the mark-
ings of the ring facing the top of the piston,

(8) Position the piston rings so that the ring gaps are
as far from each other as possible and that they do not
align with the piston pin and thrust side of the piston.
Refer Fig. 80.

Side rail gap

Fig. 78—TFitting oil ring side rail

(9) Apply a liberal amount of engine oil to the piston
and rings.

(10) Compress the rings using a piston ring compressor.
Install the piston and conmecting rod assembly into the
cylinder ensuring the piston front mark is facing the front
of the engine and the assemblies are fitted into the correct
cylinder.

NOTE: It is advisable to fit plastic covers or masking
tape around the connecting rod holts to protect
the cylinder walls and crankshaft journals from
damage.

No. 1 piston ring

;

Side rail

% No. 2 piston ring

L/ Spacer
expander

Qil ring

No, I ring
Gap of fower gap

side r%

Front of engine

No. 2 ring gap
and spacer
expander gap

Gap of upper
side rail

Fig. 80—Piston ring gap position

(11) Install the connecting rod caps in the correct order,
with the cylinder number marks on the cap, aligned with
the numbers on the connecting rod. Tighten the cap bolts
to the specified torgue.

{12) Check the connecting rod big-end side clearance.

(13) Install the crankshaft rear oil seal case. If the oil
seal has been removed from the case, install a new oil seal
to the case, ensuring it is properly seated into the case and
that the oil hole in the separator faces the bottom of the
case (refer Figs. 82 and 83). The use of Tool EOM60 will |
ensure correct installation of the seal. Later models are not
fitted with the separator and have the seal fitted from the
rear of the case (refer Fig. 84).

NOTE: The crankshaft oil seal lip should be lubri-
cated with engine oil prior to installation.

(14) Install the flywheel (or torque convertor drive
plate) tightening the bolts to the specified torque. Bend
the bolt locking tabs to securely hold the bolts.

NOTE: IJo not reuse old locking tabs.

Fig. 79—O0rder of piston ring installation

REV, MAY 78
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9Y-3D-32

Separator

Gil hole

Fig. 82—Rear crankshaft seal assembly (early type)

0il seal installer

Case

Fig. 83—Installing oil seal into case (early type)

Press

0”! seal ' Dil seal instailer piate

T

Qil seal case

Fig. 84-—Installing oil scal into case (late type)

(15} Install the drive chain/belt, sprockets and timing
cover as previously described under Camshaft Drive
Chain/Belt.

(16) Install the oil screen,

(17) Install the oil pan with a new gasket, coating

both sides of the entire gasket with a sealant. Extra sealant
should be applied to the block to chain case and rear oil
seal case to block joint faces. Tighten the oil pan bolts in
a criss-cross pattern,

(18) install the oil pressure switch,

{19) Sct the engine upright and install the cylinder
head assembly as previously described under Cylinder
Head.

(20) Instal] the engine mounting brackets and install
engine into vehicle as previously described,

Fig. 85—Secalant application points

BELT ADJUSTMENT

On later models adjusting holes are provided in the
lower cover to allow external adjustment of belt tension
should it become loose or noisy. To adjust the belt tension
with the cover in place proceed as follows:

(1} Remove the timing belt front upper cover.

(2) Turn the crankshaft clockwise until “A” mark on
camshaft sprocket is aligned with the timing mark on the
upper cover. If the camshaft sprocket has no “A” mark,
align the under upper timing mark with the second tooth
from the timing mark “O” on the camshaft sprocket. This
position corresponds to the “A” mark positicn (Fig. 86).

Timing mark
{under upper cover)

L

Timing belt Align properly

Timing mark

Fig. 86—Aligning timing marks
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NOTE: After setting the timing marks as previously
described, the camshaft is positioned a little
past T.D.C. of No. 1 cylinder and therefore the
slack side of the timing belt gathers on the
tensioner side, When aligning the “A* mark,
be careful not to turn the crankshaft counter-
clockwise, otherwise the belt on the fensioner
side will become too tight, resulting in mal-
adjustment.

(3) Remove fan belt, remove access cover (2 places)
by inserting a screw driver in the slot provided and pry
off (Fig. 87).

% % Access cover

Siot for insertion

/ of screwdriver

W

Insert screwdriver

push here with
screwdriver
and release

Nut

Fig. 88—Adjusting belt tensioner

(7) Install the two access covers to their respective
adjusting holes. The cover can easily be installed by
sliding the cover with its hook placed between the locating
pins {Fig. 89), refit the fan belt.

{8) Replace timing belt front upper cover.

Fig. 87—Removing access cover

{4) Using a special tool E9MS55 loosen the upper
attaching nut and then the lower bolt.

NOTE: Loosen the bolt and nut by 180° to 200°,
if loosened more than needed they can drop into
the cover.

(3) Imsert a screw driver from above the timing belt
cover, slightly push tensioner bracket towards tensioning
direction and then release (Fig. 88). The belt tension will
be automatically adjusted with tension spring tension,

{6) Tighten tensioner upper attaching nut first and then
tighten the lower bolt, using special tool E9M355.

NOTE: If the bolt is tightened first, the belt tension
can become excessive,

Hook

Access cover

~ Locating pins

Adjusting hole Q

7
\

Fig. 89—Installing access covers
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SECTION 3E — ENGINE ASSEMBLY: ASTRON TYPE FOUR CYLINDER

ENGINE GENERAL

Type s
Number of Cylmders

Engine No. — I,85 Litre . (Imported)
(Early Local)
— 2,0 Litre (Imported)
(Early Local)
— 2,6 Litre ... {Imported)
(Local)
Bore — [,85 Litre ...
— 2,0 Litre
— 2,6 Litre ... .
Stroke — 1,85/2,0 litre ...
— 2,6 litre .
Displacement — 1,85 Litre
-— 2,0 Litre ..
— 2,6 Litre e
RAC Power Rating — 1,85 Litre
— 2,0 Litre
— 2,6 Litre
Compression Ratio — 1,85 Litre . .
— 2,0 Litre
— 2,6 Litre .
Compression Pressure (@ 250 RP.M. — 1 85 thre .
— 2,0 Litre
— 2,6 Litre
Maximum Variation Between Cylinders ...
Spark Plug Type — 1,85 Litre
— 2,0 Litre .
— 2.6 Litre ...

Firing Order
Direction of Rotation

CYLINDER H LAD
Material
Type T
Maximum Allowab!e Dlstortlon )
Cylinder Head Height {(Between Block and Rocker

Cover Gasket Surface) ..

Maximum Allowable Re machmmg of Surface .
Inlet Valve Seat Insert Hole Diameter
— 0,05 mm (0.002") Oversize ..
— 0,3 mm {0.012”) Oversize ..
— 0,6 mm (0.024") Oversize .. )
Exhaust Valve Seat Insert Hole Dlameter
— 0,05 mm (0.002) Oversize ..
— 0,3 mm (0.012”) Oversize ..
— 0,6 mm (0.024™) Oversize .. .
Inlet and Exhaust Valve Seat Insert He:ght
— 0,3 mm (0.012"") Oversize ..
— (3,6 mm (0.024°") Oversize ...
Valve Guide Hole Diameter
— 0,05 mm (0.002”) Oversize ..
— 0,25 mm (0.010”") Oversize ..
e 0,50 mm (0.020”) Oversize ..
Camshaft/Camshaft Bearing Clearance ...

'SPECIFICATIONS

In line OHC with Counter Balance Shafts
Four

51

M324 (Later) M334

52

M421, M425, (Latery M431,
54

M331
81,0 mm
84,0 mm
91,1 mm (3.587")

90,0 mm (3.5437)

98,0 mm (3.858™

1855 ¢cm? (113.2 in.9)

1995 cm?® (121.7 in.%)

2555 cm® (155.8 in.%)

16,2

17.4

20,5

8.5:1

9.5:1

8.2:1

{050 kPa (150 p.s.i.)

1310 kPa (190 p.s.i)

1170 kPa (170 p.s.i.)

