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Engine

Introduction

The Cabriclet and Scirocco engines are all four-oylinder, front-mountad and water-cooled,
The cast iron cylinder block supports the crankshaft in five main bearings. The overhead cam-
shafl running in the cylinder head is driven from the crankshaft by a reinforced toothed belt.
Displacement 1s 1781 oo (109 cu. in), commonly referred to as 1.8 liters. Horsepower is 94
{SAE net). The Scirocco 16V engine is also 1.8 [iters, but its cross-flow cylinder head design
and dual overhead camshafis with fourvalves percylinder (two intake and two exhaust) raises
rated horsepower 1o 123 (SAE net).

The engine is transverse-mounted and inclined toward the rear of the car-—a design that
permits alower hood Iine and improves weight distribution. The engine andiransaxle are sup-
ported as a single unit by a combination of bonded rubber mounts that isolate the drivetrain
and help reduce the transmission of noise and vibration to the rest of the car.

The engine’s transverse placemeant takes up less overall space than other designs and
makes possible a rcomisr passenger compartment. ltalso concentrates drivetrain waight over
the front driving wheels where it helps improve traction under slippery conditions. Despite a
slight forward waight bias whenthe car is empty, total vehicle weight is distributed about equal-
by onthe front and rear wheels when the car is loaded. Near-equal weight distribution increas-
es siability and assures precise handling.

The information in this section of the manual is intended both as a guide to Cabriolet and
Selrocee owners and as a reference for professional mechanics. Soms of the procedures and
repairs described require special squipment and some prior knowledge of general engine re-
pair and assembly practices. if you lack the skills, tools, or a suitable workplace for servicing
of repaining the engine, we suggestyou lsave these repairs to an authorized Volkswagen deal-
er or other qualified automotive repair shop. We especially urge vouto consult your authorized
Volkswagen dealer before beginning any repairs on a car that may be covered wholly or in part
by any of the extensive warranties issued by Volkswagen United States, Inc.
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1. GENERAL DESCRIPTION

The irndine four-cylinder overhead cam engine is water
f‘()("i@d and transmits power through a piston-driven crank-
The oylinder block is made of cast ron with integrat
(:yhm:ﬂem completely exposed on all sides to the coolant that
ciraulates through the water jacket. A separate cast alurninum
afloy cylinder head contains the belt-driven camshall and the
entire valve train. A cutaway view of the engine appears in Fig.

e U
intermediate
shaft

Fig. 11, Citaway view of engine.

1.1 Engine Components

Crankshaft and ﬁﬁaringﬁ

sounterweighied crankshall rotates in five replace

all main bearings. & B-piece %mes main beanng

iower shell, and four thrust Dearings) controls

kshalt end thrust. Flexible lp seals, pressed into light alloy
ars, are used at both ends of the crankshalt to prevent

Connecting Rods and Pistons

3 width twio upg
v vieoe ol serager fin i
retained s% aach end by circlips,

Cylinder Head

The cylinder head is an aluminum alloy casting. The over-
head camshaft bearing surfaces and the bores {or the cam fol-
lowers {valve lifters) are machined directly into the cylinder
head casting. The valve guides are press-fit and replaceable.

Yalve Train

The single overhead camshalt is driven from the crankshaft
by atoothed, steel-reinforced beit. The cam lobes and bucket-
style carnfollowers directly actuate the intake and the exhaust
valves. Valve clearance is adjusted by fitting the cam{ollowers
with shims of different sizes. Starting with the 1988 model
year, 8-valve engines have hydraulic cam followers. These
use enging oil pressure to maintain correct valve clearances
Intake and exhaust valves are equipped with dual valve
springs and both upper and lower spring seats.

inmtermediate Shaft

The intermediate shaft, turning in the cylinder block, is
located above and paralle! to the crankshaft, it is driven at half
orankshaft speed by the camshaft drive belt, and in turn drives
the oil pump and the ignition distributor shaft.

Lubrication System

A gear-type oif pump driven by the intermediate shaft draws
oit through a strainer in the bottorn of the oif pan and forces it
through a spin-on replaceable filter and into the engine’s ofl
passages. A pressure refief valve fimits the pressure in the
systern, and a filter bypass valve assures lubrication even if the
filter is plugged. An oil cooler is attached 1o the filter housing.
Engine coolant circulates through the oil cooler 1o help mod-
grate oil temperature. in addition to a warning system for low ol
pressure, a more sensitive dynamic oil pressure warming sys-
tem operates at elevated engine rpm.

1.2 16-valve Engine

The 16-valve engine is a highly developed version of the
basic 1.8 iter engine, sharing most of its major design features.
There are several diferences, in the cylinder head as well as
other related systems, which distinguish the 18-valve version.

Cylinder Block

The cylinder block used for the 16-valve engine has several
modifications 1o mip rake it more sulfable to the higher power
output, primarily in the lubrication system. The mma{,@way%
connecting the crankcase and the upper ovlinder head a
larger, 1:0 allow better ventilation and ol return, and an adaé
tional o ; %mqe in the block supplies oll to a series of spray

tes, elow each cylinder. At ol pressure above 3.5 bar
{50 psi ) HG nozzies open and smail streams of oil are sprayed
at the underside of each piston to provide additional cooling.
The cylinder block casting is also modified to accept a larger
crankoase Dreather,




Pistons

The 16-valve engine, because of its different cviinder head
design and valve arrangement, uses a different piston than the
other 1.8 liter engines to achieve the necessary combination of
compression ratio and valve clearance.

Cylinder Head

The cylinder head is, of course, the 18-valve engineg's major
departure from Volkswagen's other 1.8 Hter engines. its cross-
flow design features four valves per oylinder, versus the usual
two, operated by two overhead camshafts. The result is more
efficierd air flow into and out of the combustion chambers, and
an engine with greater efficlency and power over a wide rpm
range.

The cylinder head s an aluminum alloy casting with sintered
steg! valve seats. The press-it valve guides are replaceable,
while the bearing surfaces for the dual camshafts and the bores
for the carn followers are machined directly into the oylinder
head casting. Fig. 1-2 shows the 1§-valve cylinder head and #is
four-valve combustion chambers.

N W P 22'” No# A
A

Wi

o

drives the intake camshaft through a roller chain and sprockats
al the other end of the oylinder head. The drive belt and
sprockets, although similar to those of the other 1.8 liter en-

gines, are maodified 1o handle the exira loads of the 16valve
valve train. Fig. 1-3 shows the orlentation of the camshafts and
drive mechanisms in the assermbled oylinder head. The cam
lobes operate the intake and exhaust valves directly through
hydrautic cam followers which use engine ofl, supplied under
pressurs by the lubrication systern, to rmaintain correct valve
clearances. A spray-jet assembly, similar to that used 10 cool
the pistons, i used in the cylinder head o pravent ol from
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draining out of the supply gallery for the cam followers. Sodi-
um-filled exhaust valves aid heat transfer and reduce vaive seat
temperature. Dual valve springs and both upper and lower
spring seals are used on the intake and exhaust valves.

Fig. 1-3. 18~valve oylinder head and valve train.

intermediate Shaft

The ignition distributor on the 16-valve engine iz driven di-
rectly by the exhaust camshaft. The intermediate shaft, which
drives only the oil pump, is driven at 60% of crankshaft speed
by the camshaft drive belt.

1.3 Engine identification Codes and Specifications

Differentversions of the basic four-cylinder engine are used
inthe cars covered by this manual. Volkswagen uses a unique
engine code to identify each version and to distinguish be-
tween their different pans and specifications. The engine code
is the single most important piece of information for you to
know about your engine. Throughoutthis manual, where differ-
ent procedures of specifications may apply, the engine codes
are used to identify the correct information for each engine.

Finding Engine Codes

The engine code can be viewed in the engine compart-
ment. The code, JH for example, appears at the beginning of
the engine number. The number is stamped on a flat area of
the top of the engine block, just below the lower edge of the
cylinder head, between cylinders Mo. 3 and Mo. 4. The engire
nurmber starnp is shown in Fig, 1-4. Table a lists Cabriolet and
Selrocco enging codes, application information, and major
engine specifications,
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wvinders thres and four,

Table a. Engine Codes and Specifications

Engine code JH 2H PL
Mumber of 4

eylinders

Hare - mm {in 81.0(3.19)

Siroke - mm (in) 86.4 {3.40)
Displacement - 1781 (108}

o fony

Compression ratic | 851 1001 1001
Horsepower - G4 @ B500 | 94 @ 5400 | 123 @ SB0O0

SAE net @ rpm

Torgue -
sl @ rpom

102 @ 3000

100 @ 3000

120 @ 4250

Fuel injection /
Engine management

Dignfant

CIS-E

Application notes

from 1290

Bonoceo
18Y

2. MAINTENANCE

Volkswagen spacilies the maintenance steps below, to be
carried out at specific time and mileage intervals. A numberin
bold type indicates that the procedure is in this section, under
that numbered heading. See LUBRICATION AND MAINTE-
NANCE for other listed items, and for the prescribed intervals.

1. Checking engine oil level

P

. Changing engine oil and oil filter
3. Replacing spark plugs

4. Checking engine compression pressure. 3.2

ja

. Adsting valve clearance (with mechanical cam
followers, 1985-1887 8-valve engine anly). 4.4

8. Replacing cylinder head cover gasket {only with
valve adjustment listed above). 4.1

3. TROUBLESHOOTING

The principles of internal combustion can be very complex,
bt the basic engine functions are pretty simple. The potential
for problems is limited.

Wear is the main cause of any problem in an engine that
sees normal use and receives proper maintenance. Wear af-
fects the ability of the pistons, piston rings and valves to seal
the combustion chambers—to create and maintain compres-
ston. Wear increases clearances between moving parts. Final-
ly, wear affects the components that keep the crankshaft and
pistons, valve train and ignition properly timed,

This troubleshooting section deals with the basic sngine
functions. To investigate an engine oll pressure warning, or{o
troubleshoot the lubncation system, see 7. Lubrication Sys-
tem in this section. To troubleshoot other, mora general prob-
lerns with engine cooling or the way the engine starts or runs,
see COOLING SYSTEM, FUEL SYSTEM and IGNITION,

3.1 Basic Troubleshooting Principles

To isolate and identify engine problems, always begin with
careful observation ofthe symptoms. Someimpartantthingsto
look for are:

How quickly did the problem develop? Problems that ocour
suddenly are probably caused by a failure that can be correct-
ad by some sort of repair. A problemthat has developed grad-
vally, especially afler years and many tens of thousands of
miles, s more likely brought onby wear, R may meanthat more
comprehensive overhaul work is required,

Does the syrmpiom change with engine speed? if so, the
problem is most likely an engine problem. Noises which re-
peatedly occur only in a certain rpm range suggest a vibration
problerm. Noises or other symptoms that vary with the speed of
the car are more likely caused by problems somewhere else in
the drivetrain or running gear,



Iz the symptom load dependent? Forces at work inside a
munning engine vary as the demand for power varies. Symp-
toms which are more severe during hard accsieration indicate
certain kinds of problems, Symptoms which are more apparent
at no toad or high vacuum (example: coasting at high rpm)
peint 1o other problems. Note that higher engine loads also
affect the fuel and ignition systems, which may be responsibie
for high-load performance problems.

is the symptom temperature dependent? Does it only ocour
whern the engine is cold? Does it change as the engine warms
up? How? Metal parts expand and contract with changes in
temperature. Clearances change. Qi viscosity and cooling
systermn pressure change. In troubleshooting symptoms which
change as the engine gets warm, look for an engine charac-
teristic that changes with temperature.

The paragraphs which follow describe particular types of
problems and some of the basic troubleshooting principles
associated with them. Tabie b lists symploms of problems
commonly associated with engine trouble, their probable
causes, and suggested corrective actions. The numbers in
bold type in the corrective action column refer to numbered
headings in this section where the suggested repairs are de-
soribed.

MNoise

inorder 1o run reliably and smuoothly under harsh conditions,
the interngl engine parts are manufactured to precise dimen-
sions, assembled with precision clearances betweesn moving
parts, and lubricated by a pressurized oiling system.

Most unidentified engine noises result from clearances
which have become foo large due to worn or failed parts, lack
of adequate lubrication, or both. The importance of lubrication
carmot be over-emphasized. For best results, troubleshooting
engine noises should only be done when the ol and filter have
been recently changed and the oil level is correct.

High-pitched metallic tapping noises are caused by rela-
tively small, ightweight parts and are most likely an indication
of excessive clearances in the valve train. Valve train noise
accompanied by burning oll (blue-gray smoke in the exhaust),
particularly at startup or when decelerating from high rpm, is
an indication of worn valve guides which can only be remedied
by overhaul or replacement of the cylinder head. In a high-
rmiteage engine. a light metallic rattle or chatter under acceler-
ation, accomparied by increased ol consumption and smok-
ing, may indicate severely worn or broken piston rings. Since
this diagnosis means overnaul or replacement of the engine,
the problem should be further investigated with a compression
or cylinder leakage test. See 3.2 Diagnostic Testing.

Deep, medallic knocking sounds are caused by excessive
clearances between heavier cormponernits, Closer analysis of
the noise will often help identify the problem. Piston siap,
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caused by excessive piston skirt to cylinder wall clearance, is
waorse when the engine is cold and may be accompanied by
increased oil consumption and reduced compression due to
accelerated piston ring wear. A double knock, most pro-
nounced at idle or low load, is due to excessive clearance at the
piston pin and upper connecting rod bushing.

