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About this manual 
I t s  purpose 

The purpose of this manual is to help 
you get the best value from your vahicle. It 
can do so in several ways. It can help you 
decide what work must be done, even if you 
choose to have it done by a dealer service 
department or a repair shop; it provides Infor- 
mation and procedures for routine mainte- 
nance and servicing; and it offers diagnostic 
and repalr procedures to follow when trouble 
occurs. 

We hope you use the manual to tackle 
the work yourself. For many simpler jobs, 
doing it yourself may be quicker than arrang- 
Ing an appointment to get the vehicle Into a 
shop and making the trips to leave it and pick 
It up. More Importantly, a lot of money can be! 
saved by avoiding the expense the shop 

must pass on to you to cover rts labor and 
overhead costs. An added benefit is the 
sense of satisfaction and accomplishment 
that you feel after doing the job yourself. 

Using the manual 
The manual Is divided into Chapters. 

Each Chapter Is dMded Into numbered Sec- 
tions, which are headed in bold type between 
horizontal lines. Each Sect~on consists of 
consecutrvely numbered paragraphs. 

At the b%glnnmg of each numbered Sec- 
tion you will be referred to any illustrations 
which apply to the procedures in that Sec- 
tion. The reference numbers used In illustra- 
tlon captlons pinpoint the pertinent Section 
and the Step within that Sectfon. That is, 
Illustretton 3.2 means the illustration refers to 

Section 3 and Shp (or paragraph) 2 within 
that Section. 

Procedures. once described in the text, 
are not normally repeated. When it's neces- 
sary to refer to anothw Chaptw, the m c e  
will be given as Chapter and Section numbr. 
Cross references glven without use of the 
word "Chapter" apply to Sections andror para- 
graphs in the same Chapter. For example, 
"see Section 8" means in the same Chapter. 

References to the left or r~ght side of the 
vehjcle assume you are sitting In the driver's 
seat, facing forward. 

Even though we have prepared this 
manual with extreme care. neither the pub- 
lisher nor the author can accept responsibility 
for any errors In, ox omiss~ons from, the ~nfor- 
mation glven. 

NOTE 
A Nata provides information necessary to properly complete a procedure or information which w~ll 
make the procedure easier to understand. 

CAUTION 
A Cautfon provides a special procedure or special steps which must be taken while complet~ng the 
procedure where the Cautlon is found. Not heeding a Caution can result in damage to the assembly 
being worked on. 

WARNING 
A Warning provides a special pwedure or special steps which must be taken while completing the 
procedure where the Warning 1s found. Not heeding a Warning can result in personal injury. 

Acknowledgements 
We are grateful for the help and cooperation of Volkswagen of Amer~ca, Inc., for asslstance with technical information, 
certain illustrations and vehicle photos. 

0 Haynes North America, Ine. 1991,1998 
Wtfh m l s s l o n  from J.H. Haynes & Co. ttd. 

A book in the Haynes Automotivh Repair Manual Series 

P~*inted In the U.S.A. 

All rights resewed. No part af this book may be reproduced or transmitted In any form or by any means, electronic or 
rnechanrcal, including photocopying, recording or by any information storage or retrieval system, without permission In writ- 
ing from the mpyright holder. 

Library of Congress Catalog Card Number 81 -70148 

Whlle every attempt rs made to ensure that the Informd~on In this manual is correct, no liability can be accepted by the 
authors or publishers for loss, damage or injury caused by any errors m, or omissions from, the information given. 

98-320 



Contents 
Introductory pages 

About thls manual 
lntrod~ct~on 10 the VW Beetle and Karmann Ghia 
Vehicle identification numbers 
Buying parts 
Maintenance techniques, tools and worklng facilities 
Jacking and towing 
Booster battery (lump) starting 
Automottve chemicals and lubricants 
Conversion factors 
Safety first? 
Troubleshooting 

Chapter i 
Tune-up and rnuttne maintenance 

Chapter 2 
Engrne 2-1 

Chapter 3 
Cooling and heating systems 3-1 

Chapter 4 
Fuel and exhaust systems 

Chapter 5 
Engine electr~cal systems 

Chapter 6 
Em~ssions control systems 161 

Chapter 7 Part A 
Manual transaxle 74-1 

Chapter 7 Part El 
Automatic Stick Shift 

Chapter 8 
Clutch and drivellne 

Chapter 9 
Brakes 

Chapter i Q 
Suspension and steering systems 10-1 lo  

Chapter 11 
Body 11-1 

Chapter f 2 
Chassis electrical system and wlrlng diagrams 

Wiring diagrams 12-1 8 

Index rNB1 lFAD 



! - -- A 2 
1974 VW Super Beetle 



Introduction to the 
Volkswagen Beetle and Karmann Ghia 

)e rear susl 
?ssed mer 

The vehicles covered by thrs manual are axle-tyg penslon, in which the axles wlth the steering gearbox mounted to the 
very sim~lar tn design. Although the Kamann are strt nbers of the suspension. front axle beam. Later models were equipped 
Ghia may appear to be  a completely different Later models use dtiveaxles, which are used with a rack-and-pinion style steering gear. 
vehicle, it shares the same basic platform only for the transmission of power to the rear The rear suspension on a$ models is of 
and components. wheels. a torsion bar des~gn, although there are sig- 

The horizontally opposed, four-cyl~nder Independent suspenston, featuring tor- nlficant differences between models with 
engine used in these models is equipped with sion bars, trailing arms, and telescopic shock swing axles and modeis with driveaxles (see 
either a carburetor or electronic fuel ~nlection. absorbers in used on the front wheels of most Chapter 8 for more details). Telescopic shock 
All models util~ze a breaker points-type igni- models. Beginning with the 1971 Super Bee- absorbers are also used at the rear. 
tion system. tle, some models were equipped w12h a All models are equipped wtth drum brakes on 

The engine drtves the rear wheels MacPherson strut-type front suspension (all all four wheels, w ~ t h  the exception of later 
through a 4-speed manual or 3-speed 1975 and later models were equrpped wlth model Karmann Gbias, which were equipped 
semi-automatic transaxle vla independent this type of front suspension). Most models with disc brakes on the front wheels. 
axles. Early models employ a swlng use a worm-and-roller type steering gear, 

Vehicle identification numbers 
Mod~ficat~ons are a continuing and compiled on a numerical basis, the Endrvidual Chassis jdenfjfjation number 

unpublicrzed process In vehicle manufactur- veh~cla numbers are necessary to correctly 
ing. Since spare parts manuals and lists are identify the component requ~red. 

Th~s very important Identification num- 
ber is found in three different places: on the 

The engine idenWicatlon 
number is stamped on 
the engim case, just 
below the generator 

pedestal 

frame tunnel under the rear seat, under the 
hood. and on the dashboard. It IS visible from 
outsida the vehicle, through the windshietd. 
The VIM also appears on the Yehide Certifi- 
cate of Title and Registration. It contains 
information such as where and when the 
vehicle was manufactured. the model year 
and the body style. 

Engine number 
The engine identification number is 

stamped on the engine case, just below the 
generator pedestal (see illustration). See 
Chaptw 2 for a breakdown of engine identifi- 
cation numbers for the drlferent model years. 
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Buying parts 
Replacement parts are available from 

many sources, which generalry fall into one of 
two categories - authorized dealer parts 
departments and independent retail auto 
parts stores. Our adv~ce concerning these 
pans is as follows: 

Retall auto parts stores: Good auto 
parts stores will stock frequently needed 
components which wear out relatively fast, 
such as clutch components, exhaust sys- 
tems, brake parts, tune-up parts, etc. these 
stores often supply new or rscondit~oned 

parts an an exchange basis, which can save 
a considerable amount of money. Discount 
auto parts stores are often very good places 
to buy rnateriaTs and parts needed for general 
vehicle maintenance such as 011, grease, fll- 
ters, spark plugs, belts, touch-up paint, 
bulbs, etc. They also usually sell tools and 
general accessories, have conven~ent hours. 
charge lower prtces and can often be found 
not far from home. 

Authorized dealer parts department: 
This is the best source for parts which are 

Maintenance techniques, 
tools and working facilities 

unique to the vehicle and not generally avail- 
able elsewhere [such as major engine parts, 
transm~ssron parts, trim pieces, etc.). 

Warranty Infomatloon: If the veh~cle is 
st111 covered under warranty, be sure that any 
replacement parts purchased - regardless of 
the source - do not lnvalldate the warranty! 

To be sure of obtaining the correct 
parts, have englne and chassis numbers 
avatlable and, if possible, take the otd parts 
along for positlve ~dentificat~on. 

Maintenance techniques 
There are a number of techniques 

involved In maintenance and repair that will 
be referred to throughout thls manual. Appli- 
cation of these techniques will enable the 
home mechanic to be more effictent, better 
organized and capable of performing the var- 
lous tasks properly, which will ensure that the 
repair job is thorough and complete. 

Fasteners 
Fasteners are nuts, bolts, studs and 

screws used to hold two or more parts 
together. There are a few things to keep I ~ I  

m~nd when working with fasteners. Almost all 
of them use a locking device of some type, 
either a lockwasher, locknut, locking tab or 
thread adhesive. All threaded fasteners 
should be clean and straight, wlth undam- 
aged threads and undamaged corners on the 
hex head where the wrench fits. Develop the 
hablt of replacing all damaged nuts and bolts 
w~th new ones. Special locknuts with nylon or 
flber inserts can only be used once. If they 
are removed, they lose thelr locktng abltity 
and must be replaced with new ones. 

Rusted nuts and bolts should be treated 

this task, as well as other repair procedures, be replaced exactly as removed. Replace any 
such as the repalr af threaded holes that damaged washers w ~ t h  new ones. Never use 
have been strip@ out. a lockwasher on any soft metal surface (such 

Flat washers and lockwashers, when as alurn~num), thin sheet metal or plastic. 
removed from an assembly, should always 

Grade 1 or 2 Grade 5 Grade 8 

Grade ldenttfication I Grade Identification I 
with a penetrating flutd to ease removal and 
prevent breakage. Some mechanics use tur- FA",% 
pent~ne in a spout-type oil can, which works $2 
quits well. After apply~ng the rust penetrant. 

3 Dots 
let it work for a few minutes before trying to 
loosen the nut or b l t .  Badly rusted fasteners 
may have to be chiseled or sawed off or +fij removed with a special nut breaker, available Grede B 

at tool stores. 
I I  a bolt or stud breaks off In an assem- 6 a o t ~  

bly, it can be drilled and removed with a spe- 
cial tool commonly available for this purpose. a n d a r d  hex nut 

strength marklngn 
Most autornot~ve machine shops can perform 

2s Class 9 GI 
Anhlc 9 

Metfie hex nut 
atrength markings 

Class Class Class 
10.9 9.8 8.8 

Metric stud strength markings 
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Fastener sires 
For a number of reasons, automobile 

manufacturers are making wider and wider 
use of metric fasteners. Therefore, it is impor- 
tant to be able to tell the difference 'between 
standard (sometimes called U.S. or SAE) and 
metric hardware, slnce they cannot be Inter- 
changed. 

kll bolts, whether standard or metric, are 
sired accord~ng to diameter, thread pitch and 
length. For example. a standard 112 - 13 x 1 
bott Is 1/2 inch In diameter, has 13 threads per 
inch and is 1 inch long. An MI2 - 1.75 x 25 
metric bolt is 12 mm in dtameter, has a thread 
pitch of 1.75 mm (the distance between 
threads) and is 25 rnm long. Thatwo bolts are 
nearly identical, and easily contused, but they 
are not interchangeable. 

In addition to the differences in diame- 
ter, thread p~tch and length, metric and stan- 
dard bolts can also be distinguished by 
examining the bolt heads. To beg~n with, the 
d~stance across the fiats on a standard bolt 
head is measured In inches, whlle the same 
d~mension on a metric belt 1s w e d  in millime- 
ters [the same is true for nuts). As a result. a 
standard wrench should not be used an a 
metrtc bolt and a metric wrench should not 
be used on a standard bolt. Also, most stan- 
dard bolts have slashes radiating out from 
the center of the head to denote the grade or 
strength of the h l t ,  which is an indication of 
the amount of torque that can be apphed to 
It. The greater the number of slashes, the 
greater the strength of the bolt. Grades D 
through 5 are commonly used on autorno- 
biles. Metric bolts have a property class 
(grade) number, rather than a slash, molded 
into their heads to indtcate bolt strength. In 
this case. the higher the number, the stronger 
the bolt. Property class numbers 8.8, 9.B and 
1O.g are commonly used on automobiles. 

Strength markings can also be used to 
distinguish standard hex nuts from metric 
hex nuts. Many standard nuts have dots 
stamped into one side, whlle rnetnc nuts are 
mark& with a number. The greater the nurn- 
ber of dots. or the higher the number, the 
greater the strength of the nut. 

Metric studs are also marked on their 
ends accordlng to property class (grade). 
Larger studs are numbered (the same as 
metric bolts), while smaller studs carry a geo- 
metric code to denote grade. 

It should be noted that many fasteners, 
especially Grades 0 through 2, have no dis- 
tinguishing marks on them. When such is the 
case, the only way to determine whether tl is 
standard or metric Is to measure the thread 
p~tch or compare it to a known fastener of the 
Same size. 

Standard fasteners are often referred to 
as SAE, as opposed to metric. However, it 
should be noted that SAE technically refers to 
a non-metric fine thread fastener only. 
Coarse thread non-rnetrlc fasteners are 
referred to as USS sizes. 

Since fasteners of the same size (both 
standard and metric) may have different 

Metric thread sizes 
M-6 ...................................... .. ..................... 
M-8 ............................................................... 
M-10 ............................................................. 

Pipe thread sizes 

U.S. thread sizes 
1 /4 - 20 ........................................................ 
5/16 - 18 ................................................... 
511 6 - 24 ....................................................... 
318 - 16 ......................................................... 
318 - 24 ......................................................... 
7/16 - 14 ....................................................... 
7/76 - 20 ..................................................... 
1rZ - 13 ......................................................... 

Standard (SAE and USS) bolt 
dimens~onslgrade marks 

G Grade marks (bolt strength) 
L Length (in inches) 
T Thread pitch (number of 

thm~ds per Inch} 
D Nomtnal diameter (in Inches) 

Metric bolt dimensionstgrade marks 

P Property class (bolt strength) 
C Length (in rni//rmete~) 
T M a d  pitch (distance between 

threads in miilimefers) 
D Diameter 

strength ratings, be sure to relnstalt any bolts, 
studs or nuts removed from your vehicle in 
their original locations. Also, when replacing 
a fastener with a new one, make sure that the 
new one has a strength rating equal to or 
greater than the original. 

Tightening sequences and 
procedures 

Most threaded fasteners should be 
tightened to a specific torque value (torque is 
the hvistrng force applied to a threaded com- 
ponent such as a nut or bolt). Overtightening 
the fastener can weaken it and cause it to 
break, while undertightening can cause it to 
eventually come loose. Bolts, screws and 
studs, depending on the material they are 
made of and their thread diameters, have 

specific torque values, many of which are 
noted In the Specifications at the beglnnlng 
of each Chapter. Be sure to folilow the torque 
recommendations closely. For fasteners not 
assrgned a specrfic torque, a general torque 
value chart is presented here as a guide. 
These torque values are for dry (unlubricated) 
fasteners threaded into steel or cast iron (not 
aluminum). As was previously mentioned, the 
s ~ z s  and grade of a fastener determine the 
amount of torque that can safely be applred 
to rt. The figures listed here are approximate 
for Grade 2 and Grade 3 fasteners. Higher 
grades can tolerate higher torque values. 

Fasteners laid out in a pattern, such as 
cylinder head bolts, oil pan bolts. differentla1 
cover bolts, etc.. must be loosend or tight- 
ened in sequence to avoid warping the com- 
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Micrometer set Dial indicator set 

ponent. This sequence will normally be 
shown In the appropriate Chapter. If a spe- 
crflc pattern is not given, the following proce- 
dures can be used to prevent warplng. 

Initially, the bolts or nuts should be 
assembled finger-tlght only. Next, they 
should be trghtened one full turn each, in a 
crlss-cross or d~agonal pattern. After each 
one has been tightened one full turn, return to 
the first one and tighten them all one-half 
turn, following the same pattern. Finally, 
tighten each of them one-quarter turn at a 
time unt~l each fastener has been tightened to 
the proper torque. To loosen and remove the 
fasteners, the procedure would be reversed. 

Component disassembly 
Component d~sassembly should be 

done with care and purpose to help ensure 
that the parts go back together properly. 
Always keep track of the sequence in which 
parts are removed. Make note of special 
characteristics or marks on parts that can be 
installed more than one way, such as a 
grooved thrust washer on a shaft. tt is a good 
idea to fay the disassembled parts out on a 
clean surface in the order that they were 
removed. It may also be helpful to make 
sketches or take instant photos of compo- 
nents before removal, 

When removing fasteners from a com- 
ponent, keep track nf therr locations. Some- 
times threadlng a bolt back in a part, or 
putting the washers and nut back on a stud. 
can prevent mlx-ups later. If nuts and bolts 
cannot be returned to thelr original locat~ons, 
they should be kept in a compartmented box 
or a series of small boxes. A cupcake or muf- 
fin tln is Ideal for this purpose, slnce each 
cavity can hold the bolts and nuts from a par- 
ticular area (4.e. oil pan bolts, valve cover 
bolts, engine mount bolts, etc.). A pan of this 
type rs especially helpful when working on 
assemblies with very srnali parts, such as the 
carburetor, alternator, valve train or interlor 
dash and trim pieces. The cavltles can be 
marked with paint or tape to Identify the con- 
tents. 

Whenever wir~ng looms, harnesses or 
connectors are separated, ~t is a good idea to 

identify the two halves with numbered pieces 
of masking tape so they can be easily recon- 
nected. 

Gasket sealing surfaces 
Throughout any vsh~cle, gaskets are 

used to seal the rnat~ng surfaces between 
two parts and keep lubricants, flu~ds, vacuum 
or pressure contained tn an assembly. 

Many t~mes these gaskets are coated 
w~ th  a llquid or paste-type gasket sealing 
compound before assembly. Age, heat and 
pressure can sometimes cause the two parts 
to st~ck together so tightly that they are very 
dlfflcult to separate. Often, the assembly can 
be loosened by striking it with a soft-face 
hammer near the mating surfaces. A regular 
hammer can be used i f  a block of wood IS 
placed ktween the hammer and the part. Do 
not hammer on cast parts or parts that could 
be easily damaged. W~th any particularly 
stubborn part, always recheck to make sure 
that every fastener has been removed. 

Avoid using a screwdriver or bar to pry 
apart an assembly, as they can easily mar the 
gasket sealing surfaces of the parts, whlch 
must remaln smooth. If prying is absolutely 
necsssavy, use an old broom handle, but 
keep In mlnd that extra clean up will be nec- 
essary if the w w d  splinters. 

After the parts are separated, the old 
gasket must be carefully scraped off and the 
gasket sulfaces cleaned. Stubborn gasket 
material can be soaked with rust penetrant or 
treated with a special chemical to soften ~t so 
it can be eastly scraped off. A scraper can be 
fashioned from a piece of copper tubing by 
flattening and sharpening one end. copper is 
recommended because it is usuallv softer 
than the surfaces to be scraped: which 
reduces the chance of gnuglng the part. 
Some gaskets can be removed with a wire 
brush,. but regardless of the method used, 
the matlng surfaces must be left clean and 
smooth. If for some reason the gasket sur- 
face is gouged, then a gasket sealer thick 
enough to fill scratches will have to be used 
during reassembly of the components. For 
most applicatinns, a non-drying (or semi-dry- 
ing) gasket sealer should be used. 

Hose removaF tips 
Warning: I f  the veh~cle rs equipped with air 
conditioning, do not drsconnect any of the 
AIC hoses w~thoui  first hanng the system 
depressurired by a dealer serwtce department 
or a servrce statton. 

Hose removal precautt~ns closely paral- 
lel gasket removal precautions. Avord 
scratching or gouglng the surface that the 
hose mates against or the connect~on may 
leak. Thls is espec~ally true for radiator hoses. 
Because of varlous chemlcal reactions, the 
rubber in hoses can bond ~tself to the metal 
splgot that the hose fits over. To remove a 
hose, first loosen the hose clamps that 
secure it to the spigot. Then. with slipjoint 
pliers, grab the hose at the clamp and rotate 
~t around the spigot. Work ~t back and forth 
unt~l rt is completely free, then pull It off. Sill- 
cone or other lubr~cants w~l l  ease removal if 
they can be applied between the hose and 
the outside of the spigot. Apply the same 
lubr~cant to the inside of the hose and the 
outside of the splgol to srrnpllfy lnstallatlon. 

As a last resort (and if the hose is to be 
replaced with a new one anyway). the rubber 
can be slit with a knlfe and the hose peeled 
from the spigot. If this must be done, be 
careful that the metal connection IS not dam- 
aged. 

If a hose clamp is brok8n or damaged, 
do not reuse ~ t .  Wire-type clamps usually 
weaken wlth age, so ~t IS  a good ldea to  
replace them w~th screw-type clamps when- 
ever a hose is removed 

Tools 
A selection of good tools is a basic 

requirement for anyone who plans to main- 
tain and repalr his or her own vehtcle. For the 
owner who has few tools, the inrtjal invest- 
ment might seem hrgh, but when compared 
to the sr$raling costs of profess~onal auto 
maintenance and repair. ~t 1s a wise one. 

To help the owner decide which tools 
are needed to perform the tasks detailed rn 
this manual, the fallowing tool lists are 
offered: Maintenance and minor repaw, 
Repa!r/overhaul and Specral. 

The newcomer to practical rnechan~cs 
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Dial caliper 

Compression gauge with spark plug 
hole adapter 

Hand-operated vacuum pump Timtng light 

3rlng wheel puller General purpose puller 

Hydraulic Imer removal tool Valve sprlng compressor Valve spring cornpressor 

Ridge reamer Piston ring groove cleaning took Ring removalfinstallatlon tool 
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Ring compressor Cylinder hone Brake hold-down spring tool 

Brake cylinder hone Clutch plate alignment tool Tap and die set 

should start off with the maintenance end 
minor repair tool kit, which 1s adequate for 
the slrnpler jobs performed on a veh~cle. 
Then, as confrdence and experience grow, 
the owner can tackle more difficult tasks, 
buying additional tools as they are needed. 
Eventually the basic kit will be expanded into 
the repamr and overhaul tool set. Over a period 
of time, the experienced do-it-yourselfer wlll 
assemble a tooh set complete enough for 
most repalr and overhaul procedures and will 
add tools from the special category when rt is 
felt that the expense is just~fied by the fre- 
quency of use. 

Maintenance and minor repair tool 
kit 

The tools in thls Ilst should be consid- 
ered the minimum required for performance 
of routine maintenance, servicing and mlnor 
repalr work. We recommend the purchase of 
combination wrenches (box-end and apen- 
end combined In one wrench). Whlte more 
expensive than open end wrenches, they 
offer the advantages nf both types of wrench. 

Comblnatlon wrench set (Il4-inch to 
I inchor6mmto 19rnmJ 

Adjustable wrench. B inch 
Spark plug wrench with rubber insert 
Spsrk plug gap 8d)wstlng tool 
FeeEer gauge set 
Brake bleeder wrench 

Standard screwdriver (5116-inch x 
6 inch) 

Phillips screwdriver (No. 2 x 6 mch) 
Combination pEiers - 6 rnch 
Hacksaw and assortment of blades 
Trre pressure gauge 
Grease gun 
Oil can 
Fine emery cloth 
Wire brush 
Battery post and cable creaning tool 
011 filter wrench 
Funnel (medium srze) 
Safeiy goggles 
Jackstands (2) 
Dram pan 

Note: I f  basrc tune-ups are golng to be pad of 
routine maintenance, it wrlf be necessary to 
purchase a good qualiiy strnboscopic timing 
light and combination tachomefer~dwffll 
meter. Although they are included in the list 
of special tools, it is mentioned here because 
they am absoEutely necessary for tuning most 
vehicles properly. 

Repair and overhaul tool set 
These tools are essential for anyone 

wha plans to perform major repairs and are in 
addTtion to  those in the maintenance and 
minor repalr tool kit, Included IS a compre- 
henslve set of sockets which, though expsn- 
slve, are invaluable because of the~r uersattl- 

ity, especially when various extensions and 
drives are available. We recommend the 1/2- 
Inch drive over the 3/8-inch drive. Although 
the larger dnve is bulky and more expensive, 
it has the capacity of accepting a very wide 
range of large sockets. Ideally, however, the 
mechanic should have a 3/8-inch drive set 
and a 112-inch drive set. 

Socket set(s) 
Reversible ratchet 
Extension - 10 inch - 
Universal joint 
Torque wrench (%me size drive as 

sockets) 
Ball peen hammer - 8 ounce 
Soft-face hammer (p/astic/rubber) 
Standard screwdriver (1 J4-inch x 6 inch) 
Standard screwdn'ver (stubby - 

5JI 6-inch) 
Phillips screwdriver (No. 3 x 8 hch) 
Phifltps screwdriver (stubby - No. 2) 
Pliers - vise gnp 
Pliers - lineman's 
Pliers - needle nose 
Pliers - snap-rmng onterns1 snd external) 
Cold ch~sel - 1/2-inch 
Scribe 
Scraper (made from flattened copper 

tubmgl 
Centerpunch 
Pin punches (1 11 6, 118, 31 16-inch) 
Steel rulelstraightedgs - 12 inch 
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Allen wrench set (I /B to 3/8-mch or 
4 mm to 10rnrn) 

A selection of fifes 
Wire brush (large) 
Jackstands (second set) 
Jack (scissor or hydraulic type) 

Mote: Another tool whrch rs often useful is an 
electric dnil with a chuck capacity of 3/8-lnch 
and a set of good qualily dnll brts. 

Special tools 
The tools In thls list Include those which 

are not used regularly, are expensive to buy, 
or whic6 need to be used In accordance with 
their manufacturer's instructions Unless 
these tools WIH be used frequently, tt is not 
very economical to purchase many of them. 
A constderat~on would be to split the cost 
and use between yourself and a frlend or 
friends. In additton, most of these tools c a n  
be obtained from a tool rental shop on a tem- 
porary basts. 

Thrs llst pximarrly contains only those 
tools and ~nstrurnents wrdely avatlable to the 
public, and not those special tools produced 
by the vehicle manufacturer for distrtbution to 
deafer service departments. Occasionally, 
references te the manufacturer's special 
tools are incFuded in the text of this manual. 
Generally, an altematlve method of doing the  
job without the special tool rs offered. How- 
ever, sometimes there IS no alternative to 
therr use. Where this IS the case, and the tool 
cannot be purchased or borrowed, the work 
should be turned over to the dealer service 
department or an automotive repalr shop. 

Valve spring compressor 
Piston ring groove cleaning tool 
Piston ring compressor 
Piston ring installatEon tool 
Cyltnder compression gauge 
Cyljnder ridge reamer 
Cylinder surfacing hone 
Cylinder bare gauge 
Micrometers andlor dial caltpers 
Hydraulic lifter removal tool 
Balljoint separator 
Universal-type puller 
Impact screwdriver 
Dial indicator set 
Stroboscopic timing light (inductive 

pick-up) 
Hand operated vacuum/pressure pump 
Tachometer/dwell meter 
Unive~al electrical multimeter 
Cable hoist 
Brake spring removal and installatton 

tools 
Fioor jack 

Buying tools 
For the do-it-yourselfer who is just start- 

ing to get involved In vehicle maintenance 
and repair, there are a number of optlons 
available when purchasing tools. If mainte- 
nance and mlnor repatr is the extent of the 
work to be done, the purchase of tnd~vidual 
tools 1s satisfactory. If, on the other hand, 
extenstve work IS planned, rt would be a good 
idea to purchase a modest tool set from one 

of the large retall chain stores. A set can usu- 
ally be bought at a substantial savings over 
the ~ndlvidual tool prices, and they often 
come wlth a tool box. As additional tools are 
needed, add-on sets, individual tools and a 
larger tool box can be purchased t o  expand 
the tool selectlon. Building a tool set gradu- 
ally allows the cost of the tools to be spread 
over a longer period of time and gives the 
mechanlc the freedom to choose anly those 
tools that will actually be used. 

Tool stores will often be the only source 
of some of the special tools that are needed, 
but regardless of where fools are bought, try 
to avoid cheap ones, especially when buying 
screwdrivers and sockets, because they 
won't last very long. The expense involved in 
replacing cheap tools will eventually be 
greater than the initfal cost of quality tools. 

Care and maintenance of tools 
Good tools are expensive, so it makes 

sense to treat them with respect. Keep them 
clean and in usable condition and store them 
properly when not in use. Always wipe off any 
dirt, grease or metal chips before! puttrng 
them away. Never leave tools lying around in 
the  work area. Upon cornplet~on of a job, 
always check closely under the hood for tools 
that may have been left there so they won't 
get lost during a test drive. 

Some tools. such as screwdrivers, pli- 
ers, wrenches and sockets, can be hung on a 
panel mounted on the garage or workshop 
wall, while others should be kept in a tool box 
or tray. Measuring Instruments, gauges. 
meters, etc. must be carefully stored where 
they cannot be damaged by weather or 
impact from other tools. 

When took are used with care and 
stored properly. they will last a very long 
tlme. Even wlth the best of care, though, 
tools will wear out if used frequently. When a 
tool is damagd or worn out, replace it. Sub- 
sequent jobs will be safer and more enjoyable 
~f you do. 

How to sepair damaged 
threads 

Sometimes, the internal threads od a nut 
or bolt hole can become strlpped, usually 
from overtightening. Stripping threads is an 
all-too-common occurrence, especially when 
worklng with aluminurn parts. because alu- 
minum is so soft that it easlly strips out. 

Usually, external or internal threads are 
only partially stripped. After they've been 
cleaned up with a tap or die, they'll still work. 
Sometlmes, however, threads are badly dam 
aged. When this happens, you've got three 
choices: 

1) Drill and tap the hole to the next suitable 
aversize and install a larger diameter 
boft, screw or stud. 

2) Drrll and tap the hole to accept a 
threaded plug, then dnll and tap the plug 
to the onginal screw sire. You can also 
buy a plug already threaded to tha om- 
nal six. Then you s~rnply drill a hole to 

the specified sire, then nm the threaded 
plug into the hole with a bolt and lam 
nut. Once the plug is fully seated, 
remove the jam nut and bolt. 