0%

N12Y

NoY

NI12Y

1,3, 4,2

Clockwise Observed From Front of Vehicle

M434, M435

(3.189")
(3.3077)

Aluminium Alloy
Hemispherical Combustion’ Chambers, Cross Flow Design

0.05 mm (0.0027)

90,0 mm (3.543”)
0,30 mm (0.012%)

44,050 to 44,075 mm (1.7342” 10 1.7352")
44,300 to 44,325 mm (1.7441” to 1.74517)
44,600 to 44,625 mm (1.7559” to 1.7569™)

38,050 to 38,075 mm (1.4980” to 1.4990™)
38,300 to 38,325 mm (1.5079” to 1.5089™)
38,600 to 38,625 mm (1.5197” to 1.5207™)

7,90 to 8,10 mm (0.3110” to 0.3189")
8,20 to 8.40 mm (0.3228” to 0.3307")

13,05 to 13,07 mm (0.5138” to 0.5145”)
13,25 to 13,27 mm (0.5216” to 0.5224™)
13,50 to 13,52 mm (0.5315” to 0.5323")
0,05 to 0,09 mm (0.0020” to 0.0035")
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VALVES
Material — Inlet — 1,85/2,0 Litre .. .
— 2,6 Litre ..
— Exhaust
Head Diameter — Inlet . .
— Exhaust

Stem Diameter .
Stem Diameter Wear L1m1t —_ Inlet
— Exhaust :

Valve Face Angle
Valve Head Thickness — }nlet

—Exhaust
Valve Seat Contact Width .. )
Valve Stem to Quide Clearance — Inlet

—_— Exhaust

Valve Clearance (Hoty — Inlet .

— Exhaust

Installed Height Between Spring Seat and Rctainer

Valve Stem Seal Installed Dimension

VALYE GUIDES
QOutside Diameter
Inside Diameter .
Length — Inlet ..
~— Exhaust
Installed Dimension . :
Cylinder Head Hole Size for OVCI’SIZC Guides
— 0,05 mm (0.0027)
— 0,25 mm (0.010"™)
~— 1,50 mm (0.020™)

VALVE SPRINGS
Number .
Free Length : :
Load/Compressed Height

YALVE TIMING
Inlet Opens
intet Closes
Duration ... N
Exhaust Opens
Exhaust Closes ..
Duration
Overlap

CAMSHAFT
Material
Camshaft Bearmgs
Bearing Clearance
Journal Diameter
End Float .
Camshaft Bend o
Height of Cam Lobe —1 8‘5/2 0 thre — Inlet

— Exhaust

— 2,6 Litre — Tnlet
— Exhaust .
Nominal Cam Lift — 1,85/2,0 Litre
— 2,6 Litre
Rocker Arm to Rocker Shaft Clearance
SPROCKET CAMSHAFT

Material
Number of Teeth

Heat Resisting Steel of JIS STD (SUH3B)
As above plus “Sur-sulf” coated

Heat Resisting Austenitic Steel, Stellite Faced
43,0 mm (1.693”)

35,0 mm (1.378")

8,0 mm (0.3157)

0,10 mm (0.0047)

0,15 mm (0.006™)

45°

1,20 mm (0.0472”)

2,00 mm (0.0787")

0,90 to 1,30 mm (0.035” to 0.051")
0,025 to 0,055 mm (0.0010” to 0.0022™)
0,050 to 0,085 mm (0.0020” to 0.0033”)
0,15 mm (0.006™)

0,25 mm (0.010™)

40,40 mm -+ 1,0 mm (1.590” 4 0.0397)
14,70 to 15,10 mm (0.579” to 0.595™)

13,00 to 13,10 mm (0.512” to 0.516”)
8,000 to 8,018 mm (0.3150” to0 0.31577)
47.0 mm (1.850™)

52,0 mm (2.0477)

13,70 to 14,30 mm (0.5394” t0 0.5630”)"

13,05 to 13,07 mm {0.5138” to 0.5145™)
13,25 to 13,27 mm (0.5216” to 0.5224™)
13,50 to 13,52 mm (0.5315" to 0.5323")

g
47, 47 mm - 1,0 mm (1.869” - 0.0397)
28 kg/40,40 mm (61 lbs/1.59")

1,85/2,0 Litre 2,6 Litre
24° BTDC 25° BTDC
64° ABDC 59° ABDC
268° 264°
59° BBDC 64° BBDC
25° ATDC 20° ATDC
264° 264°
49° 45°

Grey Cast Iron

5

0,05 to 0,09 mm (0.002™ to 0.0035™)
34,0 mm (1.339”)

0,10 to 0,20 mm (0.004” to 0.008")
0,02 mm (0.0008™) or less

42,18 mm (1.6605%)

42,25 mm (1.6630")

42,50 mm (1.6732”)

42,56 mm (1.6756™)

10,0 mm (0.4007)

10,5 mm (0.4137)

0,013 to 0.043 mm (0.0005" to 0.0017”)

Cast Iron
38
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GEAR — CAMSHAFT DRIVE
Material ..
Number of Teeth

SPROCKET — COUNTER BALANCE SHAFTS
Material ..
Number of Teeth

GEAR - COUNTER BALANCE SHAFT DRIVE
Material .
Number of Teeth

TIMING CHAIN
Type
Number of Links
Pitch . .
Chain Tensroner Sprmg Length
—- Unloaded .. .
— Loaded at 2,0 kg (4 4 ibs)

COUNTER BALANCE SHAFTS DRIVE CHAIN
Type . o
Number of Lmks
Pitch .

Chain Adjuster -

COUNTER BALANCE SHAFTS
Front Journa)l Diameter . ..
Rear Journal Diameter ..
Journal to Bearing Clearance — Front
- Rear

CYLINDER BLOCK
Material
Maximum Allowable Dtstortlon Upper Face U
Height of Biock (Between Cylinder Head and Oil Pan
Gasket Surface) .

Maximum Allowable Re- machmmg of Surface
Cylinder Bore Diameter — 1,85 Litre

— 2,00 Litre

— 2,60 Litre
Maximum Bore Oversize ..
Maximum Diameter Dlﬁerence Between Cylmders
Maximum Owvality ..
Maximum Taper .
Main Bearing Tunnel Bore Dlameter (Eariy Block)

PISTONS
Material
Type .
Piston Pin Hole
Mass of Pistons — 1,85 L1tre
— 2,00 Litre .
— 2,60 Litre . .
Piston Diameter {(Measured 20 mm (O 079”) from
the bottom of the piston)
— 1,85 Litre Grade A
B
, C
— 2,00 Litre Grade A
B
C

Grey Cast Tron
19

Carbon Steel
17

Grey Cast Iron
34

Duplex Roller
102
9,525 mm (0.375™)

65,71 mm (2.587")
36,90 mm (1.4537)

Single Roller

90

8,0 mm (0.315™)

Manual adjustment of chain guide

23,0 mm (0.9055”)

43,0 mm (1.6922)

0,02 to 0,06 mm (0.0008" to 0.0024™)
0,043 to 0,086 mm (0.0017” to 0.0034™)

Alloy Cast Iron
0,05 mm (0.002")

316,0 mm (12.4417)

0,20 mm (0.008")

£1,0 mm (3.189™)

34,0 mm (3.3071™)

91,1 mm (3.5870™)

1,20 mm (0.047)

0,02 mm (0.0008™)

0,01 mm (0.0004)

0,01 mm (0.0004™)

70,00 mm (2.75597) (Later block) 64,01 mm (2.52007)

Aluminium Alloy Tin Plated
Closed Slipper (Elliptically Turned)
22,0 mm (0.860™)

361 = 3 g (12.734 % 0.106 oz.)
400 == 3 g (14.109 = 0.106 oz.)
420 = 3 g (14.815 = 0.106 oz.)

. 80,97 to 80,98 mm (3.1878” to 3.1882™)
80,98 to 80,99 mm (3.1882" to 3.1886")
80,99 to 81,00 mm (3.1886” to 3.1890™)
83,97 to 83,98 mm (3.3059” to 3.3063™)
83,98 to 83,99 mm (3.3063” to 3.3067")
83,99 to 84,00 mm (3.3067” 1o 3.30717)
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PISTONS Continaed

— 2,60 Litre Grade A
B .
Piston Bore Clearance — 2,00 Litre ..
— 2,60 Litre ..
Piston Owversizes

PISTON PIN

Type .

Material

Diameter

Length — 1,85 thre
— 2 00 Litre (Imported)
—w 2,00 Litre {Local) .
— 2,60 Litre ..

Offset in Piston

Clearance in Piston ...

PISTON RINGS
Number
Ring Gap - New — Compressmn o
- Scraper and Oil ng
— Service Limit (Alh)
Side Clearance - New — Compression
— Scraper ...
— Service Limit — Compress:on
— Scraper

CONNECTING RODS
Material .
Length Between Centres
Conrod Mass ... :
Small End Bore Diameter :
Big End Bore Diameter ...
Conrod Bearing Clearance
Conrod Bearing Undersizes

Conrod Bend or Distortion (within) ..
Conrod Side Clearance on Journal
Bearing Material

CRANKSHAFT
Material ,
Number- of Mam bearmgs
Main Bearing Journals
— Standard Diameter (Early crank) ...
— Maximum Allowable Ovality ...
— Maximum Allowable Taper

Main Bearing Clearance — All Except Céntre

Journal

.. — Centre Journal
Bearing Material ™,

(Barly Crank) ..
— 0,25 mm (0. 010”)
— 0,50 mm (0.020™) ..
— 0,75 mm (0.030) ...