Crankshaft bearing problems produce a deep, hollow knock
that is worst when the engine is warm. A noise that is very
pronounced under load, perhaps louder during the transition
from acceleration 1o coasting, is most likely caused by a dam-
aged connecting rod bearing. Crankshaft main bearings pro-
duce a lower, dull knock. An intermittent knock, indicating
excessive crankshaft end play, may be most apparent when
depressing or releasing the clutch. These problems seldom
occur as isolated failures. They are almost always an indication
of the overall engine condition which can only be properly
corrected by complete engine overhaul or replacement.

Humbling or groaning from the engine compartment may
not indicate engine problems at all, but rather a worn bearing
or bushing in an engine-driven accessory. They inciude the
coolant pump, alternator, and may include a power steering
pump and air conditioning compressor. The air conditioning
compressor is equipped with an electrically-switched clutch-
type pulley, 50 a bad compressor will only be noisy when the air
conditioning is on. To check other accessories, run the engine
briefly with the drive belt disconnected and see if the noise has
stopped. Onee the drive beilt is removed, tuming the pulley and
shaft by hand may also reveal a bad bearing or bushing. A
property functioning accessory should turmn smogthly.

Fluid Leaks

Fluid leaking from and around the engine is most likely
either oil, coolant, or brake fluid. Look for wet spots on the
engine to help pinpoeint the source. It may be helpful to start by
cleaning the suspecied area.

The most Ekely sources of engine oil leaks are the ol filter
gasket, the crankcase oil seals, the cylinder head cover gas-
kets, or the oil pan gaskets, See 6. Cylinder Block and Pis-
tons for more information on the gaskets and seals.

The power steering system is ancther possible source of oil
leaks near the engine. For repairs 1o the power sieering sys-
tem, see SUSPENSION AND STEERING.

Coolant is a mixture of water and anti-freeze, vellow-green in
color or perhaps brown if the cooling system is corroded. A
pressure test of the cooling system is the best way to discover
and pinpoint leaks. See COOLING SYSTEM.

Brake fiuid is clear, perhaps slightly purple, and a little
slippery. Look for wet spots around the master cylinder or
brake fines. Especially check the flexible hoses near the wheels.
See BRAKES for repair information.
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Smaoking

Srnoke which is visible under the hood will be either blue-
gray smoke from burning ofl, or white steam from the cooling
systern. Both symptoms indicate a leak, See Fluid Leaks
atove,

Smoke in the exhaust indicates something getiing info the
combustion chamber and being burned which does not be-
tong thera, The color of the smoke identifies the contaminant.

Blue-gray smoke is from oil. Of smoke, probably accompa-
med by increased ol consumption and ofl residue on spark
plugs, indicates that engine oil is getting past piston rings, valve
guities, the oylinder head gasket, or some combination of the
thres. Use a compression test for diagnosis. Bee 3.2 Diagnos-
tic Testing. Compression pressures in an older engine which
are even, but below specifications, point 1o piston ring and
cylinder wall wear and the need for engine overhaul or replace-
ment. if the smaoking is most obvious under high engine vac-
uum, such as while coasting at bigh rpm, and compression
pressuras are within specifications, leaking valve guide oil seals
or valve guides are a probable cause. See 4. Cylinder Head for
repay information.

O smoke or steam appearing suddenly it the exhaust,
along with low comprassion pressure in one cylinder or two
adjpining cylinders, is very probably due to a failed oylinder
head gasket Look also for coolant loss, ol in the radiator, or
wiater in the ol (which turms the ol an opaque, creamy brown).
Ses 4.8 Removing and Installing Cylinder Head for repair
procedures.

Black smoke 5 caused by the engine getting too much fuel.

See FUEL SYSTEM for more troubleshooting information.

Excessive Oil Consumption

Some oil consurmption is normal and indicates healthy flow
and distribution of the vital lubricant in the engine. This is why

oll tevel must be checked, and occasionally corrected, be-
twaen oil changes. Aside from leaks, increased oil consump-
tion will usually be accompaniad by some smoking, however
slight, and the causes of excessive oil consumption are the
same as those for oil smoke in the exhaust. As with smoking
sympioms, gradual increases are caused by worn piston rings
andfor valve guides, Sudden high oil consumplion suggests
broken rings or a failed cylinder head gasket. See Smoking
above for more troubleshooting information.

Pocor Fuel Consumption and Low Power

Boor fust consumption and low power can, of course, sug-
gest problems with the fuel or ignition systems, particularly on
a low-mileage engine. On an engine with high mileage, suf-
fering the effects of wear, low compression may be the cause.

Normal wear of the valves, piston rings, and cylinder walls
decreases their ability 10 seal. The intake and compression of
the airffuel mixture becomes less efficient, and the engine has
o work harder, using more fuel, to produce the same amount
of power. Engine condition can be evaluated with a compres-
sion test. See 3.2 Diagnostic Testing.

Engine Not Running

A engine problem which affects timing may prevent the
engine from starting or running. The camshaft drive belt and
sprockets are responsible for timing the actions of the valves
and the ignition system relative to the pistons and crankshadt.
Acworn belt and sprockets may jump teeth, throwing off alt the
engine's timing functions, and still appear to be perfectly nor-
mal. To check camshaft and ignition timing, see 4.2 Camshaft
Drive Belt and IGNITION. Other troubleshooting information
for an engine which falls to start can be found in ELECTRICAL
SYSTEM, FUEL SYSTEM, and JGNITION.

Tabile b. Engine Troubleshooting

b, Excessive belt loads due to falled
angine-driven componeant

Symplom Probable cause Corrective aclion
1. Pinging or rattiing a. lgnition timing oo far advanced a. Correct ignition timing. See IGRITION
noise under load, b. Fug! does not meet manulacturer's - b. Switch to higher octane fuel. See FUEL BYSTEM for fusl octane
uf:mé: Ori' octans reguiremeants : requirements
lerating, . .

clly o low | © Overheating £. See COOLING SYSTEM

< Indicates d. Spark plugs damaged or wrong heat d. Replace spark plugs. See IGNITION

tion oF farge

grition 2. Airfus! mikiure (oo lean 2. See FUEL SYSTEM
a. Loose, womn, of damaged V-belt(s) @, Inspect, replace, or tighten belts). See LUBRICATION AND

MAINTENANGE

. Locate and replace falled component. 3.2

continued on next page
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Table b. Engine Troubleshooting {continued)

Syraplom

Probable cause

Corrective action

3. Growling or
rurnding, varies with
engine rpm . Badg
bearing or bushing

i an enging-driven
ACLEs30rY

(oI o P R < g ]

. Coclant pump

. Alternator

. Power steering pump

. Camshaft drive belt tensionser bearing
. Alr conditioning compressor

. See COOLING SYSTEM

. See ELECTRICAL SYSTEM

. Bee BUSPENSION AND STEERING
. Replace belt tensioner. 4.2

. Replace compressor

[ RS S = i ]

4. Light metallic
lapping noise, varies
directly with engine
speed. OF pressure

B

=

. Low oll pressure and defective

warning lght cirouit

. Valve lash out of adjustment

(1985-1987, engine code JH)

. Defective cam follower(s)

w

. Check off pressure and/or warning system. 7.
b Adjust valve lash. 4.4

¢ Check cam followers and replace as required. 4.8

§. Light metaflic knock,
varies directly with
engine speed. Ol
(HEBSUIe Warning
light blinking or fully
lurninsted {may be
miest noticeable after
rard stops or during
hard comering)
indicates lack of
sufficient oll supply

€3

Low ol level

. Bestricted {dirty) ol filter

. insufficient oil pressure

a. Check and correct ofl level. See LUBRICATION AND
MAINTEMANCE

b. Change engine off and filter. See LUBRICATION AND
MAINTENANCE

fxl

. Check o pressure, 7.

&, Blue-gray exhaust
smoke, olly spark
pugs. Indicates ofl

s

UG

T o®

¥4

. Leaking valve stem oil seals
. Worn valve guides

. Worn or broken pistons or piston rings

a. Replace valve stem oil seals. 4,7
b, Overhaul or replace cylinder head. 4,

. Overhaul or replace engine

7. Blug-gray smoke
w while steam

. Cracked oy

. Faited oviinder head gasket (probably

accompaniad by ow compression
readings). See 3.2

. Warped or cracked cylinder head

{probably accompanied by low
compression readings). See 3.2
Hincer block

a. Replace cylinder head gasket. 4.8
b. Resurface or replace cylinder head gasket. 4.8

<. Replacs engine or short block. 5.

8. Rich aifusl ridure a. See FUEL SYSTEM
a. Spark plug wires installed incorrectly a. Instalt wires correctly. See IGNITION

. incorrect valve timing

. Chack camshaft drive belt and camshalt timing. 4.2

ter
nging

Loy

. Failed igrition systerm
. Broken camshaft drive belt

1 carnahalt tming due to
jumpad bel or incorrect assembly

#. See IGMITION
sek cam sprocket rotation as engine tums over. Instalt
whatt drive belt as necessary. 4.2

. Check carmshalt timing. Replace belt and sprockets as necessary.
Adjust belf tension. 4.2

£ Disgnostic Testing

e, 1 be

PENSVE 1] 5,

OF just

The tests thal follow ©
Lo

an be used o help isolate engine
e undarstand a problem before starting ex

B

o periodically oheck engine condition.

Compression Test

Atsst of compression pressures in the individual oylinders
will tedl & Tot about the condition of the engine without the need
for taking for taking it apart. The test is relatively simple and
requires a comoression tester, a spark plug wrench, a screw-
driver, and a jumper wire 1o disable the ignition system.
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The battery and starter must be capable of turning the
engine al normal cranking speed o achieve meaningfil re-
sults. The area around the spark plugs should be clean, o
avoid gelting debris inside the engine when they are removed.
Because engine termperature may affect compression, the most
accurate results are obtained when the engine is at normal
operating lemperature.

To test compression:

1. With the ignition off, disconnect the coil wire from the
canter of the distributor cap (terminal 4) and connect tto
ground on the engine block using a jumper wire. This is
o disabie the secondary circull of the ignition system.

2. Disconnect one end of the duct between the alr flow
sensor and the throttle body to disable the fuel injection
gystem.

3. Remove the spark plug wires from the spark plugs. Use
care 10 pult on both the wire and the boot at the same
ime 1o avoid damage to the connectors. Label the wires
s0 that they can be reattached to the correct spark plugs.

4. Remove the spark plugs and set them aside, in order
corresponding to the cylinders from which they were
removed,

5. Trwead the compression lester into the first oylinder’s
spark plug hole, st tight enough o seal around the
spark plug hole. Use care not to damage the seal on the
gauge line.

8. With the transmission in neutral and the throttle held wide
open, crank the engine with the starter. The gauge
reading should increase with each engine revolution.
Continue cranking untl the gauge reading stops increas-
ing {about 4 to § revolutions). Record the highest value
indicated by the gauge.

7. Release the pressure, either with the gauge valve or by
siowly removing the gauge, allowing the pressure to
hieed off while threading it out of the spark plug hole,

4. Rapeat the test for each of the other cylinders. Record
the data and compare with table ¢.

Table ¢. Compression Pressure Specifications

Engine code
Compression JH 24, PL
pressure ~ psi (bars)
new engines 131174 145189
{8.0-12.0} {(10.0-18.0)
wear imit 109 (7.5} 106 {7.5)
maximum difference 44 (3.0} 44 (3.0)
batween cylindars

2. Reinstall the spark plugs and the spark plug wires in their
original locations. Reinstall the air duct. Reconnect the
coif wire.

Low compression is evidence of poorly sealed combustion
chambers. The characteristics of the test results help isolate the
cause or causes. Generally, compression pressures which are
refatively even but below acceptable specifications indicate
worn piston rings and/or cylinder walls. Low but erratic values
tend 1o indicate valve leakage. Dramatic differences, such as
acceptable values in some cylinders and very low values in ong
or two cylinders are the sign of a localized faillure, probably of
a head gaskel. There are two more tests which can further
isolate the problem.

Wet Compression Test

To analyze poor compression and further identify the source
of the leakage, repeat the compression test, this time with
about a tablespoon of oil squirted into each cylinder. The oil will
temnporarily help seal between the piston rings and the cylinder
wall, practically efiminating leakage past the rings for a short
time. I this test yields higher compression readings than the
“dry” compression test, the difference can be attributed to
leakage between the piston rings and cylinder walls, due either
to wear or to broken piston rings. Little or no change in com-
pression readings indicates other leakage, probably from the
valves or a failed cylinder head gasket.

Leak-down Test

The most conclusive diagnosis of low compression symp-
toms requires a leak-down test. Using a special tester and a
supply of compressed air, each cylinder is pressurized. The
rate at which the air leaks out of the cylinder, as well as the
sound of the air escaping, can more accurately pinpoint the
magnitude and source of the leakage. Any engine compres-
sion diagnosis which will require major disassembly should first
be confirmed by the more accurate leak-down test. Because
the test requires special equipment and experience, it may be
desirable 1o have it performed by a Volkswagen dealer or other
qualified repair shop.

4. CYLINDER HEAD

The cylinder head can be removed from the engine for
repairs without first removing the engine from the car, and
many cylinder head repairs can be accomplished without re-
rmoving the cylinder head from the engine. The cylinder head
cover gasket, the camshaft(s), the camshaft drive bell, the
camshaft oil seal, the valve guide oil seals, and the cam follow-
ers are all accessible with the cylinder head installed.