31 The third method uses a patented 
thread repair kit like Heli-Coll or Slimsed. 
These easy-to-use kits are designed to 
repair damaged threads in straight- 
through holes and blind holes. Both are 
available as kffs whrch can handle a van- 
eiy of stres: and thread paftems. Drill the 
hole, then tap it with the special 
/ncluded tap. Enstall the Heli-Coil and the 
hole is back to Its original drameter and 
thread pitch. 
Regardless of which method you use, 

be sure to proceed calmly and carefully. A 117- 
tle impatience or carelessness durlng one af 
these relaflvely simple procedures can ruin 
your whole day's work and cost you a bundle 
if you wreck an expensive part. 

Working facilities 
Not to be overlooked when discussing 

tools is the workshop. If anything more than 
routine maintenance is to be carried out, 
some sort of suitable work area is essential. 

It is understood, and appreaated, that 
many horns mechanics do not have a good 
workshop or garage ava~lable, and end up 
removing an englne or doing major repairs 
outside. It IS recommended, however. that 
the overhaul or repalr be completed under 
the cover of a roof. 

A clean, Rat worhbanch O r  table of com- 
fortable working he~ght is an absolute neces- 
sity. The workbench should be equipped with 
a vise that has a jaw openlng of at least four 
inches. 

As mentioned previously, some clean, 
dry storage space is also required for tools, 
as well as the lubricants, fluids, cleanlng sol- 
vents, etc. which soon become necessary. 

Sometlmes waste oil and fiulds, drained 
from the snglne or cooling system durtng nor- 
mal maintenance or repalrs, present a dls- 
posal problem. To avoid pouring them on the 
ground or into a sewage system. pour the 
used fluids into large contatners, seal them 
with caps and take them to an authorized 
disposal site or recycling center. Plastic jugs, 
such as old antifreeze containers, are ideal 
for thrs purpose. 

Always keep a supply of old newspa- 
pers and clean rags available. Old towels are 
exce7Ient for mopping up spills. Many 
mechanics use mfls of paper towels for most 
work because they are readily available and 
disposable, To help keep the area under the 
vehicle clean, a large cardboard box can be 
cut open and flattened to protect the garage 
or shop floor. 

Whenever working over a painted sur- 
face, such as when leaning over a fender to 
servrce something under the hood, always 
cover rt wlth an old blankat or bedspread to 
protect the finish. Vinyl covered pads, made 
especially for thls purpose, are available at 
auto parts stores. 



Jacking and towing 
Jacking 
Warning: The lack supplied with the vehicle 
should only be used for raisrng the vehicle 
when changing a tire or placing jackstands 
under the frame. Never work under the vehr- 
cle or start the engine whrle the jack is bwng 
used as the only means of supporl. 

The vehicle should be on level ground. 
Place the shift lever In Reverse. Set the park- 
Ing brake use woed blocks to block the 
wheels Still on the ground. 

Remove the spare tire and jack from 
stowage. Remove the wheel cover and t r~m 
rtng (is M equipped) wkh the tapered end of 
the lug bolt wrench by inserting and twisting 
the handle and then prying against the back 
of the wheel cover. Loosen, but do not 
remove, the lug bolts (one-half turn is suffl- 
cient). 

Insert the an of the jack Into the square 
socket under the runnlng bard.  Insert the lug 
bolt wrench into the upper link of the jack and 
pump it up and down to raise the veh~cle (the 
front and rear wheels will be raised of l  the 
ground) [see Illustration). If the ground 
underneath the hack IS soft, you may have to 
place a woed board under the foot of the 

jack. Never use rocks ar br~cks, because 
these materials could crumble under the 
weight of the vehicle. 

Cont~nue to operate the jack until the 
wheel is off the ground. Support the wheel, 
remove the lug bolts and pull the wheel off. 

Raise the spare into position and install 
the lug bolts, tightening them snugly. Don't 
attempt to t~ghten them completely until the 
vehicle is lowered or ~t could slip off the jack. 
Insert the lug wrench into the tower t~nk of the 
jack and pump it up and down to lower the 
vehrcle. Remove the jack and ttghten the lug 
bolts in a crqss-cross pattern. Stow the tire. 
jack and wrench. Unblock the wheels. 

If the front of the vehicle must be ra~sed 
for service, lack up one side a described 
above, then place a jacksland under the front 
axle beam (tors~on bar models) (see illustra- 
tion) or under the frame head (models wlth 
strut front suspension) (see Chapter 101. 
Carefully lower the vehicle onto the jack- 
stand, then repeat the procedure !o the pro- 
cedure to the other side. If, however, the 
entlre axle beam is to be removed, place the 
jackstands under the reinforced stde ralls of 
the ffoorpan, at the rear of the front wheel 
wells. 

Tha vehicle jack engages with the socket near the rear of the 
running board - use the upper link of the jack {A) to raise the 

vehicle and the bottom link (B) to lower it 

If the rear of the veh~cle must be raised 
for service, raise one side of the vehicle as 
described above, then place a jackstand 
under the rear torslon housing (NOT the 
sprlng ptate of the axle tube - see Chap- 
ter 10). Carefully lower the veh~cle onto the 
jackstand, then repeat the procedure to  the 
other side. 

To wing 
As a general rule, the vehicle should be 

towed wrth the rear wheels off the ground. If 
they can" be ralsed, place them on a dolly. 
The vehicle can be towed with a[! four wheels 
on the ground, b~rt thhs method isn't recom- 
mended for long d~stances or h~gh speeds. If 
the veh~cle. If the veh~cle must be towed with 
all four wheels on the ground, make sure the 
sh~ft lever IS placed in Neutral and the lgnltion 
key IS turned to the On poslt~on (disconnect 
the ground strap from the battery, too) so the 
steering lock will not become engaged. 

Equipment spec~f~cally deslgned for 
towlng should be used. Safety IS a majar 
cons~derat~on when towing and all applicable 
state and local laws must be obeyed. A 
safety cham system must be used at all 
tlmes. 

On models with torsion bar front suspension, place the 
jackstands under the front axle beam 



3ooster battery (jump) starting 
Observe these precautrons when using Connect one end of the black jumper Start the engine using the booster bat- 

a W s t e r  batterj to start a veh~ele: cable to the negative (-1 termlnal of the tery, then, with the engine running at idle 
a} Before connecting the $ o o ~ t e r b ~ ~ ~ ~ ,  booster battery. The other end of this cable spwd, disconnect the jumper cables rn the 

make sure the ignition swrtch is In the should be connected to a good ground on reverse order of connection. 
Offposrtfon. the vehicle to be started, such as a bolt or 

,) Turn off the lights. heater end other bracket on the body. 
electrical loads. 

5) Your eyes should be shielded. Safety 
goggles are a good idea. 

I) Make sure the booster batiery 1s the 
same voltage as the dead one In the 
vehicle. 
me two vehicles MUST NOT TOUCH 
each other! 
Make sure the transaxle is in Neutral 
(manual) or Park (automafrc). 
I f  the booster battey is not a mainte- 
nance-Fme type, remove the vent caps 
and lay a cloth over the vent holes. 

posf 
illus 

Connect the red jumper cable to the 
tive (+) terminals of each battery (see 
hation). 

The negative terminal (1) 
has a ground strap 
connected ta it; the 

positive cable (2) has an 
insulated cable 

connected to it - note 
that this is a six-volt 

battery (it has three cell 
caps), so the booster 

battery must also be six 
volts (12-volt batteries ' 

have six cell caps 
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Automotive chemicals and lubricants 
A number of automotlve chemrcals and 

lubricants are avallable for use during vehicle 
maintenance and repair. They include a wide 
variety of products ranging from cleaning sol- 
vents and degreasers to lubricants and pro- 
tective sprays for rubber, plastic and vlnyl. 

Cleaners 
Carbumtor de8nW and choke cleaner 

IS a strong solvent for gum, varnish and car- 
bon. Most carburetor cleaners leave a dry- 
type lubricant film which wlll not harden or 
gum up. Because of this film It Is not recom- 
mended for use on electrical components. 

Brake system cEeaner Is used to 
remove grease and brake fluid from the brake 
system, where clean surfaces are absolutely 
necessary. It leaves no residue and often 
elrrninates brake squeal caused by contaml- 
nants. 

Electrical cleaner removes oxidatton, 
corrosion and carbon deposits from electrical 
contacts, restoring full current flow. It can also 
be used to clean spark plugs, carburetor lets, 
voltage regulators and other parts where an 
oil-free surface Is desired. 

Demoisturants remove water and mois- 
ture from electncel components such as alter- 
nators, voltage rwulators, electrical connec- 
tors and fuse blocks. They are non-conduc- 
the, non-corrosive and non-flammable. 

Degreasers are heavy-duty Solvents 
used to remove grease from the outside of the 
engine and from chassis components. They 
can be sprayed or brushed on and, depend- 
Ing on the type, are rinsed off either wlth water 
or solvent. 

Lubricants 
Motor oil is the lubricant formulated for 

use in engfnes. It normally contains a wlde 
variety of additives to prevent corrosion and 
reduce foaming and wear. Motor oif comes in 
various weights (viscosity ratings) from 5 to 
50. The recammended weight of the oil 
depends on the season, temperature and the 
demands on the engine. Llght o ~ l  is used In 
cold climates and under light load conditions. 
Heavy oil is used in hot climates and where 
high loads are encountered. Multi-viscosity 
011s are designed to have characteristics of 
both light and heavy oHs and are available in 
a number of wetghts from 5W-20 to 20W-50. 

Gear oft ts designed to b used rn differ- 
entials, manual transmissions and other 
areas where high-temperature lubrication is 
requrred. 

Chassk and wheel bearing grease IS a 
heavy grease used where Increased loads 
and friction are encountered, such as for 
wheel bearings, ballloints, tie-rod ends and 
universal jofnts. 

Hlgh-temperature whwl bearing 
gmase 1s designed to withstand the extreme 
temperatures encountered by wheel bearings 

in disc brake equipped vehicles. It usually 
contains molybdenum disulfida (moly), whtch 
is a dry-type lubricant. 

White grease is a heavy grease for 
metal-to-metal applicatiuns where water is a 
problem. White grease stays soft under both 
low and high temperatures (usually from -1 00 
to +IN-degrees 0, and will not wash off or 
dilute in the presence of water. 

Assembly Euba is a special extreme 
pressure lubricant, usually contaming moly, 
used to lubricate hlgh-load parts (such as 
maln and rod bearlngs and cam lobes) for In!- 
tial start-up of a new engine. The assembly 
lube lubricates the parts without being 
squeezed out or washed away until the 
engine olllng system begins to functton. 

SIIicone lubricants are used to protect 
rubber, plasttc, vinyl and nylon pa&. 

Graph*@ teubricanfs are used where oils 
cannot be used due to contamtnation prob- 
lems, such as in locks. The dry graphite wiTl 
lubricate metal parts while remaining uncon- 
taminated by dirt, water, oil or aclds. It is 
electrically conductive and will not foul elec- 
trlcal contacts In locks such as the ~gnitton 
switch. 

Moly penatrants loosen and lubr~cate 
frozen, rusted and corroded fasteners and 
prevent future rusting or freezing. 

Heat-sink grease is a special electri- 
cally non-conductwe grease that is used for 
mounting electronic ign~tton modules where it 
is essential that heat IS transferred away from 
the rncdule. 

Sealants 
R W  sealant is one of the most widely 

used gasket compounds. Made from silt- 
cone, RTV is air curing, ~t seals, bonds. 
waterproofs, fills surface irregularities, 
remains flexible, doesn't shrink, 1s relat~vely 
easy to remove, and is used as a supplemen- 
tary sealer wlth almost all low and medium 
temperature gaskets. 

Anaerobjc sealant is much like R7V In 
that it can be used either to seal gaskets or to 
form gaskets by itself. It rematns flexible, is 
solvent resrstant and fills surface irnperfec- 
tions. The difference between an anaerobfc 
sealant and an RW-type sealant is tn the cur- 
Ing. RTV cures when exposed to air, while an 
anaerobic sealant cures only in the absence 
of air. This means that an anaerobtc sealant 
cures only after the assembly of parts, seal- 
Ing thorn together. 

Thread and pipe sealant is used for 
sealing hydraullc and pneumatic fittings and 
vacuum lines. It 1s usually made from a Teflon 
compound, and comes in a spray, a paint-on 
liquid and as a wrap-around tape. 

Chemicals 
Anti-seize compound prevents seizing, 

galling, cold welding, rust and carrosion in 

fasteners. High-temperature ant-seize, usu- 
ally made with copper and graphite lubn- 
cants, is used for exhaust system and 
exhaust manifold bolts. 

Anaerobic locking compounds are 
used to keep fasteners from vibrating or 
working loose and cure only after installation, 
in the absence of air. Medium strength lock- 
ing compound is used for srnafl nuts, bolts 
and screws that may be removed later. High- 
strength locking compound is for large nuts, 
boits and studs which aren't removed on a 
regular basis. 

Oll additbs range from viscosity index 
improvers to chemical treatments that cla~rn 
to reduce internal engine frrction. It should be 
noted that most oll manufacturers caution 
agalnst using addltevas with their oils. 

Gas additives perform severat func- 
tions, depending on thelr chernlcal makeup. 
They usually contain solvents that help dis- 
solve gum and varnish that build up on car- 
buretor, fuel injection and intake parts. They 
also serve to break down carbon deposits 
that form an the inside surfaces of the com- 
bustion chambers. Some add~tives contam 
upper cylinder lubricants for valves and pts- 
ton rings, and others contarn chemicals to 
remove condensation from the gas tank. 

Miscellaneous 
Brake fluid is specially formulated 

hydraulic fluid that can withstand the heat 
and pressure encountered in brake systems. 
Care must be taken so this fluid does not 
come in contact with painted surfaces or 
plastics. An opened container should always 
be resealed to prevent contamination by 
water or dirt. 

Weatherstrip adhesive is used to bond 
weatherstripprng around doon, windows and 
trunk lids. It is sometimes used to attach trim 
pieces. 

Undercoating is a petroleum-based, 
tar-like substance that is designed to protect 
metal surfaces on the underside of the vehi- 
cle from corrosron It also acts as a sound- 
deadening agent by insulating the bottom of 
the vehicle. 

Waxes and polishes are used to help 
protect palnted and plated surfaces from the 
weather. Different types of palnt may require 
the use of different types of wax and polish. 
Some pollshes utilize a chemlcal or abrasive 
cleaner to help remove the top layer of 0x1- 
dlred (dull) paint on older vehicles. In recent 
years many non-wax polishes that contain a 
wide variety of chernlcals such as polymers 
and sillcones have been introduced. These 
non-wax polishes are usually easler to apply 
and last longer than conventional waxes and 
polishes. 



Conversion factors - 
Length (distance) 
Inches {In) X 25.4 = MHlImetms (mm) X 0.0394 =Inchwlin) 
Feet (ftl X 0.305 =Metres (ml X 3,281 = Feet (ft) 
Mlles X 1.609 = Kilometres (km) X 0.621 = Milea 

VoEume (capacity) 
Gublc Inches (cu In; ina) 
Frnperlal plnta (Imp pt) 
lmperlal quarts (Imp qt) 
Imperial quarts (lmp qt) 
US quarts (US qt) 
Imperial gallons (Imp gal) 
Imperial gallons (Imp gal) 
US gallons {US gal) 

= Cublc centlrnetres (cc: c 
= titres 41) 
= Lltres (I) 
= US querts (US qt) 
.= Lltns (1 
= Lltrea (I] 
= US gallons (US gal] 
= Liltres {I) 

Mess (weight1 
Ounces (ozl X 28.35 = Grams (gl 
Pounds (Ib} X 0.454 = Kllograma (kg) 

= Cubic Inches (cu In; In3) 
= lmpetisl pints {Imp pt] 
= lmperlal quarts (Imp qt) 
= lmperlal quarts Ilmp qt) 
=US quarts (US qtl 
= Imperial gallons (Imp gal) 
= Imperlsl gallons (Imp gal3 
= US gallons 1US gel) 

x 0.03& =Ounces (02) 

x 2.205 = Pounds (Ibl 

Force 
Ouncgs-form (ozf: oz) X 0.278 = Newtone (NJ X 3.6 = Ounces-force lorf: 02). 
Pwnds-force (IM: Ib) X 4.448 = Newtons (N) X 0.225 = Pounds-force (Ibf; lb) 
Newtons (N) X 0.1 = Kilograms-force tkgkgf: kg1 X 9.81 = Newtons IN) 

Pressure 
Pounds-force par aquare inch 
{psl; lbf/ln3; lbfin') 
Pounds-fome per Bquare inch 
(pal:. Rbflln'; Ibhn') 
Pounds-force per square lnch 
(pl; Ibf/inz: Ib/ina) 
Pounds-force per q u a m  lnch 
(psl: lbl/in? lbJln2J 
Kllopescals (kPe) 

Toque (moment of force) 
Pou nds-force inchea 
(Ibf In: Ib In) 
Pounds-force lnchea 
(lbf in: Ib in) 
Pounds-force lncbs 
llbf in: Ib In) 
Poum3s-force feet 4lbf ft; Ib ft) 

Pounds-force feet (lbf ft: lb ft) 
lNdwtan metres (Nrn) 

Vacuum 
lnches mercury (In. Hg) 
lnches mercury (in. Hg) 

X 0.070 = Kllograrns-force per square X 14.223 = Pounds-force per wuam Inch 
eentlmetre 4kgWem1; k&rnz) (psi: lbf/inl: lb/ln2} 

X 0.068 = Atmospheres (atm) X 14.698 = Pounds-force per square Inch 
(pei: lbf/in2; lb/in21 

X 0.084 = Bars X 14.5 = Pounds-force per equam Inch 
Ipsl: lbf/ln2; lb/inP) 

X 6.895 = Kllopamla (kPa) X 0.1 4b = Pounds-force per aquare Inch 
(psi; lbffln'; ki/h'l 

X 0.01 = Klllograrns-force per sqtlnre X 98.1 = Kllopascels IkPa) 
centimetre (kgf/cm2: kg/cm2) 

= Kilograms-force centlrnetre 
(kgf crn: kg cm) 

= Newton metres (Nmf 

= Pounde-force Ret flbf ft: Ib ft) 

= Kilograms-foe metres 
(kgf rn; kg rn) 

= Newton metres (Nm3 
= Kflogtarns-force metrea 

(kgf m; kg m) 

= Kilopascals {kPa) 
= Millimeters mercury (mm Hg) 

Power - 
Horsepower (hp) X 745.7 =Watts (W) 

= Pounds-force Inches 
Ilbf In: Ib In1 

= Pounde-force lnehes 
(Ibf In; Ib in) 

= Pounds-force lnches 
(Ibf In; Ib In) 

= Pounds-force feet (Ibf ft: Ib ft] 

= Pounds-fom Feet llbf fl: Ib ft) 
= Newton metma INm) 

= Inches mercury 
= lnches mercury 

X 0.001 3 = Horsepower (hp) 

Velocity (speed) 
Miles Per 'hour (mllealhr; mph) X 1.BC)S = Kllernetree per hour (km/hr: kph) X 0.821 = Mllae per hour (mllealhr: mph) 

Fuel consumptionm 
Mllas per gallon, lrnperlnl (rnpg) X 0.364 = Kllornetrm per lEtr~ ( k d l  X 2.825 = Mllea par gallon, Imperial hpg) 
Miles per  allo on, US (rnpg) X 0.426 = Kllometne per Iltre ( k i d )  X 2.362 - Mlles per gellon, US (mpg) 

*It Is common prectlcm to conma fmm mites per gsl!un (t-hpg) to lttres/f00 kllametres 0/100kml. 
when mpg flmperlall x 1 /100  km = 282 and mpg (US) x I/IOQ krn = 235 



Safety first! 
Regardless of how enthusiastic you 

may be about getting on with the job at 
hand, take the tlme to ensure that your 
safety is not jeopardized. A moment's lack of 
attention can result in an accident, as can 
fa~lure to observe certain slrnple safety pre- 
cautions. The poss~billty of an accident wlll 
always exist, and the fotlowtng points should 
not be cons~dered a comprehensive list of all 
dangers. Rather, they are intended to make 
you aware of the risks and to encourage a 
safety conscious approach to all work you 
cany out on your vehicle. 

Essential DOs and DON'TS 
DON7 rely on a jack when worklog under the 
vehale. Always use approved jackstands to 
support the welght of the vehlcte and place 
them under the recommended lift or support 
po~nts. 
DON'T attempt to loosen extremely tight fas- 
teners (i.e, wheel lug nuts) while the veh~cle is 
on a jack - ~t may fall 
DON'T star! the englne without first making 
sure that the transmission is In Neutral (or 
Park where applicable) and the parking brake 
is set. 
DON'T remove the radiator cap from a hot 
cooling system - let it cool or cover it with a 
cloth and release the pressure gradually. 
DON'T attempt to drain the engine oil lunt~l 
you are sure it has cooled to the pant that it 
wlll not bum you. 
DON'T touch any part of the engtne or ex- 
haust system until it has cooled sufficiently to 
avoid bums. 
DON'T s~phon toxtc liquids such as gasoline. 
antrfreeze and brake fluid by mouth, or allow 
them to remain on your skin. 
DON'T inhale brake linlng dust - it is poten- 
tially hazardous (see Asbestos below). 
DON'T allow spilled oil or grease to rematn 
on the floor - wrpe it up before someone sl~ps 
on it. 
DON'T use loose fitting wrenches or other 
tools whlch may slip and cause Injury. 
DON'T push on wrenches when loosening or 
tightening nuts or h l ts .  Always try to pull the 
wrench toward you. If the situation calls for 
pushing the wrench away, push wlth an open 
hand to avoid scraped knuckles if the wrench 
should slip. 
DON'T attempt to Ilft a heavy component 
alone - get someone to help you. 
DON'T rush or take unsafe shortcuts to finish 
a job. 
DON'T allow ch~ldren or animals in or around 
the vehEc!e while you are working on it. 
DO wear eye protection when using power 
tools such as a drill, sander, bench grinder, 

etc. and when working under a vehicle. 
DO keep loose clothing and long hair well out 
of the way of moving parts. 
DO make sure that any holst used has a safe 
working load rating adequate for the job. 
DO get someone to check on you periodically 
when working alone on a vehicle. 
DO carry out work in a logical sequence and 
make sure that everything is correctly assern- 
bled and t~ghtened. 
DO keep chemicals and Rurds tightly capped 
and out of the reach of chlldren and pels. 
DO remember that your veh~cle's safety 
affects that of yourself and others. If in doubt 
on any point, get professional advice. 

Asbestos 
Certa~n friction, insulating, sealing, and 

other products - such as brake linings, brake 
bands, clutch linings, torque converters, gas- 
kets, etc. - may contain asbestos. Extreme 
care must be taken to avoid inhalation of dust 
from such products, since it Is hazardous to 
health. If In doubt, assume that they do con- 
taln asbestos. 

Fire 
Remember at all t ~ m e s  that gasoline is 

highly flammable. Never smoke or have any 
k~nd of open flame around when working on a 
vehicle. But the risk does not end there. A 
spark caused by an electrical short circuit, by 
two metal surfaces contactrng each other, or 
even by static electricity bulk wp in your body 
under certarn condttions, can Ignite gasoline 
vapors, whch in a confined space are hlghly 
explosive. Do not, under any circumstances, 
use gasoline far cleaning parks. Use an 
approved safety solvsnt. 

Always disconnect the battery ground (-) 
cable at the battery before work~ng on any 
part of the fuel system or electrical system. 
Never risk sprlling fuel on a hot engine or 
exhaust component. It Is strongly recom- 
mended that a fire extinguisher suitable for 
use on fuel and electrical fires be kept handy 
in the garage or workshop at all times. Never 
try to extinguish a fuel or electrical fire wlth 
water. 

Fumes 
Certa~n fumes are highly toxic and can 

quickly cause unconsciousness and even 
death if inhaled to any extent. Gasoline vapor 
falls into th~s category, as do the vapors from 
some cleaning solvents. Any drain~ng or 
pouring of such volatile flu~ds should be done 
In a well ventilated area. 

When us~ng cleaning fluids and sol- 
vents, read the instructions on the container 

carefully. Never use materials from unmarked 
containers. 

Never run the engtne in an enclosed 
space, such as a garage. Exhaust fumes con- 
tam carbon monoxide, which 1s extremely 
poisonous. If you need to run the engine, 
always do so in the open air, or at least have 
the rear of the vehicle outside the work area. 

If you are fortunate enough to have the 
use of an inspection p~t ,  never drain or pour 
gasoline and never run The engine while the 
vehicle Is over the pit. The fumes, be~ng 
heavier than air, will concentrate rn the pit 
with posslbly lethal results. 

The battery 
Never create a spark or allow a bare 

light bulb near a battery. They normally give 
off a certain amount of hydrogen gas, wh~ch 
is highly explosive. 

Always d~sconnect the battery ground (-) 
cable at the battery before working on the 
fuel or electrical systems. 

If possrble. loosen the filler caps or 
cover when charging the battery from an 
external source (thrs does net apply to sealed 
or maintenance-free batteries). Do not 
charge at an excesswe rate or the battery 
may burst. 

Take care when adding water to a non 
mantonance-free battev and when canylng 
a battery. The electrolyte, even when diluted, 
1s very corrosive and should not be allowed 
to contact clothing or sk~n. 

Always wear eye protection when clean- 
ing the battery to prevent the caustic 
deposits from entering your eyes. 

Household current 
When using an electr~c powe: tool, 

inspection light, etc., which operates on 
household current, always make sure that the 
tool is correctly connected to its ptug and 
that, where necessary, it is properly 
grounded. Do not use such Items In damp 
conditions and, again, do not create a spark 
or apply excessive heat In the vrc~n~ty of fuel 
or fuel vapor. 

Secondary ignition system 
voltage 

A severe electr~c shock can result from 
touching certain parts of the lgnltlon system 
(such as the spark plug wires) when the 
englne IS runnrng or bsmg cranked, particu- 
larly ~f components are damp or the insulation 
IS defective. In the case of an electron~c igni- 
tion system, the secondary system voltage lS 
much higher and could prove fatal. 
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Troubleshooting 

Thrs section provldes an easy reference 
gu~de to the more common problems which 
may occur dunng the operation of your vehi- 
de. These problems and thew possible 
causes are grouped under headings denoting 
various components or systems, such as 
Engbne, Cooleng system, etc. They also refer 
you to the chapter and/or sectton which 
deals with the problem. 

Remember that successful trou- 
bleshootlng IS not a mysterious black art 
practiced only by profess!onai mechanics. It 
is simply the result of the right knowledge 
cornbinsol w~th an lntellkgent, systematic 
approach to the problem, blways work by a 
process of elimination, starting with the sim- 
plest solut~on and working through to the 
most complex - and never overlook the abvi- 
ous. Anyone can run the gas tank dry or leave 
the Itghts on overnight, so don't assume that 
you are exempt from such overs~ghts. 

finally. always establish a clear idea of 
why a problem has occurred and take steps 
to ensure that it doesn't happen again. If the 
electrical system fails because of a poor con- 
nection, check the other connections in the 
system to make sure that they don't fail as 
well. If a particular fuse continues to blow, 
f ~ n d  out why - don't just replace one fuse 
after another. Remember, failure of a small 
component can often be indicat~ve of poten- 
tial failure or incorrect funct~on~ng of a mere 
Imporlant component or system. 

Engine and performance 

1 Engine will not rotate when 
attempting to start 

1 Battery term~nal connecl~ons loose or 
corroded (Chapter 1). 
2 Battery discharged or faulty (Chapter 1). 
3 Automate Strck Shift not in Neutral 
(Chapter 7B). 
4 Broken, loose or d~sconnected wiring in 
the starting circuit (Chapters 5 and 12). 
5 Starter motor pinion jammed m flywheel 
ring gear (Chapter 5). 
6 Starter solenoid faulty (Chapter 5). 
7 Starter motor faulty (Chapter 5). 
B Egn~t~on switch faulty (Chapter 12). 
9 Starter pinion or flywheel teeth worn or 
broken (Chapter 5). 

2 Engine rotates but will not start 

1 Fuel tank empty. 
2 Battery discharged Ieng~ne rotates 
slowly) (Chapter 5). 
3 Battery terminal connections loose or 
corroded (Chapter 1). 
4 Leak~ng fuel Enjector(s), faulty cold start 
valve, fuel pump, pressure regulator, etc. 
(Chapter 4). 
5 Fuel not reaching main ring, or other fuel 
injection problem (Chapter 4). 

6 Fuel not reaching carburetor (Chap- 
ter 4). 
7 Ignition components damp or damaged 
(Chapter 5). 
8 Worn, faulty or incorrectly gapped spark 
plugs (Chapter 1). 
9 Broken, lwse or disconnected wiring in 
the start~ng circult (Chapter 5). 
10 lgnltlon polnts incorrectly gapped 
(Chapter 5). 
11 Broken, loose or disconnected wires at 
the Ignition coil or faulty co~l (Chapter 5). 

3 Engine hard to start when cold 

I Battery d~scharged or tow (Chapter 1). 
2 Choke defective or not adjusted properly 
(Chapter 4) 
3 Malfunctroning fuel system (Chapter 4). 
4 Faulty cold start injector (Chapter 4). 
5 lnjectofls) leaking (Chapter 4). 
6 Faulty Ignition system (Chapter 5). 

4 Engine hard to start when hot 

I As filter clogged (Chapter 1).  
2 Fuel not reach~ng the fuel pump, carbu- 
retor or fuel lnjectlon system (Chapter 4). 
3 Corroded battery connect~ons, espe- 
cially ground (Chapter 1). 
4 Worn starter motor (Chapter 5). 
5 Leak~ng injector(s) 
6 Defect~ve thermo-time switch (Chap- 
ter 4) 
7 Choke defective or not adjusted prop- 
erly (Chapter 4). 

5 Starter motor  noisy or 
excessively rough in engagement 

1 Pinron or flywheel gear teeth worn or 
broken (Chapter 5). 
2 Starter motor mounting bolts toose or 
missing (Chapter 5). 

6 Engine starts but stops 
immediately 

1 Loose or faulty electr~cal connections at 
coil or distr~butor (Chapter 5). 
2 Defective coil (Chapter 5) 
3 Insufficient fuel reaching the carburetor 
or fuel tnjector(s) (Chapters 1 and 4). 
4 Vacuum leak at the gasket betwoon the 
Intake rnanifold/plenurn and throttle body 
(Chapter 4). 
5 Dsfect~ve pilot jet cutoff valve (Chap- 
ter 4). 