Main Bearing Undersizes — Rework Diameter

91,07 to 91,08 mm (3.5854” to 3.5858”)
91,08 to 91,09 mm (3.5858” to 3.5862")
91,09 to 91,10 mm (3.5862” to 3.5866™)
0,03 to 0,05 mm (0.0012” to 0.0020”)
0,02 to 0,04 mm (0.0008” to 0.0016”)
0,25 mm (0.010”)

0,50 mm (0.0207)

0,75 mm (0.0307)

1,00 mm (0.039”)

Press Fit in Connecting Rod

Cold Forged Chrome Molybdenum Steel
22,0 mm (0.866")

72,0 mm (2.8357)

75,0 mm (2.9537)

72,0 mm (2.835™)

79,0 mm (3.1107)

£,0 mm (0.039)

0,005 to 0,009 mm (0.0002” to 0.0004”)

3

0,249 to 0,399 mm (0.0098" to 0.01577)
0,249 to 0,449 mm (0.0098” to 0.0177")
1,00 mm (0.039”)

0,061 to 0,100 mm (0.0024” to 0.0039")
0,020 to 0,061 mm (0.0008” to 0.0024")
0,15 mm (0,006)

0,12 mm (0.005™)

Drop Forged Steel
166,0 mm (6.535”)
0,831 kg (29.251 oz.)
21,974 to 21,985 mm (0.8651” to 0.86557)
56,00 mm (2.20™)
0,015 to 0,056 mm (0.0006™ to 0.00227)
5 0,25 mm (0.010”)
©.0,50 mm (0.020™)
;0,75 mm (0.030”)
0,025 mm (0.0017)
‘0,10 to 0,25 mm (0.004” to 0.010”)
Triple Layer Steel Backed

Drop Forged Steel
5. L

66,0 mm (2.9984”) (Later crank) 60,0 mm (2.36227)

0,0f mm (0.0004”)
0,01 mm (0.0004”) _
0,016 to 0,045 mm (0.0006” to 0.0018”)
0,028 to 0,057 mm (0.0011” to 0.0022”)
Triple Layer Steel Backed

65,735 to 65,750 mm (2.5880" to 2.5886™)
65,485 to 65.500 mm (2.57817 to 2.5787")
65.235 to 65,250 mm (2.5683” to 2.5689")
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CRANKSHAFT ____;_ontmued)

Main Bearing Undersizes - Rework Diameter
(Later Crank) ..
— 0,25 mm (0. 010”)
~— 0,50 mm (0.020”) .
— 0,75 mm (0.030™) ..

Main Bearing Journal Length — _All excapt No.3 ..

) —No. 3 ..
Connecting Rod Bearing Journal
— Standard Diameter .
— Maximum Allowable Ovallty
— Maximum Allowable Taper
Conrod Journal Length .
Conrod Bearing Unders;zes — Rework Diameter
— 0,25 mm (0.010”)
— 0,50 mm (0.020) .
— 0,75 mm {0.030™) .
Crankshaft End Float
End Float Controlled by ..
Pinion Pilot Bearing
Outside Diameter
Inside Diameter .
Dynamic Balance in Re]atlon to Centrc Lme
Flywheel out of Round

SPECIAL TOOLS

59,735 to 59,750 mm (2.3518” to 2.3524™)
59,485 to 59,500 mm (2.3419” to 2.3425")
59,235 to 59,250 mm (2.3321” to 2.3327™)
31,00 to 31,05 mm (1.220” to 1.222™)
30,90 to 31,10 mm (1.216” to 1.224™)

53,00 mm (2.0866™)

0,01 mm (0.0004™)

0,01 mm (0.0004™)

28,35 to 23,_40 mm (1.116”t0 1.118")

52,735 to 52,750 mm (2.0762” to 2.0768™)
52,484 to 52,500 mm (2.0663" to 2.0669")
52,235 to 52,250 mm (2.0565” to 2.05717)
0,050 to 0,178 mm (0.002” to 0.007”)

No. 3 Bearing

Roller Bearing

32,0 mm (1.2607)

15,0 mm {0.590™)

34 g/cm (0.47 oz./inch)

0,127 mm {0.005™)

. _’:_,4’,‘{‘ .

.El92 Cdfﬁ?reséor“Piston Ring

EO102 .. .. o L Compressdr—Valve Spring

ESAS .. . e i e oo .. .. Counter-balance Shaft Bearing Installer

E9A6 .. ... .. ... .. .. .. .. .. .. Counter-balance Shaft Bearing Puller

EOM30C . ... ... .. . . .. .. Installer Valve Stem Seal

EOM30 . ... .. .. .. .. .. ... .. .. Kit-Remover/Installer Valve Guide and Oil Seal Installer

E9A7 . .. . .. .. .. .. .. .. .. Remover/Installer — Piston Pin
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TORQUE SPECIFICATIONS

APPLICATION Nm
Camshaft Bearing Caps ... ... ... ... ... .. 18-19
Camshaft Sprocket ... ... ... .. o o 49-58
Connecting Rod Cap ... ... ... ... ... .. 45-46
Counter-balance Chamber Cover ... ... ... .. 4-5
Counter-balance Shaft Bolts ... ... ... ... .. 30-38
Crankshaft Pulley .. ... . . . 108-127
Cylinder Block to Engine Mounting ... = 44-54
Cylinder Head Attaching Bolts —

Initial Forque (new gasket) ... ... .. .. 108-113
Cold e S 88-98
Hot 98-110

Cylinder Head to Timing Chain Cover .. .. I
Engine Support Bracket to Body ... ... ... . [0 -
Flywheel or Drive Plate . .. 127-137
Front insulator to Engine Bracket ... .. .. .. 14-19
Front Insulator to Sub Frame ... ... ... .. .. 30-39
Heater Joint ... ... ... ... .. .. .. .. 20-38
Inlet/ Exhaust Manifold ... ... ... .. ... .. 15-19
Main BearingCap ... ... ... .. ... . .. 73-83
Oil and Temperature Gauge Unit ... ... .. .. 30-38
Oil Filter ... ... ... .. . . . . . 11-12
SOl Pan L 6-8
Ol Pan Drain Plug ... . ... . .. . . 58-77
Oil Pump Cover ... ... ... ... ... .. .. 15-19
Rear Insulator to Engine Support Bracket ... .. -14-19
Rear Insulator to Transmission — Manual ... . 20-23
— Automatic = .. 13-15
Rocker Cover .. ... ... .. .. .. .. .. 3-7
Spark Plug = ... ... .. . .. .. .. .. 24-28

1bs./ins.

36-48

108
84

96-108
60-72

48-60

NOTE: Torque figures quoted are for cleam, dry threads in good condition.
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Fig. I—Astron engine longitudinal section
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GENERAL INFORMATION

The Astron engine is a four cylinder, over head cam,
cross flow design with hemispherical combustion chambers.
Two counter balance shafts are incorporated in the
cylinder block to reduce engine noise and vibration.

The cylinder head is made of aluminium alloy, being
light in weight and ensuring maximum cooling effect.
Hemispherical combustion chambers permit the use of
large diameter valves helping improve fuel combustion
efficiency and minimising differences in combustion
chamber volume, thus ensuring smooth engine operation.
The cross flow design permits the intake gases to be
drawn into the cylinder and exhaust gases to be driven out
from the cylinder in one direction, thus improving the
effect of combustion chamber scavenging and spark plug
cooling.

The camshaft is chain driven by the crankshaft and is
supported in the cylinder head by five journals and retained
by caps.

The cylinder block is made of alloy cast iron, with

good wear resistance characteristics. The crankshaft is
supported by five main journals, thrust being taken by the
centre bearing.

Two counter balance shafts are incorporated in the
cylinder block to cancel vertical and secondary vibrating
forces of the engine. The shafts are chain driven. from the
crankshaft at twice crankshaft speed and in opposite direc-
tion to each other. The left hand shaft is mounted in the

_upper section of the block anc’i?otates in the,same direction

as the crankshaft. The right hand shaft drounted in the
lower section of the block, rotates in the opposite direction
to the crankshaft. The right hand shaft rotational direction
is reversed by means of a pear drive whichi in turn is used
as the engine oil lubrication pump.
ENGINE REMOVAL

(1) Drain the cooling system. _ R

(2) Disconnect the battery negative lead.

(3) Remove radiator hoses, heater hoses, automatic
transmission cooler pipes (if applicable) and temove
radiator.

(4) Disconnect 2ll wiring to alternator, distributor, coil,
starter motor, sending units, cut off - solenoid and
transmission.