Reconditioning the cylinder head is not overly complicated,
but requires time and an extensive tool selection. if good
machine shop services are not available in your area, or time is
@ factor, installation of a remanufactured cylinder head is an
afternative. Remanufactured cylinder heads are available from
an authorized Volkswagen dealer.



4.1 Cylinder Head Cover and Gasket

Gaskets that have been compressed will naver seal as well
if used a second time. They should be replaced any time the
cover is removed, Any sign of oll leakage around or below the
cover s also cause to replace the gaskets. The 8-valve en-
gines use a two-piece gasket set. Notice that the half-round
plug at the back of the head i also an important seal. The two-

piecs gasket selfor 168-valve engines has built-in plugs.

To remove and install cylinder head cover and gaskets
{B-valve engines):

1. Hemove the eight 10 mm nuts and the reintorcing

strips.

N3

. Remove the socket-head flanged nut fromthe camshadt
drive belt upper cover.

3. Lift off the cylinder head cover and its gasket, Raise the
camshafl drive belt uppear cover slightly for clearance. if
the gasket is stuck to the cylinder head, use a gasket
removing tool to separate the gasket from the head,
Remove the seaiing plug from the rear of the cylinder
head and remove the semi-circular gasket piece from
inside the front of the cover,

CAUTION

Remove all of the old gaskel. Work carefully
the gaskel is stuck. Damage 1o either surface
lpaks Only use a gasket remover ool

6 ¢

designed for the purpose.

fation is the reverse of removal. Make sure the tabs
onthe semi-circular plece correctly mate the slots onthe
gaskel o ensure a good seal. Torque the eight nuts and
the socket head flanged nut to 10 Nm (87 in. Ib.).

To remove and install cylinder head cover and gasket
{16-valve engines):

1. Remaove the spark plug wire conneciors. Remove the
intake air bootfrom the throttle housing and remove the
small rubber hose between the intake air boot and the
idle air valve,

2. Disconnect the electrical connector for the charceal
canister control valve, and the large vacuum hose from
the back of the upper intake manifold.

. Remove the support bolt from the back of the upper in-
take manifold, then remove the five nuts and washers
that join the upper intake manifold to the lower intake
rmanifoid,

a2

4. Fotate the upper manifold up and away from the en-
gine. Remove and label slectrical connections or vacu-
urm hoses as required. Then secure the manifold out of
the way.
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5. Hemove the two inner bolts and the six outer bolts from
the cover, and lifi the cover from the cylinder head. If
necessary, use a soft hammer to loosen the cover. Re-
move the center gasket from the cylinder head or the
cover,

CAUTION ~—

Remove afl of the old gasket Work carcfully if
the gasket is stuck. Damage o sither surface
will cause leaks. Only use a gasket remover tool
designed for the putpose,

8. Installation is the reverse of removal. Torgue the eight
cover bolts to 10 Nm (87 in. Ib.). Torque the five mani-
fold nuwts and the manifold support bolt to 20 Nm (15 1t
Ib.}. Torque the support bolt last.

4.2 Camshaft Drive Belt

The camshaft drive belt and its related parts are shown in
Fig. 4-1. The beltis installed for the life of the engine. However,
to guard against unexpected failure the publisher recom-
mends periodic inspection of the belt, as well as the additional
precaution of belt replacement at 60,000 to 75,000 miles
{96,000 10 120,000 kum) or every 4to b years.

Femoval of the belt is the best way te performa thorough in-
spection. For PL (16-valve) engines, a spacial wrench is re-
guired to adjust the camshaft drive belt tensioner. On all
engines, the drive belt can be replaced without removing the
drive belt sprockets.

Whenever the drive baltis installed, the camshaft and inter-
mediate shaft iming must be adjusted.

To remove and inspect camshaft drive belt:

1. Remove the nut and the socket-head shouldered nut
securing the upper camshatft drive belt cover, and re-
move the cover,

2. Loosen the coolant pump pulley bolts, and rermove the
V-belts as described in LUBRICATION AND MAINTE-
NANCE. Remove the coolant pump pulley.

L2

. Using a socket wrench on the crankshaft vibration
damper bolt, rotate the engine by hand to set the No, 1
piston at Top Dead Center (TDC), and rermove the vi-
bration damper from the crankshaft.

CAUTION =

Fotating the crankshaft or the camshalt with the
drive belt removed may cause Interlerence
which can damage pistons and valves.

4. Remove the nuts and bolt that hold the lower camshaft
drive belt cover to the coolant pump and to the front of
the engine, and remove the lower cover.
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5. Loosen the camshaft drive bell tensioner locknut to re-
lieve belt tension. Then remove the drive belt by work- H Camshaft
ing it off the sprockets. . ' sprocket
8. Inspect the tensionar bearing and the belt. Spin the bear- ;\:\;ydwﬂ-
in 1o chack that it runs smoothly. Inspect the drive belt o YOGS ™

To install and adjust camshaft drive belt:

1.

Flg. 41, Camshalt drive belt and cover.

for visible damage such as exposed threads and missing
teeth. Damaged components should be replaced.

MOTE wem

Fallure of the sealed tensioner bearing is a pos-
sibility. On a high-milsage engine, consider re-
placing the tensioner when replacing the belt.

Use a socket on the center bolt to rotate the camshaft

head cover e

% Camshaft 3prckei
ST

S5

Cylinder
head

T

sprocket by hand until the timing marks are aligned.
The camshaft timing marks for PL (16-valve) engines
are shown in Fig. 4-2, The camshaft timing marks for
the 8-valve engines are shown in Fig. 4-3.

Fig. 4-2. Camshalt timing marks on PL (16-valve) engine
with cylinder head cover on (ielt) and off (right).
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Fig. 43, Driv

miarme

arrows) for camahatt and
1 B-valve engines,

2. Lovsely install the camshaft drive belt over the crankshaft
and intermediate shalt sprockets. Then temporarily install
the crankshaft vibration damper onto the crankshaft.

L

. Rolate the crankshalt and the intermediate shaft by
hand until the timing marks line up. The crankshaft and
the intermediate shaft iming marks for 8-valve engines
are shown above in Fig. 4-3. The crankshaft timing
marks for PL (18-valve) engines are shown in Fig. 4-4.

MOTE e

One §-valve engines only, the inlermediate shalt
timing is included because i drives the ignition
distributor and determines basic ignition timing.

/ww Dirve belt
cover. lower

§ Vibration
g, JETIET

Fig. 4.4, Crankshalt tming marks on vibrati

ion damper and
lower drive belt cover on PL (16-valve) engine

4. insiall the camshaft drive bell. Start on the crankshaft
and intermediate shaft sprockets. Install the belt so that
it s as tight as possible between the crankshaft and the
intermediate shalt sprockets, and between the interme-
diate shaft and the camshaft sprockets.
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5. Adiust belt tension by turning the tensioner clockwise.
The direction is important to avoid coniact with the belt
cover. Lock the tensianer in position with the locknut.
Check the tension by twisting the belt, as shown in Fig.
4-5. On 8-valve engines, you should be able to twist the
belt no more than 90°, On PL (18-valve) engines, you
should be able to twist the belt no more than 45°,

Fig. 4-5. Camshaft drive belt tension being adjusted.
Check tension halfway between the camshaft
and the intermediate shaft sprockets. For later
slyle tensioner use spanner {nset) to engage
holes in tensioner,

NOTE -~
Only the fater-style tensioneris available as a re-
placement parl.

6. Torque the tensioner locknut to 45 Nm (33 ft. Ib.). Turn
the crankshaft two full revolutions and recheck the ten-
sion and the Hming marks.

NOTE o

Slight movement of the sprockets and marks is
to be expected as bell tension is adjusted. Small
movement is OK. Keep in mind that the smallest
possible increment of adjustment is one whole
tooth of the belt or sprocket.

7. The remaining installation is the reverse of removal.
Remove the vibration damper to install the lower drive
belt cover. On PL (16-valve) engines, torque the upper
belt cover bolt to 6 Nm {53 in. Ib.). Torque 8-valve belt
cover nuts and bolts to 10 Nm (87 in. Ib.). Torque the
coolant pump pulley bolts and the crankshaft vibration
damper bolls to 20 Nm (15 1. Ib.). Install the V-belts as
describad in LUBRICATION AND MAINTENANCE.

4.3 Camshaft Ol Seal

To save disassembly, the camshalft oil seal can be removed
using a seal extractor such as Volkswagen special tool no.
2085, shown in Fig. 4-6. The procedure that follows involves
more disassembly and does not require special tools.
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To replace camshaft olf seal:

1. Remove the camshaft drive belt as described in 4.2
Camshaft Drive Belt,

2. Hermove the cylinder head cover as described in 4.1
Cylinder Head Cover and Gasket.

3. Hemove the camshaft sprocket. Loosen the center
sprocket bolt 'x turn and, using a softfaced hammer,
tap the sprocket loose. On 8-valve engines, take care
also to remove the woodruff key trom the shaft.

£
£

- On PL{18-valve) engines only, rermove the ignition dis-
tributor from the cylinder head, as described in IGNI-
TION,

5. Loosenthe camshaft bearing caps in exact order as de-
seribed in 4.5 Hemoving and Installing Camshaft, so
that the camshaft is loose and free to move slightly.

CAUTION s

Fallure to foosen and tighten the bearing caps in
the order prescribed may damage the bearing
caps or warp the camshalt,

&. Lift slhightly on the sprocket end of the camshaft and
remaove the off seal. A small screwdriver may help 1o pry
itloose. On PL (16-valve) engines, use care notto disturb
the camshaft drive chain at the other end of the cylinder
head.

7. Tighten the camshaft bearing caps in exact order as
described in 4.5 Removing and Installing Camshait,

8. Install the cylinder head cover, with a new gasket, as
agescribed in 4.1 Cylinder Head Cover and Gasket. On
PL {(16-valve) engines, first check to see that the mark-
ings on the camshaft chain sprockets are correctly
aligned. See 4.5 Removing and Installing Camshatt,

9. Lightly oil the seal lip and camshaft's sealing surface. Fit
the seal into position, and carefully drive it into place untit
it is flush with the front of the cylinder head. Use care not
to distort the seal as it is installed. For best results, use a
seal driver such as Volkswagen special tool no. 10-203,
shown in Fig. 4-7.

\

\

10-203 -

Fig. 4.7. Camshaft ol seal being installed

10, Heinstall the camshaft drive bslt sprocket. On 8-valve
engines, the woodruff key should be atight fit. If not, re-
place i Torque the sprocket bolt to 80 Nm (59 #t. Ib.).
On PL {18-valve) engines, the curved side of the inte-
gral key faces the engine. Torque the sprocket bolt to 65
Nm (48 . Ib.} on PL (16-valve) engines.

—dh

. Reinstall the camshaft drive belt as described in 4.2
Camshaft Drive Belt.

4.4 Valve Adjustment
(8-valve engine code JH, 1985-1987 only)

1985, 1886 and 1987 8-valve JH engines have mechanical
camfollowers (valve lifters) that require periodic valve lash or
valve clearance adjustment. The 16-valve engines and the lat-
er 8-valve engines do not. For more information an those en-
gines see 4.6 Hydraulic Cam Followers.

The LUBRICATION AND MAINTENANCE section speci-
fies particular valve adjustment intervals. Valve clearance
should also be rechecked 1000 miles {1500 ki) after any re-
paire to the cylinder head.

Valve clearance is determined by the thickness of an adjust-
ing disc onthe top of each camfollower. Clearance is adjusted
by replacing the disc with one of a different thickness. Fig. 4-8
shows atypical cam lobe, cam follower and adjusting disc.

The discs are available in a range of thickness from 3.30 to
4.25 mm {0,130 to 0.167 in.) in increments of 0.05 mm (about
0.002 in.}). Table d lists thicknesses and part numbers of the



avaiiable adiusting discs. The thickness of each disc is etched
on its underside. The procedure which follows requires two
Vaolkswagen special tools. These are no. 2078, used to com-
press the valve spring, and no. 10-208, used 1o replace the
adjusting disc.

] Vatve adjusting
TS iSO

;Q ,.ﬁL. Carn follower

ot
o

s

e
- Valve: stern

seal

Fig. 4-8. Cr
and

ction of oylinder head showing cam fobe
iy follower. Adjusting disc fits in ‘

Table d. Vaive Adjusting Discs

Thickness mim {in.) Part Mo.
JAB00I208) ... L. 056 109 561
A5 (131ey L. L P 056 109 562
JAQ L1338 . . 356 109 583

3.45 [ 1358) . o
BSOCIITE) . 056 109 565
BESLIB9EY . ... 056 109 566*
360 (141 L .. 056 109 567*
365 (1437 ... .. . 056 109 568*
ITOLMETY 056 109 569*
ATECUATE) . .. 056 109 570%
3.80 (1498) . . . ... 056109 571
BESLIBI6) . 056 109 572
BO0LIBSEY . 056 109 573
L5 (1BB5) . .. 056 109 574
. .......05% 100575
N, 056 109 576
.................... 056 109 577

. .056 109 564

A0S (1894) ...
410 {1614)

415 {1634} ................... 056 109 578
4201684 0L P Q56 108 579
AR (IB73) . 0L 056 109 580

* most commonly used adiusting discs

Valve clearance should be measured with the engine warm.
Coolant temperature should be at least 35°C (95°F) or the
engine should be at least warm to the touch, The clearance
changes with engine temperature, 80 more precise adjustrnent
5 possible when the engine s warm. Because it may be
necassary o adjust the valves when the engine is cold, such as
after eylinder head repalrs, specifications for both hot and cold
engines are given,
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To adjust valve clearance:

1. Bemove the cylinder head cover, as described in 4.1
Cylinder Head Cover and Gasket.

2. Using a socket wrench on the crankshaft vibration
damper bolt, hand-turn the crankshaft clockwise until
both the No. 1 eylinder’s cam lobes are poirting approx-
imately upward (valves fully closed).