7 Oil puddle under engine 

1 Oil stralner cover plate or dram bolt 
washer leaking [Chapter 1).  
2 Oil pressure sendlng unit leaking (Chap- 
ter 2). 
3 Valve cover leaking (Chapter 2). 
4 Pushrod lubes leaklng (Chapter 2). 
5 Oil cooler or oil cooler seals leaking 
(Chapter 3). 
6 Eng~ne oil seals leaking (Chapter 2). 

8 Engine lopes while idling or idles 
erratically 

1 Vacuum leakage (Chapters 2 and 4). 
2 Leakrng EGR valve (Chapter 6). 
3 Air filter clogged (Chapter 1) .  
4 Fuel pump not del~vering sufficlen! fuel 
{Chapter 4). 
5 T~m~ng gears worn (Chapter 2). 
6 Camshaft lobes worn (Chapter 2). 
7 Throttle body ports clogged (Chapter 4). 
8 Carburetor rnisadjusted or worn (Chap- 
ter 4). 

4 Engine misses at idle speed 

1 Spark plugs worn or not gapped prop- 
erly (Chapter 1). 
2 Faulty spark plug wires (Chapter 1). 
3 Vacuumleaks(Chapter1). 
4 Incorrect ignition t~rnlng (Chapter 1). 
5 Uneven or low compression (Chapter 2). 
6 Incorrect a~r/fuel mixture (Chapter 4). 

10 Engine misses throughout driving 
speed range 

1 Fuel filter/carburetor/~n]ectors clogged 
and/or impurities in the fuel system (Chap- 
ter I). 
2 Low fuet output at the injector{s) (Chap- 
ter 4). 
3 Faulty or ~ncorrectly gapped spark plugs 
(Chapter 1 )  
4 lncorrect ~gnition timing (Chapter 5). 
5 Cracked dlstr~butor cap or rotor {Chap- 
ters 1 and 5). 
6 Leak~ng spark plug wlres (Chapters 1 
or 5). 
7 Faulty emission system components 
(Chapter 6). 
8 Low or uneven cylinder compression 
pressures (Chapter 2). 
9 Weak or faulty ignition system (Chap- 
ter 5). 
10 Vacuum leak rn fuel lnlectlon system, 
lntako rnan~fold, alr regulator valve or vacuum 
hoses (Chapter 4). 





Troubleshooting 

31 'Noise in clutch area 
5 Worn or damaged reverse idler gear or 
idler bushing (Chapter 7A).' 

Faulty thermostat (Chapter 3). 1 Release shaft Improperly installed 
(Chapter 8). 
2 Faulty bearing (Chapter 8). 
3 Clutch plate damper spring failure 
(Chapter 8). 

39 Noisy in all gears 

1 Insufficient lubricant (Chapter 7 4 .  
2 Damaged or worn bearings (Chapter 
74.' 
3 Worn or damaged input gear shaft 
(Chapter 74,' 

Clutch 
- 

26 Pedal travels ta floor - no 
pressure or very little resistance 32 Clutch pedal stays on floor 

1 Bindlng release cable (Chapter 8). 
2 Broken release bear~ng or fork (Chap- 
ter 8). 

- - 
1 Broken release bearing or fork (Chap- 
ter 8). 
2 Collapsed diaphragm spring in clutch 
pressure plats (Chapter 8). 

40 Slips out of gear 

I Worn or improperly adjusted linkage 
(Chapter 7A). 
2 Tranwlelengine mounts loose or worn 
(Chapter 7A). 
3 Shift linkage d m  not work freely, binds 
(Chapter 7A). 
4 Worn shift fork (Chapter7A).' 

Manual transaxle 
27 High pledel effort 

33 Knocking noise at low speeds 
7 Clutch cable worn (Chapter 8). 
2 Clutch release shaftlhousing worn 
(Chapter 8). 

Worn driveslxle constant velocity (CV) joint(s) 
(Chapter 8). - 

41 Leaks lubricant 

34 Noise most pronounced when 
turning 

28 Unable to select gears 1 Final drrve flange seals worn (Chapter 8). 
2 Excessive amount of lubricant in 
transaxle (Chapters 1 and 7A). 
3 Input gear shaft seal damaged (Chapter 
7Aj.' 
4 Tom axle boot (Chapter 8). 
5 Leakng axle tube retamer gasket (Chap- 
ter 8). 

1 FauFty transaxle (Chapter 7). 
2 Faulty clutch disc (Chapter 8). 
3 Faulty pressure plate (Chapter 8). 
4 Pressure plate-to-flywheel bolts loose 
(Chapter 81. 
5 Coupling pln on shtfl rod loose or mlss- 
Ing (Chapter 7A). 

Differential gear noise (Chapter 7A).' 

35 Clunk on acceleration or 
deceleration 

1 Loose englne or transaxle mounts 
(Chapters 2 and 7 4 .  
2 Worn different~al ptnlon shaft In case.' 
3 Worn or damaged drtveaxle CV joints 
(Chapter 8). 

42 Locked in gear 

29 Clutch slips (engine speed 
1 Lock pin or interlock pln missing (Chap- 
ter 7A): 
2 Caupltng pln for sh~ff rod loose or miss- 
Ing (Chapter 8). 
* Although the comctive action necessary to 
remedy the symptoms described rs beyond 
the scope of the home mwhanrc, the shove 
information should be h e / ~ f ~ i  h isolating the 
cause of  the conditron so the owner can 
communrcare clearly with a professronal 
mechanic. 

increases with no increase in 
vehicle speed) 

1 Clutch plate worn (Chapter 8). 
2 Clutch plate IS oil soaked by leaktng rear 
main seal (Chapter 8) or transaxle Input shaft 
seal (Chapter 7A). 
3 Clutch plate not seated. It may take 30 
or 40 normal starts for a new one to seat. 
4 Warped pressure plate or flywheel 
(Chapter 81. 
5 Weak clutch springs (Chapter 8). 
6 Ctutch plate overheated. Allow to cool. 

- - 

36 Vibration 

1 Rough wheel bearlng (Chapters 1 
and 10). 
2 Damaged driveaxle (Chapter 8). 
3 Out of round tires (Chapter 1). 
4 Tlre olrt of balance (Chapters 1 and 101). 
5 Worn CV jo~nt (Chapter 8). 

Automatic Stick Shift 
37 Noisy in neutral with engine 

running 43 Fluid leakage 30 Grabbing (chattering) as clutch is 
engaged Damaged input gear bearing [Chapter 7A).' 

-- - 

1 Automatic transm~ssion Tlutd is a deep 
red color. Flutd leaks should not be confused 
w~ th  englne oh, whlch can easily be blown 
onto the transaxle by arr flow. 
2 To pinpolnt a leak, fbrst remove all built- 
up dirt and grlme from the transaxle housing 
w~th degreastng agents and/or steam clean- 
Ing. Then drlve the vehicle at low speeds so 
alr flow will not blow the leak far from its 
source. Ra~se the vehicle and determine 
where the leak is corning from. 

- - - 

1 011 on clutch plate lining, burned or 
glazed facrngs (Chapter 8). 
2 Worn or loose engine or transaxle 
mounts (Chapters 2 and 7). 
3 Worn splrnes on clutch plate hub (Chap- 
ter 8). 
4 Warped pressure plate or flywheel 
(Chapter 8). 
5 Burned or smeared resin on flywheel or 
pressure plate (Chapter 8) 

38 Noisy in one particular gear 

1 Damaged or worn constant mesh gears 
(Chapter 7A) * 
2 Damaged or worn synchronizers (Chap- 
ter 7A).* 
3 Bent reverse fork (Chapter 7A).' 
4 Damaged fourth speed gear or output 
gear (Chapter 7A): 



Troubleshooting 

Brakes 
52 Clutch grabs after gear selection 44 Transaxle fluid brown or has a 

burned smell 
Note: Before assuming that a brake pmblem 
extsts, make sure that. 

1 Ctwtch lintngs contarn~nated with o ~ l  
(Chapter 78). 
2 O~storted carrier plate (Chapter 78). 

a} The tires are in good condrtion end 
properly inflated (Chapter 1 h. 

b) The front end alrgnment is correct 
(Chapter 10). 

c) The vehrcle is not lmded w ~ t h  weight tn 
an unequal manner. 

Transaxle fluid burned (Chapter 1 ) .  

45 Clutch slips at full throttle 

53 Vehicle jerks at idle when shift 
lever is released 

1 Insufficient freeplay (Chapter 76). 
2 Clutch linings contarn~nated (Chapter 2 
and Chapter 78). 
3 Clutch linrngs worn (Chapter 78). 1 Idle speed too h~gh (Chapter 1). 

2 Misadlusted control valve (Chapter 78). 
59 Vehicle pulls to one sidr 

braking 

46 Excessive clutch slippage after 
gear selection 

1 Incorrect trre pressures (Chapter 1). 
2 Front end out of lhne (have the front end 
aligned). 
3 Front, or rear, tires not matched to one 
another. 
4 Restricted brake llnes or hoses (Chap- 
ter 9). 
5 Malfunctioning dn~m brake or callper 
assembly (Chapter 9). 
6 Loose suspensron parts (Chapter 10). 
7 Loose backhng plates or cal~pers (Chap- 
ter 9) 
8 Excessive wear of brake shoe or pad 
material or disddrum on one side. 

54 Torque converter noisy (high- 
pitched hissing) 1 Leak~ng hose between carburetor and 

control valve (Chapter 78). 
2 Contral valve f~lter blocked (Chapter 78). 
3 Adlust~ng screw on reduction valve In 
too far (Chapter 76). 

1 Low ATF revel (Chapter 1). 
2 Low ATF pressure (Chapter 78). 
3 Leaking converter or converter seal 
(Chapter 7B). 

47 Clutch disengaging improperly 

55 Poor acceleration (engine output 
satisfactory) 

1 Vacuum hose or vacuum tank leaking 
(Chapter 7B). 
2 Excessive freeplay (Chapter 78), 
3 Servo defective (Chapter 7E3). Faulty one-way clutch In the torque conveVrer 

(Chapter 78). 60 Noise (high-pitched squeal when 
the brakes are applied) 48 Clutch not disengaging 

Brake pads or shoes worn out. Replace 
pads/shoes w~ th  new ones immediately 
(Chapter 9). 'Be sure to check the disc/drums 
for damage as well. 

1 Solenoid circuit open {Chapter 7B). 
2 Bad ground connect~on between selec- 
tor lever and frame (Chapter 78). 
3 Hoses to servo kinked or collapsed 
(Chapter 78). 
4 Defective sewo (Chapter 78). 

56 Engine will start in gears other 
than Neutral 

Neutral start switch malfunctioning (Chap- 
ter 78). 

- 

81 Brake roughness or chatter 
(pedal pulsates) 49 Engine stalls when gear is 

selected Driveaxles 
1 Excesswe disc lateral runout (Chap- 
ter 9). 
2 Uneven pad wear (Chapter 9). 
3 Defective disc (Chapter 9). 
4 Drum out-of-round (Chapter 9). 

1 Leaking hose between servo and control 
valve (Chapter 78). 
2 Defect~ve servo (Chaptet 78). 

57 Shudder or vibration during 
acceleration 

1 Excessive toe-in (Chapter TO). 
2 Incorrect spring heights (Chapter 10). 
3 Worn or damaged inboard or outboard 
CV joints (Chapter 8). 
4 St~cking ~nboard CV lotnt assembly 
(Chapter 8). 

- 

50 Engine stalls and won't restart 

62 Excessive brake pedal effort 
required to stop vehicle 

1 Hose between control valve and carbu- 
retor or vacuum tank leak~ng (Chapter 78). 
2 Vacuum tank leaking (Chapter 78). 

1 Partial system faiFure (Chapter 9) 
2 Excessively worn pads or shoes (Chap- 
ter 9). 
3 P~ston In caliper or wheel cyl~nder stuck 
or sluggish (Chapter 9). 
4 Brake pads or shoes contaminated with 
o ~ l  or grease (Chapter 9). 
5 New pads or shoes insfalled and not yet 
seated. It will take a while for the new mate- 
rial to seat agalnst the rotor or drum. 

57 Clutch doesn't engage after gear 
selection 

58 Vibration at highway speeds 

1 Out of balance front wheels and/or tires 
(Chapters 1 and 10). 
2 Out of round front tires (Chapters t 
and 1 a). 
3 Worn CV jo~nt(s) (Chapter 8). 

1 St~cking selector lever switch (Ghapter 
75). 
2 Short In solenold circurt (Chapter 78). 
3 Solena~d in control valve sttcking (Chap- 
ter 78). 



Troubleshooting 

c) Fmnt and mar suspension and the steer- 
ing gear assembly for loose or damaged 
parts. 
Out-of-round or out-of-balance tires, 
bent rims and lmse andlor rough whel 
bearings. 

2 Binding In balljoints [Chaptef 10). 
3 Binding tn steering column (Chapter 10). 
4 Lack of lubr~cant In steering gear (Chap- 
ter 10). 
5 Incorrect front wheel alrgnrnent (Chap- 
ter 10). 

-- 

63 Exeesslve brake pedal travel 

1 Partial brake system failure (Chapter 9). 
2 Insufficient fluid in master cylinder 
[Chapters 1 and 9). 
3 Alr trappd in system (Chapters 1 and 9). 
4 Brakes in need of adjustment (Chap- 
ter 9). 75 Abnormal noise at the front end 69 Vehicle pulls to one side 

1 Lack of lubricat~on at balljo~nts and tie- 
rod ends (Chapters 1 and 10). 
2 Damaged shock absorber or strut 
(Chapter 10). 
3 Worn control arm bushings or tie-rod 
ends (Chapter 10). 
4 Loose stab~l~zer bar (Chapter 101, 
5 Loose wheel lug bolts (Chapters 1 
and 10). 
6 Loose suspension bolts (Chapter 10). 

1 Mismatched or uneven tires (Chap- 
ter 30). 
2 Broken or sagglng torsEon bars (Chap- 
ter 10). 
3 Wheet alignment (Chapter 10). 
4 Front brake dragging (Chapter 9). 

84 Dragging brakes 

1 Master cylinder pistons not returning 
correctly (Chapter 9). 
2 Restricted brake Ilnes or hoses (Chap- 
ters 1 and 9. 
3 Incorrect parklng brake adjustment 
(Chapter 9). 

70 Abnomal or excessive tire wear 

1 Incorrect wheel alignment (Chapter ID). 
2 Sagging or broken torsion bars (Chap- 
ter 10). 
3 Tire out of balance (Chapter 10). 
4 Worn shock absorber or strut damper 
(Chapter 10). 
5 Overloaded vehicle. 
6 Tires not rotated regularly. 

65 Grabbing or uneven braking 
action 76 Wander or poor steering stability 

1 Mismatched or uneven tires (Chap- 
ter 10). 
2 Lack of lubrication at balljotnts and tie- 
rod ends (Chapters 1 and 10). 
3 Worn shock absorbers or strut assem- 
blies (Chapter 10). 
4 Loose stab~llzer bar (Chapter 10). 
5 Broken or sagghng torsion bars (Chap- 
ter 10). 
6 Incorrect wheel alignment (Chapter 10). 

1 Binding brake pedal rnechantsm (Chap- 
ter 9). 
2 Grease or oil on brake Ilning (Chapter 9). 

66 Brake pedal feeb spongy when 
depressed 71 Wheel makes a thumping noise 

1 Air In hydraulic Ilnes (Chapter 9). 
2 Master cylinder mountlng bolts loose 
(Chapter 9). 
3 Master cylinder defective (Chapter 9). 

1 Blister or bump on tire (Chapter 10). 
2 Improper shock absorber or strut 
damper action (Chapter 10). 

77 Erratic steering when braking 

72 Shimmy, shake orvibration 1 Wheel bearings worn or out of adjust- 
ment (Chapter 10). 
2 Broken or sagging torsion bars (Chap- 
ter 10). 
3 Leak~ng wheel cylinder or cafiper (Chap- 
ter 70). 
4 Warped drscs or drums (Chapter 10). 

67 Brake pedal travels to the floor 
with tittle resistance 1 Tire or wheel out-of-balance or out-of- 

round (Chapter 10). 
2 Loose or worn wheel bearings (Chap- 
ters 1 and 10). 
3 Worn he-rod ends (Chapter 10). 
4 Worn balljoints (Chapters 1 and 10). 
5 Excesswe wheel runout (Chapter 10). 
6 Blister or bump on tire (Chapter 1'2). 

1 Little or no fluid in the master cylinder 
reservoir caused by leaking catiper or wheel 
cyl~nder prston(s) (Chapter 9). 
2 Loose, damaged or disconnected brake 
lines (Chapter 9). 

78 Excessive pitching and/or rolling 
around corners or during braking 

68 Parking brake does not hold 
73 Hard steering 1 Loose stabii~zer bar (Chapter 10) 

2 Worn shock absorbers or strut dampers 
(Chapter 10). 
3 Broken or sagging tors~on bars (Chap- 
ter 10). 
4 Overloaded: vehicle. 

Parking brake cable improperly adjusted 
(Chapter 9). 1 Lack of lubrication at balljoints, tie-rod 

ends and steering gear assembly (Chap- 
ter 10). 
2 Incorrect front wheel alignment (Chap- 
ter 10). 
3 Low tire pressure(s) (Chapter 1). 

Suspenslon and steering systems 
Note: Before attempting to dragnose the sus- 
pension and steerjng systems, perform the 
following prdirnmary checks: 

al Tires for wrong pressure and uneven 
wear. 

b) Steering couplings from the column to 
the steering gear for hose connectom or 
wear. 

79 Suspension bottoms 
- 

74 Poor returnability of steering to 
center 

1 Overloaded vehicle. 
2 Worn shock absorbers or strut dampers 
(Chapter 103, 
3 Incorrect, broken or sagging torsion 
bars (Chapter 101 

1 Lack of lubrication at balljoints and tie- 
rod ends (Chapter 10). 
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Xi Cupped tires 

1 Incorrect front whael or rear wheel align- 
ment (Chapter 10). 
2 Worn strut dampers or shack absorbers 
(Chaptw 1 0). 
3 Wheel bearings worn (Chapter 10). 
4 Excessive tire or wheel runout (Chap- 
ter 10). 
5 Worn balljoints (Chapter 10). 

81 Excessive tire wear on outside 
edge 

f Inflation pressures incorrect (Chapter 1). 
2 Excesstve speed in turns. 
3 Front end alignment incorrect. Have 
professionally altgned. 

82 Excessive tire wear on inslde 
edge 

84 Excesshre play or looseness in 
stwring system 

1 Inflation pressures Incorrect (Chapter 1). 
2 Front end alignment incorrect. Have 
professionally aligned. 

83 Tire h a d  warn In one place 

1 Tres out of balance. 
2 Damaged or buckld wheel. Inspect and 
replace if necessary. 
3 Defective tire (Chapter 1). 

1 Wheel bearing@.) worn or out of adjust- 
ment (Chapter 10). 
2 Tie-rod end loose (Chapter 10). 
3 Steering gear loose [Chapter 10)- 
4 Worn or loose steering Intermediate 
shaft (Chaptw 10). 

85 Rattling or clicking nolsa in 
steering gear 

1 Insufftcient or improper lubricant In 
steering gear (Chapter ID). 
2 Stwring gear attachment loose (Chap- 
t6f r 0). 
3 Internal steering gear problem (Chap- 
ter 10). 
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Notes 



Chapter 1 
Tune-up and routine maintenance 
Contents 

Alr filter service ............................................................................... 
Automatic stick shift service .......................................................... 
Battery check and maintenance ............................................... 
Brake check ........................... .. .................................................. 

......................................................................... Chassis lubrication 
..... ..................... Clutch pedal freeplay check and adjustment .. 

Dnveaxle boot and CV joint check ................................................ 
............ Drivebelt check, adjustment and raplacement ........ .... 

Emissions control system check .................................................. 
Engine oil change. ...................................................................... 
Exhaust Gas Recirculation (EGR) system service .......................... 
Exhaust system check ..................................... ... ........................... 
Fluid level checks ....................................................................... 
Fuel Rlter seruice ................... .. .................................................... 
Fuel system check ......................................................................... 
Idle speed check and adjustment .................................................. 
lgnition points and condenser check and replacement ................. 

Ssctlon 
Ignition timing check and adjustment .................... .... ........... 28 
lntroductlon ........................... ... .................................................. 2 

................................................................... Maintenance schedule 1 
...... Neutral starl switch check (automatic stick shift models only) 39 

Spark plug check and replacement ................................... .... . . . . .  25 
Spark plug wire, distributor cap and rotor check 

....................................................................... and replacement 26 
..................................................... Suspension and steerlng check 11 

Tlre and tire pressure checks ..................................................... 5 
Tjre rotation ................... .. .......................................................... 14 
Transaxle lubricant level check ...................................................... 13 

............................................................ Transaxle lubricant change 23 
Tune-up general information ......................................................... 3 

.............. .............. Underhod hose check and replacement .. 7 
Valve clearance check and adjustment ............ .. .................... 30 
W~per blade check and replacement.. ........................................... 8 

............................ Wheel bearing check, repack and adjustment 32 
I 

Specifications 

Recommended lubricants and fluids 
Note: Listed here are manufacturer recommendations at the t i m  thb manuel was written. rWmufacturers masionally upgrade their fluld and 
Iubncant specrfications, so check with your local auto parts store for current recornmendai~ons. 
Engine oil type ......................................................................................... API grade SG or SWCE multigrade and fuel efffclemt oll 
Engine 011 viscosity ............................................................................ See accompanying chat? 
Automatic d ~ c k  shift torque converter fluid type .................................. Dexron II automatic transmission fluid 
Automatic stlck shift differentiaVgearbox lubricant type ......................... API GL-5 SAE JSWSCEW or 80WSOW Hypold gear oil 

................................... Manual transaxle lubricant type ..................... .. API Gt-5 SAE 75W90W or 80W9QW Hypoid gear 011 
Brake flu~d type ........................................................................................ DOT 3 or DOT 4 brake fluid 

HOT 
WEATHER 

LOOK FOR 
ONE OF 

THESE LABE lS 

cola 
WEATHER 
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Tune-up specifications 
Spark plug type ....................................................................................... 

................................................................ Spark plug gap .................... .. 
Ignition point gap ..................................................................................... 
Dwell angle .............................................................................................. 
Ignition timing 

................................................................ 1954 through 1965 models 
1966 and 1967 models with engine numbers 

.............................................................. Beginning with FO or MO 
1967 through 1970 models with engine numbers 

beqlnnlng wtth H5 and fuel Injected models 
with automatic stick shift .............................................................. 

August 1970 through sprlng 1973 caxbureted 
............ models and fuel injected models with manual transaxles 

Spring 1973 and 7974 carbureted rnodek .......................... ... ......... 
1975 and later with manuaf transaxte ......................... ... ................. 

........................................... 2 1975 and tater with automatic stick shift 
......... .............................................. Spark plug connector resistance .. 

............................................... ........................... Engine firing order .... 
Idle speed 

Carbureted rnbdds 
WM manual transaxle ................................................................. 
With Automatic Stlck Shift ............................................................ 

Fuel injected models 
With manuat transaxle ........................................................................ 
W~th Automatic Stick Shift ...................... .. ..................................... 

Varve clearances (engim cold) 
7,954 through 1961) (36 hp) 

intake valve ...................... ... ...................................................... 
............................................................................. OExhaust valve 

$961 through 1965 (40 hp) 
Intake valve ................... .. ........................................................... 

............................................................................... Exhaust valve 
All other models 

Intake value ....................................................................................... 
Exhaust valve ..................................................................................... 

' See Note in Section 30 

Drivebelt deflection ......................................................... 

Clutch pedal freeplay .................................................................. 

Btakes 
Disc brake pad ltnlng thickness (minlrnum) ................. ..... ................... 
Drum brake shoe lining thickness (minimum) 

Riveted lining .............. ... ................................................................ 
Bonded lining .............................. ... ............................................... 

'Parking brake adjustment .................. ............ .......................................... 
Suspension and steering 
Steering wheel frwplay limit ................................................................... 
Tre pressures 

Bias ply 
............................................................................................ Front.. 

................................................................ Rear. ........................ ... 
Radial 

................................................................... Front ,................. ..... 
Rear ................................ ....., ......................................................... 

Torque speeifrcations 
OilXreen cover ....................................................................................... 
Wheer lug bolts 

Five lug wheels .................. ................ ................................................. 
Four lug wheels .................................................................................. 

Refer to the spark plug manufacturer's catalog, owner's 
manual w emlss~on control Information labe) on the engine 
0.024 to 0.028 in 
0.016 in 
44 to 50-degree 

5-degrees After Top Dead Center (Am) 
7.5-degrees BTDC 
5-degrees ATDC 
0-degrees VDC) 
5,000 to 10,000 ohms 
1-4-3-2 

800to400rpm 
900 to 1m rpm 

800 to 950 rprn 
850 to 1000 rpm 

0.008 in' 
0.012 in" 

(5.006 In 
0.006 in 

112 in Cyllnder numbartng diagram 

1/16 in 
3/64 in 
4 clicks 

1 6 psi 
24 psi 



4 Volkswagen 
Maintenance schedule 

The maintenance ~ntewals in this manual are provided with maintenance enhances the efficiency. performance and resale 
the assumption that you, not the dealer, will be doing the work. value of your car, we encourage you to do so. If you drive in 
These are the minimum maintenance intervals recommended dusty areas, idle or drive at low speeds for extended periods or 
for Volkswagens that are driven daily. If you wish to keep your drive for short distances (less than four miles) in below freezing 
vehicle in peak condition at all times, you may wish to perform temperatures, shorter intervals are also recommended. 
some of these procedures even more often. Because frequent 

Every 250 miles or weekly, whichever Every 12,000 miles or $2 months, whichever 
comes first comes first 

Check the engine oil level (Section 4) 
Check the windshield washer fluid level (Section 4) 
Check the brake fluid level (Section 4) 
Check the tires and tire pressures (Section 5) 

Every 3000 miles or 3 months, whichever 
comes first 

All items listed abave plus: 
Check the automat~c stick shift fluid level (Section 4) 
Change the engine oil (Section 9) 
Lubricate the chassis (Section 20) 
Check and service the battery (Section 6) 
Check and adjust if necessary the engine drivebelt(s) 

(Section 18) 

Every 6000 miles or 6 months, whichever 
comes first 

AN items listed abave plus: 
Inspect the windshield wiper blades and replace if neces- 

sary (Section 8) 
Check the clutch pedal for proper freeplay and adjust if 

necessary (Section 3 1) 
Inspect all underhood hoses and replace if necessary 

(Section 7) 
Rotate the tires (Section 14) 
Check and ~f necessary adjust the valve clearance 

(Section 30) 
lnspect the brake system (Section 15)" 
Check the driveaxle boots and CV joints (Section 10) 
Check the starter safety switch check - automatic stick 

shift only (Section 19) 

All items listed above plus: 
Service the air filter (Section 'F 7) 
Service the fuel f~lter (Section 21) 
lnspect the fuel system (Section 16) 
Check compression (see Chapter 2) 
Replace the spark plugs (Sectlon 25) 
Replace the ignition points and condenser (Sectron 27) 
lnspect and replace if necessary the spark plug wires, 

distributor cap and rotor (Section 261 
Check the engine idte speed and adjust if necessary 

(Section 29) 
Check the ignition timing and adlust if necessary (Section 28) 
Check the vake clearance and adjust if necessary 

(Section 30) 
Check the transaxle lubricant level (Section 13)' 
lnspect the suspension and steering components 

(Section 17)' 
Inspect the emission control system [if equipped) 

(Section 24) 
lnspect the exhaust system (Section 7 2) 
Service the automatic stick shift (Section 22) 
Rotate the tires (Section 14) 

Every 30,000 miles or 24 months, whichever 
comes first 

Check and repack the wheel bearings (Section 32) 
Change the transaxle lubricant (Section 23)* 
Replace the catalytic converter (Section 24) 
Service the EGR system (Section 33) 
'This item is affected by "severe" operating conditions as 

described below. I f  your vehicle is operated under 
"severe " conditions, perform a!/ maintenance indicated 
with an asterisk VJ Mice as offen. Sevee conditions are 
indicated if you maink operate your vehicle under one of 
more of the following conditions: 
Operating In dusty areas 
Idling for extended periods and/or low speed operation 
Operating when outside temperatures remain 'below 

freezing and when most trips are less than four miles 
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2 Introduction 

This chapter is designed to help the 
home rnechanlc rnainta~n the Volkswagen 
Beetle/Kamann Ghia for peak performance, 
economy, safety and long life. 

In the beginn~ng of th~s  Chapter Is a 
master maintenance schedule. Rafer to the 
accompanying ~ltustrat~ons of the engine 
compartment and the underside of the veht- 
cle for the location of various components. 

Serv~cing your Volkswagen in accor- 
dance wlth the mileage/tirne malntenance 
schedule and the following Sections will pro- 
vide rt with a pjanned malntenance program 
that should result tn a tong and rel~able ser- 
vice Irfe. Thrs is a comprehensive plan, so 
maintaming some items but not others at the 
specifled service intervals wrll not produce 
the same results 

As you sewice your Volkswagen, you 
w~ll d~scover that many of the procedures can 
- and should - be grouped together because 
of the nature of the part~cular procedure 
you're petforming or because of the close 
proxbmity of two othenv~se unrelated compo- 
nents to  one another. 

For example, if the vehicle is rarsed for 
chassis lubricat~on, you should Inspect the 
exhaust, suspension, steering and fuel sys- 
tems wh~le you're under the vehlcle. When 
you're rotating the tlres, it makes good sense 
to check the brakes and wheel bsar~ngs srnce 
the wheels are already removed. 

Finally, let's suppose you have to bor- 
row or rent a torque wrench. Even if you only 
need to tighten the spark plugs, you might as 
well check the torque of as many critrcal fas- 
teners as time allows. 

The ftrst step of this maintenance pro- 
gram IS to prepare yourself before the actual 
work begins. Read through all sections pertl- 
nent to the procedures you're plannlng to do. 
then make a list of and gather together all the 
parts and tools you will need to do the job. If 
~t looks as ~f you m~ght nrn into problems dur- 
rng a particular segment of some procedure, 
seek adv~ce from your local parts counter 
person or dealer service department. 

3 Tune-up general infamation 

The term tune-up IS used in this manual 
to represent a combination of individuat oper- 
atrons rather than one speclfic procedure. 

If, from the time the vehicle is new, the 
routrne maintenance schedule is followed 
closely and frequent checb are made of fluid 
levels and high wear items, as suggested 
throughout this manual. the englne wttl be 
kept rn relatively good running cond~t~on and 
the need for additional work wlll be mini- 
mized. 