(3) Remove air cleaner and dlsconn.ect all vacuum lines,
fuel Jines and linkages.

(6) Disconnect exhaust pipe, propellor shaft and gear
linkages.

(7} Remove the gear lever (manuai trans. vehicles).

(8) Diséonnect clutch cable and speedonzcable.

(9) Remove the engine hood (Refer Gr.(;ﬁp 23).
(10) Drain engine and transmission oil.

(11) Disconnect all engine mountings.

{12} Install a suitable engine lifting bracket and remove
the engine and transmission with a suitable lifting hoist.

Installation

(1) Install engine lifting bracket on engine, attach hoist
and install engine into vehicle being careful not to damage
any engine or body components.

(2) Align engine mounts, position engine and tighten
mounts to specification.

(3) Remove hoist and lifting bracket.

(4) Replace all fuel lines, vacuum hoses, éil.éctriCal
wiring, exhaust pipe, throttle control, clutch cable, propel-
lor shaft and air cleaner.

(5) Replace radiator, shroud, radiator hoses, heater:
hoses and transmission cooler pipes (if applicable).

(6) Replace gear lever (manual trans.) and reconnect
transmission linkages.

(7) Fill radiator using rain water or demineralised water
and adding corrosion inhibitor (or antifreeze if required).

(8) Fill engine crankcase with the correct grade and
quantity of first grade engine oil,

(9) Refill transmlsswn with the. correct type and
quantity of oil. :

(10) Refit engine hood and adjust clearance margms '
ensuring it closes correctly and securely.

(11) Run engine and check for leaks at 01] Imes, fuel
lines, coolant hoses and oil pan. e

{12} Adjust all linkages and settings to spec:ﬁcatlons

CYLINDER HEAD

The aluminium alley cylinder head has hemispherical
combustion chambers and is of a cross flow design. An
overhead camshaft is supported by five journals and:.
operates the valves through two rocker shafts. Inlet valves
are on the left, exbaust valves are on the right. The stem
and head of the exhaust valves are welded and the valve
face is stellited. .

Removal

NOTE: Prior te removing cylinder head allow the
engine to cool otherwise cylinder head warpage
may ceeur.

(1) Disconnect the battery negative (ground) terminal.

(2) Drain the water from the radiator and cylmder
block.

(3) Disconnect exhaust pipe from manifold.

(4). Disconnect throttle cable, kickdown linkage (1f.
applicable), fuel supply line, vacuum hoses, electrlcal .
leads, radiator and heater hoses, etc. T

(5) Manually rotate engine to the top dead centre-_'
position with No. 1 piston on the compression stroke,
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Fig. 3—Sectional view cylinder head

(6) Remove distributor.

(7) If the cylinder head is to be disassembled, the inlet
and exhaust manifolds can be removed for easier handling
of the cylinder head.

(8) Remove the rocker arm cover.

(9) Ensure that No. 1 piston is at top dead centre on the
compression’ stroke by aligning the crankshaft pulley
timing mark on the TDC “T” mark of the timing plate.
The camshaft dowel pin should be in the upper most
position as shown in Fig. 4.

S Dowel pin

Timing mark
{position of TDC)

Fig. 4—Position TDC on No. 1 piston

(10) With a suitable marking pencil, mark the timing
chain in line with the camshaft dowel pin.

(11) Remove the camshaft sprocket bolt and distributor
drive gear and remove the sprocket from the camshatt.

NOTE: Do not remove the sprocket from the timing
chain, as this will necessitate timing chain cover
removal to realign the timing gears.

(12) Loosen the cylinder head bolts in two stages to
prevent cylinder head warpage — use order shown in Fig.
5.

Fig. 5—Cylinder head belt removal sequence

(13) Remove the cylinder head from the cylinder block
by raising it vertically over the timing chain and sprocket.
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Fig. 6—Sealing points

NOTE: The cylinder head is positioned on the block
by two dowel pins. When removing the head, do
not twist or slide it or the camshait sprocket may
be distodged from the chain.

(14) Clean head thoroughly and inspect for damaged
surfaces, components, cracks, water leaks, etc.

Installation

(1) Ensure that the joint surface between the top of the
chain cover and cylinder block is flat.

(2) Apply sealant to the two joint surfaces as shown in
Fig. 6.

(3) Fit the cylinder head gasket to the cylinder block
locating it correctly on the dowel pins.

NOTE: Use only jointing compound part numbers
P49355, 4067481 (Hylomar) on the cylinder
head gasket.

(4) Install the cylinder head locating it on the dowel
pins. Do not slide the head across the dowel pins as
damage to the head surface may occur. Care must also be
taken to avoid dislocation of the camshaft sprocket from
the timing chain.

(5) Tighten the cylinder head bolts in three stages to the
specified torque and in the sequence shown in Fig. 7.

Fig. 8—Installing camshaft sprocket

(6) Install the camshaft sprocket and distributor drive
onto the camshaft, rotating the camshaft to align the dowel
pin to the sprocket. Ensure that the sprocket mating mark
is aligned with the timing chain plated link. Temporarily
tighten the sprocket boit.

(7) Turn the crankshaft back 90° and tighten the
sprocket bolt to the specified torque.

(8) Adjust the valve clearances to specification.

(9) Instail the breather and gasket to cylinder head,
applying sealer to the contact surfaces—Refer Fig. 9.

(10) Install the rocker shaft cover and tighten the
retaining bolts to specification.

NOTE: It has been established that over tightening
of the rocker cover bolfs can result in distortion
of No. 4 camshaft journal with subsequent
danger of camshaft seizure,

(11) Install the intake and exhaust manifolds using new
gaskets. Apply sealer to both sides of the inlet manifold
around the coolant passages. Tighten the manifold nuts to
the specified torque,

(12) Install the distributor.

{13) Connect all linkages, fuel lines, vacuum hoses,
breather hoses, electrical leads, radiator and heater hoses,
etc.

Sealant

Sealant

Fig. 7—Cylinder head bolt tightening sequence

REV. AFRIL °

Fig. 9—Breather sealing points™;,
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(14) Reconnect exhaust pipe.

(15) Fill the radiator using rain water or demineralised
water and adding corrosion inhibitor {or anti-freeze if
required).

(16} Connect battery cable and start engine. Run engine
uniil normal operating temperature is reached and check
for water or oil leaks.

NOTE: Cylinder head bolts must he retorqued after
800 km (500 miles). -

VALVE CLEARANCE ADJUSTMENT

NOTE: Valve clearances must be adjusted with the
engine warm and stationary.

{1} Remove air cleaner and rocker shaft cover.

(2) Set No. 1 piston to top dead centre (T.D.C.} on
compression stroke,

(3) Loosen the valve adjusting lock nuts.

~ (4) Adjust the valve clearance on No. 1 inlet and
exhaust, No. 2 inlet and No. 3 exhaust to the specified
dimension, tighten lock nuts.

(5) Tighten the locknuis.

No. 1 piston on TDC

No. 4 piston on TDC

Fig. 10—Valve clearance adjustment sequence

K otate the engine once and align the crankshaft
pulley with the TDC mark, i.e. No. 4 on TDC.

(7) Adjust the valve clearance on No. 4 inlet and
exhaust, No. 3 inlet and No. 2 exhaust to the specified
dimension.

(8) Install the rocker cover and air cleaner assembly.

T\
RN

i ir
Lk
=

o oy s

Fig. 11—Adjusting valve clearances.

CYLINDER HEAD ASSEMBLY

With cylinder head removed from engine and inlet and
exhaust manifolds removed, proceed as follows:

{1) Remove spark plugs.
(2) Remove camshaft bearing cap nuts.

(3) Holding the front and rear caps, remove the rocker
arm shaft assemblies.

(4) Disassemble the caps, rocker arms, springs, shafts
and wave washers keeping them in the order of removal.
Care should be taken not to lose the camshaft cap
locating dowel pins.

(5) Remove the camshaft,
(6) Using a valve spring compressor, remove the collets,

- spring retainers, springs, spring seats and valves, keeping

them in the order of removal.

(7) With the aid of a screwdriver, remove the valve
stem seals—Refer fig. 12,

NOTE: Valve ster seals shoanld nof be re-used,

Fig. 12—Removing valve stem seals

REY. APRIL 81
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Cleaning and Inspection

Check the cylinder head for water leakage and damage
before cleaning.

Clean each part carefully removing all pieces of dirt, oil,

grease and carbon deposits. Clean oil holes and passages
using compressed air ensuring they are not clogged.

Care should be taken not to damage valve seats,
cylinder head surface and camshaft journals.
- Using a straight edge and feeler gauge, check the
cylinder head for distortion as shown in Fig. 13.

Fig. 13—Check cylinder head distortion

If cylinder head distortion exceeds the specified limit it
must be resurfaced.