NOTE semon

No. 1 cylinder is the one closest to the camshaft
drive belt,

3. Measure the valve clearances. Insert feeler gauges be-
tween the cam lobe and the adjusting disc on the top of
the cam follower, as shown in Fig. 4-9. Compare the
measured clearance values with the specifications given
in Table e,

Table e. Valve Clearance Specifications
{1985--1987, engine code JH)

engine warrm

intake . . .. ... L. 3.20-0.30 mm (008012 in)

exhaust . . . ... ... L. 4.40-0.50 mm (016-.020 in.}
engine cold

intake .. .. .o 0145-0.25 mm (006-.010 in)

exhaust . . ... L. .. 0.35-0.45 mm {(014-018 in)

Fig. 4-9. Valve clearance being measured. Both valves are
closed. Both cam lobes are pointing up, away from
cam followers. Feeler gauge is inserted between
cam lobe and adjusting disc on top of cam {ollower

4. Hvalve clearance is not within the specifications, replace
the adjusting disc. Depress the cam follower and lift out
the disc as shown in Fig, 4-10.
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aiculate the correct adjusting dise thickness,
i determine the thickness of the old disc.
Head the thickness in millimeters that is elched
an its underside, o measure it with a microme-
ter. The change in thickness required is the same
as the difference betwesn the measured clear-
ance and the specification given in lable e
above. Athicker dise will reduce valve clearance.
Athinner dise will increase valve dearance,

5. Instafl the correct adjusting disc. Lightly oil the contact
surfaces. Depress the cam follower and install the disc
the same way it was removed, as shown in Fig. 4-10,
above. The etched disc thickness numbers should face
down,

6. Using a socket wrench, rotate the crankshaft clockwise
by hand for two complete tums, 1o ensure that the ad-
justing disc is properly seated, and recheck the clear-
ance.

7. Rotate the crankshaft by hand clockwise 180° (1/2 turn)
and repeat the procedure on the valves for the No. 3
eylinder. Turn another 180° to adjust the No. 4 cylinder,
and ancther 1807 1o adjust the No. 2 cylinder.

8. Install the cylinder head cover with new gaskets, as
described in 4.1 Cyiinder Head Cover and Gasket,

4.5 Removing and Installing Camshaft

The camshall can be rermoved without removing the oyviin-
der head. Removing the camshaft allows access to the cam
followers, the valve springs, and the valve stem oil seals, When
rernoved, the camshalt should be checked for wear and other
visible damage as described in 4.9 Disassembly, Assembly,
and Reconditioning.

To remove and install camshaft
(8-valve engines):

1. Turn the engine over by hand until the No. 1 oylinder is
at Top Dead Center (TDC), and remove the camshaft
driva belt from the camshaft sprocket as described in 4.2
Camshaft Drive Belt,

2. Hemove the covlinder head cover and gasket as de-
scribed in 4.1 Cylinder Head Cover and Gasket.

3. Loosen the ruts on each of the bearing caps, a little at a
time 50 that valve spring tension is relieved evenly. Then,
remove the bearing caps.

4. Toinstall, place the bearing caps in position as shown in
Fig. 4-11. Install the washers and nuts, gradually tight-
ening alf the nuts untl! the camshaft is drawn down fully
and evenly into the bearing saddles. Torque all the nuts
020 Nm (15 . ih.).

LALITICN me

To avoid uneven and accelerated wear, the
bearing caps must be reinstalled in their exact
original positions. Although each bearing cap is
numbered, the numbers are not aiways marked
in the same place on the cap.

Fig. 4-11. Cross-saction of carmshafl bearing, showing cap
instafied correctly (eft) and incorrectly (right).

Heinstall the camshaft drive belt as described in 4.2
Camshaft Drive Belt. Reinstall the cylinder head cover
with & new gasket, as described in 4.1 Cylinder Head
Cover and Gasket,

ot

To remove and install camshafis
{16-valve engines):

1. Turn the engine over by hand until the No. 1 cviinder is
at Top Dead Center (TDC), and remove the camshaft
drive belt from the camshaft sprocket as described in 4.2
Camshaft Drive Belt.

2. Remove the cylinder head cover and gasket as de-
scribed in 4.1 Cylinder Head Cover and Gasket.

3. Bemove the ignition distributor from the rear of the oyl
inder head as described in IGNITION.



. Remove bearing caps 1, 3, 5and 7, as ustrated in Fig.

4-12. Also remove the three end caps at this time,

5.

53

g end
hows propsr instatia-
e itake sice)

runmber
{beveied corners

Gradually and evenly Joosen each of the eight nuts from
bearing caps 2, 4, £ and 8, a little at a time s0 that vaive
spring tension and cam chain tension are relieved evenly,

CAUTION e

Aemoval of carmshalt bearing caps by any other
method may damage the camshafts, the cam-
shalt chain, or the hearing caps.

instatlation is the reverse of removal. Install the cam-
shafts and the drive chain so that the markings on the
chain sprockets face each other and align with the top of
the cylinder head, as shown in Fig. 4-13,

it 16-valve eylinder head.
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7. Torque the bearing cap nuts to 15 Nm (11 . Ib.). Rein-
stall the cylinder head cover with a new gasket, as
described in 4.1 Cylinder Head Cover and Gasket.

8. Install the camshaft drive belt and adjust the camshaft
fiming as described in 4.2 Camshaft Drive Belt.

8. Instali the ignition distributor and adjust ignition timing as
described in IGNITION.

4.6 Hydraulic Cam Followers

Hydraulic cam followers {valve lifters) maintain proper valve
clearance and do notrequire adjustment. They are installed on
g-valve engines starting with 1988 models, and on all PL {16-
valve) engines. The cylinder head cover label shown in Fig. 4-
14 indicates an engine equipped with hydraulic cam followers,

HYDR.

Fig. 4-14. Label on cylinder head cover identifies engines
with hydraulic cam followers that maintain proper
valve clearance ard do not require adjustrment.

Hydraulic cam followers are pumped up by engine ofl pres-
sure. They expand as necessary 1o close the gap between the
valve stem and the camshaft lobe. Oil pressure inside keeps
thefollower at the proper height. Excess oil pressure is allowed
to bleed off through a small orifice.

Some valve noise at start-up is normal, especially when the
angine has not run for some time and the hydraulic camfollow-
ers have bled down from lack of oil pressure. Allow a minute or
30 with the engine running for the lubrication systemto proper-
ty pump up the cam followers. Before checking noisy cam fol-
lowers, make sure that the engine oil level is adequate.

CAUTION e

After Insialling new cam followers, the engine
should not be started for at least 30 minutes.
New cam followers are at full height and must be
allowed to bleed down o their proper height,
Failure to do this may cause valve or piston
damage.
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Checking Hydraulic Cam Followers

Cam followers should only be checked when the engine is
fully warm. Run the engine, preferably drive the car, for 20to 30
mminutes. Shut the engine off and proceed immediately while
the engine is still warm,

To check the hydraulic cam followers, remove the cylinder
head cover as described in 4.1 Cylinder Head Cover and
Gasket. Tum the engine by hand until both the camshaft lobes
of one cylinder are pointing approximately up. Using a nore
metal object such as woaod or plastic, lightly apply pressure to
the fop of the cam follower, as shown in Fig. 4-15.

it the follower can be pushed down more than 0.1 mim (004
in} with hand pressure, it is faulty and should be replaced.
Hepeat the test for the other cylinders. Replace a faulty cam
follower by removing the camshaft, as described in 4.5 He-
moving and Installing Camshatt, and pulling the Tollower from
the cylinder head. Hydraulic cam followers are non-adjustable
and non-repairable, and are replaced only as cormplete assem-
blies,

MNOTE oo
Place removed hydraulic cam followers on a
clean surface with the camshaft comact surface

facing down, to prevent bleed down, and cover
them.

4.7 Valve Stem Ol Seals

The sign of faully valve stermn off seals are excessive oil
consumption and blue-gray ol smoke frorn the exnaust after
starting and during sudden deceleration. For more inforrmation
on excessive ol consumption and smoking, see 3. Trouble-
shooting.

Feplacement of the valve stem ol seals requires that the
camshaflis), the cam followers, and the valve springs be re-
moved. valve springs can be removed while the cylinder head
is installed with the use of compressed air o hoid the valves

closed, or with the cylinder head removed. Either method
requires the use of a valve spring compressor. An additional
special tool is highly recommended for installation of the new
seals. i the special tools are not available, an alternative is o
remove and partiatty dismantie the cylinder head, following the
procedures in this section, and have the valve spring and valve
stern ol seal work performed by an authorized Volkswagen
dealer or other qualified repair shop.

To replace valve stem oil seals:

1. i working with the cylinder head installed, remove the
eviinder head cover, as described in 4.1 Cylinder Head
Cover and Gasket. Otherwise, remove the cylinder head
as described below in 4.8 Removing and Installing
Cylinder Head.

2. Remove the camshalt, as described in 4.5 Removing
and Installing Camshaft, and remove the cam follow-
ers. Keep all parts so that they can be reinstalled in their
original focations,

3. Remove the valve springs as shown in Fig. 4-16. The
valve spring compressors shown are Volkswagen spe-
cial tools, designed specifically for use on Volkswagen
engines.

NOTE o=

To support the valves with compressed air and
remove the valve springs with the cylinder head
installed, install an air hose adapter in the spark
plug hole. Position the piston for the cylinder
heing worked on at top dead center (TDC).
Apply a constant air pressure of at least 6.0 bar
{87 psiy.

4. Hemove the valve stem ol seals. Volkswagen recom-
mends the use of a slide hammer, special tool no. 3047A,
to remove the seals without damage to the valve stermns.

5. Install each new valve stem oif seal by termporarily fitling
the protective plastic cap over the valve stemn end, and
then hand-pressing the seal onto the valve stem as
shown in Fig. 4-17. Remove the protective cap for use on
the nexi valve,

NOTE e

The protective cap protects the seal from being
damaged by the keeper grooves in the valve
stem. in the absence of a protective cap, tem-
porarily wrap the valve stem with plastic tape.

MOTE o

The use of an inexpensive hand-held tool will
guard against damaging the new seals on in-
stallation. Such a tool is Volkswagen special
ool no. US5042 (order no, TUS 042 000 15
ZEL).
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&. Reinstall the valve springs. The closely spaced colls of
the outer valve springs face down, toward the lower
spring seats.

7. Hepeat the procedure for each pair of valves. Assembly
is the reverse of disassembly. See 4.5 Removing and
Installing Camshafi, 4.2 Removing and Installing Cyl-
inder Head, and 4.1 Cylinder Head Cover and Gasket.
Torque spark plugs t0 20 Nm (15 ft. ib.).

4.8 Femoving and Installing Cylinder Head

The cylinder head can be removed without removing the
engine from the vehicle, and without removing the camshalt(s).

it a failed head gaskel or warped head is suspecied, a
compression test, as described in 3.2 Diagnostic Testing, may
aid diagnosis and should be performed before the cylinder
head is removed. A falled head gasket may be caused by a
warped cylinder head. When replacing a falled head gasket,
always check the cylinder head for straightness. Specifications
for maxinmum permissible warpage can be found in 4.8 Disas-
sembly, Assembly, and Reconditioning.

To remove cylinder head:

1. Disconnect the battery negative {—) terminal from the
battery. Disconnect the ground strap from the cylindsr
head or intake manifold.

o

Disconnect the intake air duct from the throttle body on
the intake manifold,

3. Drain the coolant as described in COOLING SYSTEM.

4. Remove the camshaft drive belt as described in 4.2
Camshaft Drive Beit.

5. Full out the fuel injectors and remove the cold start valve
frorm the intake manifold, leaving the fuel fines attached.
Cover the injectors and the cold start valve to keep them
clean, and plug the openings. Disconnect the throttle
cable and throttle switches from the throttle body. Dis-
cornect and label the hoses and wires connected to the
throtile body and the intake manifold. For more informa-
tion on fuel injection components, see FUEL SYSTEM.

8. Disconnect the exhaust pipe from the exhaust manifold,
as described in EXHAUST SYSTEM AND EMISSION
CONTROLS.

7. Loosen the alternalor mounting bolts and remove the
upper allernator mounting bracket.

g, Disconnect the coolant hoses from the outlet on the front
of the cylinder head and from the heater outlet on the left
{driver's side) end of the cylinder head. Disconnect the
wires from the temperature and oil pressure sending
units, and label themn.
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9. Disconnect the spark plug connectors from the spark
plugs. On PL (16-valvg) engines, also disconnect the
high voltage fead from the coil, and then remove the
distributor as described in IGNITION.

13, Remove the cylinder head cover, and, on PL (16-valve
engines), the upper intake manifold, as described in 4.1
Cytinder Head Cover and Gasket,

11 Gradually and evenly loosen the oylinder head bolts,
beginning with the outer bolls and working toward the
center, and remove the cylinder head. if the head is
stuck, use a soft-faced mallet, or pry gently with a wooden
stick to loosen it

To install oylinder head:

1. Ciean the oylinder head and the gasket surface of the
cylinder block. Clean the threads of the head bolts and
bolt holes with thread chasers, and remove all foreign
matter from the holes. Avoid letting debris into the cylin-
ders or ol passages in the cylinder block.