More l~kely than not, however, there will 
be trmes when the englne Is running poorly 
due to lack of regular malntenance. This is 
even more llkely ~f a used vehlcle, whlch has 

not rece~ved regular and frequent mainte- 
nance checks, is purchased. In such cases, 
an engine tune-up wil[ be needed oldside of 
the regular routine mainterlance ~ntewals. 

The fiwt step in any tune-up or engine 
diagnosis to help correct a poor running 
englne would be a cylinder compression 
check. R check of the engine compression 
{see Chapter 2) wrll grve valuable information 
regarding the overall performance of many 
internal components and should be used as a 
basrs for tuns-up and repair procedures. If, 
for instance, a compression check indicates 
serious intemal engine wear, a convent~onal 
tune-up wit1 not help the running condition of 
the engine and would be a waste of tlme and 
money. Because of its importance, compres- 
sion checking should be performed by some- 
one with the proper compression testrng 
gauge and the knowledge to use it properly. 

The following serles of operations are 
those most often needed to bring a poor run- 
ning engine back into a proper state of tune. 

Minor tune-up 
Clean, Inspect and test the battery 
Check all engine related flu~ds 
Check and adjust the drrvebelt 
Clean and regap the spark plugs 
inspect the dtstrrbutor cap and rotor 
lnspect the spark plug and corl wrres 
Check and adjust the rgn~tion pornts 
Check and adjust the ignrfron timing 
Check and adjust the valve clearance 
Check and adjust the idle speed 
Check the air filter 
Check all underhood hoses 

Major tune-up 
All Items ltsted under minor tune-up, 

PIUS . . . 
Replace the spark plugs 
Sen/,ce the fuel filfer 
Serv~ce the arr filter 
Check the EGR and emission systems 

(if equtpped) 
Check the ignition system 
Check the charging system 
Check the fuel system 
Service or replace the air filter 
Replace the distr~bufor cap and rotor 
RepEace the spark plug wtres 
Replace the ~gni t~on points and 

condenser 

- - 

4 Fluid level cheeks 

1 Flu~ds are an essential part of the lubri- 
catron, cooling, brake and other systems. 
Because these flu~ds gradually become 
depleted and/or contarnrnated during normal 
operat~on of the vehicle, they must be penod- 
ically replenished. See Recommended lubrr- 
cants, f hds  and capaclttes at the beginning 
of this Chapter before adding fluid to any of 
the fo'llowing components. Note: The vehtcle 
must be on level ground before fluid levels 
can be checked. 

- .  r-' .1 
^ '. . 

h 
4 

L - 1  
4.2 The engine oil dipstick is Located 

below the gsnerator/altemator 

Engine oil 
Refer to ~llustrations 4.2, 4.4 and 4.6 
2 The engrne or! level is checked with a dip- 
stick located adjacent to the generator/alter- 
nator (see ~llustrat~on). The dhpstlck extends 
through a metal tube from which it protrudes 
down Into the englne 011 sump. 
3 The oil level should be checked before 
the veh~cle has been dr~ven, or about 15 mln- 
utes after the engine has been shut off. If the 
oll IS checked ~rnmedlately after drrving the 
veh~cle, some of the oil will remain In the 
upper englne components, producing an 
inaccurate readlng on the dipst~ck 
4 Pull the dipst~ck from the tube and wipe 
all the or1 from the end wrth a clean rag or 
paper towel, Insert the clean d~pst~ck all the 
way back into its metal tube and pull It out 
agaln. Observe the 011 at the end of the d~p-  
st~ck. The level should be between the h~gh 
and low marks (see illustration) 
5 It takes one p~nt of oil to ralse the level 
from the low mark to the high mark on the 
dipstick. Do not allow the level to drop below 
the low mark or 011 starvation may cause 
engine damage. Conversely, overfilling the 
englne (add~ng oil above the full mark) may 
cause or1 fouled spark plugs, 011 leaks or o ~ l  
seal failures. 
6 Remove the filler cap to add o!l (see 

4.4 Maintain the oil level between the 
high and low marks 
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4.6 The 011 filler cap Is on the right 
(passenger's) side of the 

generatorlaltemator 

illustration). Use an o ~ l  can spout or funnel to 
prevent spills. After addlng the 011, Install the 
filler cap. Start the englne and look carefully 
for any small leaks around the oil screen 
cover or drain plug. Stop the engine and 
check the oil level again after it has had sum- 
cient time to dram back into the sump. 
7 Checking the o ~ l  level is an important 
preventwe maintenance step. A cantinually 
dropp~ng oil level ind~cates oil leakage 
through damaged seals, from loose connec- 
tions, or past worn rings or valve guides. The 
condition of the oil should also be checked. 
Each time you check the o ~ l  level, slide your 
thumb and ~ndex finger up the dipstick before 
wiping off the oil. If you see small d~rt or metal 
particles clinging to the dipstick, the oll 
should be changed (see Sect~on 9). 

Windshield washer fluid 
Refer to illustration 4.8 
8 Fluid for the windshield washer system 
IS stored in a plast~c reservotr whlch is 
located under the front hood adjacent to the 
spare tire (see illustration). In rnrlder cli- 
mates, plaln water can be used to top up the 
reservoir, but the resewalr should be kept no 
more than 3/4 full to allow for air pressure 

4.8 Detach the hose and remove the 
washer fluid filter cap 

above the fluid. In colder climates, the use of 
a specially designed w~ndsh~eld washer fluid, 
available at your dealer or any auto parts 
store, w~ll  lower the freezing polnt of the fluid. 
Mix the solution with water rn accordance 
with the manufacturer's directions on the 
container. Do not use regular antifreeze. It w~ll 
damage the vehicle's paint Be sure the spare 
trre has enough pressure In ~t and reconnect 
the hose between the tire and resetvojr. 

Battery electrolyte 
Refer to iilustmtion 4.9 
9 ?he battery on Beetles 1s located under 
the rear seat cushion, On Karmann Ghias it 1s 
In the engine compartment. Remove the pro- 
tective cover and check the electrolyte level 
of all the battery cells. It must be between the 
upper and lower levels (see illustration). If 
the level is low. unscrew or lrft off the 
fillerfvent cap and add distil ld watw (except 
maintenance free batteries), Install and 
securely retighten the cap. Caution: Overfill- 
ing fhe cdis may cause electrolyte to spili 
over during periods of heavy chargmg, caus- 
ing corrosran or demage. Failure to install the 
battery cover may result in a short circurt from 
the seat springs. 

Elrrirulvle Blear l l u ~ d l  
muat be between upprr 
and lower 11nts 

4.9 K e e p  the electrolyte level of all the 
cells In the battery between the Upper and 

Lower levels - use only distilled water to 
replenish a cell and never overfill it or 

electrolyte may squirt out of the battery 
during periods of heay  charging 

Brake fluid 
Refer to il/usirations 4. I Oa, 4. IOb and 4. I &  
10 Ths brake fluid resenrorr is located 
under the front hood. On early models, ~t 1s 
near the spare tire, on later models the raser- 
voir is near the driver's side hood sprlng. Kar- 
mann Qhias have the reservoir located 
behlnd the instrument panel cover [see illus- 
trations). 
11 To check the brake fluld level on models f 
with see-through reservoirs, srmply look at 
the MAX and MIN marks on the reservolr. 
Early models requlre cap removal. The level 
should be within the specifled distance from 
the maximum fill line for the reservoir. 
12 If the level is low, wipe the top of the 
reservoir cover wfth a clean rag to prevent . 
contaminat~on of the brake system before IIR- 
Ing the cover. 
13 Add only the specifid brake fluid to the 
brake reservoir (refer to Recommended lubrl- 
cants and fluids at the front of this chapter or 
to your owner's manual). M~xing d~fferent 
types of brake fluid can damage the system. 
Fill the brake master cylinder resewciir only to 
the max fill lEne - this brings the fluid to the 
correct level when you put the cover back on. 
Warning: Use caution when filiing the reser- 
vorr - brake fluid can harm your eyes and 
damage painted surfaces. Do not use brake 

4.1 0a On early models, the brake Ruid 4.10b On later models, the resewoir is 4.10~ On Kamann G hras, the reservoir 1s 
resenroir is located behind the spare tire adjacent to the hood sprlng behind the instrument panel cover 
next to the windshield washer reservoir 



1-6 Chapter I Tune-up and routine maintenance 

fluid that has been opened for more than one 
year or has been left open. Brake flurd 
absorbs moisture from the air. Excess mois- 
ture can cause a dangerous loss of brak,ng. 
14 While the reservoir cap Is removed, 
inspect the master cylinder reservolr for con- 
taminatlon. If deposits or dirt particles are 
present. the system should be drained and 
refilled. 
15 After filling the reservolr to the proper 
levell, make sure the lid is properly seated to 
prevent fluid leakage andlor system pressure 
loss. 
16 The brake flu~d Fn the reservoir will drop 
slbqhtty as the brake linings at each wheel 

4.20 The automatic stick shm dipstick is 
located on the right (passenger's) side of 

the engine compartment 

-.- 

5.2 Use a trre tread (epth indicator to 
monitor tire wear - they are available 

at auto parts stores and service 
stations and cost very little 

w&r down during normal-operation. If the 
master cylinder requires frequent replen~sh- 
ing to keep it at the proper level, this is an 
indication of leakage in the brake system, 
which should be corrected Immediately. 
Check all brake Itnes and connections, along 
w~th the wheel cylinders or calipers. 
17 If, upon checking the master cylinder 
fluid level, you discover the reservolr is 
empty or nearly empty, the brake system 
should be refllled and carefully checked for 
leaks before the veh~cle is returned to service 
(see Chapter 9). 

Automatic sfick shift fluid 
Refer to rllustratron 4.20 
18 The level of the automatic stick shift 
fluid should be carefully maintained. Low fluid 
level can lead to slipping or loss of drive, 
whlle overfilling can cause foaming, loss of 
fluid and damage. 
19 Park the vehicle on level ground and set 
the park~ng brake. 
20 With the engine OFF, remove the dip- 
stick (see Illustration). The dipstick is 
located on the right (passenger's) side of the 

CUPPING 

Cupping atmy be caused by: 

5 Underinflation andfor mechanruall 
~rregularrt~es such as out-of-balance 
cond~tion of wheel andtor tlre, 
and h n t  or damaged wheel. 1 

*Loose or worn steering the-md 
or steerlna idler arm. I '  

engine compartment near the flmwafl. 
21 Wipe the fluid from the dipstick with a 
clean rag and reinsert ~t back into the filler 
tube until the cap seats. 
22 Pull the dipstick out and note the fluid 
level and its cond~tion. If the level is low, add 
the specifled automatic transm~sslon fluid 
through the dipst~ck tube with a funnel. 
23 Add just enough of the recommended 
Ruld to reach the proper level. Add the fluid a 
little at a time and keep checking the level 
until it is correct. 
24 The condrtion of the fluid should also bn 
checked atong wrth the level. If the fluid at the 
end of the dipstick is black or a dark reddish 
brown color, or if it emits a burned smell, the 
fluid should be changed (see Section 22). If 
you are In doubt about the condition of the 
fluid, purchase some new fluid and compare 
the two for color and smell. 

Transaxle IubriGant 
25 Both the automattc stick shift and man- 
ual transaxle have a checklfill plug which 
must be removed to check the lubricant level. 
See Section 13 for ~nforrnation. 

5 Tire and tire pressure checks 

Refer to iltustrations 5.2, 5.3, 5.4a, 5.4b and 
5.8 I 
1 Periodkc inspection of the tires may 
spare yau from the tnconven~ence of be~ng 
stranded with a flat tire. It can also prov~de 
you with vital ~nformatlon regarding possible 
problems in the steenng and suspenslon sys- 
tems before major damage occurs. 
2 Normal tread wear can be monitored 
with a simple, lnexpenslve device known as a 
tread depth indicator (see Illustration). When 
the tread depth reaches about 1/16 inch, 
replace the t~re(s). 
3 Note any abnormal tread wear (see 
illustration). Tread pattern irregulartt~es such 
as cupping, flat spots and more wear on one 
slde than the other are indications of front 
end alignment andlor balance problems. If 
any of these conditions are noted, take the 
vehicle to a tire shop or service station to cor- 
rect the problem. 
4 Look closely for cuts, punctures and 
embedded nails or tacks. Somet~mes a tlre 
wlll hold its air pressure for a short ttme or 
leak down very slowly even after a nail has 
embedded itself Into the tread. If a slow leak 
persists, check the valve stem core to make 
sure it IS tight (see illustration). Examine the 
tread for an object that may have embedded 
itself into the tlre or for a "plug" that may 

Loose. d a i a q e d  or worn tFMlt 
suspenslon ports 

have begun to leak (radial tire pinctures areh 
f - / -  

\ '  

anen repaired with a pug that is installed in a 
- ". . puncture). Sornet~mes rust w~ll form between 

I the tire and rim on tubeless tires, causinq a 
<. 11 

leak. If a leak Is suspected, it can be easily 
FEATHERING DUE 

TO MISALIGNMENT venfid by spraying a solution of soapy water 
onto the susoect area {see illustration). The 

5.3 This chart will help you determine the condition of your tires. the probable causets) soapy so~utlbn will bubble if there 1s a leak. 
of abnormal wear and the correctkve action necessaw Unless the puncture rs inordinately large, a 
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5.4a If a tire loses air on a steady basks, 5.4b If the valve core 1s tight, raise the 5.8 To extend the llfe of the tires, check 
check the valve core first to make sure it's corner of the vehicle with the low tire and the air pressure at least once a week with 
snug (special inexpensive wrenches are spray a soapy water solution onto the an accurate gauge (don't forget 
commonly available at auto parts stores) tread as the tire is turned slowly - leaks the spare!) 

will cause small bubbles to appear 

- 

-%.G' 6.1 Tools and materials required for battery maintenance 

I Face shieldlsafety goggles - M e n  removing corrosion with a brush, the 
acidic parbcles can easrly fly up fnto your eyes 

2 Baking soda - A solufron of baking soda and water can be used to neutralize 
~omsron 

3 Petrofeum jelly - A layer of this on the battery posts will help prevent corrosion 
4 Battery pstJcable cleaner - This wire brush cleaning tool wit1 remove all 

traces of coffosion from the battery posts end cable clamps - 

c 5 Treated felt washers - Plaang one of these on each post, directly under the 
cable clamps, wrll help prevent corrosion 

6 Puller - Sometimes the cable clamps are very drfficult to pull off the posts, even 
- -4F-7 after the nutibolt has been completely loosened. This tool pufls the clamp 

straight up and off the post without damage 

49 7 Bafferypostlcabfe cleaner - Here is another cleaning tool which Is a slightly 

?*o 

drfferent version of Number 4 above, but ~t does the same thing 
8 Rubber gloves - Another safety item to consider when senticing the battery; 

remember that b acid rnsrde the battery1 

tire shop or gas station can usually repair the 
punctured t~re. 
5 Carefully inspect the Inner sidewall of 
each tire for evidence of brake fluid leakage. If 
you see any, inspect the brakes immed~ately. 
6 Correct tire air pressure adds miles to 
the lifespan of the tires, improves mileage 
and enhances overall rrde quality. Tlre pres- 
sure cannot be accurately est~mated by look- 
ing at a tire, particularly ~f it IS a rad~al. A tire 
pressure gauge is therefore essent~al. Keep 
an accurate gauge In the glovebx. The pres- 
sure gauges fitted to the nozzles of air hoses 
at gas stations are often inaccurate. 
7 Always check tire pressure when the 
tires are cold. "Cold," In this case, means the 
vehicle has not been driven over a mile in the 
three houm preced~ng a tire pressure check. 
A pressure nse of four to erght pounds is not 
uncommon once the tires are warm. 
8 Unscrew the valve cap protruding from 
the wheel and push the gauge firmly onto the 
valve (see Illustration). Note the read~ng on 
the gauge and compare this figure to the rec- 
ommended tire pressure shown an the t ~ r e  
placard on the left door (if equrpped), the ttre 
itself, or the pressure lrsted In this Chapter's 
Specifications. Be sure to re~nstall the valve 

cap to keep dirt and moisture out of the valve 
stem mechanism. Check all four tires and, Id 
necessary, add enough alr to bring them up 
to the recommended pressure levels. 
9 Don't forget to keep the spare tire 
M a t e d  to the speclfled pressure (consult 
your owner's manual). 

6 Battery check and rnalntenance 

Refer to illustratrons 6.1, 6.3, 6.6a, 6.6b, 6.7e 
and 6.7b 
1 A routine preventive maintenance pro- 
gram for the battery In your vehicle is the only 
way to ensure quick and reliable starts. Bvt 
before pei%rming any battery maintenance, 
make sure that you have the proper equip- 
ment necessary to work safely around the 
battery (see illustration). 
2 There are also several precautions that 
should be taken whenever battery mainte- 
nance Is performed. Before servicing the bat- 
tery, always turn the englne and all acces- 
sories off. Remove the lawer cushion from 
the rear seat and disconnect the cable from 
the negative terminal of the battery. 
3 The battery produces hydrogen gas, 

Ir 

I .  -- -- 

8.3 Remove the ~ e l !  caps to  check the 
-- .I 

electralyta level in the battery - if the level 
is low, add distilled water only 

which is both flammable and explosive. 
Never create a spark. smoke or light a match 
around the battery. If the vehicle you are 
working on has removable caps on top of the 
battery, open them and check the electrolyte 
level (see fllustration). Always charge the 
battery In a ventilated area. 
4 Electrolyte contains poisonous and 
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corrosive sulfurkc acid. Do not allow it to get 
in your eyes, on your skin on your clothes. 
Never Ingest it. Wear protective safety 
glasses when working near the batterj. Kwp 
children away from the battery. 
5 Mote the external condition of the bat- 
tery. If the posttlva terminal and cable clamp 
on your vehrcle's battery IS usually equipped 
with a rubber or plastic protector. mace sure 
that it's not torn or damaged. It should com- 
pletely cover the temina!. Look for any cor- 
roded or loose connecllons, cracks in the 
case or cover or loose hold-down clamps. 
Also check the entire length of each cable for 
cracks and frayed conductors. 
6 If corros~on, which looks like white, fluffy 
deposits (see Wlustratlon) 1s evident, particu- 
larly around the temnals, the battery should 
be removed for cleaning. Loosen the cable 
clamp bolts w~th a wrench, being careful to 
remove the ground cable first, and slide them 
off the term~nals (see illustration). Then dis- 
connect tha hold-down clamp bolt and nut, 
remove the clamp and flft the battey from ~ t s  
compartment. 
7 Clean the cabie clamps thoroughly with 
a battery brush or a terrn~nal cleaner and a 
solution of warm water and bakkng soda (see 
Illustmtlan). Wash the terminals and the top 
of the battery case wlth the same solution but 
make sure that the solution doesn't get into 
the battery. When cleaning the cables, terml- 
nals and battery top, wear safety goggles and 
rubber gloves to prevent any solut~on from 
corning in contact with y o q  eyes or hands. 
Wear old clothes too - even diluted, sulfuric 
acid splashed onto clothes wrll bum holes In 
them. [f the temrnals have been extens~vely 
corroded, clean thern up w~ th  a terrnbnal 
cleaner (see illustration). Thoroughly wash 
all cleaned areas wrth plain water. 
8 Before reinstalling the battery Into its 
compartment, inspect the battery tray. If it's 

or covered with corroslon, remove ft and 
clean it tn the same solution of warm water 
and baking soda. Inspect the brackets which 
support the carrler to make sure that they are 
not covered w~th corroslon. If they are, wash 
them off. If corroslon IS extenswe, sand the 
brackets down to bare metal and spray them 
with a zrnc-based prlrner (available in spray 
cans at auto paint and h d y  supply stores). 
9 Reinstall the battery carrier and the ba- 
t e ~ .  Make sure that no parts or w~res are lay- 
ing on the carrier during Installation of the 
batterj. 
10 lnstall a par  of specially treated felt 
washers around the term~nals (ava~lable at 
auto parts stores), Install the cable clamps 
and t~ghtsn the bolts, being careful to install 
the negat~ve cable last. Then coat the temr- 
nals and the cable clamps with petroleum 
jelly or grease to prevent further corroslon. 
11 Install the hold-down clamp and bolts. 
Tighten the bolts only enough to hold the bat- 
tery f~rmly rn place. Overtighten~ng these 
bolts can crack the battery casa. 
12 Further ~nformation on ,#he battey, 
charging and jump starting can be found In 
Chapter 5 and at the front of this manual. 

6.6a Battery terminal corrosion usually 6.6b Removing the cable from a battery 
appears as light, fluffy powder post with a wrench - sometimes a special 

battery pliers is required for this 
procedure if corrosion has caused the 

7 Underhood hose check and deterioration af the nut hex (always 
remove the ground cable first 

replacement and hook it up Fast!) 

General 
1 High temperatures in the engine com- 
partment can cause the detenorat~on of the 
rubber and plastic hoses used for engine, 
accessory and emission systems operation. 
Period~c ~nspection should be made for 
cracks, 1oose clamps, material hardening and 
leaks. 
2 Some, bul not all, hoses are secured to 
the fittings w~ th  clamps. Where clamps are 
used, check to be sure they haven't lost their 
tension. allowing the hose to leak. If clamps 
aren't used, make sure the hose has not 
expanded and/or ha~dened whew ~t slips 
over the fitt~ng, allow~ng it to leak. 

Vacuum hoses 
3 Various systems require hoses with dlf- 
ferent wall thicknesses, collapse resistance 
and temperature resistance. When replacing 
hoses, be sure the new ones are equivalent. 
4 Often the only effective way to check a 

6.7a Regardless of the type of tool used 
on the battery posts, a clean, shiny 

surface should be the result 

hose IS to remove tt completely from the vehr- 
cle. If more than one hose IS removed, be 
sure to label the hoses and f~tt~ngs to ensure 
correct lnstallation. 
5 When checkrng vacuum hoses, be sure 
to include any fttt~ngs In t h s  check. Inspect 
the f~ttings for cracks and the hose where it 
fits over the f~ t t~ng for d~storhon, wh~ch could 
cause leakage. 
6 A small plece of vacuum hose (1/4-inch 
bnstde diameter) can be used as a stetho- 
scope to detect vacuum leaks. Hold one end 
of the hose to your ear and probe around 
vacuum hoses and flttlngs, listening for the 
'hissing' sound character~st~c of a vacuum 
leak. Warning: When probing with the vac- 
uum hose stethoscope, be very careful not to 
come tnfo contact wrth mov~ng engine com- 
ponents such as the dnvebelts and pulleys. 

Fuel hose 
Warning: Gasolrne 1s extremely flammable, 
so take extra precauttons when you work on 

S.7b When cleaning the cable clamps, all 
corrus~on must be removed (the inside of 
the clamp is tapered to match the taper 

on the post, so don't remove too 
much material) 
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any psrt of the fuel system. Don't smoke or 
allow open flames or bare llght bulbs near the 
work srea, and don't work in a garage whem 
a natural gas-iyp appl/ance (such as a water 
heater or clothes dryer) with a pilot light is 
pmsent. I f  you sprll any fuel on your skln, rinse 
it off lrnmedistely with soap and water, When 
you perfom any klnd of work on the fuel sys- 
tem, wear safety glasses and have a Class B 
type fire extingulshar an hsnd. OR vehicles 
quipped wrth fuel injection, the fuel system 
is under pressure, so 1 any fus! lines are to be 
disconnected. the pressurn in the system 
must be relreved first (see Chapter 4 for more 
information). 
7 Check all rubber fuel lines for deteriora- 
tion and chaf~ng. Check especially for crecks 
in areas where the hose bends and just 
before fitt~ngs, such as where a hose 
attaches to the fuel filter. 
8 High quality fuel l~ne, often identified by 
the word Fluroelastomer printed on the hose, 
should be used for fuel Itne replacement. 
Never, under any circumstances, use unretn- 
forced vacuum line, clear plastic tubing or 
water hose for fuel lines. 
9 Spring-type clamps are commonly used 
on fuel Ilnes. These clamps often lose thelr 
tension over a period of t~rne, and can be 
"sprung" during removal. Replace all spring- 
type clamps with screw clamps whenever a 
hose is replaced. 

Metal lines 
10 Sections of metal tine are often used for 
fuel l~ne between the fuel pump and fuel 
Inlectlon unlt. Check carefully to be sure the 
[Ins has not been bent or crimped and that 
cracks have not started in the line. 
11 If a sectton of metal fuel Ilne must be 
replaced, only seamless steel tubing should 
be used, since copper and aluminum tubing 
don't have the strength necessary to  with- 
stand normal engrne vibration. 
12 Check the metal brake lines where they 
enter the master cylinder and brake propor- 
t~on~ng unit (if used) for cracks in the l~nes or 
loose fittings. Any sign of brake fluid leakage 
calls for an immediate thorough inspection of 
the brake system. 

8 Wiper blade check and 
replacement 

Refer fo ii~ustrat~on 8.6 
1 Windshield wiper and blade assemblies 
should be inspected periodically for damage, 
loose components and cracked or worn 
blade elements. 
2 Road film can build up on the wiper 
blades and affect their sffrciency, so they 
should be washed regularly with a mild deter- 
gent solution. 
3 The actron of the wiping mechanism can 
loosen bolts, nuts and fastaners, so they 
should be checked and tightened, as neces- 
sary, at the same time the wlper blades are 
checked. 

8,& Wlper blade remova4 details 
(Shepherd's hook wIper arm) 

4 If the wiper blade elements are cracked, 
worn or warped, or no ranger clean ade- 
quately, they should be replaced wfth new 
ones. 
5 On early models, the wlper blades are 
held on the arms by a small setscrew. Lift the 
arm assembly away from the glass for clear- 
ance. Loosen the screw and slip the blade 
assembly off the arm. The rubber blade is 
pemanently attached to the m6tal backing; 
replace the blade as an assembly. Installation 
is tbe reverse of removal. 
8 On later models, a large variety of wiper 
blades are used. However, most of them utl- 
lize a "shepherd's hook"' type wiper a n .  Lift 
the arm assembly away from the glass for 
clearance and pinch the retaining spring to 
release the blade. Slide the blade inward until 
the blade Is free of the hook, then s l~p  it 
atound the hook and off the arm (see Illus- 
tration). 
7 Remove the rubber blade from the 
frame and discard R. 
8 To ~nstall a nGw rubber wiper element, 
follow the lnstructlons Included 
in the package. Be sure the elements are 
securely seated. 
9 Reinstall the blades in the arms in the 
reverse order of installation. Make sure the 
sprlng retainers click Into place securely. 

9 Engine oil change 

Refer to ~Nustrstions 9.7 and 9.14 
1 Frequent oil changes am the best pre- 
ventive maintenance the home rnechanlc can 
give the engine, because aging oil becomes 
diluted and contaminated, whlch leads to 
premature engine wear. 
2 Make sure that you have all the neces- 
sary tools before yau begin this procedure. 
You shoutd have a drain pan, wrenches and 
plenty of rags or newspapers handy for mop- 
ping up any spills. 
3 Access to the underside of the vehicle is 
greatly improved if the vehicle can be lifted 
an a hoist, driven onto ramps or supported 
by jackstands. Warning: Do not work under a 
vehrcle which Is supported only by a jack. 
4 If thls is your first o ~ l  change. get under 

9.7 Typical draln plugloll screen assembly 

7 Gasket 
2 O i E s c m  
3 Gasket 
4 Coverpiate 
5 Cap nut and washer 
6 Drain plug and washer 

the vehicle and familiar~ze yourself with the 
location of the oll screen cover and the oil 
dra~n plug, If equipped. The englne and 
exhaust components will be warm during the 
actual work, so try to antlcipata any potentral 
problems before the englne and accessoriw 
are hot. 
5 Park the vehicle on a level spot. Start the 
engine and allow it to reach tts normal operat- 
ing ternwature. Warm o ~ l  and sludge will flow 
out more easily. Turn off the engine when it's 
warned up. Remove the oil filler cap. 
6 Raise the vehicls and support it on jack- 
stands. Warning: To avord personal Injury, 
never get beneath the vehicle when ~t is sup- 
ported by only by a lack. The jack provided 
wrth your vehicle is designed solely for m's~no ., 
the vehicle to remove and replace the whmis. 
Always use jackstands to support the vehicle 
when if becomes necessary to pface your 
body underneath the vehicle. 
7 Being careful not to touch the hot 
exhaust components, place the drain pan 
under the bottom of the sump and remove 
the plug, if equ~pped (see iFlusWation). Note: 
On 36-horsepower engines, the oil drain plug 
is slightly off-center. You may want to wear 
gloves while unscrewing the plug the Snal few 
turns if the engine Is really hot. If the vehicle 
you are working on doesn't have a drain plug 
(later models), loosen the nuts around the 
penmeter of the oil screen cover. 
8 Allow the old o ~ l  to draln Into the pan. 
Inspect the old oil for the presence of metal 
shavings and chips. 
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9.14 Tighten the nuts in the 
sequence shown 

9 After all the oil has drained, wipe off the 
drain plug with a clean rag. Even minute 
metal particles cllnglng to the plug would 
imrned~ately contaminate the new oiC. 
10 Clean the area around the drain plug 
opening, reinstall the plug and tighten it 
securely, but do not strip the threads. 
1 1 Remove the nuts around the perimeter 
of the oil screen cover. Remove the cover 
and screen. 
12 Clean and inspect the oil screen and 
cover. 
13 Make sure that none of the old gasket 
rernams stuck to the mounting surfaces. ft 
can be removed with a scraper if necessary. 
W~th a clean rag, wipe off the rnountrng sur- 
face on the block. 
14 Us~ng new gaskets and crush washers, 
install the oll screen and cover. Tighten the 
nuts In the sequence shown (see illustration) 
to the torque tlsted in this Chapter's Specifi- 
cat~ons. 
15 Remove all tools, rags, etc. from under 
the vehlcls, belng careful not to spill the oil in 
the drain pan, then lower the vehicle. 
15 Add new or1 to the engine through the oil 
filler opening adjacent to the generatodatter- 
nator. Use a spout or funnel to prevent oil 
from spilling onto the top of the englne. Pour 
two and one-half quarts of fresh oll ~nto the 
engine. Wait a few mlnutes to allow the oil to 
drain into the sump, then check the level on 
the oil dipst~ck (see Section 4 if necessary). If 
the oil level IS at or near the top mark, Install 
the f~ller cap hand tight, start the engine and 
allow the new oil to circulate. 
17 Allow the englne to  run for about a 
minute. While the englne is running, look 
under the vehicle and check for leaks at the  
oil pan draln plug 
and around the oil screen cover. If e~ther is 
leaking, stop the engine and tighten the plug 
or cover sligMEy. 
18 Wait a few mlnutes to allow the oil to 
trickle down In20 the sump, then recheck the 
level on the dipstick and, if necessary, add 
enough oll to brrng the level to the top mark, 
19 Dur~ng the first few trips aftsr an oil 
change, make It a polnt to check frequently 
for leaks and proper 041 level. 