Check the cylinder head manifold mbunting surfaces for
flatness or damage. :

VALVE GUIDES

Check the valve stem to guide clearance. If the clearance
exceeds the specified limit replace the guide with the next
oversize guide. Valve guides are shrunk into position,
therefore when replacement is necessary the following
procedure must be adopted.

(1) Using Tool No. E9M30 remove defective guide
towards cylinder block surface.

NOTE: This operation should be conducted with the
cylinder head temperature raised to 250°C
(480°F) for M.M.C. cylinder heads and 180C°
(356°F) for Australian cylinder heads. M.M.C.
cylinder heads can be identified by an oil gallery
plug at the R.H.F. of the cylinder head, Austra-
lian cylinder heads do not have this plag fitted,

CAUTION: Correct identification of the cylinder
head before heating is imperative or serious
damage can occur.

(2) With the cylinder head at normal temperatﬁfg_;__rea.m
the head as specified for the oversize guide. @

(3) Heat the cylinder head to the correct temperature
(see note), and insert the guides quickly. Using Tool No.
ESM30, install guides to the specified dimension.

(4) After guide is installed check the inside diameter
and ream to specification if necessary.

Fig. 14—Removing valve guides

VALVE SEAT INSERT

The valve séat should be checked for overheating and
improper contact with the valve face. If faulty it must be
re-cut or replaced.

Fig. 15—Installing valve guides

Re-Cutting Valve Seat
(1) Check valve guide for wear, if faulty replace guide
as previously described.

(2) Re-condition the seat using either a seat grinder or
seat cutter.

(3} The valve seat contact width should be as specified,

at the centre of the valve face and as shown in Fig, 16.

(4) After cutting, lap the valve and valve seat lightly
with a fine lapping compound. S
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Fig.‘ 16—Valve seat angles

Replacing Valve Seat Insert

Check the valve seat insert “sinkage” by measuring the
installed height of the valve spring between the spring
retainer and seat. If the sinkage exceeds the specified limit.
replace the seat insert as follows:

-~

A\
\

M= =W @D
) e '*'/J &v

@
AN

%('((
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-

Fig. 17—Checking valve spring installed height

(1) Thin down the valve seat insert by cutting, with a
suitable cutter, to within 0,5 to 1,0 mm (0.020” to 0.040™)
of the cylinder head. Refer to Fig. 18 (A).

(2) Remove the valve seat insert and cut the seat insert
bore diameter and height to the dimension shown in the
specifications, Refer Fig. 18 (B).

{3) Heat the cylinder head to correct temperature (sce
note previous page) and press in the new valve seatl insert.

(4) Cut the insert to form a new seat as described in
Re-cutting Valve Seat.

0.3mmR >
{0.012in.R)
V/ }//, 7/’ 7Y
//\ ;\\‘—Remuve Z J New hote
N
N Z i Old hole
.

NN

A B

Fig. 18—Replacing valve seat insert

VALVES

Check each valve for wear, damage and deformation of
the head and stem (B). '

If the stem tip (A) is pitted it must be re-ground. Re- -
move only sufficient material to restore tip flatness.

If the thickness of the valve face (C) is less than the
specified limit, the valve must be replaced.

A
4

E
%

Fig. 19—Valve check pointé

. VALVE SPRINGS

Check the free length and tension of each valve spring.
If they are not within specifications replace the spring,

Using a square, check the squareness of each spring, If
the spring is excessively out of square, replace the spring.

CAMSHAFT AND CAMSHAFT BEARING CAP

(1) Check the camshaft for bending by supporting it at
the ends and mounting a dial indicator at the No. 2 or No.
3 journal. Rotate the camshaft once. Half of the total
indicator reading is the amount of camshaft bend, if this
exceeds the specified limit the camshaft should be repaired

. or replaced.

‘REV:: APRIL 81
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Fig, 20—Checking camshaft for bending

(2) Check the cam lobes and profile for damage. If the
lobe or profile are damaged, or worn excessively (see
specifications), replace the camshaft,

Fig. 21—Checking cam lobe height

(3) Check the camshaft caps for damage on the inner
sarface. If the caps are excessively damaged the cylinder
head must be replaced.

Check the camshaft journal to cap clearance by instal-
ling the caps to the cylinder head and measuring the cap
inside diameter and the camshaft journal outside diameter
as shown in Figs. 22 and 23, If the clearance exceeds the
specified limit and the journals are worn, replace the cam-
shaft. If the caps are worn replace the cylinder head.

NOTE: The cap retaining nuts must be tightened to
the specified torque prior to measoring internal
diameter.

Fig. 23—Measuring camshaft journal diameter

(4) Check the camshaft end float, if it exceeds the speci-
fied limit check the camshaft and cylinder head for wear
and replace the faulty component.

Fig. 24—Checking camshaft end float
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Fig. 25—Checking the rocker arms

ROCKER ARMS AND ROCKER ARM SHAFTS

(1) Check if rocker arm to cam lobe contact face and
adjusting screw to valve contact is damaged or wormn.
If only slight wear is evident they can be corrected with

an ol stone. If they are severely worn or damaged they’

must be replaced. _ 7

(2) Check the clearance between the rocker arms. and
rocker arm shaft, if they exceed the specified limit-replace
the arms or shafis.

(3) Check the rocker arm shafts for damage and bend,
if faulty they must be replaced.

Fig. 26—Measuring rocker arm shafts diameter

NOTE: As a running change the cast iron rocker arm
- was replaced with assemblies made from die cast
aluminivm plos the introduction of oil grooves
in the rocker shafts. The early rocker arms can
can be psed on the Iater rocker shaits, the later
rocker arms MUST NOT be used on the early

~ non greoved shafts.

CYLINDER HEAD REASSEMBLY

When assembling cylinder head ensure all parts are
thoroughly cleaned and that all moving parts are lubri-
cated with engine oil prior to assembly.

(1) Install the valve spring scats.

(2) Install the valve stem seals over the valve guides
using Tool No. BESM30C. The seal is installed to the
specified position by the tool. Failure to position the seal

Stem seal instailer .

Yalve spring seat

Fig. 27—Installing valve stem seals B “

correctly will cause damage to the seal resultmg in oil
passing the seal. :

NOTE: Old stem seals must not he reused

{(3) Apply engine oil to the valve stem and install the .
valves into the guides. Do not use excessive force to press
the valve stem past the valve stem seal.

{4) Ensure the valve moves smoothly in the gu:de

(5} Install valve springs and spring refainers.

NOTE: Install valve springs with the enamel identi-
fication marks facing the rocker arms.

(6) Using a valve spring compressor install the valve e
collets. )

NOTE: When compressing the spring, take care that
the spring retainer is not forced against the valve
stem seal. :

(7) Position the cam shaft onto the cyhnder head and
" check end float.

* (8) Install the caps, rocker. arms, sprmgs and wave -
washers onfo both rocker arm shafts. The caps must be
instalied with the indicating arrow facing the front of the
engine and in the order they were removed. The springs
must also be fitted onto the correct shaft, right hand shaft-
springs are 82,4 mm (3.24”) long, left -hand springs” are
64,5 mm (2.54) long, on later engines the’ shorter spring

5 g Rocker shaft,
Rocker arm Sprlng, L rlght '

right % % @
front WVWW GYYWB
Forward wtm ~'i-° ' [ “_ 4>

lw o

Wave washer Spnng left

Bearing cap

G [T 5 "_;9}

} ' ,
Rocker shaft, feft -~ : s

Fig. 28—Rocker arm shaft assemblies”
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Arrow indicating

Mating mark

the front

Fig. 29-—Rocker arm shaft to cap alignment

' is.used on'both.L'/H and R/H shafts. The right hand shaft

* has 12 oil ‘holes, the left hand shaft has 4 oil holes; on

later engines fitted with aluminium rockers the shafts also
have grooves at the oil holes.

NOTE: When assembling the rocker arm shaits to

the caps align the mating marks on the shafts’
_ and.cap. .

Install the wave washers with the convex side facing
the front of the engine. '

(9) Position the camshaft with the sprocket locating
‘dowel in the uppermost position (Fig. 30).

(10) Install the cap dowel bushings and position the
rocker shaft assembly onto the cylinder head.

(11) Instal the rocker arm cover ataching brackets to

the front and No. 4 camshaft caps.
{(12) Install cap retaining nuts and tighten in two stages
to the specified torque. Tightening order — No. 3, 2, 4,

~front and rear.

(13) Instali spark plugs.