CAUTION s

Lo ot use a metal scraper or wire brush o
Clean the aluminum cylinder head, These may
vamage the cviinder head. Instead, use a sol-
vent to soften carbon deposits and old sealing
materials, if necessary, use a wooden or plastic
seraper.

2. Check the gasket surfaces of the cylinder head and the
cylinder block for warpage. See 4.9 Disassembly, As-
sembly, and Reconditioning.

3. Place a new cylinder head gasket on the surface of the
cylinder block. The word “OBEN”, found imprinted on
the gaskst near the part number, should face up.

CAUTION wew=s

Cylinder head gaskels will give a reliable seal
anly once. Always uss & new gasket that has not
wpreviously been compressed by tightening the
cviindar head bofls.

4. Place the oylinder head in position on the cylinder blook,
Loosely install all the head bolts, with the special wa
ars, then thread them in until they are finger-tight.

MOTE s

To be sure of proper alignment of the installed
cylinder head, place two 200 mm long, 9 mm
diameter (8 in. x /8 in.) wooden dowels into
two of the outermost head bolt holes to hold the
gaskel and serve as guides as the cylinder
head is installed. Thread in several bolts, then
remove the dowels and install the remaining
tofts,

8. Torque the bolts 1o 40 Nm (30 . ib), in the sequence
shown in Fig. 4-18. Repeat the sequence, torguing the
bolts to 60 Nm (43 fi. lo). Repeat the sequence a third
tirne, tightening each bolt an additional 1/2 turn. Alterna-
tively, this last step may be done as two 1/4 tums.

@ o o o @)

T

FRONT

Fig. 4-18. Cylinder head bolt tightening sequence. B-valve
enging shown, 16-valve sequence is the same.

8. installation of the remaining paris is the reverse of re-
moval. See 4.2 Camshaft Drive Belt, 4.1 Cylinder Head
Cover and Gasket, FUEL SYSTEM, and EXHAUST
SYSTEM AND EMISSION CONTROLS. For instaliation
of the ignition distributor on PL (18valve) engines, see
IGNITION.

7. Refilt the cooling system as described in COOLING
SYSTEM.

4.9 Disassembly, Assembly, and Reconditioning

Disassembly, assembly, and reconditioning procedures for
the cylinder heads used on the 1.8 liter Volkswagen engines
covered in this manual are similar to those for most other
maodern 4-cylinder, water-cooled engines. For anyone with the
proper tools and equipment and basic experience in oylinder
head rgconditioning, this section provides the specifications
and special reconditioning information necessary 1o repair
these Yolkswagen engines.

Those who are without the necessary tools, or unfarmiliar
with reconditioning procedures, will still find this information to
be important to the qualified machinist who does the work. if
machine shop services are not readily available, one alternative
is 1o install a Volkswagen remanufactured cylinder head, avail-
able from an authorized Volkswagen dealer parts department.

CAUTION ~——

Volkswagen advises that engine coolant must
not be reused when replacing the cylinder head,
the cylinder head gaskef or the engine.

Cylinder Head Assembly
(B-valve engines)

Fig. 4-12 shows the S-valve cylinder head and valve train
detall. Later engines with hydraulic cam followers are similar,
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Rearing caps
offset when instaliing
5 ot interchange

e WOOCHUT ke

Camshaft sprocket boit
8O Nm (58 it 1b)

heck axal play with
carn followers removed
axial play wear limit’
018 mm (0058 In)

Carn {ollower
{Hydraulic cam follower
nstalied an 1988 and
later modeis:

lubricate ¢

do not interchange
when remeved, store with / \
contact surface down) e
) Y \\
y
/ Yaboe el -
/ e VAIVE SN

Valve kespers replace |
Valve keepers replace in pairs

'''' ~ Upper spring seat
/ identified by wider

outer chamfor

Vahe stem ol a'aoazﬂww\
Cyhnder head end plug \\
abway

Lower spring seal

= el injector insert
use thread locking compound
20 Nm (1511, i)

Camshaft off seal

Mounting bokt
10 M (87 1 b))

- Resurfacing dimension
minimurn dimension a:
1826 mm (5.22 in,)

[S A=A

- Gasket surface
maximurn permissible warpage:
0.4 mm (004 in)

wall, fine cre sen valve seals and spark
hreads. Heads with cracks can be reused
e cracks are not mors than 0.8 mm (.02
y wide, and do not extend into more than the

fow spark plug threacls,
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Cylinder Head Assembily
{18-valve engine, code PL)

Fig. 4-20 shows the cylinder head and valve train assembly
used on PL (16-valve) engines.

Camshaft and Cam Followers

To measure camshaft axdial play, relieve the tension on the
cam lobes by first remaoving the cam followers. Store hydrautic
cam followers with the camshaft contact surtace face down.
Lubricate the cam follower's contact surfaces before installing.

Do notinterchange camshaft bearing caps or cam followers.
Note the bearing cap offset when installing. On PL {(16-valve)
engines, the beveled comers on the bearing caps face the
intaks side ofthe cylinder head. On PL (16-valve) engines, align
the camshaft chain sprockets as shown in Fig. 4-21. Fig. 4-21. Camshaft .chain sprocket timing magks on P{ (16-

valve) engine. Marks should align with each other
and cvlinder head top surface.

CAUTION ) .
After installing new hydraulic cam followers, the Valves and Valve Springs

gy ’ o ¢, P s . . . .
engine should not be started for at faast 30 All engine valves should be hand-lapped only. Valve speci-
miruites. New cam followers are at full height ficati Jre listed in table f
arxd must be allowed to bleed down o their ications are isied in ’

groper height, Failure to do this may cause valve
oF piston damage.

Moo e Drive chain

% align trming marks

pm— = Hydrautic carn follower
) do not interchange
/w whon removed, store with
check radial play with Plastigage® Valve kKeepers S contact surface down

(cam followers removed) / e Valve springs
radial play (max.): 010 mm (004 in) Lipper spring seat - i y
@

. i replace in pairs
unout wear {max.y 0.01 mm (L0004 in)

Valve stern oil seal

Valve guide
check using new valve
sket surtace

medmilm permissible warpage: 0.1 mm (004 in.)

s Valves

do not relace

sodium-filled exhaust valves,
S8 warning on page 23

Fig, 4-20. Explodad view of 16-valve cyviinder head. Cviinder CAUTION e
I with small, finy cks betwaen valve seats 16-valve cylinder heads must not be resurfaced,
and plug threads are usable provided the cracks
are not more than 0.5 mim (02 in.) wide and do not
extend info more than the first few spark plug
threads,




Table f. Valve Specifications

o C

Engine {JH JH 2H PL
code | (1985-1967) | (from 1988} | (from 1980} | (16-valve)
Cam mechanioal hydraulic
followars
Head

diametsr (@)

infakes 40.0 mm 32.0 mm
{1.588in.) {1.34in.)
axhast 33.0 mm 28.0 mm
(1.30in) {(1.100n.)
Stem ‘
ciameter (k)
intake 7.97 mm 6.97 min
{0.314in) 0.274 in)
exhaust 7.95 mm 6.94 mm
(0.3131n) {0.273 in)
Langth (¢}
intake Q8.7 mm 81.0 mm 955 mm
{3.89 in.} (358 in.) {3.76 in.)
axheust 8.5 mm Q0.8 mm 98,2 mm
(3.88 in.) {3.56 in.} {3.87 in)

Valve face
angle (<)

intake

L

IS
LS

exhaust

Exhaust valves used in PL (16-valve) engines are sodium-
filled. Disposal of used valves is dangerous and requires spe-
ciad care to avold personal injury.

WARNING oo

Dispose of 168-valve engine sodium-filled exhaust
valves properly. By hand, cut off the valve stem
ngar the head of each valve. Use only & hack saw.
Do not use 3 power saw. Do not fet water contact
the valve while cutting. Throw the vaive parts (no
more than 10 vales at a time) inlo a bucket of
water and sland clear. Discard the valves when
the reaction has ceased.

Valve Guides

Special tools and a press are required to replace valve
guides, Check valve guide wear with a new valve, as shown in
Fig. 4-22. Inspect the valve seals 1o ensure that the cylinder
head can be reconditioned before installing new valve guides.
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Fig. 4-22. Valve guide wear being checked with a new valve
Insert valve untit stem end s flush with end of
guide. Maximum play for all intake valves is 1.0
mim (039 in). Maximum play for exnaust valves is
1.3 mm (051 in).

Valve guides are pressed out fromthe combustion chamber
side of the cylinder head. Lubricate new valve guides with oil
andpressthemin fromthe camshaft side. For 8-valve engines,
remove and install the valve guides using a drift, Volkswagen
specialtool 10-206 (order no. T10 206 000 15 ZEL).

On PL (16-valve) engines, remove and install guides with
Volkswagen special ool no. 3121 (order no. T03 121 000 15
ZELY, and ream guides with Voltkswagen special tool no. 3120
{forder no. TO3 120 000 15 ZEL). To remove and install intake
valve guides, support the cylinder head at an angle as shown
in Fig. 4-23, using Volkswagen special tool no. 3123 (order no.
T03 123 000 15 ZEL).

I e

'
=
-
5
/”"M’M“ w\\
S 3123} P
- NG = BLL ¥

Fig. 4-23. Angle plate (Volkswagen special tool no. 3123)
used o support 16-valve cylinder head when re-
moving and installing intake valve guides.
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Valve Seals Table h. Valve Seat Dimensions (8-valve engines)

When resurfacing valve seals on engines with hydraulic
cam followers, there is a limit to the amount of material which
can be removed. i 100 much material is removed, the final
assembly will leave too little space for the hydraulic cam fol-
lower to function correctly. The maximurn refacing dimension,
the maximurm amount of rmaterial that can be removed from the
valve seat, s caleulated from the measurerment shown in Fig,
424

Measure dimension a, and sublract the minimum dimen-
sion, as given in Table g. The difference is the maximum Engine Code JH {(ail years)
amount of material that can be removed from the valve seat,

diameter a

dake . . .0 39.2 mm (1.543 in.)
exhaust. .. .00 32.4 mm (1.276 in.)

Maximum permissible
refacing depthb . . . ..o calculate
See Fig. 4-24, Table g.

Seat width ©

mtake. ... approx. 2.0 mm (080 in.)
exhaust. . . ... oL L approx. 2.4 mm (094 in.)
Valve seatangle . . . . .. ... .. 45¢
Uppercorrectionangle . . . .. . .. .. ... ... ... BN

Table i. Valve Seat Dimensions (16-valve engines)

' j

WA, g a- g I
o L &h ¥ g‘—* | 4
stem and upper surface of (7 4 2 ] 5 ] b
: 1o caleulate maxioum \ S i\ N { NN ‘
g dimension MR SN / N T
| h o 7 ;:i ! )\/0 ] "&i\\.\\\ U
N | GO RN
T L . e , \ NNV
able g. Minimum Dimensions for Calculating !
. . . o A Y e
Yalve Seat Refacing Dimensions M [wa]
Engine Code intake Exhaust
JH  2H (B-valve) | 53.8 mm (1.3311n) | 84.8 mm (1.370 in.) Engine Code PL
L {18-valve) 34.4 mm {1354 i) | 34.7 mm (1.366 in.) diameter & 7
imake . .0 L oL 31.2 mm (1.228 in.)
Valve seat dimensions are listed in the tables that follow. Ta- exhaust. . ... 27.6 mm (1.087 in)

ble h lists dimensions for 8-valve engines. Table i lists dimen-

. . . Maxirmum permissible
sions for 16-valve engines.

refacing depth b . . . . . L. L L oL calculate
See Fig. 4-24, Table g

Seat widih ¢
takee L L L Lo A5 10 1.8 mum {06 to .07 in)
axhaust . ... ... approx. 1.8 mm (07 in}
Valve seatangle. . . . . .. L L Lo 457
Uppercorrectionangle. . . . . . .. ... ... . ... ..., 30°

Lower correction angle




5. HEMOVING AND INSTALLING ENGINE AND
THANSAXLE

The engine and transasle are removed as a unit, and sepa-
rated from each other for additional work once they are re-
movad. The assembly is lifted out from the top, but it is not
necassaly 1o remove the hood, unless it will interfere with the
type of lifting equipment being used.

Hemoving

On airconditioned cars, the air conditioning compressor
and condenser are removed and set aside without disconnect-
ing the refrigerant lines. On cars with power steering, remove
the power steering pump and fluid reserveir. Set them aside
without disconnecting the power steering fluid lines.

To remove;

1. Disconnect the negative (~) battery terminal, and then
the positive {+) terminal. Remove the battery.

2. Loosen the fuel filler cap in order to relisve fuel tank
Drassure,

3. Hemove the rubber duct that connects the throttle valve
assembly 1o the fuel injection system’s mixture control
unit,

S

Drain the cooling system as described in CODLING
SYSTEM, and remove the coolant hoses connected to
the engine.

CAUTION e

Volikswagen advises that engine coolant must
not be reused when replacing the eylinder head,
the oviinder head gasket or the engine.

5 Disconnect the electrical connectors for the radiator
cooling fan and the radiater thermoswitch, then remove
the radiator and fan assembly as described in COOL~
ING SYSTEM.

8, Femove the wiring from the alternator, and then re-
mave the aliernator. See ELECTRICAL SYSTEM.