10.3 Fnspect the boots for cracks, tears 
and loose clamps 

20 The old oil drained from the englne can- 
not be reused in its present state and should 
be d~scarded. Oil reclamation centers, auto 
repair shops and gas stat~ons will normally 
accept the otl, which can be ref~nsd and used 
agaln. After the ail has cooled, ~t can be 
dratned into a su~table container (capped 
plastic jugs, topped bottles, milk cartons, 
etc.) for transport to one of these d~sposal 
sbtes. 

10 Driveaxle boot and CV joint 
check 

Driveaxle boot check 
Refer to illustratrqns 10.3, 10.5 and 7 0.6 
1 The dr~veaxle boots are very important 
because they prevent dirt, water and foreign 
material from entering and damaging the 
Inner axle loints (early models) or Constant 
Yeloctty (CV) joints (1 968 and later automatic 
stick shift and 1969 and later manual 
transaxles). 
2 Ra~se the vehicls and support it securely 
on jackstands. 
3 Inspect the boots for tears and cracks 
as well as loose clamps (see illustration). If 
there IS any evidence of cracks or leaking 
lubricant, they must be replaced as 
described ~n Chapter 8. 

Constant Velocity (CV joint 
check (later models) 
4 The most common symptom of 
driveaxbe or CV joknt fa~lure is knocking or 
click~ng nolses coming from the affected area 
while the vehicle is moving. 
5 Grasp each axle and rotate it in both 
direct~ons white hold~ng the CV joint houslngs 
to check for excessive movement (see illus- 
tration), rndrcating worn spl~nes or loose CV 
joints. 
6 Check the rnountlng bolts for looseness 
(see illustration). Tighten the bolts to the 
torque listed in the Chapter 8 Speciftcations. 
7 Replace any iornts that are faulty (see 
Chapter 81. 

10.5 Rotate the axles back-and-forth to 
check for play 

11 Suspension and steering check 

Refer fo illustration 1 1.9 
Note: For detarled illustratrons of the steerfng 
and suspension components, refer to Chap- 
ter 10. 

With the wheels on fhe ground 
1 With the veh~cle stopped and the front 
wheels pointed straight ahead, rock the 
steering wheel gently back-and-forth. If 
freeplay is excessive , a front wheel bearing, 
king andlor link prns, balllo~nt or steenng sys- 
tem pint is worn or the steering gear is out of 
adlustment or worn. Refer to Chapter 10 for 
the appropriate repair procedure. 
2 Other symptoms, such as excessive 
vehicle body movement over rough roads, 
swaylng, leanrng around corners and binding 
as the steer~ng wheel 1s turned, may indicate 
faulty steering and/or suspension cornpo- 
nents. 
3 Check the shock absorbers by pushing 
down and releasing the vehkcle several tlrnes 
at each corner. If the veh~cle does not came 
back to a level poslllon wtth~n one or two 
bounces, the shockslstruts are worn and 
must be replaced. When bounc~ng the vehr- 
cle up and down, listen for squeaks and 
noises from the suspension components. 

10.6 Tighten the mounting bolts 
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11.0 Check the balljoint boots lor damage 

Additronal ~nformation on suspension com- 
ponents can be found in Chapter 1 a. 
4 Measure the front and rear chassis 
clearance (the hetght of the vehicle above the 
ground) by measuring the d~stance from the 
ground to the bottom of the floor pan at the 
same pcint on each side. Also note whether 
the vehrc.le looks canted to one side or cor- 
ner. If the clearance of the vehicle is unequal 
or ~f ~t 1s canted to one stde or corner, try to 
level the veh~cle by rocklng rt. If thrs doesn't 
work, look for out of adlustment torsion bats 
or worn or loose suspension parts (see Chap- 
ter 10). 

Under the vehicle 
5 Ratse the vehrcle w~th a floor jack and 
support ~t securely on jackstands. See Jack- 
Ing and tow~ng at the front of thrs book for the 
proper jacking points. 
6 Check the  tires for irregular wear pat- 
terns and proper lnflat~on (see Sect~on 5). If 
the wheel bearings are rough or noisy, see 
Chapter 10 tar wheel bearing replacement 
procedures. 
7 Inspect the universal joint(s) between 
the steerlng shaft and the steer~ng gear. 
Check the steerlng gear housing tor lubrtcant 
leakage or oozing. Make sure that the dust 
seats and boots are not damaged and that 
the boot clamps are not loose. Check the 
steering linkage for looseness or damage. 
Check the tte-rod ends for excessive play. 
hook for loose bolts, broken or disconnected 

parts and deteriorated rubber bushings on all 
suspension and steering components. Whlle 
an assistant turns the steering wheel from 
side to side, check the stewing components 
for free movement, chafing and blnding. If the 
steerrng components do not seem to be 
reacting with the movement of the steering 
wheel, try to determine where the slack is 
located. 
8 Check the balljoints (1966 and later 
models) for wear. Raise the front of the vehi- 
cle and support it securely on jackstands. 
Make sure the front wheels are in a straight 
fornard position and block the! wheels with 
chocks. Remove the front wheels and tires. 
Place a floor jack under the lower torsion 
arms (except MacPherson struts), one stde at 
a tfrne. Grasp the brake and back~ng plate 
assembly at the top and bottom and rock the 
spindle up and down to ensure that tt has no 
play. If any parts have not~ceable ptay, 
replace them. Refer to Chapter f O for the 
front balljoint replacement procedure. 
9 Inspect the balljolnt boots for damage 
and leaking grease (see illustration). 
Replace the boots with new ones ~f they are 
damaged (see Chapter 10). 

12 Exhaust system check 

1 Wlth the engine cold (at least three 
hours after the vehicle has been driven), 
check the complete exhaust system from its 
starting points at the engine to the end of the 
ta~lpipe(s). Rake the vehicle and support ~t 
securely on jackstands. 
2 Check the pipes and connections for 
evidence of leaks, severe corrosion or dam- 
age. Make sure that all braces and clamps 
are In good condition and tight. 
3 At the same time. tnspect the underside 
of the body for hol.es, corrosion, open seams, 
etc. which may allow exhaust gases to enter 
the passenger compartment. Seal all body 
openlngs with silicone or body putty. 
4 Rattles and other noises can often be 
traced to the exhaust system. Try to move 
the plpes, muffler and catalytic converter (if 
equipped). If the components can come in 
contact with body parts. realign the exhaust 
system. 
5 Check the running condition of the 
engine by Inspecting inside the end of the 

13.1 Remove the plug (arrow) on 
the [eft (driver" side) of the 

transaxle (viewed from below) 

tailpipe. The exhaust daoosits here are an 
indication of engrne state-ot-tune. H the pipe 
Is black and sooty or coated with wh~te 
deposits, the engine may be In n ~ e d  of ser- 
vice, including a thorough fuel system 
inspection and adjustment. 

1 3 Transaxle lubtlcant level check 

Refer to jllustration 13.1 
1 To check the fluid level. raise the veh~cle 
and support it securely on jackstands. On !he 
driver's side of the transaxle housing, you w~ll 
see a plug (see illustration). Remove it with 
a 17 mm hex wrench. Use your f~nger as a 
dipst~ck. I f  the lubricant level rs carrect, it 
should be up to the lower edge of the hole. 
2 If the transaxle needs more lubricant 07 
the level is not up to the hole), use a lubricant 
pump to add more. Use the type listed in this 
Chapter's Specifications. Stop fllllng the 
transaxle when the lubticant beglns to run out 
the hole. 
3 Install the plug and tighten it securely. 
Drive the vehicle a short distance, then check 
for leaks- 

34 Tire rotation 

Refer to riiustrdtion 14.2 
1 The tires should be rotated at the specl- 
fisd intervals and whenever uneven wear 1s 
noticed. Slnce the vehicle will be raised and 
the tires removed anyway, check the brakes 
(see Section 15) at this ttme. 
2 Radial tires should be rotated in a spe 
cific pattern (see illustration). 
3 Refer to the lnforrnat~on in Jackrng and 
towing at the front of t h ~ s  manual for the 
proper procedures to follow when raising the 
vehicle and changlng a tire. If the rear brakes 
are to be checked, do not apply the parklng 
brake as stated. Make sure the tires are 
blocked to prevent the veh~cCe from rolling. 

RADIAL TIRE ROTATION 
1 1 - A J  HAYNE§~ 

14.2 Tire rotation diagram 
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- each end of the caliper and through the 1 0 . .  
Inspectton hole in the caliper body (see illus- --- .-- tration). Replace the pads if the ltning mate- 

I p rfal IS less than the minimum thi~kness lrsted 

mqm in thrs Chapter's Specificat~ons. When you're 
rotating the t~res, it makes good sense to 
check the brakes and wheel bear~ngs since 
the wheels are already removed. 

15.7 Check the brake lining thickness "a'' 

4 Preferably, the entire vehicle should be 
raised at the same time. This can be done on 
a hoist or by jack~ng up each corner and then 
lowering the vehicle onta jackstands placed 
under the jacking points. Always use four 
jackstands and make sure the veh~cle! is 
firmly supported. 
5 After rotation, check and adjust the tire 
pressures as necessary and be sure to check 
the lug nut tightness. 
6 For further information on the wheels 
and tires, refer to Chapter f 0. 

t5  Brake cheek 

Note: The first step of this maintenance pro- 
gram is to prepare yourself before the actual 
work begtm. Read through a// secfrons perti- 
nent to the procedures you're plannrng to do, 
then make a /!st of and gather together alE the 
parts and tools you will need to do the job I f  
it looks as r f  you might nm into problems dur- 
mg a particular segment o f  some procedure. 
seek sdvrce from your local parts counter per- 
son or dealer servrce department. For 
detailed photographs of the brake system, 
refer to Chapter 9. 
1 In addrtion to the specifted Intervals, the 
brakes should be inspected every time the 

15.8 On models with five lug wheels, look 
through the inspectfon hole in the drum 

wheels are removed or whenever a defect is 
suspected. Any of the following symptoms 
could ind~cate a potential brake system 
defect: The vehrcle pulls to one srde when the 
brake pedal is depressed; the brakes make 
squealing or dragging nolses when appl~ed; 
brake pedal travel is excessive: the pedal pul- 
sates; brake flu~d 1s ieaking onto the Inside of 
the tire or wheel. 
2 Regular Inspection of brake llnlng 1s 
necessary because there are no brake wear 
sensors on these veh~cles. 
3 Remove the wheel cavers and loosen 
(but don" remove) the wheel lug bolts. 
4 Raise the vehicle and place ~t securely 
on jackstands. 
5 Remove the wheels (see Jacktng and 
Zowrng at the front of thts book, or your 
owner's manual, if necessary). 

Front disc brakes (models so 
equipped) 
Refer to rilustration 15.7 
6 On models equipped whth front disc 
brakes, there are two pads - an outer and an 
Inner - in each callper. The pads are vtsible 
through inspect~on holes In each caliper. 
7 Check the pad th~ckness by looking at 

f 5.12 If the lining is bonded to the brake 
shoe, measure the lining thickness from 
the outer surface to the metal shoe, as I --- . shown here; if the lining is riveted to the 

15.9 On models with four lug wheels, shoe, measure from the lining outer 
remove the inspection plugs to check surface to the rivet head 

the brake shoes 

Drum brakes (from t and rear) 
Refer to illustmtions 75.8. 15.9. 15.12 8nd 
75.14 
8 To check the brake shoe lhning thlck- 
ness on vehicles wlth frve lug wheels without 
removlng the brake drums, remove the wheel 
covers and look through the rnspection hole 
in the outside of the drum as the wheel 1s 
turned (see Illustration). 
9 To check the brake shoe lining thrck- 
ness on vehicles with four lug wheels without 
removtng the brake drums, remove the rub- 
k r  plugs from the back~ng plate and use a 
flashlight to inspect the lhnlngs (see Illustra- 
tion). For a more thorough brake ~nspect~on, 
follow the procedure below. 
10 Refer to Chapter 9 and remove the rear 
brake drums, and Sect~on 32 of this Chapter 
to remove the front brake drums. 
11 Warning: Brake dust produced by lining 
wear and deposrted on brake components 
may confain asbestos, whtch rs hazardous to 
your health. DO NOT $/ow rt out wrth com- 
pressed arr and DO NOT ~nhale  ~ t !  DO MOT 
use gasoline or solvents to remove the dust. 
Brake system cleaner should be used to flush 
the dust rnto a dram pan. After the brake 
components are wiped clean wrth a damp 
rag, dispose of the contamrnated rag@) and 
cleaner in a covered and labeled container. 
Use non-asbesfos replacement Itntngs when- 
ever possible. 
12 Note the thickness of the l~nrng rnaterlal 1 
on the brake shoes (see illustration) and look 
for signs of contamination by brake fluid and 
grease. If the trning mater~al is within 1 I 1  6-lnch 
of the recessed nvets or metal shoes. replace 
the brake shoes w~th new ones. The shoes 
should also be replaced ~f they are cracked. 1 
glazed (shlny linrng surfaces) or contaminated 
w~th brake fluid or grease. See Chapter 9 for 
the replacement procedure. 
13 Check the shoe return and hold-down 
sprlngs and the adbusting mechanism to 
make sure they're installed correctly and in 
good condition. Deterlorated or distorted 
springs, i f  not replaced, could allow the lin- 
ings to drag and wear prematurely. 
14 Check the wheel cyl~nders for leakage 
by carefully peeling back the rubber boots 
(see illustration). If brake fluid 1s noted 
beh~nd the boots, the wheel cylrnders must 
be replaced,($@@ Chapter 9). 
15 Check the drums for cracks, score 
marks, deep scratches and hard spots, which 
will appear as small drscolored areas. If 
imperfections cannot be removed with emery 
cloth, the drums must be resuriaced by an 
autornotlve rnach~ne shop (see Chapter 9 for 
more derailed lnforrnatlon). 
16 Refer to Chapter 9 and Sectron 32 of 
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15.14 Peel the wheel cylinder boo! back 
carefully and check for leaking fluid 

indicating that the cylinder must 
be replaced or rebuilt 

this Chapter and Install the brake drums. 
17 Install the wheels and snug the wheel 
lug bolts f~nger tight. 
18 Remove the jackstands and lower the  
vehicle. 
19 T~ghten the wheel lug bolts to the torque 
listed in this Chapter's Spec!f~cations. 

Parking brake 
20 Slowly pull up on the parklng brake and 
count the number of cl~cks you hear until the 
handle 1s up as far as 11 will go. The adlust- 
ment is correct i f  you hear the number of 
cl~cks listed In this Chapter's Specifications. 
If you hear more or fewer cl~cks, ~t 's tlme to 
adjust the parking brake (refer to Chapter 9). 
21 An alternative method of checking the 
parking brake is to park the veh~cle on a 
steep h~l l  w~th the parking brake set and the 
transmission in Neutral (make sure you're! in 
the veh~cle when performing th~s check). If 
the parking brake cannot prevent the veh~cle 
from rolling, it 1s In need of adjustment (see 
Chapter 9) 

16 Fuel system eheek 

Warning: Gasolrne rs extremely flammable. 
so take extra precaut~ons when you work on 
any part of the fuel system. Don't smoke or 
allow open flames or bare light bulbs near the 
work area, and don't work m a garage where 
a natura! gas-type appliance (such as a water 
heater or clothes dryer) wrth a pilot lrght 1s 
present. If you sprll any fuel an your skin, nnse 
tt o f f  imrnedtately with soap and water. When 
you perform any krnd of work on the fuel sys- 
tem. wear safety glasses and have a Class 8 
type fire extfngutsher on hand. 
1 If you smell gasollne while drlving or 
after the vehicle has been parked, Inspect the 
fuel system irnmedtately. 
2 Remove the gas f~ller cap and Inspect if 
for damage and corrosion. The gasket should 
have an unbroken seallng ~mpr~nt. If the gas- 
ket IS damaged or corroded, replace it. 
3 Inspect the fuel feed and return lrnes for 

17.5 Add 011 up to the l~ne marked 
"Olstand" (German for oil level) 

cracks. Make sure that the clamps whrch 
secure the fuel llnes are tight, espec~ally on 
fuel injected models. Warning: Et is necessary 
to relieve the fuel system pressure on fueE- 
injected models before sewicmg fuel system 
cornponenfs. The correct procedures for 
fuei system pressure relist ere outlined in 
Chapter 4. 
4 Since some components ot the fuel sys- 
tem are underneath the veh~cle, they can be 
inspected more easily with the vehlcle raised 
on a hoist. If that's not poss~ble, ralse the 
vehicle and secure it on jackstands, Inspect 
the bottom of the gas tank for punctures, 
cracks and other damage. 
5 The connection between the  f~ller neck 
and the tank 1s particularly cr~t~cal. Sorne- 
ttmes a rubber filler neck wlll leak because of 
loose clamps or deteriorated rubber. These 
are problems a home mechantc can usually 
rectify. Warning: Do not, under any circum- 
stances, try to reperr a fuel tank (except rub- 
ber components). A weldrng torch or any 
open flame can easily cause fuel vapors 
jnstde the tank to explode. 
6 Carefully check all rubber hoses and 
metat lines connected to the fuel tank. Check 
for loose connections, deteriorated hoses, 
cr~mped lhnes and other damage. Be espe- 
cially thorough when inspecting the l~nes on 
fuel ~njected models. Repair or replace dam- 
aged sect~ons as necessary. 

17 Air filter service 

Oil bath air cleaners 
Refer to ~Itustration 1 7.5 
1 Remove the air cleaner as descr~bed In 
Chapter 4. 
2 Place the air cleaner assembly in an 
empty 011 dram pan. 
3 Unsnap the clips and lift the cover off. 
4 Pour out all of the 011 ~nside the housing. 
Thoroughly clean the houstng and cover por- 
tron with solvent and allow it to dry. 
5 Install the lower arr cleaner housing on 
the engine. Refill the housing up to the fill 
marks (see illustration) w~th the same grade 

li.8 The hous~ng is  held together 
with clips 

and viscosity of motor 011 that rs recom- 
mended in this Chapter's Speclficat~ons. 
8 Reinstall the air cleaner cover. 

A i r  filter replacernen t 
Refer to rllustration 1 7.8 
7 1973 and later models have a replace- 
able paper air filter located ~nside a housing in 
the engtne compartment. To rernove the alr fil- 
ter. release the spring cl~ps that keep the 2wO 
halves of the air cleaner housrng tqether. 
8 Lift the cover up and remove the air filter 
element (see illustration). 
g Inspect the outer surface of the filter ele- 
ment. If it is dirty, replace rt. If ~t 1s only slrghtly 
dusty, ~t can be reused by blow~ng it clean 
from the back to the front surface with corn- 
pressed alr Warning: Wear eye pmtectron. 
Because ~t IS a pleated paper type filter, it 
cannot be washed or o~led. If it cannot be 
cleaned satisfactorily w~ th  compressed air, 
d~scard and replace ~ t .  Caution: Never dnve 
the vehicle wtth the air cleaner removed. 
hcessrve engine wear could result and back- 
firing could even cause a frre under the hood. 
10 Installation IS the reverse of removal. 

18 Drivebelt eheek, adjustment and 
replacement 

Refer to ;Nustrations 18.2, 18.3, 18.4, 18.5, 
18.6a and 7 8.66 

Check 
1 The generatorJslternator drivebelt, also 
referred to as a V-belt or s~rnply "fan" belt, is 
located at the rear of the englne. The good 
cond~tm and proper adjustment of the belt is 
critical to the operation af the engine. Because 
of thew cornposltion and the high stresses to 
whrch they are subjected, drivebelts stretch 
and deteriorate as they get older. They must 
therefore be periodically inspected. 
2 With the engine ow, open the rear hood 
and locate the drivebelt at the rear of the 
engine. Check the belt for separatton of the 
adhes~ve rubber on both stdes of the Core. 
core separation from the belt s~de  andlor a 
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18.3 Push in on the beR and measure the 

deflection (a) 

18.2 Here are some ot the more common 
problems associated with drivebelts 

(check the belts very carefurly to prevent 
an untimely breakdown) 

severed core (see illustration). Also check 
for fraying and glazing, whjch glves the belt a 
shiny appearance. Both srdes of the belt 
should be inspected, wh~ch means you w~ l l  
have to twist the belt to check the underside. 
Use your fingers to feel the belt where you 
can't see it. If any of the above conditions are 
evident, replace the belt. 
3 To check belt tenslon, push in on the 
belt midway between the pulleys (see illus- 
tration) and measure the deflection w~ th  a 
ruler. Campare your measurement to that 
listed In this Chapter's Specifications. Note: 
Recheck belt tension after about 100 rnrles 
whenever a new belt IS mstalled. 

6 Install the belt, shims as needed, outer 
pulley, spare shlms, washers and nut (see 
ilrustrations). Hold the pulleys from turn~ng 
as descr~bed above and tighten the nut 
securely 
7 Recheck the belt tension and repeat 
until €he drivebelt tenslon is correct. 

Replacement 
8 To replace a belt, follow the above pro- 
cedures for dr~webelt adjustmem but slip the 
belt off the crankshaft pulley and remove ~t, 
9 Take the old belt to the parts store In 
order to make a direct comparison for length, 
width and deslgn. 
10 After replac~ng the drivebelt, make sure 
that it fits properly In the pulleys. 
11 Adjust the belt In accordance wlth the 
prbcedure outltned above. 

18.4 Use a screwdr~ver to  keep the pulley 
from turning while you loosen the nut 

Adjustment 
4 Hold a screwdriver in the cutout In the 
upper pulley to keep the crankshaft from 
turning (see illustration). Remove the nut on 
the generatortalternator shaft. Slip off the 

Allow plenty of  room around the vehrcle, 
apply the parking brake frrrnly and hold down 
the foot brake pedal durrng the checks. 
1 Automat~c stick sh~ft models are 
equipped wlth neutral start switch whlch pre- 
vents the englne from starthng unless the shift 
lever IS in the Neutral pos~t~on. 
2 Try to start the englne In each gear. The 
engine should crank only In Neutral. 
3 See Chapter 78 for the neutral start 
sw~tch replacement procedure. 

19 Neutral start switch check 
(automatic stick sh i i  
models only) 

Warnlng: Dwnng the follow~ng checks there is 
a chance that the vehick could lunge for- 
ward, possibly causmg damage or mnjunes. 

washer, any spare sh~rns and the outer pulley 
half. 
5 Belt Tension is adlustd by changing the 
number of shlms between the pulley halves 
(see illustration). Removrng shims tightens 
the belt. Note: Although the shims are thln. 
removrng or addrng even one makes a con- 
srderable dl ference m belt tension. 

- -  

18.5 Add or subtract sh~ms as necessary 48.6a Hold the belt in place as you Install Z8.6b Pulley components - exploded view 
the outer pulley 
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20.1 Materials required tor chassis 
and body lubrication 

1 Engine oil - tight engrne oil in 8 can 
like thrs can be used for door and 
hood hrnges 

2 Graphhe spray - Used to iubncate 
Iock cyl~nders 

3 Grease - Grease, m a variety of types 
and weights, is avarlable for use in a 
grease gun. Check the Specifrcatfons 
for your q u ~ r e m e n t s  

4 Grease gun - A common grease gun, 
shown here with a detachable hose 
and nozzle. is needed for chassis 
lubrication. After use, clean it 
thoroughly 

20 Chassis lubrication 

Refer to jllustrat~ons 20.1 and 20.4 
1 Only a few srrnple items are requtred for 
chassts lubricatron other than some clean 
rags and equipment needed to raise and sup- 
port the veh~cle safely (see illustration). 
2 Raise the vehicle and support !t securely 
on jackstands. 
3 Force a little grease out of the gun noz- 
zle to remove any dirt, then wipe it clean w~th 
a rag. 
4 There are four grease fittings on the  

20.4 Grease the tittings (arrows) on both 
sides of the axle beam 

-- - - 

fmnt axle beam (see illustration) that need 
to be greased (except Super Beetles with 
MacPherson strut front suspens~on). Addi- 
tionally, some early models have grease fit- 
tings on the t~e-rod ends. 
5 Wipe the grease fitting wtth a clean cloth 
and push the nozzle f~rrnly over ~t. Squetze 
the lever on the grease gun to force grease 
Into the fittlng until it begins to escape from 
the ends of the axle beam or tre-rod end dust 
boots. 
6 Wipe excess grease from the compo- 
nents and fittings. 
7 Lower the vehicle to the ground for the 
remaining Steps. 
8 Open the front and rear hoods and 
smear a little grease on the latch mecha- 
nisms. Have an ass~stant operate the front 
hood release knob from inside the vehicle as 
you tube the cable at the latch. Apply a light 
coat of grease to the seat tracks as well. 
9 Lubricate all the hing.es (doors and 
hoods) and the throttle linkage at the carbu- 
retor w~ th  a few drops of hght engine oil to 
keep them tn proper work~ng order. Also, add 
a drop or two of o ~ l  to the wick in the center 
of the distributor shaft under the rotor. 
10 Lubricate the key lock cylinders with 
spray-on graph~te, which is available at auto 

21.4a Remove the cover bolt (early 
model shown) 

parts stores. 
11 On 1965 and earher models, remove the 
filter plug on top of the stwrlna pear. The plug 
may he accessed by rernovlns the ~nspction 
plate behind the spare trre on :hm Iefl (driver's) 
s~de. 011 level should reach the bottom of the 
filler hole threads. Add the samo lubrlcant 
used in the manual transaxle (see th~s Chap- 
ter's Specrficat~uns) tf neceswry. 

- 
27 Fuel fiRer service 

Warning: Gasoline is extremely flammable, 
so take extra precautions when you work on 
any part of the fuel system. Don't smoke or 
allow open flames or bare lrght bulbs near the 
work area, and don't work m a garage where 
a natural gas-type applrance (such as a water 
heater or clothes dryer) wtth a ptlot light rs 
present. l f you spill any fuet on your skin, rinse 
it o f f  immedrate/y wrth soap and water. When 
you perform any krnd of work on the fwet sys- 
tem, wear safety glasses and have a Class B 
type fin? extinguisher on hand 

Carbureted models 
Refer to illustrat~ons 27.4a, 27.46 and 21.5 
1 Remove the air cleaner assembly if nec- 1 
essary for access (see Chapter 4). 
2 Examme the fuel hoses adjacent to the 
fuel pump. Most models have a small plastic 
inline filter located rn the hose between the 
pump and carburetor. 
3 If the vehicle you're work~ng on has an 
inline fuel fitter, quickly detach the hoses and 
~nsert a new filter. Be sure the arrow on the 
filter points in the direction of fuel flow (from 
the fuel pump to the carburetor). 
4 Most models have a filter screen In the 
fuel pump. Remove the screw or bolt and Ilft 
the cover off. Remove the screen (see illus- 
trations). 
5 Later models with four screws in the top 
of the fuel pump have a screen al the rear. 
Remove the banjo bolt and I ~ f l  the screen out 
(see llustration). 
6 Clean the screen w~th  solvent and rein- 
stall it, along wlth a new gasket. 

1 -  --:<- -.: t 
21.4b A screen IS located under the cover 

(later model shewn) 
21.5 Clear7 or replace thr screen 
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21.7 On lucl-~n!ecned models, the frlter 1s 
located under the gas link 

Fuel-injected models 
Refer to lllusfration 2 1.7 
7 The fuel hlter is located bolow the fuel 
tank (see illushtlon). Raise the front of the 
vehrcls and support ~t securely on jackstands. 
8 Before removing the fuel filter on fuel 
~njected models, temporarily clamp the fuel 
line between the filter and fuel tank. 
9 Place a drain pan under the fuel filter. 
Detach the filter from ~ t s  bracket. Remove the 
hose clamps and detach the fuel lines from 
the filter. Warning: Wear eye protection. 
10 Install the new fitter with the arrow point- 
ing In the d~rect~on of fuel flow (from the tank 
to the engine). Install the hose clamps and 
tighten them securely. Snap the fllter into its 
bracket. if equipped. 
1 1  Remove the jackstands and lower the 
veh~cfe. 
12 Start th8 engine and check for fuel 
leaks. 

22 Automatic stick shift service 

Refer to illustra fion 22.5 

Fluids 
1 The automatic st~ck shift transaxla uses 
two different fluids. The qearbox/different~al 

4 Add new lubricant until it begins to run 
out of the filler hole (see illustration). See 
Recommended Lubn'cants and Fluids In this 
Chapter's Specifications for the specified 
lubricant type. 
5 Reinstall the plug and tighten securely. 
Remove the jackstands and lower the vehi- 
cle. 

22.5 Remove the fllter (arrow) from 
the cantrol valve 

Contml valve filter 
5 Replace the control valve fllter (see 
illustration) whenever the transaxle is ser- 
viced by unscrewing the old one and 
installing a new one in ~ ts  place. 

Shifier contacts 
6 The sh~ft lever contalns electrical con- 
tacts that control the clutch. As they wear, 
operation deteriorates. See Chapter 7 8  for 
cleanlng and adjustment procedures. 

23 Transaxle lubricant change 

Refer ta jllustsation 23.2 and 23.4 
1 Raise the vehicle and support it securelv 
on lackstands. 
2 Place a dratn pan under the transaxle. 
Using a 17' rnm Allen wrench or hex dnve, 
remove the drain plugs (see Illustration) and 
allow the lubricant to drain completely, Note: 
Some automafrc stick shrft models do not 
have drain plugs. Use a suction gun to 
remove the lubricant through the f~ller plug 
opening. 
3 Reinstall the drain plug and tlghten it 
securely. Uslng the same tool, remove the filler 
plug, which is located on the left (driver's) s~de 
of the transaxle ahead of the dnveaxle. 

24 Emissions control system check 

Evaporative emissions control 
system 
1 The function of the FIJB! Evaporative 
Emission Control (EVAP) System IS to store 
fuel vapors frorn the fuel tank tn a charcoal 
canister until they can be routed to the ~ntake 
manifold where they mix with incoming alr 
before being burned in the cylinder combus- 
tion chambers. 
2 The most common symptom of a faulty 
eveporatlve miss~ons system is a strong fuel 
odor in the engine compartment. If a fuel 
odor is detected, inspect the charcoal canls- 
ter (located inside the r~ght rear fender on 
Beetles and in the engine compartment on 
Karrnann Ghias), and the EVAP system 
hoses. 
3 If the canister is due for replacement (it 
should be replaced at 40,000 mile rntervals) 
or is clogged or leaktng charcoal, replace tt. 
4 See Chapter 6 for replacement Instruc- 
tions. 