Dowel pin.~

' _ Fig. SO;Po_sit-ionihg camshaft for installation

- CAMSHAFT AND COUNTER:BALANCE SHAFT

DRIVE CHAINS -
Later model engines are fitted with an access hole in the
timing chain cover to the'left of, and above, the crankshaft

pulley. This facilitates “in-service’ adjustment of the

counter-balance shaft drive chain. To adjust—

REV. APRIL ’81

(1) Remove the cover plate. ‘

(2) Loosen the bolt that protrudes through the opening,
Loosen enough to remove drag caused by the spring
washer but DO NOT remove the bolt completely. '

(3) To remove slack from the chain, apply firm ‘finger
pressure’ on the lever that protrudes through the opening,

(4) Release the pressure on the lever, re-apply light
‘finger-pressure’ on the lever and tighten the bolt securely.
DON'T apply pressure with a screw driver (or similar
tool) as this may lead to excessive chain noise and/or
chain guide wear. ‘

(5) Replace the cover gasket and refit the cover.

Removal

(1) Drain cooling system and remove radiator, hoses,
fan and alternator. ' '

(2} Rotate the engine to T.D.C. with No. 1 piston on
compression.

(3) Drain engine oil and remove engine oil pan bolts
allowing oil pan to clear timing chain cover.

(4) Remove the crankshaft pulley.

(5) Remove rocker cover, distributor and remove the
two bolts attaching the cylinder head to the timing chain
cover. ,

(6) Remove the timing chain cover being careful not to
damage the head gasket. o

(7) Remove the balancer shaft chain guides A, B and

C—Refer Fig. 31.

0il pump
Gounterbaiancex_f_ <

Q

Chain guide ¢~ Craﬁkéhﬁﬂ
sprockel B

Fig. 3l_Counter—balance"'shafts drive ¢hain -

(8) Remove the bolts retaining the counter-balance
shaft sprockets “B”. g

{9} Remove the crankshaft sprocket “B”, counter-
balance shaft sprocket “B” and drive chain “B”.

(10y Remove the camshaft sprocket retaining bolt and
remove the sprocket holder.

(11) Depress the chain tensioner and remove the cam-

- shaft sprocket and timing chain.

(12) If necessary the crankshaft sprocket and chain
guides can be removed. e

(1) Install the timing chain guides and the camshaft
sprocket holder. Ty

(2) Install the chain tensioner spring and plunger onto
the oil pump. '
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Fig. 32— Timing chain drive

(3) Install the camshaft and crankshaft sprockets onto
the timing chain with the sprocket mating marks aligned
with the plated links on the chain,

(4) With the sprocket and chain mating marks aligned,
install the crankshaft sprocket onto the crankshaft.

(5) Align camshaft dowel pin with the camshait
sprocket and install sprocket onto camshaft. Tighten
sprocket bolt to the specified torque.

(6) Install the counter-balance shaft
sprocket “B”,

(7) Install the two counter-balance shaft sprockets “B”
onto chain “B” aligning the mating marks on the sprockets
with the plated links on the chain. (Refer Fig. 33).

crankshaft

NOTE: Ensure the right hand sprocket (ofl pump) is

installed with the chamfer side facing inward and

. the left hand sprocket with the chamfer Facing
outward.

(8) While holding the chain and sprockets assembled
as above, install the chain onto the crankshaft sprocket
with the plated chain link aligned with the mating mark
on the crankshaft sprocket.

(9) Install the counter-balance shaft sprockets (onto
the shaft) and oil pump driven gear at the same time.
~ (10) Install the sprocket retaining bolts and tighten to
specification. .

NOTE: Ensure the sprocket mating marks align with
the plated chain link,

(11) Temporarily install chain guides “A”, “B” and
N :;C”-
(12) Tighten the chain guide “A” moimting bolts.
(13) Tighten the chain guide “C” mounting bolts.
. {14) Take-up all the chain slackness at point “P”, Fig.
33. Adjust the chain guide “B”, se that when the chain
is pulled in the direction “Y” with finger tips, the clearance
between the chain guide “B” and the chain-links is 1,0 mm
(0.040”). Tighten the chain.guide bolts securely
(15) Install the tlmmg chain cover.

“Plated dink

Chain guide B
R
o S
Section P-P . Mating
e/ mark-

Adjusting hole

{in chain puide B)
Mating mark =2
: e Xy Chain guide A

Plated ~"
link

A7 .
Plated fink

Mating
mark

Fig. 33—Counter-balance shaft chain alignment and
adjustment (early type chain guide B)

(16) Install the bolts attaching the cylinder head to the
timing cover and torque to specification, install distributor
and rocker shaft cover. .

{17} Instali the crankshaft pulley and tighten the retain-
ing bolt to the specified torque,

(18) install the engine oil pan, tighten retaining bolts
to the specified torque.

(19) Install the fan, radiator, hoses and alternator,
readjust fan belt.

(20} Fill the cooling system with rain or demineralised
water, add corrosion inhibitor (or anti-freeze if required).

(21) Fill the engme with the correct grade "md gquantity
of first grade engine oil.

(22) Reset ignition tlm:i'ri'g.
CYLINDER BLOCK DISASSEMBLY

The cylinder block can be disassembled with the engine
either in or out of the vehicle. This mainly depends on the
amount of reconditioning required.

The following description details the disassembly with
the engine removed from the vehicle and transmission
removed from the engine.

{1) Remove the cylinder head assembly as described
under Cylinder Head Removal.

(2) Remove the oil pan and oil screen.

3) Re'r)pove the counter-balance shaft and camshaft
drive chains as previously described.

(4) Remove the flywheel and cluich assembly or torque
convertor drive plate.
(5) Remove the bolt retaining the oil pump driven gear

to the counier-balance shaft and then remove the oil pump
retaining bolts and remove the pump.
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Fig. 34— Early cylinder block (showing grooved lower bearing shells and caps)

NOTE: 1i the bolt retaining the oil pump gear to the (12) Remove the piston ringé from the pistons keeping

counter-balance shaft is difficelt to remove, them in order of removal.
remove the oil pump. and connter-balance shaft (13) Remove the pistons from the rods using Tool No.
as an assembly and then remove the bolt. s E9A7. ]

-{6) Remove the bolts ‘securing the left hand counter-- " (I3) Remove the crankshaft bearing caps and lower

-, bearings, keeping them in removed order. :
© (14) Remove the crankshaft and the upper bearing
halves. : :

balanc_e*“‘mshaft thrust plate.::: -

(7) Thread two 8 mm diameter bolts into the th )
plate flange holes and remove thrust plate by simul-

taneously turning the bolts into the flange. The bolts Wil NOTE: The main bearings (except the centre one)
pull the thrust plate away from the cylinder block. K are interchangeable, however, if they are to be
NOTE: Later thrust plates have the threads deleted, reused they should be installed in the original

from the holes, in this sifuation remove the * - position. N
side cover plate and using 2 hammer and soft
drift, tap out the thrust plate and shaft assembly
from the inside. EEES

(8) Withdraw the counter-balance shaft. _ :
(9) Remove the crankshaft rear oil seal assembly.:” T |
(10) With the cylinder block on its side, remove the : Push rod
connecting rod caps.
NOTE: Later model fully imported engines do not ,
have the cylinder number stampings on the rod e Front mark (52} or (G5)
or cap. Mark the rod and cap with the appro- ] b
priate cylinder number as an aid to assembly.

(11) With the aid of a soft piece of wood push the pist = - S0 R e

piston and rod assembly out through the top of the Iston ; ) o

cylinder block, keeping the piston assemblies and caps in d \:\Bady‘ L

the order removed. ' . 1 /| ' e

‘ NOTE: Prior to removing the piston and rod assem-

e . blies; remove all carbon deposits and/ or cylinder ‘
ridge from the cylinder bore, Fig. 35—Removing piston from connecting rod

Pistan pin ' Connecting rod

Front mark 1

R
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Cleaning and Inspection

Before cleaning, check the cylinder block for water
leakage, cracks or damage.

When cleaning, remove all traces of oil, grease, dirt,
carbon and scale from all components. Clean out all oil
passages by blowing with compressed air.

Checking Cylinder Block

(1) Check the cylinder bores for scratches, rust, corro-
sion, cracks or any defects or damage, if faulty the block
must be rebored or replaced. |

(2) Check the upper surface of the cylinder block for
distortion using a straight edge and feeler guages. If it is
not within specifications the surface must be refaced. If
refacing is necessary, an equivalent amount must be
removed from the timing chain case to maintain a flat
gasket surface.

NN

it

' Fig. 37—Checking cylinder block and timing chain case
step

(3) Measure the cylinder bore size at three levels, If the
wear cxceeds the specified limit the cylinders must be
re-bored to the next piston size.

NOTE: If only one cylinder requires re-boring, all the
cylinders MUST be re-bored.