-

. Atthe front of the engine, disconnect wiring from the ol
pressure switch, the coolant thermoswitch and, on en-
gines with CIS fuel injection, the cantrol pressure regu-
lator, Remove the intake air preheat pipe,

@

On cars with air conditioning, remove the compressor
drive belt, Without disconnecting any refrigerant lines,
remove the air conditioning compressor from the en-
gine. Set it aside on the fender, using care to avoid kink-
ing the refrigerant lines, Tie the compressor down to
hold 1,

2. At the left side of the engine, disconnect the coclant
ternperature sensor wires, the heater hoses, and the
starter wiring hamess, Disconnect the vacuum hoses,
the center coll wire, and the Hall sender connection on
the distributor,

ENGINE  3-25

10. Detach the fuel lines from the control pressure regula-

14,

15,

tor and the cold start valve. Disconnect the wiring from
the cold start valve, the auxiliary air regulator, and the
full-load enrichment switch. Disconnect the vacuum
hoses for the brake vacuum servo and the vacuum am-
plifier. Remove the PCV hose.

WARNING =

Fuel will be expelled. Do not smoke or work near
heaters or other fire hazards. Have a fire extin-
guisher handy.

1. On PL (16-valve) engines, remove the upper intake

manifold, as described in 4.1 Cylinder Head Cover
and Gasket, and disconnect the oxygen sensor con-
nector behind the cylinder head. Remove all engine
ground connactions.

. Remaove the four fuel injectors.

13,

Remove the speedometer drive cable from the transax-
Ie housing.

On models with manual transmission, detach the clutch
cable and shift linkage as described in MANUAL
TRANSMISSION AND CLUTCH, Remove the acceler-
ator cable from the engine as described in FUEL SYS-
TEM.

Orn models with automatic transmissions, place the se-
lector lever in the “Park” position. Remove the acceler-
ator cable and the selector lever cable as shown in
AUTOMATIC TRANSMISSION.

. Disconnect all remaining electrical connections to the

engine and transaxle, including the wires for the starter
solenoid and the back-up light switch. Bemove the
horn,

. Detach the exhaust front pipe from the exhaust mani-

fold. See EXHAUST AND EMISSION CONTROLS
necessary.

. Working under the car, remove the drive axles as de-

scribed in SUSPENSION AND STEERING, and then
reinstall the ball joints into the wheel bearing housings
3o that the car can be lowered onto #s wheels,

. On cars with manual transmission, remove the starter

as described in ELECTRICAL SYSTEM.

. Remove the engineftransaxie front meunting.

. Prepare to lifi the engine by connecting the Volkswagen

engine sling or its equivalent to the lifting points shown
in Fig. 5-1 for 8-valve engines) or Fig. 5-2 (for 16-valve
engines).

. Raise the hoist slightly, so that the weight of the engine

and transaxle assembly is supported by it.

. Remove the rear transaxlie mount as shown in Fig. 5-3.
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24. Remove the bolt that hoids the bonded rubber part of the
right transaxie mounting 1o the brackets on the body.
Sirnilarly remove the bolt for the right mounting.

25. Raise and remove the engine and transaxle assembly
from the car. Proceed slowly. Check frequently 1o make
sure no hoses or wires are interfering with engine re-
moval. if the car has been raised on jack stands, check
oftent see that It remains stable and adequately sup-
ported.

Separating Engine and Transaxie

Both the engine and the transaxle should be supported. On
cars with autornatic transmission, remove the three bolts hold-
ing the torque converter to the drive plate. These bolis are near
the autside diameter of the torque converter, and are accessi-
ble from the bottom as shown in Fig. 5-4.

hed for ifting 8+
Jht dlistribution, N

Fig. 5-4. One of three bolis (arrow) that hold torgue con-
n¢r points ye connecling pins and verter to drive plate. Use crankshaft pulley bolt to
hoaks with cotter ping as shown, turn engine for access to bolts

On all models, remove the cover plate shown in Fig, 5-5,
and remove the bolts which hold the transaxle 1o the engine.
Separate the engine and transaxle using care not to place any
strain on the transmission mainshaft.

CAUTION v

On models with automatic transmission, be sure
that the drive plate separates cleanly from lthe
torque converter without pulling the torque con-
verter off its support. As soon as the engine and
transaxle are separated, install a bar across the
open beflhousing to keep the torgue converter
from fafiing.

CAUTION mm=

On modefs with manual transmission, at no time
should the weight of either the engine or the
fransaxte be supported by the fransmission

‘ mainshatt. It it is, the cluteh, the clutch pushrod,
Fig. 5-3. Nuts armows) 1o be removed 10 remove rear rans- or the mainshaft may be damaged.
axle mount,




o plate {arrow) 1o be removed when separating
ngine and transaxie.

instatling

Engine and ransaxle installation is the reverse of removal.
On models with automatic transmission, make certain during
reassembly that the torque converter has not slipped from its
support, See Fig. 5-6.

VCK‘*,YL‘L\&SS_;«;; e

RN
R
¢ )

i
»

RSN
Ry

Fig. 8. Torgue converter positions.
off

Top: conwverter ahipped
support; pliot projects at left arow, purnp drive
may be disengaged, as al right arrow. Bot-
tom: converler correctly posttioned on support

[arrow)
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The engine-to-ransaxie bolts are two sizes, 10 mm and 12
mm. Torque the larger (12 mim) bolis to 75 Nm (55 . b)) and
the smaller (10 mim) bolts 1o 48 Nm (33 L. ). On models with
automatic transmission, torque the bolts holding the engine
drive plate to the torque converter to 30 Nm (22 ft. ib.). Torque
the starter mounting bolts 1o 45 Nm (33 ft. 1b.), and the cover
plate mounting bolts to 15 Nm (11 f. ib).

With the engine and transaxle in position, install the left
transaxie mount first. Roughly align the engineftransaxie as-
sernbly, then ingtall the remaining mounts. Do not fully torque
the mounting bolts. Torque the horn mounting bolts to 18 Nm
{13 1. 1b).

On cars with air conditioning, adjust the tension of the
compressor drive belt as described in LUBRICATION AND
MAINTENANCE.

Following installation of the remaining engine and fransaxle
parts and fluids, the assembly should be aligned in its mounts
as described in Aligning Engine and Transaxie Assembly.

Aligning Engine and Transaxie Assembly

it is normally necessary io align the engine and transaxie
mounts ondy after the assembly has been installed, or after the
mounts have been Inosened as part of ancther repair. How-
aver, a misaligned engineftransaxle can be one of the causes
of excessive engine vibration, indicated by buzzing noises in
the passenger compartment.

To aligm:

1. Loosen the mounting bolts and nuts as indicated in Fig.
5-7.

Fig. 8-7. Bolts and nuts to be loosened when aligning engine
and transaxe. Loosen front mount bolts at A, rear
mount nuts at B, lefl mount center bolt &t €, and
right mount center boll at D
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2. With the car sitling on the ground, move the engine and
transade assembly until the rear transaxie mount is
straight as shown in Fig. §-8, and the left and right engine
and transaxie mounts are centered as shown in Fig. 5-9.
Then torque the rear mount nuts and the left and right
center bolts to 35 Nm (26 1. 1b.). Recheck the mounts to
make sure that thers is no fwisting or strain.

3. Move the front mount on the body unti
cantered in tha moum as shown in
e the nuds, For &valve engines, Lo
nuts o 52 N (38 8 1b) For 18valve ang
the nuls 10 40 Nim (3011 b4

the rubber core
Fig. 5-10,
que the maount

nes, torgue

té\.cm

NTE s

check gearshift fungtion
zom ahqmmerf! i necessary,
iuist me M’ m.gc:hanmm as described In el
ther MANUAL TRANSMISSION AND CLUTOH
or AUTCMSTIOC TRANSIISSION, and align the
axhaust system as described in EXRALUST AND
EMISSION CONTROLS.

Fig. 5-10. Front engine mount being aligned. Move housing
(1) onbolts (2} untitrubber core is centered (inset)

6. CYLINDER BLOCK AND PISTONS

The cylinder block and pistons are normally affected anly by
wear dueto high mileage. Low compression and noise caused
by worn clesrances between parts are signs of wear. For more
information, see 3. Troubleshooting.

CAUTION o

Heplacement blocks may no! include the of
puinp shaltdistributor drive bushing. Assembly
without the bushing will result in litihe or no oif
pressure,

5.1 Cylinder Block Ol Seals

The front crankshaft and intermediate shaft cil seals can be
replaced with the engine installed. Replacing of the rear crank-
shaft oil seal requires separating the engine and transaxle.

Replacing Front Crankshaft Ol Seal

Remove the drive belt as described in 4.2 Camshali Drive
Belt. Then remova the belt sprocketfromthe crankshaft. To re-
move the seals, Volkswagen special tools shown in Fig. 6-1
are recommended. Alternalively, remove the seal carrisr from
the ey finder block and the oll pan. Always use care to prevent
marring the sealing surfaces. Be careful during reassembly to

eatthe seal properly. Use anew gaskest.

Lubricate the new seal with clean engine oll. Press it ali the
way into the camier, being carsful not to distort the seal. The
sealinglipfaces inward. Forbest rasulls, use aseal driver such
as the one shown in Fig. 6-2. Lubricate the threads of the
crankshall sprocket bolt with engine oil.

Tightening torques:
sal carner (small M8 bolt)
carrier (all other bolts)

1O NM (87 in. b
20Nm (15 #.1b.)



being
3. 2088

ramaved using
Rotate tonl clock-

Tightening torgues:

= hax bolt {with washer) TBONm (111 i b))
12-point bolt o NmMIB6 1 b))
{without washer) plus /s turn (1807)

HOTE e
i

Only 12-point bolts are supplied as replacemeant
parts, Insiall without washer. Always replace,

Replacing Intermediate Shaft Ol Seal

Remove the camshalt drive belt, as described in 4.2 Cam-
sheft Drive Bell. Loosen the intarmediate shaft sprocket bolt
and, using 2 soft faced hammer, tap the sprocket loose, Re-
move the bolt and the sprocket. Hemove the two bolts holding
the oil seal carier 1o the cylinder block and pull out the seal
carrier, Pry or hand-press the seal out of the carrer,

Reinstall the seal carrier with a new O-ring. Torgue the bolts
1w 25 Nm (18 1 b To install the seal, lightly oil the seal and
shaft's sesling surface. Fit the seal into position, and carefully

ENGINE  3-29

drive it into place. Use care not to distort the seal as it is
installed. For best results, use a seal driver such as Volkswagen
special ol no. 10-203.

6.2 Disassembly, Assembly, and Reconditioning

Disassembly, assembly, and reconditioning procedures for
the 1.8 liter Volkswagen engines covered in this manual are
sirmitar 10 those for most other modern 4-cylinder, water-cooted
angines. For anyone with the proper fools and equipment and
basic experience in engine reconditioning, this section pro-
vides the specifications and special reconditioning information
necessary to repair these Volkswagen engines.

Those who are without the necessary fools, or unfamiliar
with reconditioning proceduras, will still find this information to
be important to the gualified mechanic who does the work. If
machine shop services are not readily available, one alternative
is to install & Volkswagen remanufactured engine or short
block, available from an authorized Volkswagen dealer pasts
depariment.

To minimize wear during engine start-up, clean engine ol
should be used to lubricate all friction surfaces during engine
assembly.

Fistons and Connecting Rods

Pistons, piston ping, piston rings, connecting rods, and
bearings, if they are 10 be reused, should never be inter-
changed. Mark the cylinder numbers on connecting rods and
cormecting rod caps before removal. Mark the piston fops as
shown in Fig, 6-3. {(avoid scratching the piston). The compo-
nents of one piston and connecting rod assembly are shownin
Fig. 6-4.

Fig. &3, Cylinder numbers and arrows marked on pis
( sed pistons should always be installed in
al orientation.

thelr orig

The piston pin should fit such that, with the piston heated 1o
approximately 80°C (140°F) in an ol bath, alight push will move
the pin, Replace the piston and the pin if the fit is excessively
loose, Connecting rods should always be replaced in complets
5018,
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- Connecting rod
{do not interchange)

Conpecting rod okt M;g i

e 7ol
o~

Fig, 64, C

Measure the cylinder bores at approximately the top, the
middie, and the bottorn of piston travel, and at right angles
907, as shown in Fig. 8-5. The top and bottom measurements
should be made approxdimately 10 mm (%4 in) from the ends of
the cylinder. Nominal piston and cylinder bore diameter spec-
fications are given in Table {.

MNOTE mmmm

Nominal piston diameters are marked on the
piston crowns.

Maximum out-of-round variation in any one cylinder is 0.04
mim {0016 in). Minor irregularities may be corrected by hon-
ing. If the diameter of any one cylinder exceeds the nominal
dimension by more than 0.08 mm (003 in}, all four cylinders
should be rebored and honed to accept new oversized pistons.
Vigsually inspect the bores for scoring and other imperfections
which will also prevent good piston ring to cylinder wall sealing.
When fitting pistons, the piston-to-cylinder clearance should be
0.03 mm (0012 in.). Maximurn piston-to-cylinder clearance is
0.07 mm (D028 in.).

CAUTION o=

Mounting the bare cylinder block to an engine
stand will distort its shape and cause inaccurate
cylinder bore measurements.