Positive Crankcase Ventilation 
(PCVj system 
5 The Pos~t~ve Crankcase Ventilation 
(PCV) system merely consrsts of a breather 
hose from the crankcase to the air cleaner, 
with no PCV valve. The only rnalntenance 
requrred is to Inspect the hose and replace if 
necessary. 

Catalytic converter 
6 The catalytic converler, introduced on 
the 1975 models, cleanses the exhaust by 
sustaining chern~cal reactions. Eventually the 

portion of the transaxle ;ssembly uses gear 
lubrlcant (see Sactron 13) and the torque 
converter uses automatic transmlssron fluid. 
2 Check and add fluid to the torque con- 
verter as necessaly (see Sectron 4). The fac- 
tory does not recommend perrodic fluid 
changes. 

Clutch freeplay 
3 Normal wear reduces clutch freeplay, 
eventually leading to cornplMe failure ~f man- 
tenance 1s ~gnored. See Chapter 70 for the 
check and adjustment procedure. 

Clutch engagement speed 
4 If the clutch engages too slowly (sl~ps) or 
too abruptly (harsh), the control valve mav 
need adjustment. See Chapter 7B for the 23.2 Remove the dram plugs 23.4 Add lubr~cant into the opening on 
procedure. 'the side 
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materials in the catalyst lose their effective- 
ness and need to be replaced. The factory 
recommends replacement every 30,000 
miles, see Chapter 6 for further ~nformation. 
Due to the high cost of replacement, many 
owners have them tested to determine their 
effectiveness. Take the vehrcle to a dealer 
semce department or other service station to 
have the exhaust ernbssions checked. 

Exhaust Gas Recirculation 
(EGR) system 
7 See Section 33 and Chapter 6 for infor- 
mation on this system. 

25 Spark plug check and 
replacement 

Refer to jl!ustrations 25.1, 25.4a, 25.4b and 
25.10 
1 Spark plug replacement requires a 
spark plug socket which fits onto a ratchet 
wrench. This socket should be llned with a 
rubber grommet to protect the porcelain 
insulator of the spark plug and to hold the 
plug while you insert tt ~n to  the spark plug 
hole. You wlll also need a wire-type feeler 
gauge to check and adjust the spark plug 
cap (see illustration). 
2 If you're replacing, the plugs, purchase 
the new plugs, adjust them to the proper gap 
and then replace each plug one at a time. 
Note: When buy~ng new spark plugs, it's 
essentral that you obtatn the correct plugs for 
your specific vehicle. Consult the catalogs 
provided by spark piug manufacturem {most 
auto parts sfo?es have these catalogs) or look 
m the owner's manual. On later models, spark 
plug information m8y be found on the Vehicle 
Emrssrons Control Information (VECI) labe/ 
located on the engine shroud. I f  these 
sources specrfy drfferent ptugs, purchase the 
spark plug type specified on the VECI label 
because Ihat ~nformalion is provided speofl- 
cally for your engine. 
3 Inspect each of the new plugs for 

- A  J 

25.4a Spark plug manufacturers 
recommend using a wire-type gauge 

when checking the gap - if the wire does 
not slide between the electrodes with a 

slight drag, adjustment is required 

defects. If there are any signs oT cracks In the 
porcelain ~nsulator of a plug, don't use K. 
4 Check the electrode gaps of the new 
plugs. Check the gap by inserting the wire 
gauge of the proper thickness between the 
electrodes at the tip of the plug (see Illustra- 
tion), m e  gap between the electrodes should 
be Identicat to that specifled by the spark 
plug manufacturer or on the VECI label. If the 
gap is Incorrect, use the notched adjuster on 
the feeler aauae bodv to bend the curved 
side electrode ;llghtly isee illustration). 
5 If The side electrode IS not exactty over 
the center electrode, use the notched adjuster 
to align them. Caution: If the gap of a new 
p!ug must be adlusted, bend only the base of 
the ground electrode; do not touch the trp. 

Removal 
6 To prevent the possibility of mixing up 
spark plug wires, work on one spark plug at a 
time. Remove the wlre and boot from one 
spark plug. Grasp the connector - not the 
cable, give It a half twisting motion and pull 
straight up. 
7 If compressed air IS avarlable, blow any 
dirt or forelgn rnater~al away from the spark 
plug area (wear eye protection) before pro- 
ceeding (a common bicycle pump will also 
work). 
B Remove the spark plug. 
9 Whether you are replacing the plugs at 
this time or intend to reuse the old plugs, com- 
pare each old spark plug wrth those shown on 
the inside back cover to determine the overall 
running cond~tion of the engine. 

Installation 
10 It's often difficult to tnsert spark plugs 
into their holes w~tho~ri cross-threading them. 
To avoid this possibiltty, fit a short piece of 
311 6-inch ID rubber hoss over the end of the  
spark plug (see illustratlon). The flexible 
hose acts as a universal jont to help align the 
plug with the plug hole. Should the plug 
begin to cross-thread, the hose will sIrp on 
the spark plug, preventing thread damage. 
Apply a llght coating of antl-seize compound 

25.1 T O ~ S  ~ ~ h d  for ~ l l a n r ~ l l y  

spark plugs 

I Spark plug sockat - This wilt have 
specral paddrng rnside ta protect the 
spark plug's porrefe~n insu!ator 

2 Torque wrench - Atthough not 
mandatary, using thrs tool is the best 
way to ensure Xh8 plugs ere frghtened 
p f w e f f y  i 

3 Ratchet - Standard hand too! to fit the 
spark plug socket 

4 EKtensibn - Depending on model and 
accessones, you m y  need speaal 
extensions and universal jornts to reach I 
one ar more of the plugs 

5 Spark plug gap gauge - This gauge 
I 

for checkrng the gap comes in a 
variety of styles. Make sure the gap for 
your engine rs included 

to  the threads. Once the plug threads are 
started correctly, tighten the plug securely. 
Note: !f the threads m the head are damsged, 
they may be reparred with thread insert kits 
avaiEable at auto parts stores. 
1 1 Attach the plug wire to the new spark 
plug, again using a twisting motion on the 
connector until it 1s firmly seated on the end 
of the spark plug. Be sure the alr seal is 
intact. 
12 Follow the above procedure for the 
remaining spark plugs, replacing them one at 
a t~me  to prevent mixing up the spark plug 

25.4b To change the gap, bend the side 25.10 A length of 318-inch 10 rubber hose 
electrode only, as ~ndicated by the arrows, will save time and prevent damaged 

and be very careful not to crack or chip threads when installing the spark plugs 
the porcelain insulator surrounding the 

center electrode 
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26 Spark plug wire, distributor cap 
and rotor cheek and replacement 

Refer to iltustrations 26. t fa, 26. l lb, 26.72a, 
26.126 and 26.72~ 
1 The spark ptug wires should be check4 
whenever new spark plugs are installed 
2 Begin this procedure by making a visual 
check of the  spark plug wlres while the engrne 
is running. In a darkened garage (make sure 
there ts ventilat~on) start the englne and 
obsewe each plug wlre. Be carefut not to 
coma ~nto contact wrfh any moving engine 
parts. If there rs a break In the wire, you will 
see arcing or a small spark at the damaged 
area. If arclng is noticed, make a note to obta~n 
new wlres, then allow the englne to cool and 
check the distnbutor cap and rotor. 
3 The spark plug wires should be 
tnspected one at a lime to prevent mixlng up 
the order, whlch Is essential for proper engine 
operat~on. Each or~ginal plug wire shoutd be 
numbered to help identify its Iocatron. If the 
number is ~lfegrble, a plece of tape can be 
marked with the correct number and 
wrapped around the plug mre. 
4 Disconnect the plug wirp from the spark 
plug. A removal tool can be used for thls pur- 
pose or you can grasp the connector, tw~st It 
half a turn and pulF the connector free. Do not 

pull on the wire itself. 
5 Check insloe the conwtor for cornion, 
which may look like a white crusty powder. 
6 Push the wire and terminal back onto 
the end of the spark plug. It should f ~ t  tightly 
onto the end of the ptug. 
7 Usrng a clean rag, wipe the entire length 
of the wire to remove built-up d~rt and grease. 
Once the wire is clean, check for burns, 
cracks and other damage. Check the air 
seals that fit around the connectors for 
cracks and damage, replace as necessary. 
8 Disconnect the wlre from the dlstributor. 
Again, pull only on the connector. Check for 
corrosion and a tight fit. Reinstall the wire in 
the d~stributor. 
9 Inspect the remaining spark plug wires, 
maklng sure that each one is securely fas- 
tened at the distributor and spark plug when 
the check is complete. 
10 If new spark plug wires are requ~red, 
purchase a set for your specific model. Pre- 
cut wire sets with the connectors already 
Installed are available. Remove and replace 
the wrres one at a tlme to avoid mix-ups in 
the h n g  order. 
11 Detach the d~str~butor cap by uncl~pplng 
the two cap retalnlng cl~ps. Look lnslde it for 
cracks, carbon tracks and worn, burned or 
loose contacts (see illustration). Be sure the  
center post and spring are Intact. 

26.1 I a Pop the two retaintng clips 
(arrows) off and lift the cap i 

12 Pull the mtor off the distnbutor shaft and 
examine it for cracks and carbon tracks. 
Some models also have a dust cover which is 
held in place by the distributor cap (see Illus- 
tratlons). Replace the cap and rotor if any 
damage or defects are noted. 
13 When lnstallrng a new cap, remove the 
wires from the old cap one at a time and 
attach them to the new cap in the exact same 
location - do not simultaneously remove all 
the wires from the old cap or fir~ng order mix- 
ups may occur. I 

26.7lb Shown hare are some CARBON TRACK 

of the common defects to 
look for when inspecting 
the distributor cap (if in 

doubt about its condition. 
install a new one) 

'% 

k~ . CHARRED OR 
A' \CARBON ERODED TERMINALS CRACKS 

WORN OR DAMAGED 
TRACK ROTOR BUTTON 

- 

I _  

26.1 2a irull the rotor stralght up - note the 
notch In the distributor shaft (arrow) must 

align with the tab in the rotors 

ZNSUFFlClENf 
SPRING TENSION 

\ ---5 

f ?-')- 

/mvj..* 
, . i' 

ROTOR A CRACKS 
TIP 

CORRODED 
. - 

26.12b The ignltion rotor should be 26 .12~  Lift the dust cover off - note the 
checked for wear and corrosion as locating tab (arrow) must fit in the 
indicated here (if in doubt about its housing notch 

condition, buy a new one 
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27.5t1 Or! some  e?r'v models, the wire 
connector IS attached with a screw 

27.5a Disconnect ttw wire from the paints 
a t  the terminal 

I I 

27.3 Tools and materials needed for 
contact point replacement and dwell 

angle adjustment 

27 Ignition points and condenser 
check and replacement 

Refer fo ~liustmtions 27.3, 27.5a. 2 7,5b, 
27.5c, 27.6. 27.9a, 27.9b. 27.1Oand27.11 

I Disfributor cam lube - Sometimes 
thrs specral lubricant comes with the 
new points, however, it's a good idea 
to buy a new tube and have it on hand 

2 Screw sfarfer - Th~s tool has specral 
claws which hold the screw secuwly 
as rt's started, which helps prevent 
accidents! dropprng of the screw 

3 Magnetic screwdriver - Serves the 
same purpose as 2 above. I f  you don't 
have one of these special 
screwdn'vers, you risk dropping the 
point mounting screws down rnta the 
distributor body 

4 Dwell meter - A dwell meter is the 
only accurate way to determine the 
point setting (gap). Cannect the meter 
according to the ~nstrvctions supplied 
wrth r t  

Check 
1 Position the engine at Top Dead Center 
(see Chapter 2). 
2 Remove the distrlbutot cap and rotor 
(and dust cover, if equlppw - see M i o n  26. 
3 Visually Inspect the contact points for 
signs of burning and arcing. The contact sur- 
faces should be clean and smooth. If a crater 
has formed on one side and a buildup of 
metal on the other, replace the points. Some 
special Zmls will be necessaw for this prme- 
dure (see il~ustration). 

I L i. . - I  

2 7 . 5 ~  Remove the hold-down screw 

illustrations) and remove the hold-down 
screw (see illustration) and cl~p. ~f equipped. 
Lift the po~nts out. 
6 Loosen the condenser rnountmg screw 
and remove the condenser (see illustration). 
Note: On some models, it may be necessary 

Replacement 
4 Several types of points and condensers 
were used over the years. Early models have .. . ., 

5 Blade-type feeler gauges - These 
are requ~red to set the mrt~al point gap 
(space between the points when they 
are open 

6 Ignition wmnches - These specla/ 
wrenches am made to work within the 
trght confines of the distributor. 
Specii'rcally, they are needed to loosen 
the nut/bolt whrch secures the leads 
to the points 

two-piece potnt sets and later models have 
one-piece sets. Addttionalfy, some models 
have the condenser mounted on the outside 
of the distributor and others have the con- 
denser mounted Inside, Use the distributor 
number (Found on the housing) to purchase 
new ignition parts. Compare the new and old 
points and condenser ta ensure you have the 
correct type. Note the way the old ones are 
mounted prior to removal. 
5 Detach the wire from the points (see 

to remove the distrrbutor to access the 
rnountrng screw (see Chapter 5). 
7 Inspect the distributor for wear and dam- 
age. Also check for shaft bushing looseness. 
8 Apply a tight coating of drstr~butor 
grease to the lobes of the cam where it con- 
tacts the ignit~on pornts. Squirt a drop of oil 
on the center of the shaft. 
9 Install the condenser and points (see 
illustrations) and l~ghtly trghten the polnts 
hold-down screw. 

n .9a  Ignition 
components - 

Bosch distributor 

1 Pins and adlusting 
slot 

2 Advance plate 
3 Return spnng 
4 Ground connection 
5 Pullrod 
6 Condenser 
7 Hold-down screw 
B Movrng contact 

arm 
9 Breaker a m  spring 

10 Prrmary wire 
1 7 Vacuum unit 

27.6 If the po~nts are mounted elrternally 
llke this, remove the screw (arrow) and pull 

the connector block out of the housing 
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Pnrnary wtre connection 
Securing screw 
Spring 
Hex head screw 
Stop bracket 
Fiber block 
Breaker a m  spring 
PuElrod 
Frxed point 
Adlusttng slot 
Threaded rod 
Sprrng 
Leal sprrng for breaker 
plate 
Breaker plate 

27.9b Ignition components - VW distributor 27.10 Be sure the rubbing block is 
positioned on the h~gh point 

of the lobe (arrows) 10 The rubbing block on the ignit~an pornts 
must be positioned on the hrgh potnt of a dis- 
tributor cam lobe [see illustration). This is 
where the points are open wldest 
11 Uslng a small screwdr~ver, adjust the 
moveable point unttl the gap listed in this 
Chapter" Spectficatlons 1s obtarned. Mea- 
sure the gap w~ th  a clean feeler gauge (see 
illustration]. 
12 Tighten the screw to hold the polnts 
securely after adjustment and recheck the 
gap. 
13 lgnltion point gap may be double- 
checked wlth a dwell meter. Follow the 
instruct~ons provided w~ th  the meter and 
adjust the paints until the dwell angle is 
wrthrn the range lrsted in this Chapter's Spec- 
Ifications. 
14 After polnt gap adjustment (or dwell 
adjustment), set the ign~t~on tirn~ng (see Sec- 
tion 281. 

Static-timing method 
(all models through 1967) 
Refer to rllusirattons 28.1 and 28.3 
1 Pnsrt~on the engtne at Top Dead Canter 
(see Chapter 2). W~th the lgnltron OFF, turn 
the crankshaft pulley clockw~se w ~ t h  a 
wrench untl! the proper notch In the pulley IS 

exactly al~gned wlth the seam In the 
crankcase (see illustration) 
2 Loosen the bolt and nut near the base of 
the distributor just enough so the distributor 
can be turned by hand. 
3 Connect a test l~ght  ground wlre to a 
clean ground on the englne. Note: Use a bulb 
that IS compatible wrth the electrical system 
(6 or 12 volt). Turn the lgnltlon ON, bul don't 
act~vate the starter. Hold the probe of the test 
l~ght to the no. 1 connection, or negatlve (-) 
stde, on the lgnitton co~l where the thin wire 
(usually green) comes from the d~str~butor 
{see illustration). 

wear loose clothing or allow long harr or 
neckties, elc., to become entangled. 
4 Turn the distributor sl~ghtly In the drrec- 
Zlon of rotor rotat~on (see this Chapter's 
Specif~cat~ons). The test light should be off. 
Now, turn the d~str~butor slowly agalnst the 
d~rection of rotor rotation until the test llght 
comes on. Find the exact spot where the hght 
comes on and tighten the disfrlbutor lockbolt. 
Reinstall the distr~butor cap. 
Note: me following rgntfron ttrnrng pmcedure 
appltes to most all veh~cles from model year 
lg68 and later. However, r f  the procedure 
specified on the VECl label attached to the 
engtne differs from fhrs one, folfow the one on 
the label. 
5 Connect a t~m~ng  lrght (see illustration) 
to the spark plug wlre of the number one 
cylinder. In accordance w~ th  the manufac- 
turer's instruct~ons. Keep the wlres away 
from the drivebelt. Note: Battery voltage for 
the thmrng lrght is avatlable af the pos~ttve ter- 
rnrnal (#15) o f  the ignrtron cod when the rgni- 
tion is On. 
6 Loosen the bolt and nut near the base of 
the d~strrbutor just enough so the dlsttlbutor 
can be turned by hand. 
7 Locate the timing marks on the 

Timing light method (all 1968 28 Ignition timing check and 
adjustment and later models, optional on 

earlier models) 
Note: Ignition timing should be checked and 
adjusted AFTER ignrtion point gag 1s adjusted 
(see Section 27) and the engrne IS warmed up 
to operattng temperature. 

Refer to tflustratron 28.5 
Warning: T h ~ s  procedure requlres the engine 
to be nmning. Keep hands and wires clear of 
the drivebelt and other movrng parts. Da not 

I - - - 
- I - 

28.1 The tlmlnn mark must allgn with the 
seam In the crankcase {arrows) 

I d 

2Y.3 Cc*~r>ec! A lest light and turn the 
d~str~butor until you find the point where 

the lrght just comes on and off 

27.11 Adjust the points with a screwdriv~ 
as sliown here 
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28.5 Tools needed to check and adjust 
the ignition timing 

I Vacuum plugs - Vacuum hoses wiN, 
in mosf cases, have to be 
disconnected and plugged. Molded 
plugs in vanous shapes and sizes are 
available for thts 

2 Inductive pick-up timing light - 
Flashes a bright, concentrated beam 
of kght when the number one spark 
plug fires, Connect the leads 
accodtng to the rnsfructrans supplted 
with the l~ght 

3 Distributor wrench - On some 
models. the hold-down bolt for the 
distributor is difficult to reach and turn 
wfih conventional wrenches or 
sockets. A special wrench I~ke thrs 
must be used 

29.8 $970 and Inter carbi~retor 
adjustments 

1 Throttle valve adjustment 
2 Volume control screw 
3 Bypass screw 

20.6 Turn the throttle valve screw until it 29.7 The volume control screw IS located 
just stops touching the fast idle cam mar the base of the carburetor 

crankshaft putley and the seam in the 
crankcase (see illustration 28.1). On engines 
manufactured before August 1967 there are 
two marks on the crankshaft pulley. The left 
mark is 7.5-degrees Before Top Dead Center 
(BTDC) and the right mark is 10-degrees 
BTDC. Later models have more narks. On 
engines w~th three marks, the left mark is O- 
degrees VDC), the m~ddle mark is 7.5- 
degrees ETDC and the right mark is 10- 
degrees BTDC. Note: On all 7970 models 
and on Spring 1973 through 1974 models 
(startmg chessis numbers 1 13264 7489 7 man- 
ual transaxEe and 1132690032 automatic 
tmnsaxle) w ~ t h  one vacuum hose to the dis- 
tributor, adjust the timing with the hose dis- 
connectw' and plugged. I f  the distrEbutor has 
two hoses. teave them both connected. On 
197'5 and later models, disconnect and plug 
the charcoal canister hose at the air cleaner. 
8 Start the engine and allow it to idle. The 
idle speed must be within the range listed 
tn this Chapter" Specifications (see Sec- 
tion 29). Check the tirn~ng with the tim~ng light 
and, ~f necessary, turn the d~stributor unt~l the 
destred timing mark (see this Chapter's 
Specificattons) is aligned with the seam in the 
crankcase. 
9 Shut the engine OFF and tighten the dis- 
tributor lockbolt securely. 
10 Start the engine and mheck the timlng. 
1 1  Shut off the engine and remove the tim- 
Ing light. 

29 ldle speed check and adjustment 

1 Englne idle speed should only be 
adjusted after the ignition points. and timing 
have been checked and/or adjusted. This 
speed IS critical to the performance and 
exhaust erniss~ons of the engtne. 
2 Set the parking brake f~rmly and 'block 
the wheels to prevent the vehicle from rolllng. 
Put the transaxle In Neutral. 
3 Connect a hand held tachometer to the 
no. 1 In accordance with the manufacturer's 
instructions. 
4 Start the englne and run 12 for at least 

five minutes to warm it up. 
5 Allow the engine to idle. Note the indl- 
cat& Idle rpm on the tachometer and com- 
pare it to the idle speed listed in this Chap- 
ter's Spec~ficatlons If the idle speed is too 
low or too htgh, adlust it as described below. 

t969 and earlier models 
Refer to ii/ustratrons 29,6 and 29.7 I 
6 Adlust the screw on the throttle arm 
(see illustration) until it just stops touching 
the fast idle cam. 
7 Turn the volume control screw (see 
illustration) in until engine speed begins to 
drop. Now, turn the screw out until the high- 
est tdle speed is achieved. Finally. readjust 
the screw on the throttle arm untll, you obtaln 
the ldle speed listed In this Chapter's Specifi- 
cations. 

1970 models (30 PICT-3 
carburetors) 
Refer to illusfration 29.8 
8 Adjust the Idle speed by turning the 
bypass screw (see Illustratian) until you 
obtaln the idle speed l~sted in th~s Chapter's 
Specifications. Do not turn the throttle valve 
adjustment. 

1971 through 1974 models 
(34 PICT-3 carbumtors) 
g Turn the throttle valve adjustment screw 
(see illustration 29.8) untrl it just touches the 
fast Idle cam. Then turn it in 1/4 turn. 
10 Slowly turn in the volume control screw 
until ~t bottoms Itghtly. Then back it out 2 and 
112 to 3 turns. 
11 Adjust the bypass screw until you obtaln 
the idle speed listed in th~s Chapter's Speclfi- 
cations. 
12 Turn the volume control screw to obtain 
the highest idle speed, then turn the volume 
control screw clockwise slowly until the rpm 
dmps by about 25. 
13 Usmg the bypass screw, reset the idle t~ 
obtain the rdle speed l~stsd in th~s Chapter's 
Specifications. 
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30.5 Check the studs to see ~f 
they protrude 

29.24 Locat~on of the rdle speed screw 
(arrow) on fuel-~njected models 

30.6 Turn the screw to adjust the  
clearance and then tighten the locknut 

i 
I 

Fuel-injected models 
Refer to illustmtion 29.74 
14 Turn the idle speed screw (see illustra- 
tion) to obtain the idle speed listed in this 
Chapter's Specifications. 

AII models 
15 'Manually snap the throttle open and 
allow the engine to return to an idfe. Recheck 
the idle speed. Turn off the engine and dis- 
connect the tachometer. 

Intake and exhaust. 
6 If the feeler gauge won't fit or is too 
loose, loosen the locknut and turn the adjust- 
ment screw out or in as necessary until a 
slight drag IS felt on the feeler gauge as ~t  1s 
slid between the valve and screw t ~ p  (see 
Illustration). Tighten the locknut and recheck 
the clearance. 
7 Repeat this procedure for the other 
valve In the cylinder. 
8 Mark the crankshaft pulley 180-degrees 
opposite the TDC mark. Using a wrench on 
the crankshaft pulley bolt, turn the crankshaft 
180-degrees (112 turn) cfockwise. T h ~ s  wilt 
put the next cyllnder In the firing order at 
TDC. Repeat Steps 4, 5 and 6 above. Do this 
for each cylinder in turn, following the flring 
order 1-4-3-2. 
9 Rernstall the valve covers. 

2 Raise the vehicle and support ~t securely 
an jackstands. 
3 The clutch cable adjuster 1s located 
under the vehicle on the driver's side of the 
transaxle adjacent to  the upper englne 
mounting. Loosen the locknut ( ~ f  equipped) 
and turn the adjustment nut [see illustration) 
until freeplay IS correct. It may be necessary 
to hold the cable w~th a locking plier to pre- 
vent it from h is t~ng.  
4 After adjusting the pedal freeplay. 
tighten the locknut (if equipped). 
5 Recheck the pedar he~ght. 

30 Valve clearance check and 
adjustment 32 Wheel bearing check, repack and 

adjustment -- 

Refer to ~l\ustratiom 30.5 and 30.6 
1 Allow the engine to cool completely 
(preferably, allow it to sit overnight). 
2 With the engine Off and the transaxle in 
neutral, position the number one cylinder at 
Top Dead Center on the compression stroke 
(see Chapter 2). 
3 Remove the valve covers (see Chap- 
ter 2). 
4 Working under the vehicle, begin with 
the number one cylinder (see the diagram in 
this Chapter's Speciftcalions). Both valves 
should be closed completely. IF not, recheck 
the Top Dead Center Procedure. 
5 Try to slide a feeler gauge of the thick- 
ness listed in this Chapter's Specifications 
(see note below) between the t ~ p  of tha 
adjusting screw and the tip of the valve stem. 
If the gauge slips through with only a slight 
drag, the clearance is conect. Note: On 1967 
through 1965 models, most engines have 
long rocker arm shaft mounting studs. Addi- 
t~onally. some engines through 1977 had long 
studs. You can determlne this by check~ng 
the other side of the cyllnder head (see Illus- 
tration). If the studs protrude, fhey are the 
b n g  variety. Be sure to check all of them. The 
factory revised the original specficatiuns due 
to probfems with valves burnmg. Therefore, 
we recommend adjusting long slud models st 
0.008 Inch on both rnfake and exhaust and 
shod stud modeEs at 0.006 inch on bath 

Fmnt wheel bearings 
Refer to illustrations 32.6, 32.8, 32.1 I and 
32.15 
1 The front wheel bear~ngs should be ser- 
viced every 30,000 miles andfar when the 
brake linings are changed. Addrtionally, the 
bearings should be checked whenever the 
front of the vehicle is raised for any reason. 
2 Raise the  vehicle and support tt securely 
on jackstands. Spin each wheel and check 

3.1 Clutch pedal freeplay check and 
adjustment 

Refer to illustrations 37.7 and 3 1.3 
1 Press down lightly on the clutch pedal 
and, with a ruler, measure the d~stance that it 
moves freely before the clutch resistance is 
felt (see illustration). The freeplay should be 
withln the f~m~ts l~sted in this Chapter's Spec- 
Mcations. If it isn't, it must be adlusted. 

ti.:, 
-<,I -- - F 

31.1 Check the clutch pedal freeplay 31.3 Later rnodcls use 2 wlrrgnut for 
clutch adjustment 
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for nolse, rolling resistance and freeplay. The 
wheels should turn freely wlthout binding. 
3 Grasp the top of each tlre with one hand 
and the bottom with the other. 
Move the wheel ~n-and-out on the spindle. If 
there's any noticeable movement, the bear- 
~ngs should be checked and then repacked 
wrth grease or replaced rf necessary. 
4 Remove the wheel. 
5 On vehlcles with dlsc brakes, fabncate a 
wood block which can be slld between the 
brake pads to keep them separated. Remove 
the brake caliper (see Chapter 9) and hang it 
out of the  way on a piece of wlre. 
6 On the drlver's side, remove the clip 
from the end of the speedometer cable. On 
both sides, pry the dust cap of: the hub [see 
illustration) 
7 On early models with double nuts, bend 
the lock tab and unscrew the lock nut. On 
latar models, loosen the spindle nut lockbolt 
w~ th  an Allen wrench. 
8 Remove the spindle nut and washer 
from the end of the spindle (see illustration). 
Note: The left side sprndle has left hand 
threads. 
9 Pull the hub assembly out slightly, then 
push it back into ~ t s  original posltion This 

I 
I 

r 

I 

should force the outer bearing 08 the spindle 
enough so it can be removed. 
10 Pull the hub assembly off the spindle. 
11 Use a screwdriver to pry the seal out of 
the rear nf the hub (see illustration). As thts 
is done, note how the seal is installed, 
12 Remove the inner wheel bearlng from 
the hub. 
13 Use solvent to remove all traces of the 
old grease from the bearings, hub and spin- 
dle. A small brush may prove helpful: how- 
ever, make sure no bristles from the brush 
embed themselves inside the beanng rollers. 
Allow the parts to air dry. 
14 Carefully inspect the bearings for 
cracks, heat discoloration, worn rollers, etc. 
Check the bearing races inside the hub for 
wear and damage. If the bearing races are 
defective, the hubs should be taken to a 
machine shop with the facilities to remove 
the old races and press new ones in. Note 
that the bearings and races come as 
matched sets and old bearlngs should never 

- 
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be installed on new races. 
15 Use high-temperature frorrt wheel bear- 

32.6 Pry the dust cap off 32.8 Loosen the lock bolt (awow) and 32.71 Pry the seal atlt of the liub 
back the nut off 

ing grease to pack the bearings. Work the 
grease completely into the rollers, forcing ~t 
between the rollers, cone and cage from the 
back slde (see illushatlon). 
16 Apply a thln coat of grease to the spin- 
dle at the outer beerlng seat, inner beaflng 
seat. shoulder and sea! seat. 
17 Put a small quantity of grease inboard of 
each bearing race Inside the hub. Using your 
finger, farm a dam at these points fo provide 
extra grease avatlablllly and to keep thlnned 
grease from flowing o~rt of the bearing. 
18 Place the grease-packed inner bearing 
lnta the rear of the hub and put a little more 
grease outboard of the bearing. 
19 Place a new seal over the inner bearing 
and tap the seal evenly into place with a ham- 
mer and block of wood untll it's flush with the 
hub. 
20 Carefully place the hub assembly onto 
the spindle and push the grease-packed 

32.1 5 Work grease into the baarlng rollers 
by pressing it against the palm of 

your hand 

outer bearing Into position. 
21 Install the washer and spindle nut. 