(4) If the cylinder does not require re-boring, remove
the ridge at the top of the cylinder and hone the bores if
necessary.

\.'LN\. PRy

INNAN

Fig. 38—Measuring cylinder bores

Cylinder Boring
(1) The piston size to be used should be determined by
the cylinder which has the largest bore size.

(2) Check the outside diameter of each oversize piston
at the skirt and across the thrust faces. The measurement
should be taken at a point 2,0 mm (0.079) from the
bottom of the piston.

(3) To determine the cylinder re-bore size proceed as
follows:
{a) Measure the diameter of the piston.
{b) Allow piston torbore clearance,
(¢) Honing margin = 0,02 mm {0.0008”) or less.
(d) Finished re-boring size — a4 b—c =a 40 to
,02 mm (0.00087).

{4) The cylinder should be re-bored to the size obtained
by the calculation.

(5) The final cut
(0.0027).

NOTE: Do not attempt to cut toe mach from the bore
at one time.

hould not be greater than 0,05 mm

(6) To prevent heat distortion of the bores when
re-boring, the cylinders should be bored in the following
sequence: 2-4-1-3 or 3-1-4-2.

(7) The cylinder hore size will vary immediately after
re-boring, due to the heat gencrated by the cutting opera-
tion, therefore care should be taken when measuring the
bore size.

’
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Fig. 39-—Measuring piston diameter

(8) After cutting, the bore should be honed accurately to
the finished size. The bores should be honed until all traces
of the cutting operation are removed. The honing angle
should be between 30° and 45°.

(9) Check the piston to cylinder wall clearance.

PISTONS, PISTON PINS AND PISTON RINGS

(1) Check the pistons for seizure, nicks, wear, cracks
and any other defect. Replace any faulty pistons.

(2) Check the piston pin to piston pin hole fit. The pin
must be a smooth hand press fit into the piston hole.
Replace any piston and pin assembly that is defective.

(3) Check the piston rings for breakage, damage and
abnormal wear. Replace any defective rings.

NOTE: If a piston is replaced, new rings should also
be fitted.

{4) Measure the piston ring side clearance by placing
the ring in its respective piston groove and checking the
clearance with a feeler gauge. If it exceeds the specified

limit, recheck the clearance with a new pistdn ring. If the

clearance is still excessive replace the piston and rings; if

it is within specification, replace the rings only.

(5) Measure the piston ring end gap by inserting the

ring into the cylinder and positioning it at right angles to
the cylinder wall by pressing it down with a piston.
Remove the piston and measure the ring gap using a feeler
gauge. If the gap exceeds the specified limit, replace the
piston rings.

NOTE: If the cylinders are not being re-bored, the
ring gap measurement should be made at the
lower part of the cylinder, the area having the
least wear. When replacing the piston rings, be
sure to use rings of the same size.

Piston ring

Fig. 40—Measuring piston ring side clearance

Fig. 41—Measuring piston ring gap

CONNECTING RODS

(1) Cpébl_%he connecting rod for damage at the thrust
faces at either end and for step wear or severely rough
surface of the inside diameter of the small end. Replace
faulty rods.

NOTE: When using a new connecting rod, the
cylinder number should be stamped or marked
on the big end.

(2) Measure the connecting rod small end diameter, if
not within specifications, replace the rod.

(3) Using a connecting rod aligner, check the rod for
bend and twist. If a rod falls just outside the specified limit
it can be straightened by using a press. A rod that is
severely bent or distorted must be replaced.

(4) Measure the connecting rod side clearance by
assembling the rod and bearing onto the crankshaft and

tightening the bolts to the specified torque. Measure the

clearance between the connecting rod and crankshaft using
feeler gauges. If this exceeds the specified limit, replace the
rod.

REV, MAY '78
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Fig. 42—Measuring connecting rod side clearance

CRANKSHAFT

(1) Check the crankshaft journals for damage, uneven
-wear and cracks. Check all oil holes for clogging.

(2) Check the crankshaft for bending by supporting it
between centres and positening a dial indicator on the
centre journal. Rotate the shaft once noting the total
indicator reading. Half of the reading is the amount of
bend, if this exceeds the specified limit, repair or replace
the crankshaft.

Fig. 44—Measuring crankshaft journal diameter

b 2.5mm R
{0.098in.R)

.098Rin. 2.5mmR (0.098in.R)

s
]

Fig. 45—Crankshaft journal fillet radii

(5) ‘Check the crankshaft end float by assembling the
crankshaft, bearings and caps to the cylinder block. Insert
a fecler gauge between the centre bearing and crankshaft,
if the end float exceeds the specified limit, replace the
centre bearing, :

Fig. 43— Measuring crankshaft bend

(3) Measure the crankshaft journal diameters as shown
in Fig. 44. If they are excessively out of round, tapered or
worn they must be re-ground to the next undersize.

NOTE: Grinding of crankshaft journals must only be
done AFTER checking/repairing crankshaft
bend.

NOTE: Whenever crankshaft jowurnals are re-gronnd,
' the correct undersize bearings must be fitted,

(4) When grinding the crankshaft, care must be taken to
ensure the crankshaft journal fillet radii are 2,5 mm
(0.098™).

Fig. 46—Measuring crankshaft end float

o
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MAIN AND CONNECTING ROD BEARINGS

(1) Check all bearings for peeling, melting, seizure and
improper contact. Replace any faulty bearings.

(2) Checking the journal to bearing clearance can be
done using either of two methods:

(a) measuring journal and bearing diameters;

(b) using the plastigauge method.

Measuring Diameters

(1) Measure the outside diameter of the main and con-
necting rod journals, Fig. 44.

(2) Assemble the bearings and caps and measure the
bearing inside diameter, Fig. 47. The clearance is the
difference between the respective bearing and journal
diameter. :

(3) If the clearance is not within specification and the
journal diameter is within specification the bearings must
be replaced.

Fig. 47—Measuring bearing diameter

Plastigauge Method

(1) Remove all oil, grease and dirt from the bearings
and journals,

(2) Cut a piece of plastigauge the length of the bearing
width and place it across the bearing, away from the oil
hole. :

{3) Install the crankshaft/connecting rod, bearings and
caps and torque them to specifications.

NOTE: Do not rotate the crankshaft or connecting
rod doring this operation.

(4) Remove the caps and measurc the width of the
plastigauge at the widest part using the scale printed on
the plastigauge packet.

(5) If the clearance is not within specification and the
journal diameter is within specification the bearings must
be replaced.

) -] e =3 =

Fig. 48—Checking bearing clearance using plastigauge

COUNTER-BALANCE SHAFT AND BEARING

(1) Check the bearings for scratches and seizure,
replace if faulty. The left hand shaft, bearing and thrust
plate, must be replaced as an assembly if fauity. Refer
Group 10—Engine Ojling for servicing of the right hand
shaft front bearing, _

(2) Measure the outside diameter of the shaft journal
and the inside diameter of the bearing to check the clear-
ance. If the clearance exceeds specification and the shaft
journal is within specification, the bearing must be
replaced.

(3) Check the oil hole for clogging.

Bearing Replacement

(1} Using Tool No. E9AS6 insert the tool through the .
shaft hole at the front of the cylinder block until its
rotatable claw portion passes beyond the bearing.

(2) Pull the tool forward to fit the claws into the
bearing. "

(3) Hold the shaft of the tool with a spanner and turn
the nut of the tool, this will pull out the bearing,

Bearing puller Bearing

Cylinder block
front surface

RS
e
B

Nut
Cylinder block

Fig. 40—Removing counter-balance shaft bearing
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~ {4) Using Tool No. ESAS, the bearing can be press

. fitted to the spécified position. Since the teol has no guide,

.. extra care must be taken to align the bearing outside
diameter and cylinder hole.

Bearing installer Bearing

(f:yhr{derr?lock\ e
ront surface LN
W I

vz

\

_"A_ v}

/

Cylinder block

Fig. 50—Installing counter-balance shaft bearing

SPROCKET, CHAIN, TENSIONER AND GUIDE

(1) Check all sprockets for teeth damage and wear.
Check counter-balance shaft sprockets for damaged
cushion ring and ring guide. Ensure cushion ring rotates
smoothly.

(2) Check the chain for roller play, wear, damage, dis-
connected links, etc.

~(3) Check the chain tensioner rubber shoe for wear and
the ‘tensioner spring length specification.

(4) Check the chain guides for wear and damage. If the
guides arc severely worn or damaged they should be
replaced.

FLYWHEEL AND RING GEAR

(1} Check the flywheel surface for wear or damage, if
excessively worn or damaged, replace the flywheel.

(2) Check the flywheel surface run-out, if it exceeds the
specified limit replace the flywheel.

Fig. 51---Checking flywheel surface run-out

(3) Check the ring gear for damage, cracking and wear,
replace if necessary.