Pl U
*1 A
§e}/;iw’1 E‘;\\ - 1
i R
2

Fig. 6-5. Cylinder bore measuring points. Top 1 and hottom
neasurements should be made at least 10 mm
(3/81in ) from ends of eylinder, first in direction A and

then in direction B,

Tabie |. Cylinder and Piston Diameter Specifications

Enging Code

Repair Stage Piston Diameter

Cylinder Bore

JH, ZH Basic Dimension
{standard) 80.98 mm (31882 in) 81.01 mm (31884 in.}
1st oversize 81.253 mm {3.1980 in) 81.26 mm (3.1992 in)
2nd oversize 81.48 mm (3.20721in) 81.51 mwmn {3.2081 in)
. Bagic Dimension

80.98 mm (3.1882 in}

81.01 mm (3.1894 in.)




NOTE oo

At the thme of printing, only standard size pis-
tons are avallable for PL (16-valve) engines.
Check with an authorized Volkswagen dealer
parts department for the latest irdormation on
parts availability.

Measure connecling rod bearing clearances using
Plastigage®. Inspect the connecting rods for any bending,
distortion, or other visible damage. Connecting rod specifica-
tions are listed In Table k.

Table k. Connecting Rod Specifications

Radiat Clearance Wear Limit . . . . . . . . 012 mm (0047 in}
Side Clearance Wear Limit | . 037 mm (0145 ’n)
Checking T forque ... ... 30 Nm (?‘2 ft. ib.)
Assembly Toroue L. 30 Nm (22 i 1b)

+ 34 turn (807)

NOTE e

When checking radial clearance, lubricate the
contact surface of the nut before tightening.

i connecting rod radial clearance is excessive, the crank-
shaft connecting rod journals should be checked as desceribed
in Crankshaft and Intermediate Shaft. If the crankshaft jour-
nal diameters are within specifications, recheck radial clear-
ance using new bearing shells.

When instaling each connecting rod to the crankshaft, the
two bearing shells’ retaining tabs should be on the same side
of the ;Cuma and the rarks on the connecting rods, shown
earlier in Fig. 8-4, should face the drivebelt side of the engine,

Piston Rings

Piston ring end gaps are checked with the piston rings
inserted approxdmately 15mm (5/8 in) from the top of the
cylinder, The piston ring gap specifications are listed in
Yabde |

Table I. Piston Ring End Gap
Giap Wear Limit

Compression 0.30 10 0.45 mm
Rings {012 0 018 iny

1O mm (039

il Scraper Rings
{hottom ring)

0.25 10 0.45 mm
{0100 018 in)

1.0 mm (038
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Table m. Piston Ring Side Clearance

Ring Clearance Wear Limit
{new parts)

alf 0.02-0.05 mm 0.15 mm (L0058 in.)
{.0008-.0019 in.)

Install the piston rings with the gaps offset from each other
by 120°, as illustrated earlier in Fig. 6-4.

Crankshaft and Intermediate Shaft

Fig. 6-6 shows the assembly of the crankshah and the inter-
mediate shaft in the aylinder block. Te remaove the crankshaft,
both crankshall oif seal carriers must be removed from the
ends of the cylinder block. Crankshaft main bearing caps must
not be interchanged. Crankshaft main bearing shells, if they
are 1o be reused, should only be installed in their original posi~
tions. On 8-valve engines, the ignition distributor must be re-
moved before removing the intermediate shaft,

NOTE e

On models with autematic transmission, mark
the posttion of the driveplate on the crankshaft
before removing the driveplate.

NOTE o

Haplacement No. 3 main bearing shells are
one-piece with integral thrust washers.

Crankshaft journal specifications are listed in Table n. Tight-
ening torgues are listed in Table o. Crankshaft and intermedi-
ale shaft clearance specifications are listed in Table p. Crank-
shaft bearings are available in three undersizes to fil
reconditioned crankshafts. If a crankshaft must be replaced, a
Volkswagen remanufactured crankshaft is available from an
authorized Volkswagen dealer.

Table n. Crankshalt Journal Diameter

Main Bearing
Journal Diameter

Connecting Rod
Journal Diameter

Basic
Dimension

53.958-53.978 mim
(2.1243-2.1251 in)

47.758-47.778
(1.8802-1.8810 in)

15t Undersize
{0.25 mn

53.708-53.728 mm
(2.1145-2.1153 in}

47.508--47 528 mm
(1.8704-1 8712 in)

2ncd Undersize
{G.50 mm)}

53.458-53.478 mm
{(2.1046-2.1054 in.)

47.258-47 278 mm
{1.8606-1.8613 in)

Piston ring side clearance is checked using feeler gauges,
Measure each ring in #e origingl groove. Piston ring side
clearance specifications are listed in Table m.

Ird Undersize
{0.75 mum)

53.208--53.228 mm
{2.0948-2.0956 in.)

47.008-47.028 mm
{1.8507-1.8515 in)
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Rear seal

Main bearing caps carrier

—Fear crankshaft
oil seal

i onafmqmwww\%
shell (#5124, 5)

Lower main bearing
shell (#3)

Sealing
ring
Crankshaf!

M 000CF TN DALY
shelt (#3)

= Thrust washer
ftabs fit in main
beating caps)

frtermadiale shafl e

Table p. Crankshaft and Intermediate Shaft

Fig. 66 C
i Clearance

Mew parts Wear Himit

Table o. Crankshaft and Cylinder Block Tightening

Tﬂmaeg
Crankshaft Ot Seal Carder Bolis
BE . 10 Nm (87 0 o)
MB L 20 MNm {15t 1)

intarrnediate Shaft Off Seat Carrier Bolis . 25 Nroe (18 )

Main Bearing Cap Nuts. . . .. .. . .. .. 65 Nm (48 1t b))
Ot PanBolts. .. ... L. 20 Nm (15 f )

uéméksmﬁ friain

bearings
radial clearance

axial {thrust)
claarance

0.03-0.08 mm
00120031 in)
007047 mm
{0028 0ORT in)

047 mm
{0067 in
.25 mm
{0098 in.}

Connecting rod
bearings
radial clearance

axial {side)
alearance

0.12 mm
{0047 in)
0.37 mm
(0146 in)

fntermediate shal
axigl clearance

025 mm

£.0098 in)




ENGINE  3-33

Flywheel or Drive Plate

Fig. 6-7 and Fig. 8-8 showthe tightening sequence and a hold-
ing fixture, Volkswagen special tool VW 558, Torque the bolis,
with locking compound, to 30 Nm (22 1. 1b.) plus 1/, turn (30°).

CAUTION oo
Always replace flywheel or drive plate mounting
hotte with new baotts for final installation.

Fig. 63, Location on replacement fiywheel 1o make new
ignition timing mark. Dimension a is arc lengih
from Top Cead Center (0) mark.

e boll toroue sequence,

& i reverse order

Crive plate assembly. Use only one shim 4. Corm-
bine shims 2 {1 mim and/or 4 mimj to achigve cor-
incler biock clearance dimension.

Flg. 6-8. Fhwh

acernent fhywheels may not have an ignition timing
i iming mark 12 mm (0,47 in arclengthto the tef
d Center (0) mark, as shown in Fig. 8-9,

P o oy b
natic ransm

s, mark the drive plate dunng

ientation. See Fig,
alltwith oldbolts
finder block clear-
oy shims o
wn {123 4 0.028 in.). With

with newboelts, Useone

i or sV

Fig, 6-11.
MOTE wo
A modified dive

AN 1HBMK

e only one
a different
ar grive plate.
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7. LUBRICATION SYSTEM

The primary function of the lubrication systemis to lubricate
the internal moving pans of the engine. The circulation of oil
also aids engine cooling. Proper lubrication relies on a con-
stant supply of oil, fed to the moving parts under pressure.
Pressure is supplied by a gear-type oit pump located inside the
oif pan. Engine oil returns to the oil pan where it is stored for
pickup by the pump. It is cleaned by circulating through a re-
placeable filter. Fig. 7-1 18 a schematic view of the lubrication
system showing the paths of pressurized oil supply to the en-
ging bearings.

e (ATISNAT

o | OW PIOSSUIER
switch

Intermediate shaft

el 1214

Pressure relief valve

e (O UCND

re 5 : engines, hoth
prassure switches are on ofl filter flange.

This section covers inspection, repair and assembly of the
lubrication system. Qi and filter change and engine oil specifi-
cations are covered in LUBRICATION AND MAINTENANCE.

To prevent serious engine damage, a dynamic oil pressure
warning system wams the driver of insufficient oil pressure.
Other safaty features include a filter by-pass, to guard against
bursting the filter due (o over-pressure, and an oil pump pres-
sure relief valve to prevent excessive system pressure.

y

On cars squipped with the multi-function indicators, an oil

ternperature sensor, lecated on the ofl filter Hlange, monitors

the oiltemperature. On PL (16-valve) engines the sensoris lo-
cated on the end of the cylinder head.

Lubrication system problems are caused by an inability to
create or sustain adequate oil pressure. in rare cases, indica-
tions of trouble may be false alarms caused by faults in the ol
pressure warning system.

CAUTION wwmme

Always assume that a waming is valid. Take
proper precautions to avoid engine damage until
adequate oil supply and proper oil pressure can
be verified.

NOTE moeme

To prevent oif being drawn inte the air filler
through the crankcase breather on 16-valve en-
gines, replace the oil purnp splash shield with a
baffle, Volkswagen part no. 027 103 623.

Proper lubrication is essential t¢ long engine life. Change
the engine oil and oil filter regularly, at least as often as speci-
fied by Volkswagen's scheduled maintenance intervals, and
periodically check engine oil level between oil changes. See
LUBRICATION AND MAINTENANCE.

7.1 Dynamic Oil Pressure Warning System

The dynamic oil pressure warning systemincludes pressure
switches, the electronic control unit, the warning indicafor and
awarning buzzer. A 0.3 bar pressure switch provides warning
when the oil pressure faills to near zero at any time. The other
{1.8 bar) switch provides earlier warning, at higher rpm, when-
aver oll pressure falls too low.

The pressure switches are located en the oil filter flange (0.3
bar} and onthe end of the cylinder head (1.8 bar}). On 16-valve
engines, both switches are on the oit filter flange. The eleciron-
ic control unit is behind the instrument cluster.

CAUTION wwme

i the warning indicator stays on after the engine
is started, or flashes on while driving, always as-
sume lhat the waming is valid, Check oil lsvel
and test ofl pressure before testing the waming
system. See 8. Engine Technical Data.

Checking Low Ol Pressure Warning System

With the ignition off, the 0.3 bar switch is closed (completing
the circult to ground). When the ignition is switched on, the in-
dicator will flash. When the engine is started and oil pressure
rises, it opens the switch {opening the ground circuit), and the
indicator goes out. With too little oil pressure or a stuck switch,
the indicator wilf continua to flash. For switch opening andclos-
ing pressures see Testing Oil Pressure Switches.

To quick-check the 0.3 bar switch, simulate aclosed switch.
Remove the blue/black wire and connect it to ground. With the



ignition on, the indicator should flash. H not, the problem is in
the circuit or the indicator. i the indicator flashes only when
tested in this way, replace the switch,

if the indicator flashes with the engine running, and the oil
pressure tests OK, remove the blue/black wire from the switch
with the engine running. The indicator should go out. If not, the
cireuit is shorted to ground between the wire and indicator, #
the indicator does go out, the switch is stuck closed and should
be replaced.

Checking Dynamic Oil Pressure Warning System
{high rpmy}

The 1.8 bar pressure switch is normally open (no circuit to
ground). When the engine is running above 2000 rpm {ignition
distributor input to control unit), oll pressure closes the switch
{completing the circuit to ground). If oil pressure is insufficient
o close the pressure switch, or the switch is stuck open, the
indicator will flash and the buzzer will sound. The pressure
switch opens and closes at specific pressures. See Testing Ol
Pressure Swilches.

To quick-check the pressure switch, raise the engine speed
above 2000 rpm and disconnect the yellow wire from the
switch. The indicator should flash and the buzzer should sound.
if the wire is connected to ground, the warning should stop.
Disconnect the wire from ground and connect it to the switch.
if the indicator does not go out, replace the switch,

Testing Qi Pressure Switches

The oit pressure at which the pressure switches react can
be tested by temporarily installing an ol pressure gauge in
parallel with the switch with a T-fitting and monitoring switch
performance with a muitimeter or fest fight, as shown in Fig.
7-2. Bee 8. Engine Technical Data.

,;&3 VW 1342
-

[7-220]

agsure gauge and test ight being used to test ol

sure switches
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7.2 Oil Pump

The oit pump is located inside the engine oil pan, and draws
engine ol through a pickup tube from near the bottom of the
pan. The pump can be removed for inspection of its internal
clearances (a potential source of low ol pressure problems) by
removing the oil pan.

There is normally no need to remove and inspect the oil
pump unless oil pressure is inadequate. Check the oil pressure
by instaliing a pressure gauge in place of one of the oil pres-
sure switches and run the engine. Engine oil pressure at
normal operating temperature snould be at least 2.0 bar (29
psiy at 2000 rpr.

To inspect the oif pump, drain the oil and remove the oil pan.
Remove the pump and disassemble . See Fig. 7-3.

Oil pump housing

Ol pump gears

Cover
(SR gTo Jem—

Oif pickup
Surge baffle
=
\\l\

Fig. 7-3. Dxploded view of oll pump. Note long mounting
bolts and short caver bolts

With the oil pump removed and disassembled, use feeler
gauges 1o check the clearances. Backlash, shown being mea-
sured in Fig. 7-4, should be between 0.05 and 0.20 mm (002
and 008 in). if not, replace the gears or the pump. Oil pump
gear axial play, shown being measured with a straight-edge in
Fig. 7-5, should not exceed .15 mm (006 in). if it doss,
replace the pump.

if the oil pickup has been removed from the pump cover,
replace the O-ring when installing the pickup. Torque the pickup
bolts and cover bolts to 10 Nm (87 in. ib.). Torque the oil pump
mounting bolts to 20 Nm (15 ft. Ib.).