Tighten the nut only until all freeplay is gone. 
22 Sprn the hub In a forward direction to  
seat the bearings and remove any grease or 
burrs which could cause excessive bearing 
play later. 
23 Check to see that the tightness of the 
spindle nut is still the same. 
24 T~ghten the nut by hand until all loose- 1 
ness and freeplay is gone. Now tlgMen the nut 
with a wrench approximately an additional 1J4 
tun TO create a very sl~ght preload, then back 
it off about 1/8 turn. The acceptable amount of 
endplay is 0.001 to 0.003 inch. 
25 On early models, install the lockrng tab 
and outer nut. Tighten the outer nu2 against 
the Inner nut and bend the lock tab. It will 
probably be necessary to hold the inner nut 
with a wrench to prevent it from turnlng. On 
later models, tighten the spindle nut Tmk bolt 
with an Allen wrench. 
26 Install the dust cap, tapping it into place 
with a hammer. 
27 On the drlver's side, reach behind the 
spindle and push the speedometer cable 
through the dust cap. RetnstaH the c l ~ p  to 
hold ~t in place. 
28 On dlsc brake models, place the brake 
caliper near the rotor and carefully remove 
the wood spacer. Install the caliper (see 
Chapter 9). 
29 On all models, Install the wheel on the 
hub and tighten the lug bolts. 
30 Grasp the top and bottom of the tire and 
check the bearlngs in the manner described 
earher In this Section. 
31 Lower the veh~cle. 

Rear wheel bearings 
32 Note: Thrs procedure only applies to 
1972 and earlier models with CVlotnt type 
mar axles. Every 30,000 miles, the rear wheel 
bearrngs should be removed, cleaned and 
repacked with new multi-purpose grease. 
Because special fools and procedums are 
required to service the mar wheel bearmgs, 
we recommend taking the vehicle to e dealer 
service department or other reparr shop. I f  
you wish to try it yaurseM, ses Chapter 10. 
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1972 Caliirnia EQR 
filtering system 

1 Exhaust flange of 
Number 4 cylinder 

2 Coobng cot1 
3 Cyclone-type filter 

33.4 Some 1973 and all 1974 models 
have an element-type filter 

I Exhaust flange of Number 4 
cylinder 

2 Element-type! filter 
3 Exhaust gas recirculafion valve 

2 On 1975 and later models, the EGR ser- 
33 Exhaust Gas (EGR) ,Ice reminder light !s designed to act~vate 

system ~ewilce every 15,000 m~les. Some later models don't 
have EGR fitters, but the EGR valve should be 

Refer to illustmtlons 33.3 and 33.4 removed and the carbon cleaned out (see 
1 EGR systems are origlnal equipment on Chapter 6 for EGR valve removal). To reset 
the following U.S.A models: 1972 California the service reminder light, press the reset 
models, all 1973 models with autornattc stick button on the back of the light assembly. 
shift and all 1974 and later models. 3 Replace the EGR filter every 30,000 

miles. On 1972 Callfomla models, unbolt the 
fllter (see illustration) and flush it out with 
solvent. These filters may be replaced with 
the later dtsposable type, if desired. 
4 Later models have a disposable element- 
type filter (see illustration). Unbolt the filter 
from the exhaust flange on the muffler and 
from the intake manifold. Install the new f~Rer 
and gaskets and tighten the bolts securely. 
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Valves - servicing ........................ .... ...................................... 20 
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Specif cations 

General 
Firing order ............................................................................................ 
Oil pressure (minlrnum at normal operating temperature) ....................... 
Compression pressure 

Minimum pressure .............................................................................. 
Maximum variation between cylinders .............................................. 

Cylindet bore 
1200 cc ................. .. ........................................................................ 
1300 cc ............................................................................................... 
1500 cc ............................................................................................... 
1000 cc ............................................................................................... 

Stroke 
1 200 cc.. ........................................................................................... 
1300, f 500 and 1600 cc ..................................................................... 

Camshaft and bearings 
Camshaft ~outnal diameters (all) .............................................................. 

Camshaft bearing clearance 
New .................................................................................................... 

Wear limit ................... .. ................................................................. 
Endplay 

New .................................................................................................... 
Wear limit ........................................................................................... 

Gear backlash .......................................................................................... 

Connecting rods and bearings 
Connecting rod journal diameter 

1200 cc ....................................................... .. ............................. 
1300, 1500 and 1600 cc ..................................................................... 

ConnectCng rod bearing clearance 
New ................................................................................................... 
Wear llrnrt .......................................................................................... 

loo PSI 
21 asi 

3.03 Fn (77 mm) 
3.03 In (77 mm) 
3.27 in (83 rnm) 
3.36 In (85.5 mm) 

0.9837 to 09842 In 
(24.99 to 25.0 mrn) 

0.0016 ta 0.0051 In (0.4 to 0.13 rnm) 
0.0063 in (0.16 mrn) 
0.0000 to 0.0019 In (0.0 to 0.05 rnm) 

Cylindar numbering dtagretm 

2.1 640 to 2.1 648 In (54.97 to 54.99 rnm) 
2.1 644 to 2.1 653 In (54.98 to 55.00 mm) 

0.0008 to 0.0031 in (0.02 to 0.Q8 mrn) 
0.006 In (0.1 5 mm) 
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Connecting rods and bearings (continued) 
Connecting md endplay (all) 

New .............................................................................................. 0.004 to 0.01 6 in (0.1 to 0.4 mm) 
Wear limit ........................................................................................... 0.028 In (0.7 mm) 

Wrist pin clearance (all) 
New ............................................................................................... 0,0004 to 0.0008 In (0.01 to 0.02 mrn) 
Wear limlt ....................... .. ............................................................... 0.0016 fn (0.04 mm) 

Wrfst pin diameter 
1200 cc ................. ... ....................................................................... 0.7877 to 0.7874 in (19.9% to 20.000 rnm) 
1300, 1500 and 1600 cc ................................................................... 0.8658 lo 0.8661 in (21.998 to 22.000 mrn) 

Connecting rod we~ght color code 
1200 cc Brown or wh~te 487 to 495 grams ............................................................................................... 
1200 cc ............................................................................................... Grey or black 507 to 515 grams 
1300, 1500 and 1600 cc .................................................................. Brown or white 580 to 588 grams 
1300, 1500 and 1600 cc Grey or black 592 to 600 grams ..................................................................... 

............................................... Connecting rod journal out-of-round limit 0.001 1 in (0.03 mm) 

Crankshaft and main bearings 
Main bearmg journal diameters 

Nos.J.2and3 ................................................................................... 2.1640to2.1648in(54.97to54.~mm) 
No. 4 ................................................................................................... 1.5739 to 1.5748 in (39.98 to 40.00 mm] 

Journal clearance 
Nos. 1 and 3 

New .............................................................................................. 0.0016to0.0047in(0.04to0.10mm) 
..................................................... ............................ Wear limit .. 0.007 in (0.1 8 mm) 

No. 2 
New .................................. ... ...................................................... 0.001 1 To 0.0035 in (0.03 to 0.09 mm) 

...................................................................................... Wear limit 0.0066 in (0.1 7 mm) 
Na. 4 

New 0.001 9 to 0.0040 In (0.05 to 0.1 0 mm) I ............................................................................................. 
Wear limit ...................................................................................... 0.0074 in (0.1 9 mm) 

Crankshaft endplay 
New .................................................................................................... 0.0027 to 0.0051 in (0.07 to D.13 mm) 1 
War h i t  .......................................................................................... 0.006 in (0.15 mm) I 

..................................................... Main journal out-of-round (max~murn) 0.007 1 in (0.03 mm) 

Oil pump 
........................................................ Gearlshaft endplay limit (no gasket) 0.004 in (0.1 mm) 

Gear backlash ........................................................................................ 0.001 2 to 0.0031 in (0.03 to 0.08 mm) 

Pistons, cylinders and rings 
I 

Piston dng groove s ~ d e  clearance 
Top compression 

............................................................................................. New 0.0027 to 0.0035 In (0.007 to 0.09 mm) 
Wear limit ................................................................................... 0.0047 in (0.12 mm) 

Second compression I 

New .................................... ,, ....................................................... 0.0019 to 0.0027 in (0.05 to 0.07 mm) 
..................................................................................... Wear lirn~t 0.0039 in (0-10 mm) 

Oil control 
New ............................................................................................. 0.012 to 0.001 9 in (0.03 to 0.05 mm) 

Wear limit 0.0039 in (0.1 0 mm) 
I 

...................................................................................... 
Plston oversizes available .................................................................. 0.020 and 0.040 In (0.5 mm and 1.0 mm) 
Piston ring end gaps 

Compression 
New ............................................................................................... 0.01 2 to 0.078 in (0.30 to 0.45 mm) 

................................................... Wear l~mit .............................. .. 11.35 in (0.90 mm) 
011 control 

New ............................................................................................... 0.010 to 0.016 In (0.25 to 0.40 mm) 
.................................................................................... Wear limit 0.037 in (0.95 mm) 

Cylinder-to-piston clearance (all) 
New ................................................................................................ 0.001 5 to 0.0019 in (0.04 to 0.05 mm) 
Wear limit ............................ .. ........................................................ 0.00B in (0.20 mm) 

Cyllndsr out-of-round limit ..................................................................... 0.0004 in (0.01 mm) 

Yalves/springs 
Intake valve stem diameter 
New ............................. .. .............................................................. 0.3125 to 0.3129 in (7.94 to 7.95 mm) 
Wear limit ................... ... ............................................................ 0.31 09 In (7.90 mm) 

Intake valve guide hside diameter .................................................... 0.31 49 to 0.3156 In (8.00 ta 8.02 rnml 
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2.3 Pry off the wire ctamp 2.6 Install a new gasket in the valve cover 
prlor to installation 

3.2 Remove the rocker shaft nuts (a1 

The flywheelldriveplate is located on the 
front of the crankshaft by four dowel pegs 
and secured by a single central bolt wh~ch 
also Incorporates needle roller bear~ngs for 
the manual transaxle input shaft. The front 
crankcase oil seal contacts the center hub of 
the flywheel. The rear end of the crankshaft 
has an o ~ l  sllnger plate and a hellcal groove 
machined In the crankshaft pulley hub to 
contain the all. An oil filter screen Is rnaunted 
in the bottom center of the crankcase and the 
oll suction pipe for tha pump comes from the 
center of it. There is no other form of 011 f~lter 
Incorporated. 

The generator (or alternator on 1973 and 
later modeis) is mounted on a pedestal above 
the engine and dr~ven by a "V"-belt from the 
crankshaft pulley. The coollng fan rs mounted 
on the f o ~ t a r d  end of the generatorlaltema- 
tor shaft. This runs lns~de of a sheet steel 
housing which ducts air down to the cylinder 
barrels. 

shown in the chart below. These are located - 

3 Rocker arms and pushrods - 
remaval and installation 

at the base of the generator/alternator 
pedestal: 

Refer to illustrations 3.2, 3.3, 3.4, 3.5a, 3.5b, 
3 . m  3.6b and 3.10 2 Valve covers - removal and 

installation 
Removal - 

Refer to rllustrations 2.3 and 2.6 
1 Block the front wheels to prevent the 
vehicle from T Q ~ ~ F T I ~  forward. Raise the rear of 
the vehtcla and support rt securely on jack- 
stands. 
2 Place a dram pan on the floor below the 
valve cover area. 
3 Pry the wtre ctamp down off the valve 
cover {see illustration). 
4 Remove the valve cover. If the cover is 
stuck, carefully pry ~t off or tap it w~th a soft- 
face hammer. Do not bend or d~stort the 
cover. 
5 Remove all traces of old gasket material. 
Clean the cover in solvent and allow it to dry. 
6 Posrtron a new gasket in the cover (see 
illustration) and Install it on the cyljnder 
head. 
7 Snap the wire clamp In place over the 
cover. 
8 Start the engine and check for o ~ l  leaks, 

1 Remove the valve covers (see Sec- 
tion 2). 
2 Remove the  rocker shaft mounting nuts 
(see illustration). These are special copper 
plated nuts: keep them separate from any 
others. 
3 Pull the rocker shaft assembly off the 
studs (see illustration). 
4 On 1966 through 1976 models, remove 
the stud seals (see illustration). 
5 Remove the pushrods and store them In 
an organized manner so they may be rein- 
stalled in the same place (see illustrations) 
Note: On 36 horsepower models, the 
pushrods and lifters are cornbmed. To 
remove them, the engine must be removed 
and the cases must be separated 
6 T f  you intend to dtsassembfe the rocker 
arms and shafts, mark the rockers so they 
may be reassembled In the same poslt~on. 
Remove the end cl~ps and sl~de the parts 
from the shaft (see Illustrations). 

Engine identification 
Far many procedures it is essential to 

know what model engine you are working on. 
Many vehicles have had the original engine 
replaced with one from a dtfferent rnadet 
year. The engine serial numbers begin wtth 
the identlf~cat~on codes {numbets/letters) 

-- 

3.5a Remove the aushrods 3.4 Remove the stud seals on 1986 
through 1976 modeis 

3.3 SI:o the rocker shaft assembly OR 
the studs 
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3.6a 1965 and earlier rocker a m  assembly - exploded view 

I ,  I 

Lc~pdT 
b 

if 

5b A perforated cardboard box can be 
,ed to store the pushrods to ensure they 

are reinstalled in their original locations 
*.- 

7 Wash all parts in solvent and inspect 
them for wear and damage. Check the  
pushrod seats and adlustment screw tips and 
be sure the shafts are not deeply grooved. 
Roll the pushrods on a flat surface to check 
for straightness. Replace as necessaw. 

3db 1966 and later rocker arm assembly - exploded view 

4 11 nifold - removal and 
i~ n Installation 

Single port engines (1 970 and 
earlier models1 r - x  - . :. l d  ' ;  i 

8 Lubricate all parts w~th assembly lube or 
clean engine 011. Reassemble the  rockers, if 
necessary, and install the pushrods. 
9 On 1966 through 7976 models, install 
new stud seals. There are two types of seals 
available. Use the type that was installed 
originally. Use the doughnut shaped seals 
unless there IS a recessed groove around the 
stud. 
10 Position the rocker assembly over the 
studs. On 1966 and later models. ~nstall the 
rockers with the  chamfered supports facing 
out (see illustration). 
11 Be sure all the pushrods seat Into the 
rocker arms. Install the washers and specral 
nuts and trghten them to the torque lrsted ~n 
this Chapter's Specifications. 
12 Adjust the valve clearances (see Chap- 
ter 1 ). 
13 Install the valve covers (see Sect~on 2). 

Refer to illustrations 4.2, 4.3, 4.5a, 4.5b and 
4.6 
1 Label and remove the spark plug wlrss. 
then remove the carburetor (see Chapters 1 1' 
and 4). 
2 Remove the cool~ng shrouds from 
araund the Intake manifold preheater tubes 
(see Illustration). 
3 Unbolt the preheater tubes (see illus- - 

tration). Now, unbolt the Intake manifold 3 h ' 0  InsEa'' the rocker with 

from the cylinder heads. chamfered edges facing out (arrow] 

4 Detach the generator and lift the cooling and the slots f a c ~ n g  up 

fan hausrng enough to  slip the manifold 
under it (see Chapters 3 and 5). paying extra attention to the flanges and pre- 
5 Remove the old gaskets and seals (see heat tubes (see illustration). Remove any 
Illustration). Clean and inspect the mantfold, carbon buildup from the passages. 

I / . - 1' L-_ - -- -- 

4,3 Unbolt the preheater tubes, from the 4.58 Pry the old seal? ou: cf the 
d 

exhaust manifold and the intake manifold cylinder heads 
from the cylinder heads 

4.2 Remove the shrouds arouncl the 
preheater pipes 
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the end pieces (see illustration). 
11 Remove the carburetor or throttle valve 
assembly (see Chapter 43. 
12 Detach the generatorlalternator and lift 
the cooling fan housing enough to s l~p  the  
manifold under it (see Chapters 3 and 5). 
13 Remove the nut {see illustratlm) and 
lift the intake manifold center sectron off the 
engine. 
14 Remove the old gaskets and seals. 
Clean and inspect the manifold, paying extra 
attention to the flanges and preheat tubes. 
Remove any carbon buildup from the pas- 
sages. 
15 Using new seals and gaskets (see illus- 
tration), install the rnanrfold and tighten the 
fasteners securely. 
16 Reinstall the rernalnlng parts in the 
reverse order of removal. 

4.5b Inspect all of the flanges (arrows) 
for damage and corrosion 

6 Using new seals and gaskets (see illus- 
tration), install the manifold and tighten the 
fasteners securely. 
7 lRe!nstall the remaining parts in the 
revme order of removal. 

5 Exhaust manifoldtheat 
exchanger - removal and 
installation 

Dual porf engines (1971 and 
later models) 
Refer to illustrations 4.8, 4.9a. 4.9b. 4.70. 
4.13and 4.15 
8 Loosen the clamps on the boots (see 
illustration) and separate them from the end 
pleces. 
9 Remove the shrouds from around the 
preheater tubes (see Sllustrations). 
10 Remove the mounting nuts and l~ f t  off 

Refer to i!lustmtions 5.3. 5.4. 5.5. 5.7, 5.10. 
5.11, 5.72a and 5.12b 

Remora! 
1 Block the front wheels so the vehicle 
can't roll forward. 
2 Raise the rear of the vehtde and support tall new gaskets and seals 

4.9b . . . and  ~r~sulators from the 
prel~eater tubes 

4.8 Loosen the clarnos on the boots 4.9a Remove the shrouds.. . 

. , -- 
P -- 
it: 1 

1 
4.10 Remove the nuts from the rnount~ng 

studs (arrows) and lift the end piece 
from the cylinder head 

4.15 Fit new gsskets over thr studs 
and dowel 

4.13 Remove the nut (arrow) and l~rt the 
manifold center section from the englne 
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5.3 Remove the air shroud screws 5.4 Loosen the clamps and compress tbe 5.5 Loosen the clamps and detach the 
(arrows) - typical model shown air ducts, then slip them off the end heater control cables from the front end 

of the heat exchanger of each heat exchanger 

it securely on lackstands 
3 Work~ng under the vehicle, remove the 
arr shrouds from the heat exchanger (see 
Illustration) 
4 Remove the hat a~r  ducts from each side 
(see Illustration). 

the cyflnder head-to-heat exchanger studs 
and remove the nuts (see illustration). 
8 Pull the heat exchanger toward the front 
of the veh~cle until it is cleat of the studs and 
lower it to the floor. 
9 Remove the old gaskets from the 

5 Disconnect the heater control cables 
(see illustration). 

mounting flanges. I 
6 Remove the muffler (see Chapter 4). 
7 Apply penetrating oil to the threads of 10 Install a new gasket [see LHustmtlon) on 

each of the rnountlng flanges. 
I f  Position the heat exchanger on the 
engine (see Il~ustratlon). Install the mounting 
nuts and t~ghten them securely. 
12 Re~nstall the remaining components 
(see illustrations) in the reverse order of 
removal. 5.7 Remove the nuts [arrows! from the 

cylinder head studs 

Q Q Q Q o o o  

5.10 S l ~ p  a new gasket over the studs 

Heat outlel flap 
Gasket 
Fiap operating lever 
Junction box 
Lever 
FEange screws 
Exhaust pipe 
Exhaust pipe flange 

Leverpivot pin 1 7 Cooling air maSn 
Return sprlng outlet duct 
Control cable f 8 Rear flap connecting 
Cabie cialamp rod 
Cabfe llnk 19 Rear baffle flap 
Securhg screw 20 Rear flap stop mil 
Operating lever 
Circiip 5.1 7 Position the heat exchanger on the 

engine [early model shown) 
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@\& 

5; Zb Typical 1 
- exploded view 

1-1 f i .  

6.5 Insert a py!?ar thrcugh the pulley to 
keep the crankshafl from turning when 

loosen~ngltighten~ng the crankshalt bolt 

-. -- L 

6.6 Remove the pulley with a 
I 

specia I puller 

6.7 Remove ib-p two screws {arrows) 
and lift off the shroud 

6 Oil pump - removal, inspection 
and installation 

Note: Several different types af oil pumps 
were used in these modek aver the years. 
Automatic S t ~ c k  Shift rnodek use a specla1 
two-part pump, and a larger capacity od pump 
was introduced on all models In May 19 71. Be 
sure to check with a dealer parts department 
or other auto parts store to deterrntne mter- 
changeability of any replacement pump. 

Removal 
Refer to rllustrafrons 6.5, 6.6, 6.7, 6.9a, 6.9b 
and6 1 7  
1 Drsconnect the ground strap from the 
negative terminal of the battery. 
2 Set the parking brake and place the 
transaxFe in fourth gear to keep the crankshaft 
from tumlng (manual transaxle models only). 
3 Remove the crankshaft puEley cover (if 
equipped) and the rear cover plate (over the 
muffler). 
4 Remove the drivebelt (see Chapter 1). 
5 Remove the crankshaft pulley bbo and 
washer [see illustration). 
6 Us~ng a specla! puller, remove the 
crankshaft pulley (see illustration). Caution: 
Do not try to remove the pulley wrth an exter- 
nal jaw-type puller or by prying rt off; the 

pulEey and/or crankcase wfll be damaged. 
7 Remove the shroud (see illustration). 
8 On Automatic Stick Sh~ft models, 
detach the pressure line and return llne from 
the pump. 
9 On all models, remove the four sealing 
nuts (see tllustrations) and remove the oil 
pump cover. 
10 Remove the gears, gasket(s), plate and 
soals (as applicable) from the orl pump. 
11 Mark the pos~tion of the pump housing- 
to-crankcase w~ th  a scrtbe. Using a spectal 
puller (see llustration), remove the oil pump 
body from the crankcase. Caution: Do not try 
to remove the oil pump by pryrng rt out; the 
pump and/or crankcase will be damaged. 
Note: If the engine is being completely disas- 
sembled, the pump can be mmoved wrthout 
the special puller after the crankcase halves 
are separated. 

Inspection 
Refer to illustrations 6.13 and 6.14 
12 Remove all traces of old gasket material. 
Clean all of the parts thoroughly with solvent 
and inspect them for wear and damage. 
13 Measure the gear backlash (see illus- 
tration) and compare the clearance to the 
one listed tn this Chapter's Spec~fications. 
14 Check gear endplay (see illustration) 
and compare the clearance to that l~sted in 
this Chapter's Speciftcattons. 
15 Check the idler gear shaft(s) for play and 
replace the pump if any looseness is found. 

installation 
Refer to illustrations 6.16, 6.17, 6.18a and 
6.186 
16 Place a new gasket over the pump wlth- 
out using sealant (see illustration). 
17 Slide the pump into pos~tion over the 
studs (see illustration). 
18 Lubncate the gears with engine o ~ l  and 
install them Into the pump (see illustrations). 
Pack the spaces between the gears w~ th  
petroleum jelly: this will help the pump prime 
qu~ckly. 

6 . b  011 pump - exploded view (manual transaxle modefs) 

1 Sealing nut (4) 
2 Oil pump cover 
3 Oil pump cover gasket 
4 Driveshaft 

5 Oil pump gear 
6 Or1 pump houslng 
7 Oil pump housrng gasket 
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6.gb 0011 pump - exploded vlew (Automatic Stick S h i  models) 

1 Housfng gasket 6 Woodruffkey 
2 Oil pump housing 7 Oil seal P) 
3 fntennediate plate gasket (2) 8 Intermediate plate 
4 Oil pump upper shaft wrth gear 9 ATF pump lower gear 
5 Oil pump lower shaft w ~ t h  gear 10 ATF pump upper gear 

I I Cover with ATF hose fitting 
12 Sealing nut 
13 ATF pressure miief prston 
14 R8//ef Spring 
15 Plug 

j. 11 Use a specral puller to remove 6.13 Measure the oil pump gear backlash 6.14 Measure gear endplay 
the 011 pump body 

6.1 6 Positlon a new gasket over the pump 6.37 Slip the pump over the studs B.18a Install t h e  upper gear flrst, turn it 
wfthout using sealant until the tang meshes with the slot in 

the camshaft . . . 
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6.18b . . . then install the lower gear 

79 Complete the installation in the reverse 
order af removal. Use a new gasket and new 
sealing nuts on the pump cover. Be sure to 
tighten the oil pump cover nuts and the 
crankshaft pulley bolt to the torque listed in 
th~s Chapter's Specifications. 

~m n-n 

1 Oil pressure relief 
valve 

2 Oil pressure 
control valve 

7 Oil pressure relief and control 7.1 Lubrication system diagram (1970 and l a w  shown, earlier models similar) 
valves - removal and instatlation 

either of the valves 1s removed. 7 Ensure that the sprlngs f ~ t  In the~r 
Refer to illustrations 7.1, 7.4 and 7.6 4 Remove the plug (sw illustration) wrfh recesses in the plunger and plug and that a 
Note: On 1969 and earlier models. there Is a large screwdriver. The sprlng and plunger new seal 1s used. T~ghten the plugs securely. 
one oil pressure rel~sf valve located near the should drop out. If a plunger st~cks In ~ t s  bore 
oil pump. Beginntng wtth 1970 models, the In the crankcase, use a 10 rnm (3/8 mch) tap 
engines were equipped with an additional to pull the plunger out. Note: On 1970 and COmpmSSion check 
valve, known as the 011 pressure control later models, remove both valves. She 
valve, located near the flywheel end of the plungers and springs are not tnterchangeable, Refer to f/lustmtlon 8 4 
englne. The oil pressure relief valve releases so don't mix them up. Beginning wlth I967 1 A compressron check wl!l tell you what 
excessive oil pressure before it goes into the model Chassis number 7 77054916, engrne mechanical cond~tlon the plstons, rlngs and 
o ~ l  cooler when the 011 1s cold and thck. The number HO 225f 17, the oil pressure relief valves In your engine are m. Specrfically. ~t can 
OR Pressure control valve serves to maintam valve plunger has an annujar groove. tell you ~f the compression 1s down due to 
od pressure at the crankshaft bearkngs when leakage caused by worn plston rings or defec- 
the oil 1s hot and thrn. hstai/afion tive valves and seats. Note: The engine must 

5 The plunger(*) should be a sliding fit In be at normal 0Peratrng temperature this Removal the crankcase bore. Minor slgns of scuffing checkand the batteT must be fulb charged. 
1 The oil pressure rehref and control valves may be cleaned up. If there us severe scoring 
are spnng loaded pistons located rn the left of the piston or bore, the damaged parts 
(driver's) side of the crankcase at front and must be replaced. 
rear by large screw plugs (sm IllustreBen). 6 Lightly oil the plunger(s) and insert Into 
They may be removed from underneath when the bare($). On 1970 and later models, the 
the engine is tn the vehrcle. larger of the two springs ts for the or! pressure 
2 Block the front wheels to  prevent the relief valve and goes Into the rear bore near 
vehlcls from rolling. Raise the rear of the the oit pump {see illustration). The shorter 
vehicle and support it securely on jackstands. spring is for the oil pressure control valve and 
3 It IS not necessary to dmln the engtne oil goes rnto the front bore near the transaxle 
but be prepared to catch some o ~ l  when mounting. 

7.4 Exploded dew of the valves 
(1970 and later models) 

I Or! pressure relief 
valve 

2 Otlpressum 
control valve 

7.6 011 pressure relrei valve - 
exploded vlew 

1 Plunger 3 Gasket 
2 Spnng 4 Plug 
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2 Label and then remove the spark plug 
wires from the spark plugs. Begin by clean~ng 
the area around the spark plugs before you 
remove them (compressed air works best for 
this). Warning: Wear eye protection. Thrs will 
prevent dirt from getting into the cylinders as 
the compression check is 'being done. 
Remove all o f  the spark plugs from the 
engine. 
3 Block the throttle wide open and tem- 
poranly disconnect the wire from the BAT (or 
no. 15) termlnal on the ignition cod. 
4 With the compression gauge In the 
number one spark plug hole, crank the 
engine over at least four compression strokes 
and watch the gauge {see i l lust~t ion).  The 
compression should build up qurckly in a 
healthy engme. Low compression on the first 
stroke, fnllowed by gradually mcreasing pres- 
sure an successive strokes, indicates worn 
piston rings, pistons or cyllnders. A low com- 
pression reading on the first stroke, which 
does not budd up during success~we strokes. 
tndicates teaklng valves or a cracked head. 
Record the hlghest gauge readtng obtained. 
5 Repeat the procedure for the remalning 

I cylinders and compare the results to the pes- 
sures listed In this Chapter's Spedftcatrons. 
6 Mechan~cs frequently squtrt oil Into the 
cyllnders and perform a second "wet" com- 
presslon test on conventional engines. How- 
ever, this type of test is not reliable on hori- 
zontally opposed englnes. If cornpresslon 1s 
way down or varies greatly between cylin- 
ders, have a teak-down test performed by an 
automotive repair shop before you remove 
the engine and begln an overhaul. This test 
will pinpolnt exactly where the leakage is 
occurring and how severe it IS. 

- - 
compressi 
for the sp 
L. - .. 

8.4 A ion gauge w~th a threaded 
frttin~ 'ark plug hole is preferred 
over h e  rype mat requires hand pressure 

to maintain the seaE 

9.7 When the engine rs at TDC, the rotor 
should align with the notch in the top of the 

distributor housing and the "0" degree 
notch in the crankshaft pulley should 
align with the seam in the crankcase 

the ignition coif. 

a) The prefamd method is to turn the 
crankshaft with a wrench on the 
crankshaft pulley bolt. 

bJ f f  you don't have a wrench that fits the 
crankshafl pulley bolt, turn the genera- 
torJalfernator putley nut. The drivebelt 
will turn the crankshaft. 

mlleage does not preclude the need for an 
overhaul. Frequency of servicing is probably 
the most important consideration. An engine 
that has had regular and frequent obt 
changes, as well as other required mainte- 
nance, will most likely give many thousands 
of miles of rehabbe service, Conversely, a 
neglected englne may require an overhaul 
very early in its life. 

Excessive oil consumption and blue 
exhaust smoke are indications that piston 
rlngs and/or valve guides are In need of 
attention. Make sure that oil leaks are not 
responsible before deciding that the rings 
and/or guides are bad. Have a compression 
or leakdown test performed by an expen- 
enced tune-up mechanic to detemlne the 
extent ot the work required. 