Ring Gear Replacement

(1) Remove the ring gear by tapping it around the
circumferance with a hammer and drift.

NOTE: Do net attempf to remove the ring gear by
heating,
(2) Install the ring gear by heating it on a gas ring to
260 to 280°C (500 to 536°F) and shrinkage-fit it on the
flywheel.

OIL SEALS, OIL PAN AND OIL SCREEN

(1) Check the front and rear crankshaft seals for
damaged or worn lips. Replace the seal if defective.

(2) Check the oil pan for damage and cracks, repair or
replace the oil pan as necessary.

(3) Check the oil screen for failure, damage and cracks.
Check the O-ring for defects. Replace any faulty parts.

CYLINDER BLOCK REASSEMBLY

When assembling the cylinder block the following pro-
cedures should be observed:

® Thoroughly clean all components especially oil holes,
bearings, housings, bores and cylinder walls,

® Apply engine oil to sliding and rotating parts such as
cylinder walls, pistons, bearings and gears prior to
installation.

® Gaskets and oil seals should be replaced with new
parts. '

@ Apply sealant to gasket as required,

® Torque all bolts to specification and in the specified
sequence where necessary.

® Check all oil clearances, thrust clearances and back-
lash where necessary,

(1) Install main bearings, upper, to the c¢ylinder block.
If reusing the main bearings, instali them in their original
position.

{2) Position crankshaft onto cylinder block and apply
oil to journals.

NOTE: On later 2,0 litre and 2,6 litre engines changes
were made to the crankshaft, main bearing shells
and caps. This involved the use of additional
oil heles in the crankshaft main bearing journals
and the deletion of oil grooves in the lower main
bearing shells and caps.

CAUTION: Lower main bearings and caps with the
oil groove are used with the oid crankshaft and
may be used with the new c¢rankshaft. For
engines with the lower main bearing and cap
without fthe groove, the new crankshaft MUST
be wsed. .

(3) Install the bearing caps and bearings, tightening the
cap bolts to specification and in the sequence of: centre,
No. 2, No. 4, front and rear.

NOTE: The caps must be installed with the arrow

mark facing the front of the engine and in the
correct order.
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m Front of engine

Arrow mark [ O

Cap No.

FFig. 52—Installing main bearing caps

(4) Ensure the crankshaft rotates lightly and smoothly
and that the end float is within specifications.

(5) Using Tool No. EZA7T set the piston pin positively
between the push rod and guide bar.

Push rod

Piston pin

Fig. 53—Fitting piston pin ento tool

(6) Lubricate the outer surface of the piston pin and
small end bore of the connecting rod.

(7) With the connecting rod and piston front marks"

aligned (arrow on piston, numerals on connecting rod),
insert the piston pin, guide bar and push rod into the
piston,

NOTE: There are three types of guides available, one
for 1,85 litre, one for 2,0 litre and- one for 2,6
litre engines respectively. Ensure the correct
tool is used for the piston being fitted.

CAUTION: A local pin common to 1,85 litre and
2,0 litre engines was introduced as a running
change, this pin is 72 mm (2.835) long and must
be assembled using the 1,85 litre guide.

(8) Insert the guide bar in the slot provided in tool

support, with the flat side of the guide bar aligned with the
inner wall of the slot. Sit the connecting rod small end

Connecting rod
Front mark

Front mark

Piston

Guide bar

D
i

Fig. 54—Piston and connecting rod assembled into tool

to rest positively on the tool support. Turn the piston pin
assembly half a turn,

(9) With the aid of a press, instail the piston pin until
the top end of the guide bar bottoms in the tool base.
The force required to install the pin must be between
7360 to 17165 N (1654 to 3,859 Ibs.).

NOTE: If the force required to fit the pin is not as

specified, the piston pin must be removed and
the pin and connecting rod diameters checked.

(10) With the piston assembled to the connecting rod
ensure that the piston moves freely and lightly,

Fig, 55—Installing piston pin

{11) Install the piston rings in the following order:
(a) Install the il ring expander.
(b) Fit one end of the oil ring top side rail into
the groove and “peel” the ring into the groove.
(Refer Fig. 36). Fit the lower side rail in a
similar manner.

NOTE: Ensare that both upper and lower side rails
can be turned ireely in the piston and that the
markings on the side rails face the top of the
piston,
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(c} Install the No. 2 piston ring and then No. 1
piston mng.

NOTE: Piston rings must be installed with the mark-
ings of the ring facing the top of the piston. On
local 2,0 litre rings the No. 1 piston ring has
no marking and may be fitted either way up.

{8) Position the piston rings so that the ring gaps are
as far from each other as possible and that they do not
align with the piston pin and thrust side of the piston.
Refer Fig. 58.

Side rail gap

Fig. 56—Fitting oil ring side rail

(9) Apply a liberal amount of engine oil to the piston
and rings.

{10) Compress the rings using a piston ring compressor.
Install the piston and connecting rod assembly into the?
cylinder ensuring the piston front mark is facing the front
‘of the engine and the assemblies are fitted into the correct
cylinder.

" NOTE: It is advisable to fit plastic covers or masking
tape around the connecting rod bolts to protect
the cylinder walls and crankshaft journals from
damage,

P
>Y

Fig. 57—Order of piston ring instailation

o U

L

4651 4652

No. 1 ring
gap

Gap of lower f

dide rail

-

Front of e'ngine

No. 2 ring gap
and spacer Gap of upper
expander gap side rail

Fig. 58—Piston ring gap position

{11} Install the connecting rod caps in the correct order,
with the cylinder number marks on the cap, aligned with
the numbers on the connecting rod. Tighten the cap bolts
to the specified torque.

(12) Check the connecting rod big-end side clearance.

(13) Install the crankshaft rear oil seal case. If the oil
seal has been removed from the case, install a new oil seal
to the case, ensuring it is properly seated into the case and
that the oil hole in the separator faces the bottom of the

case. Refer Fig. 60,

NOTE: The crankshaft oil seal lip should be kubri-
cated with engine oil prior to installation.

{t4) Install the flywheel (or torque convertor drive

- plate) tightening the bolts to the specified torque. Bend the

bolt locking tabs to securely hold the boits (where fitted). |
NOTE: Do net reuse old locking tabs,

' Fig. 59—Tighten connecting rod bearing caps

(15) Lubricate the right hand counter-balance shaft
bearing journal, and instali the shaft into the cylinder
block being careful not to damage the rear bearing.
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~ (18) Lubricate the left hand counter-balance shaft bear-
ing journal and install the shaft into the cylinder block
being careful not to. damage the rear bearing.

(19) Install a new O-ring in the thrust plate takmg
care not to twist the O-ring.

- ’ 0il hele

'Fig. 60-—Rear crankshaft seal assembly

NOTE: The counter-balance shafts are mnot inter-
changeable. The left hand shaft is ideatified by
the key way at the forward end of the shait, the
key way on the right hand shaft is further back

(16) Install the oil pump assembly, making sure that
the keyway of the oil pump driven gear fits the woodruff
key in the counter-balance shaft. Firmly tighten the oil
pumps mounting bolts.

NOTE: Fill the oil pump with engine oil prior to
installation,

(17) Tighten the bolt securing the counter-balance shaft
to the oil pump driven gear.

NOTE: Ii the fit of the counter-balance shaft to the
oil pump gear is tight, install the shaft to the
gear first and then install the shaft and oil pump
onto the cylinder block, as an assembly.

Q-ring
. / / e /7/
Gounterbalance
shaft, left
Guide
[ 6mm (.24in) ¢ Cylinger block
bolt with head
removed | ﬁ/
/// ‘-/ g ; f.'f
Thrast plate A

Fig. 61—Installing counter-balance shaft thrust plate

(20) Lubricate the O-ring prior to installation of the
thrust plate.

(21) TInstall the thrust plate, using two 6 mm diameter
threaded bolts, with the heads removed, as guide pins.

Chain guide ¢

Fig. 62—Counter-balance shaft‘system
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NOTE: Failure to use the guide pins will necessitate
rotation of the thrust plate to align the bolt holes, -
. which may cause damage or twisting of the
thrust plate O-ring.

(22) I_listall the drive chains, sprockets and timing cover
as previously described under Camgshaft and Counter-
Balance Shaft Drive Chains.

(23) Install the oil screen.

(24) Install the oil pan with a new gasket, coating both
sides of the entire gasket with sealant. The oil pan bolts
should be tightened in a criss~cross pattern.

(25) Install the oil pressure switch.

(26) Set the ehgine upright and install the cylinder
head assembly as previously described under Cylinder
Head.

(27) Install the engine mounting brackets and install
engine into vehicle as previously described.