Replace the oil pan gaskets and install the oil pan. Torque
the oil pan bolts to 20 Nm (15 ft. Ib.) and the drain plug 1o 30 Nm
(22t 1b.). Add engine oil, as described in LUBRICATION AND
MAINTENANCE.
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2 |
17 - 0G5

Fig. 7-8. Oil pump gear axial play being measured using
straight-e and feelar gauge

Oit Spray Mozzles

Bvalve) engines are equipped with oil spray nozzies
which, above a certain oil pressure threshold, spray ol from the
main off galley against the boltoms of the pistons for added
cooling.
Install these nozzles with sealing paste, Volkswagen part no.
AMY 188 100 02, and torque the bolts 1o 10 Nm {87 in. ib.).

NOTE wwmes

Part numbers are subject to change. Always
rely on an autherized Volkswagen dealer parts
department for the latest information,

7.3 Ot Cooler

The ot cooler is an oilla-coolant heat exchanger, Engine oil
flows through one part of the cooler and gives up heat to the
engine coolant flowing through the other part of the cooler. The
cooler is a potential source of leakage between the lubrication
system and the cooling systermn, and should be considered
whagnever such leakage is suspected.

Fig. 7-8is an exploded view of the oil cooler, the oil filter, and
the mounting parts. Remove the oil cooler only if it needs to be
cleaned, inspected, or replaced. On installation, use sealing
paste, Volkswagen part no. AMV 188 100 02, on the sealing
surfaces and check 1o see that there is adequate space for the
coolant hose connections. Torque the oil cooler mounting nut
to 25 Nm (18 #. 1b.).

g i 08

«g»" \ awitch

=i temp

~—Oil filter
flange

~Torgue: 26 Nm:
(181t i)

~Qil cooler

Ol filfer w

Fig. 7-6. Dxploded view of oif cooler and related pe a-
valve engine compoenerits shown. Specifications
also apply to similar parts for 18-valve engines.

CAUTION v

if metal shavings are found in the engine ofl as a
result of engine damage, all engine oil passages
mist be thoroughly cleaned. The engine off
covler should be replaced,
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Tightening Torgues (continued)

Air connection to oylinder head

E”an belt rear cover to stud in cylinder head

@rwe helt upper and lower front covear to rear
cover (bolt and nut)

sssure switches ... ... . L 25 Nm (18 11,

for 8-valve engines (bolty. . ... ... L. 10 Nm (87 in. Ib.)
Altemalor adiusting brackal 1o engine (bolty .. . . 20Nm {15 ft.1b)
Altemator to adiusting bracket of
vehicle (ball) . . L L, 35 N (26 1)
Altemalor to lowsr mounting of vehicle (bolt) .. 35 Nm (28 ft Ib))
Camshalt bearing caps to oylinder head (nut)
i 20 Nm (15 1b.}
.................. 15 N {11 41 1)
Camshaft drive belt sprocket o camshalt or
intermediate at Ai(b(ﬁ 1)
B-valve engines . 80 Nm (59 b))
Ta-valve engines .. ... ... ... .65 Nm (48 1t ib.}
Camshalt drive belt tensioner Eock it 45 Nm {3811 th )
Clhitch p re plate or automatic tfansmissiow
cirive ple orankshalt oo 0 0L 30 E\im (221 b}
plus 7y wm {96
Connacting mod cap to connactingrod .. ... 30 Nm (22 ft. b))
plus 1, tum (809
Coverplale lo tiansaxie .. ... .. L 15 Nm (11 . b))
Crankshaft ol seal carrer to cylinder block
M6 bolt o 10 Nm (87 in. b))
M & bolt . e 20 Nm {15t b))
Crankshaft t ming belt sprocket io crankshaft
Hex bolt fwith washer), ... . ... 150 N (111 1 b))
t2-point bolt {(withoulwasher) .. .. .. ... . G0 Nm {66 1t Ib.)
phus '/, wm {90
Cylinder head cover o oylinder head {nu) . .. 10 Nm (87 in. b))
Cviindar head (o engine block (engine cold). . . 60 Nm {43 f1. Ib.)

plust/, tum (1807

(socketheadbolly .. ... ... ... ... .. 30 Nm (22 ftib)

except front boll on 16-valve engines. ... .. 10 Nm {87 m i)
front bolt on 18-valve engines . . ... .. B Nm (531in.1b.)
Dirive shalt to transade dnve flange
g-valve engines . T 2 Nm (30 it b))
igvalve engines .. ... L. e 4‘3 N (33 1L i)
Eﬂgm@ io transaxle belihousing
M10 . N 5 Nm (33 1t Io.
*\5 e e 75 Nm (851t 1b)
€ mm mount fo bady {bolty .......... 52 Nm (38 1t thy)
Enf; ne nght and left mounting to rubber
fthrough bolt). ... .. . oL o 5 Nm (26 1L 1b)
nedtransaxie rear mount to engine (nut). . . 38 Nm {28 1t 1b)
Engineftransaxie mount o bo«:iy
alve engines e 0 Nm (30 it b))
Fuel injector inser o ovli mie head
{with thread ck ng compound) ... 20 Nm (151t b))
Flywhesl io clulch pressurs plate . CBDNm (151U 1b)
Intermediate 5%11‘2 oil seal carmer
wolinderblock ... Lo 0L 25 Nm (18t b))
Marsfolds to eylinderhead .00 0L . 25 N (18 fu b))
Md in bearing caps o oylinderblock ... ... 85 Nm (48 1t b}
Oit cooler to off filter fange (nut) .. ... .. 25 Nm {18 ft. 1b)
O filler mounting flange to engine
aylinder block (sockel-head bolly. . ... ... 28 Nm (1810 1b)
Ol pickup to ol pump housing covar (bolt) 10 Nm (87 in b}

O pantooylinderblock. . ... ... ... ... .. 20 Nm (15 1L ib.)
Oitdrain pluginollpan. ... ............. .. 30 Nm {224t 1h.)
Ol pump to cylinder block (M8 bolty. ... .., .. 20 Nm (15 ft ib.)
Gitpumpecoverbolt ... .. ... .. 10 Nm {87 in. Ib)
Power steering pump to mount (bolt). ... ... 20 Nm (151t 1b)
Sparkplug ... .. e 20 Nm (1511 ib)

Starter to belihousing {(manual transmission) .
Torgue converter to drive plaie

. 48 Nm (3411 b))

{with D& locking compound) .. ... ... ... .. 35 Nm (26 ft. 1b.)
Upper inlake manifold o lower intake

manifold {16-valve engines) .. ........... 20 Nm (15 . 1b.)
Upper intake manifold to support bracket

(16-valve engines) ... ... ... ... .. ... 20 Nm (1511 1b.)
W-belt pulleys o coolant pump or

crankshaftsprockel. .. ... .. . . L Z0 Nm {151 b}

i, Crankshaft, Intermediate Shaft and

Crankshaft Bearing Specifications

Main bearing joumal diameter
basic dimension ..., .. ... ... .. B3.958-53.978 mm
(2.1243-2.1251 in.)
istundersize (025 mm), ... ... .. .. 53.708-53.728 mm
(2.1145-2.1153 in.)
53.458-53.478 mm
(2.1046-2.1054 in.}
drd undersize (075 mm) ... .. L 53.208-53.228 mm
(2.0948-2.0956 in.}

Main bearing radial clearance (with Plastigage®)

2ndundersize (050mm) .. ... .. ...

newpards L. G.03-0.08 mm

{.0012-.0031 in.}

wearlmil, ... e Q.17 mm {0087 In}

Crankshafl axial play {side clearance)

newparts oL L 0.07-0.17 mm

{.0028--0067 in}

wearlimit. . ... ... .25 mm {.0098 in.)
Crankshaft connecting rod joumals diameter

basic dimenston .. .. ..., ... ... .. 47.758-47.778 mm

{1.8802-1.8810 in.)

tstundersize (025 mm). . ... .. ... .. 47 508~-47.528 mm

(1.8704-1.8712 in}

2od undersize (050mmY ... ... ... ... 47 25847 278 mym

(1.8606~1.8813 in.)

Grdundersize (0.75mm). .. Lo 47.008-47.0268 mm

{(1.8507-1,8515 in.)
Connecting rod bearing radial clearance {with Plastigage™)

wearlmit, ..o . 312 mm (L0047 in})
Gonnecting rod bearing axial clearance (side clearancs)

wearlimit.. ... ... G.37 mm (0148 in)
Intermediate shaft axial clearance

{side clearance) .................... G.25 mm (L0098 in.)
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. Piston, Piston Ring and Cylinder Bore
Epeocifications

V. Camshaft, Valve and Cylinder Head
Specifications {(continued)

Cyhinder bore diameler
B-valve

basic dimension ... ... . L8101 mm {3189 in)
fatoversize (025 mmi. . ... ... .. 81.26 mm (3,199 in.}
2nd oversize (060 mm) ..., ., 81.51 mn {3.209 in.)
out-of-round {max.). ... L 0.04 mirn {0018 in.)

rnaximum deviation from nominal size .. 0.08 rm (003 in)

81.01 mm {3,189 In.}

sof-round fmax oo 0.04 mun (0016 in.)

mandmurn deviation from nominal size . .0.08 mm (0031 in)

ameler

2ngines

dimension o S .BOSB mm (3,188 in)

(O2Bmmy. ... ... 8123 mm (3,198 In)
versize (050 mm) L. L8143 mm (3.208 in.)

ve engines

O

pasic dimension .. ... L L. 80.98 mm (3.188 in.)
Pistor-to-oylinder clearance
withnewparts ... ... .., 0.08 mm (L0012 0n.)
wearfmit o0 L e 0.07 mm (L0028 in.)
Piaton rings clearance {ring to ring land) . ... .. .. 0.02-0.05 mm

(00080019 in}
shd gap {measured with ring only in eylinder)

1131y R 0.30-0.45 mm (012-.0181n.)
on ring wearlimit ... L 0 1.0 mm (039 in)

e 345 mm (010018 in)
ot soraper fngweariimit. . ... . L, 1.00 mm (039 i)

. Camshaft, Valve and Cylinder Head
Specifications

Camshalt
fplay, masdmum. ... L G158 mm {0089 in.)
runout, maximum pernissible L 0,001 mm (0004 in)
rachal clearance (with Plastigage™)
wearlimit .. 00
Cylinder head
warpage, maximum
ihi

........ 0.1 mm (004 in}

oo Y mm (004 in)

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ 132.6 mm (5220 in.)
B mim {4,650 i)

G mm (004 i)

. SO0 mm {079 0n.)
CEE-1.8 mm {055 -.071 in))

S-valve engines
seal width, exhaust

@ engines ..., 24 mm {084 in)
e engines L approx. 1.8 mm (071 in)

ice, intake
o382 mm {1543 i
e Co32 mm (1228 In)
ter of 457 face, exhaust
i 324 mm {1276 i)
L2768 mm (1.087 in)

Valve guide wear, maximum {measure with new valve)
ntake. ... . e 1.0 mm {039 in.)
exhaust .. ... ... . L 1.3 mm (058 in.)

Intake valve dimensions
stem diameter

Svalveengines .. .................. 7.97 mm (314 in)
16-valve engines . . ......... ... ..... 6.97 mm (274 in.)
length
8-valve engines
w/mechanical cam followers .. .. .. 98.70 mm (3.886 in)
wihydraulic cam followers .. ..., .. 91.00 mm {3.583in.)
t6-valve engines .. ............... 95 50 mim {3.760 in.)
head diameter
Svalveengines . ... ... ... ... ... .. 4600 mm (1.5751in.)
t6-valve enginess .. .. ... ... .. L3200 mm {1.258in)

Exhaust valve dimensions
sterm diameter

Svalveengines . ... ... 7.95 mm {3131in.)
16valveengines .. ................. 8.94 mm {273 in.)
length
B-valve engines
w/mechanical cam followers .. ., .. 9550 mm (3.878in.)
wihydraulic cam followers .. ... ... 80.80 mm {3.575in)
1Gvalveengines .. ............... 98.20 mm {3.846 in.}
head diameter
Bvalvesngines . ... ... ... ... .., 33.00 mm {1.299 in.)
6valve engines ................. 28.00 mm {1,102 in)

Valve clearance
19851887 B-valve (JH) w/adjustable cam followers only
engine cold

intake ., ... L o Lo 0.15-0.25 mm {006--010in.}

exhaust . ....... ... ..... 0.35-0.45 mm {.014-.018 in.)
engine hot {mintmum coolant temperature 95°F (35°C))

intake . L Lo o 0.20-0.30 mm {008-.012in.)

exhaust ... ... .. ... C.40-0.50 mm (016020 in.)

Y. Lubrication System Specifications

O pump gears

backlash ... . ... .. . ... 0.05-0.20 mm (.002-.008 in.)

axial play, wearfimit. .. ... ... . ... ... 0.15 mm (006 in)
Cil pressure, minimum al 2000 pm

{(with SAE 10W ol at 140°F (B8°C)) . ... .. .. 2.0 bar (28 psf)

Oil pressure waming system
low pressure swilch
{nominal 0.3 bar, nomally closed)
DRSNS ., e 0.15-0.45 bar (2.2-5.5 psi)
dynamic pressure swilch
{nominal 1.8 bar, normally apen)
closes, .. .. B 1.6-2.0 bar {2329 psi)