If the engine Is making obvious knock- 
Ing or rumbling nolses, the connecting rod 
andlor main bearings are probably at fault. 

4 Remove the distributor cap as 
described In Chapter 1. 
5 Thaw is a small notch on the distributor 
body directly below the number one spark 
plug wire terminal In the distributor cap. 
6 Turn the crankshaft (see Step 3 above) 
until the line on the crankshaft pulley 1s 
afigned wlth the split in tha crankcase. 
7 The rotor should now be pointing 
drrectly at the mark on the distributor houstng 
(see illustration). If R's 180-degrees off, the 
plston ts at TDC on the exhaust stroke. 
8 If the rotor IS 180-degrees off, turn the 
crankshaft one complete turn (360-degrees) 

9 Top Dead Center (TDC) for 
number one cylinder - locating 

Refer to rllustration 9.7 
Note: Refer 20 Chapter 5 for information on 
distrtbutor r~rnovzi-1 and installatron. 
1 Top Dead Center (TDC) is the farthest 
polnt out In the cylinder that each plston 
reaches as tt travels ~n-and-out when the 
crankshaft turns. Each piston reaches TDC 
on the cornpresslon stroke and again on the 
exhaust stroke, but TDC generally refers to 
plstan positlon on the compressron stroke. 
The tjrning marks on the crankshaft pulley 
installed on the rear of the crankshaft are ref- 
erenced to the number one plston at TDC on 
the cornpresslon stroke. 
2 Positioning the p~stons at TDC is an 
essential part of many procedures such as 
valve adjustment and dlstrlbutor removal. 
3 In order to brtng any prston to TDC, the 
crankshaft must be turned uslng one of the 
methods outlined below. When looklng at 
the englne, normal crankshaft rotation IS 

clockwlse. Warning: Before beginnrng t h ~ s  
procedure. be sure to place the transm~ssion 
m Neutral and d~saseble the ignrtten system by 
disconnecttng the wrre from terminal 15 on 

clockwlse. The rotor should now be &ting 
at the mark. When the rotor is pointing at the 
number one spark plug wire terminal in the 
distributor cap (which is indicated by the 
mark on the dlstrtbutor body) and the timing 
marks are aligned, the number one piston is 
at TDC on the compression stroke. 
9 After the number one pbston has been 
positioned at TDC on the compression 
stroka, TDC for any of the remaining cyfin- 
ders can be loca td  by turning the crankshaft 
180-degrees at a time and following the firing 
order (1 -4-3-2). 

Check the oil pressure with a gauge tem- 
porarily installed in place of the oil pressure 
sending unit (see tllustmtlons) and compare 
it to the Specifications In this Chapter. If the 
pressure is extremely low, the bearings 
and/or al pump are probably worn out. 

10 Engine overhaul - general 
information 

Refer to illustratiom 111.4a and 10.46 
It 1s not always easy to determine when, 

or ~ f ,  an engine should be completely over- 
hauled, as a number of factors must be con- 
sidered. 

Hlgh mileage is not necessarily an Indi- 
cation that an overhaul is needed, while low 

I- . -- - .  

10.4a Remove the oil pressure 
1 

sending unit.. . 
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10.db . . a r~ r !  ~!lsta!f a gauge In its place 

Loss of power, rough runnmg, excessive 
valve tram nolse and high fuel consumption 
rates may also pant to the need for an over- 
haul. especially ~f they are all present at the 
same time. If a complete tune-up does not 
remedy the situation, major mechanical work 
IS the only solution. 

An engine overhaul involves restoring 
the Internal paris to the specifications of a 
new engine. During a complete overhaul, the 
plstons, cylinders and piston alngs are 
replaced. Sometimes, wear is rn~nimal and 
the cyl~nder walls are reconditioned (rebored 
and/or honed). If a rebore is done, new pis- 
tons are requrred. Usually rt rs less expensive 
to buy new aftermarket p~stons, rlngs and 
cylinders as a set than ~t IS to have the old 
ones rebored and purchase pistons and rings 
separately. 

The main bear~ngs, connecting rod 
bearings and camshaft beanngs ar@ replaced 
wrth new ones and, ~f necessary, the 
crankshaft may be reground to restore the 
journals. Usually, the valves are serviced as 
well, since they are normally in less-than-per- 
fect condition at this polnt. While the englne 
is bang ovemauled, other components, such 
as the fuel pump (carbureted models), dls- 
tnbutor, starter and generatorlaRemator, can 
be rebuilt as well. The end result should be a 
like-new engtne that w~ l l  give many trouble 
free mlles. Note: CrftrcaI cooling system com- 
ponents such as the ducts, the dn'vebelt and 
the thermostat MUST be replaced with new 
parts when an engine is overhauled. The oi/ 
cooler should be checked carefully to ensure 
that it isn't cbgged or leaking. If in doubt. 
replace it wlth a new one. Also, we do not 
recommend overhauling the oil pump - 
always install a new one when an engine is 
rebuilt. 

Before begtnntng the engine overhaul, 
read through the entire procedure to famil~ar- 
ire yourself w~th the scope and reqwlrements 

4 of the job. Overhauling an engine 1s not eape- 
ciatly difficult, but ~t is time consuming. Plan 
on the vehicle being tied up for a minimum of 
two weeks, especially if parts must be taken 
to an automotrve machine shop for repalr or 
recondit~on~ng. Check on avallabil~ty of parts 

and make sure that any necessary spectal 
tools and equipment are obtalned In 
advance. Most work can be done with typ~cal 
hand tools, although a number of precision 
measuring tw ls  are required. Often an auto- 
motive machine shop will handle the inspec- 
tion of parts and offer adv~ce concerning 
reconditroning and replacement. Note: 
Always wait unfii the engine has been com- 
pletely disassembled and all components, 
especially the engine crankcases, have been 
inspected before decidrng what service and 
reparr operations must be performed by an 
automotive machine shop. Srnce the 
cmnkcase's condition wiN be the major factor 
to consrder when determ~nlng whether to 
overhaul the orig~nal engrne or buy a rebujlt 
one, never purchase parts or have rnachrne 
work done on other components until the 
engrne cases have been thoroughly 
inspected. As a general rule, time rs the pn- 
mary cost of an ovehauS, so R does not pay 
to ins la// worn or substandard parts. 

As a f~nal note, to ensure maxlmum life 
and minlrnum trouble from a rebu~lt engine, 
everything must be assembled wrth care In a 
spotlessly clean environment. 

11 Engine removal - methods and 
precautions 

If you've decided that an engine must 
be removed for overhaul or malor repair 
work, several preliminary steps should be 
taken. 

Locating a su~table place to  work is 
extremely ~mportant. Adequate work space, 
along with storage space for the veh~cle, w~li 
be needed. If a shop or garage isn't ava~lable, 
at the very least a flat, level, clean work sur- 
face made of concrete or asphalt is required. 

Clean the engine compartment and 
engine before beginning the removal proce- 
dure. A floor jack and jackstands or a vehicle 
hoist wtll be necessary. Make sure the equip- 
ment is rated in excess of the vehicle werght. 
Safety is of prlrnay importance, considering 
the pntenttal hazards involved In liftlng the 
engine out of the vehlcle. 

If the engine is being removed by a 
novlce, a helper should be availabfe. Advice 
and a ~ d  from someone more experienced 
would also be helpful. There are Instances 
when one person cannot simultaneously per- 
form all of the operations requrred when lift- 
ing the engine out of the vehicle. 

Plan the operation ahead of time. 
Arrange for or obtain all of the tools and 
equipment you'll need prior to beginning the 
job. Some of the equipment necessary to 
perform englne removal and installation 
safely and wrth relative ease are a complete 
set of wrenches, screwdriven and sockets as 
described In the  front of th!s manual, wood 
blocks and plenty of rags and cleanlng sol- 
vent for mopping up sp~lled oil, coolant and 
gasoline. If any equipment must be rented, 
make sure that you arrange for it in advance 
and perform all of the operations possible 

without it beforehand This w~ l l  save you 
money and time. 

Plan for the vehicle to be out of use for 
quite a while A rnachrne shap w~l l  be 
required to perform some of the work which 
the do-rt-yourselfer can't accomplish wth~ut  
special equipment. These shops often have a 
busy schedule, so it would be a good idea to 
consult them befors rsrnovlng the englne in 
order to accurately estimate the amount of 
time required to rebulld or repair components 
that may need work. 

Always be extremely careful when 
removrng and installing the englne. Serious 
injury can result from careless act~ons. Plan 
ahead, take your time and a job of this 
nature, although major, can be accomplished 
successfully. 

12 Engine - removal 

Refer to illustrations 12 9, 12 7 la,  12.1 I$. 
T2.11c, 12.15, 12.16, 12.17, 12.18a, 
12,18b, 12.19. 12.20. 72.21. 12.22, 72.23a. 
12.236 and 12.25 
Warning: Gasofine rs extremeiy flammable. 
so take extra precautions when you work on 
any part of the fuel system. Don'f smoke or 
allow open ffarnes or bare bght bulbs near the 
work area, and don't work I R  a garage when 
natural gas-type appftances (such as a water 
heater or cloihes dryer) w ~ t h  a pilot Frghf is 
present. When you perform any kind of work 
on the fuel system, wear safef-v glasses and 
have a frre exttnguisher handy 
1 Removal of the englne IS  fairly simple, 
provided the correct tools and equipment are 
assembled beforehand If the engine is very 
dirty. clean it flrst. 
2 The car rs lifted up at the rear for engine 
removal. The engine IS held lo the transaxle 
by two studs and two bolts. It has to be 
pulled back from these and lowered out of 
the car. Support the engrne with a floor jack 
as soon as ~t I S  detached from the transaxle 
3 You may remove the  engrne srngie- 
handedly if all the necessary equipment IS 

available, but the trickiest part IS lowering the 
engrne to the floor level. Even a fall of a few 
Inches couEd crack the alum~num crankcase. 
Note that the englne is reversed compared 
w~ th  a conventional layout, so that t h e  fly- 
wheelldrlveplate 1s at the front. All references 
to front and rear of the englne will be in rela- 
tion to its posltlon in the vehicle. 
4 Park the vehlcle on a level hard surface 
w~ th  the transaxle In neutral and block the 
front tires to prevent the veh~cle from rolltng. 
5 D~sconnect the ground strap from the 
negative termlnal of the battery. 
6 Drain the englne oil (see Chapter 1). 
7 Prop open the rear hood or remove it 
(see Chapter 1 1). 
8 Remove the air cleaner assembly, and 
on 1968 and 1969 models, remove the throt- 
tle positloner (see Chapter 4) 
9 Carefully label and disconnect all wac- 
uum I~nes, ernlsslons hoses and wiring. 
Mask~ng tape and felt tip pens work well for 
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12.9 Clearly label the wires before 12.1 t a  Remove the crankshaft pulley 
cover, if equipped . . . 

12.1 i b . . . then remove the preheater 
pipe covers on both sides 
(carbureted models) . . . 

disconnecting them 

marking items (see Illustration). The main 
engine wlrlng harness may then be taken 
from the clps and tucked to one side of the 
engine compartment. If necessary, take 
instant photos or sketch the locations to 
ensure correct reinslallat~on. 
10 Detach the accelerator cable (see Chap- 
ter 41, 
11 Detach the air ducts from the fan hous- 
Ing (1963 and later modefs) and remove the 
rear cover plate (see illustrations). 
12 Loosen the clarnplng screw which holds 
the distributor in position and turn the distr~b- 
utor so the vacuum diaphragm faces the 
englne. 
13 Raise the rear of the vehicle and support 
it securely on jackstands. Posltlon the lack- 
stands under the torsion arms, lust forward of 
the rear wheels. 
14 Workrng under the vehicle, disconnect 
the heater control cables from the heater 
flaps or heat exchangers (see Chapter 3 .  If 
necessary). 
15 Disconnect the fuel line@) between the 
engine and chassls and plug the ends. The 
fuel line runs along the left (drivers) srde of the 
transaxle. On fuel-injected models, relteve 
fuel pressure first (see Chapter 4). On carbu- 
reted models, this should be pulled off at the 
end of the hose nearest the engine so that 

L-- --pa., ,'I 
12.1 1 c . . . and detach the rear cover f 2.1 5 On carbureted rnodefs, disconnect 

the fuel line above the heat exchanger 
on the driver's side the hose can be plugged [see Illustration). 

16 Pull off the f exlble ducts which connect 
the heat exchangers to the body on each side 
of the engine (see illustration). 

Have a drain pan posttioned to catch fluid. 
Plug the ends to prevent fluid loss. 
18 Remove the four torque converter-to- 
drlveplate bolts wrth a 12 po~nt socket. The 
bolts may be accessed through openings In 
the bellhousing (see illustrations). Turn the 
crankshaft pulley bolt w~th a wrench to brlng 
each bolt into the opening. 

Automatic Stick Shift models 
only 
17 Detach the hydraufic pressure and suc- 
tion llnes near the engtno [see illustration). 

r2.18a On carbureted models, the torque 
converter bolts are accessed through 

thls opening (arrow) 

12-77 Disconnect the Mting (arrow) and 
plug the end with an MSGxl.5 union 

that has been soldered closed 

12.16 Remove the ducts which connect 
the heat exchangers to the ducts in 

the body 
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12.18b On he!-~nyected models, the 
torque converter bolts are accessed 

by removing a plug and worklng 
through this opening (arrow) 

-. i 

rg and 
#L..C&- 

12.1 9 Remove the two lower mounting 12.20 Reach behveen the Inn houslr 
nuts or bolts the firewall to access the upper nut: 

AII models 
19 Remove the two lower engine mounting 
nuts (manual transaxle) or bolts on Automatic 
Stick Shift models (see Illu!jtratlon). The fas- 
teners are postt~oned about four inches from 
each side of the engine center line and about 
two Inches up from the bottom of the flange 
where the snglne joins the transaxle. 
20 On 1970 and earlier models, remove 
both upper engrne mounting nuts from above 
by reaching between the fan housing and 
firewatl (see illustration). On Cater models, 
the bolt head has a flat on It wh~ch should 
lock into the transaxle. This enables the nut 
to be taken off without any diff~culty, pra- 
vided the bolt 1s not pushed out. Note: It may 
help to use a locking plier to hoM the bolts in 
place, On 1971 and later models, remove the 
left (driver's) side top mounting bolt from 
underneath. This is best done with a socket 
and extension with a universal joint. 
21 Support the engine with a f l w r  lack as 
the last mounting bolt rs removed. Position the 
jack head under the center of the crankcase 
w~th a large block of wood on top of the jack to 
extend its reach (see iflustfation). 
22 Pull the englne back about three inches 
to disengage ~t from the transaxle (see illus- 
tration). It may need a bit of wiggling to get it 

. - - 

12.21 Position the jack under the 
center of the engine 

12.22 Full back an the engine ta 
disengage it from the transaxle 

engine while an assistant removes the blocks 
under each side of the englne. Take out one 
at a time on each s~de so the engine doesn't 
tip over. When the engine is on the floor, it 
should be low enough to slide out from under 

free. When this is done slip the accelerator 
cable out of the tube in the fan housing and 
tape! it up on the firewall. 
23 Lower the engine carefully. Cautlon: On 
manual transaxle models, be sure the input 
shaft of the transaxle is clear of the clutch 
[see illustratfon), until it rests: on blocks (see 
Illustration). 
24 Remove the jack, then lift one side of the 

the vehicle, 
25 On Automat~c Stick Shift models, secure 
the  torque converter in place wlth a strap or 
wire (sea illustration) 

i:l Pa- 

12.25 Secr~re the tarque conuerter w ~ t h  a 
strap or wire 

12.233 On manila1 transaxle models, look 
between the engine and transaxle to be 

sure the clutch is not caught on the 
input shaft (arrow) 

12.23b Let the engine down on blocks 
positioned under both heat exchangers 
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t4.3 Engine - cross-sectlons 

Fan housing 
Coil 
Oil c d e r  
Intake manifold 
Fuel pump 
Distributor 
oil pressure switch 
Valve 
Cylinder 
Piston 
Oil pmssurs relief valve 
Fan 

13 O~lfilter 
14 Intake manlfold pre- 

heater pipw 
15 Connecting md 
76 Spark plug 
17 Cylinder head 
18 Thermostat 

Rocker e m  
Push& 
Heat exchange 
Vahe lifter 
Carburetor 
Genemtor 
Flywheel 
Crankshaft 
011 pump 
Camshaft 
Oil strainer 
Clutch - 

Note: This diawing does not 
show all the later modificstions 
such as the thm-section Intake 
manifoki and the one piece fuel 
pump, but the basic layout is 
the same. 

The do-it-yourselfer is faced with a num- 
ber of optlons when performing an engine 
overhaul. The decls~on to replace the engine 
cases, piston/cyflnder assemblies, cylinder 
heads and crankshaft depends on a number 
of factors, wlth the  number one consideration 
being the condition of the engine cases. 
Other consqdsrations are cost. access to 
machlne shop faclllties, parts avallabhity, 
tlrne required to complete the project and the 
extent of prior mechanical experience on the 
part of the do-it-yourselfer. 

Some of the rebuilding aiternatives 
Include: 

lndivldual parts - If the Fnspection pro- 
cedures reveal that the engfne cases and 

most engine components are in reusable 
condition, purchasing Individual parts may be 
the most aconomical alternative. 

The englne cases, cylinder heads, 
crankshaft and piston/conn&lng rod assern- 
blles should all be inspected carefully. Even If 
the cylinder bores show Itttle wear, they 
should be surface honed. 

Short block - A short block conslsts of 
the engine cases with a camshaft and liftem, 
crankshaft and connecting rods already 
Installed. All new bearings are ~ncorporated 
and all clearances will be correct. The extst- 
fng valve train components, piston/cylinder 
assemblles and cylinder heads and external 

parts c a n  be bolt& to the short block with Ilt- 
tle or no machine shop work necessary. 

Long block - A long block consists of a 
short block plus piston/cylinder assemblies, 
cyllnder heads. valve covers, pushrods and 
valve train components. All components are 
lnstalled with new bearlngs, seals and gas- 
kets incorporated throughout. Tfie instalfation 
of manifords and external parts Is all that's 
necessary. 

Give careful thought to which altematlva 
is best for you and dlscuss the situation wkh 
local automotive machine shops, auto pa* 
dealers and experienced rebuilders before 
ordering or purchasing replacement parts. 
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14.3b Englnb r~,, , ,~,,dnts - expbded vlew 

I Crankcase - tight half 
2 Generatorlaltemator pedestal 
3 Gasket 
4 Camsha# bearing - rear 
5 Oil pickup tube 
5 Camshaft bearing - center 
7 Camshafl bearing - front 
8 Cylinder head stud 
9 Cylinder base gasket 

10 Cylinder baml 
I 1 Cylinder head 
12 Velve cover gasket 
13 Valve cover 

14.3~ Typical crankcase components - 
exploded view 

I Sealing nut (4) 
2 Oil pump cover 
3 Oll pump cover gasket 
4 Drive shaft 
5 ONpump gear 
6 Oil pump housing 
7' Oil pump housing gasket 
8 Plug 
9 Seal 

10 Spring 
I J Plunger for oil pmssure 

mEief valve 
12 Nut(@ 
13 Seal (6) 
14 Oil drain plug 
15 S ~ a t  
16 Oil strainer cover 
17' Gasket (2) 
I8 OiE stralner 
19 Nut PI 
20 Lock wssher (3E 
2 1 OH cooler seal (2) 
22 Oil cooler 
23 Oil filEer neck cap 
24 Gland nut for breather 
25 Oil fiIEer and bmther assembly 
26 Seal 
27 Grommet 
28 Breather rubber valve 
29 Dipstick 
30 Oil pressure switch 



Chapter 2 Engine 2-17 

Cooling shrouds 
14 Engine overhaul - disassembly Qi cooler ~ sequence 

Refer to Iilurtnt~oos 14.3a. 14 3b. 74 .3~ .  
14.3d and 14.3e 

Air cleaner assembly 
Clutch and flywheel or drivephte 
Themosta f (1 963 and later) 
Generatorlalternator and fan housing 

1 It's much easier to disassemble and 
work on the engine i f  it's mounted on a 
portable engine stand. A stand can often be 
rented quite cheaply from an equlprnent 
rental yard. Before the engine IS mounted on 

Distrrbutor and drive, spark plug wires 
and spark plugs 

Fuef pump (carburet& models only) 
Fuel injection components or carburetor 
Intake manifold 
Emrssions control components Irf 

wujwed) 
Exhaust manifolds/heat exchangers and 

muffler 
Cmnkhaft pulley 

Note: When removing the external compo- 
nents from the englne, pay close attent~on to 
deta~ls that may be helpful or important dur- 
Ing installatlen. Note the ~nstalled position of 
gaskets, seals, spacers, pins, brackets, 
washers, bolts and other small items. 
4 If you're obtain~ng a short block, which 
consists of the engine cases, camshaft, 
lifters, crankshaft and connecting rods all 
assembled, then the cyl~nder heads, p~stons 
and cylinders wbll have to be removd as well. 
See Engine rebuilding alternatives for addi- 
tional information regard~ng the different pos- 
sibillties ta be considered. 
5 If you're plann~ng a compfete overhaul, 
the englne must be disassembled and the 

1 
1 

1 

internal components removed in the basic 
following order: 

a stand, the flywheel/driveplate should be 
moved from the engine. 
2 If a stand isn't avarlable, it's possible to 
disassemble the engine w~th it blocked up on 
the floor or a sturdy workbench Be extra 
careful not to tip or drop the engrne when 
working without a stand. 
3 If you're going fa obtain a rebu~lt engine. 
al l  external components (see illustrations) 

Valve covers -# 
r70cker arms and pushrods 
Entake and exhaust manifoldslheat 

exchangers 
Cooling shrouds 
Cylinder heads 
Cylrnders and pistons 
Sepamte the crankcase halves 
Oil pump 
Camshaft and valve Eifters 
Crankshaft and connecting rod assem- 

blres 
6 Before beginning the disassembly and 
overhaul procedures, make sure the following 
items are available. AFso, refer to Engine Over- 
haul - reassembly sequence for a list of tools 
and materials n@eU for engine reassembly. 

Common hand tools 
Smell csrdbDard boxes and plastic bags 

for storing parts 
Gasket scraper 
Crankshaft puNey remove1 tool 
Micrometers 
Telescoping gauges 
Dial indicator set 
Valve spring compressor 

must come off first, to be transferred to the 
replacement englne, just as they w~ll if you're 
do~ng a complete engine overhaul yourself. 1 These ~nclude: 

I Crankshaft 
2 Crankshaft gear 
3 Woodruff key 
4 Spacer 
5 Distr~butor drive 
6 Secur~ng ring 
7 Distributor drivesha f l  

Spnng 
Washer 
011 baffle washer 

Oil seal 
Key for pulley 
Crankshaft puifey 
Washer 
Bolt 
Flywheel 
Dowel 
Spacer 
Seal 
Locking washer 

Gland nut 
Seating washer 
Needle roller bearing 
CoNar 
Not used 
Connecting rod 
Not used 
Connecting rod screw 
Nut 
Bushing 

Main bearing 
Bearing ' 

Main bearing 
Beating 
Connecting rod bearing 
Pisfon 
Piston ring 
Oil ring 
Wrist pin 
Circlip 
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14.3e Camshaft and valves - exploded view 

7 Camshaft and gear 7 Shafl support bracket 12 Sealing rrng 17 011 wrper 
2 Pushrod 8 Thrust washer 73 Valve adjusting screw 78 Valve cap 
3 Tappet (lifter} 9 Wave washer 74 Locknut 7 9 Valve sprrng 
4 Pushrod tube I O Securing cltp 75 Intake valve 20 Valve sprrng seat 
5 Pushrod tube seal I1 Rockerarm 16 Exhaustvalve 2 1 Valve keeper halves 
6 Rocker shaft 

15 Flywhseltdriveplate - removal 

Refer to illustrations 75.3a, 15.36, 1 5 . 3 ~  and 
15.10 
1 After the engine ts removed, unbolt the 
pressure plate and clutch dlsc as describd 
in Chapter 8 (manual transaxle only). Be sure 
to mark the ~ l a t i v e  position d the pressure 
plate and flywheel to  preserve the original 
balance. 
2 The flywheel/driveplate is held by a 

single center bolt, whtch is also known as a 
gland nut On manual transaxle models, the 
gland nut incorporates the p~lot bearing, and 
should be replaced whenever the clutch Is 
replaced. 
3 The gland nut is very tight and special 
tools are available to prevent the crankshaft 
from turning wh~le you loosen or tighten the 
gland nut (see illustrations). If the specral 
tools are unavailable, obta~n a plece of angle 
iron to tock the flywheel, Install two of the 
clutch pressure plate bolts and put the angle 

iron across them (see illustration). Caution: 
This may bend the bolts, so don't reuse them 
4 Usrng a 36 mrn (1 7/16 ~nch) socket with 
a breaker bar, remove the gland nut and 
washer. Make a pa~nt mark on a crankshaft 
dowel and the flywheel hub next to the dowel 
so the flywheel can be re~nstalled In the same 
position. The match~ng mark on the 
crankshaft can't be made untll the 
flywheel/dnvep!ate IS oft. Remember to make 
a correspondrng mark on the crankshaft after 
the flywheslfdr~veplate 1s removed. 

15.3a A specraP riolcirng tool (arrow) is  15.3b A special tloldlng tool is also 7 5 . 3 ~  If the special took ~ s n ' t  ava~lable, 
available to prevent the flywheel avatlable for Automatic Stick use a section of angle Iron to hold the 

from turning Shift drlveplates flywheel from turning 
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I 75.10 Rywheel/driveplate components - exploded view 

7 Crankshaft 011 seal 
2 S!?~rn (3) 
3 SleeE dowel ptn (4) 
4 0-rmg 

6 Spring-type lock washer 
7 GEand nut with bearing 

8 Dnve plate 
9 Spring-type lock washer 

7 0 GEand nut without bearing 

5 Rock fhe flywheelJdr~veplate on the four remove the metal or paper gasket (if 
dowels whrch fit into hales In the end of the equip@) fitted over the four dowel pegs in 
crankshaft to loosen ~ t ,  then pull ~t straight off. the flange, noting the type used. Make the 
6 When the flywheelldr~veplate IS  off, alignment mark on the crankshaft next to the 

16.2 Cooler shroud details 

1 Fan housing 
2 Front engtne cover plate 
3 Cyl~nder cover plate 
4 Pre-heater plue sealing plate 

5 Air de f l~c tor  plate 
6 Crankshaft pulfey cover 
7 Rear sng~ne cover plate 
8 Crankshaft pulEey lower plate 

painted dowel as described above. 
7 The dowels are a precis~on fit into both 
the crankshaft and flywheelldriveplate. If any 
of these are lwse  fitt~ng there ha cons~derable 
risk of the ftywheel/drivaplate work~ng loose, 
despite the t~ghtness of the gland nut. If the 
flywhee4Jdriveplate has worked loose and 
caused the holes to become elongated, a 
new ftywheel/drivsplate and crankshaft will 
be needed. 
8 Exam~ne the starter ring gear teeth: if the 
teeth aqe signjficantly damaged, replace the 
flywheelfdriveplate. 
9 Inspect the flywheelldriveplate boss 
where the oil seal contacts. If a groove is 
worn, replace the flywheel/d~veplate. 
10 On 1966 and later models (engine num- 
ber FO 741385 and later), replace the rubber 
0- r~ng seal (see illustration) rn the fly- 
whedldnveplate. 
11 Ustng a thin screwdriver, carefully pry 
out the oll seal. Be sure to save the shims. 
12 Check crankshaft endplay before final 
flywheelldriveplate lnstallatlon (see Sec- 
tion 36). 
13 See Sections 37 and 38 for seal and fly- 
wheel/drivenlate installation. 

76 External engine components - 
removal 

Refer to illustmtfon 7 6.2 
1 Remove the alternatorlgenerator and 
fan hous~ng (see Chapter 5). 
2 Remove the front englne Cover plate 
(see Illustration). 
3 Remove the crankshaft pulley cover. 
4 Remove the preheater pipe seal~ng plate 
(if equipped). 
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5 Remove the intake manifold (see Sec- 
tion 4). 
6 Remove the muffler and cafalyttc con- 
verter, uf equipped (see Chapter 4) 
7 Remove the exhaust rnanifoldslheat 
exchangers (see Section 5). 
8 Remove the rear air deflector plate and 
the lower portion of the warm air duct. 
9 Detach the cylinder cover plates. 
10 Remove the crankshaft pulley and the 
cover plate behind the pulley (see Section 6). 
7 1 Remove the o ~ l  cooler (see Chapter 3). 
f 2 Remove the drstrrbutor and drrveshaft 
(see Chapter 5). 
13 Remove the 011 pressure relief and con- 
trol valves, as equipped (see Section 7). 
14 On carbureted models, remove the fuel 
pump {see Chapter 4). 
15 Remove the altemator/generator stand 
(except 36 horsepower models). 

are removed, the head mav be pulled off a lit- 
tle way. Note: Keep the special cylmder haad 
washers together wrth a piece of wrre for 
reassembly. 
3 Remove the pushrod tubes from 
between the head and crankcase and make 
sure the cylinders are disengaged from the 
head before pulllng the head off. When the 
head is detached, the four pushrod tubes will 
be freed with the cyllndeffi. On t965 and ear- 
lier models, remove the copper head-to- 
cylinder seals. If you are only removrng the 
heads, they will stay in position rf the 
crankshaft is not turned. If the crankshaft 
must be turned, the cylinders should be tern- 
porarfly tied to the crankcase with wlre. 

4 Pull the valve out of the head. If the 
valve binds In the gu~de (won't pull through), 
push it back Into the head and deburr the 
area around the keeper groove with a fine file 
or whetstone (see illustration). 
5 Repeat the procedure for the remaining 
valves. Remember to keep all the parts for 
each valve together so they can be rein- 
stalled in the same locat~ons. 
6 Once the valves and related cornpo- 
nents have been removed and stored in an 
organized manner, the head should be that- 
oughly cleaned and inspected. If a complete 
engine overhauE is b e ~ n g  done, finish the 
engine d~sassembly procedures before 
beg~nning the cyllnder head cleaning and 
inspactron process. 

f8  Cylinder head - disassembly 
19 Cylinder head - cleaning and 

inspection Refer to rllustrat~ons 18.2. 7 8.3 and 18.4 
Note: New and rebu~lt cyhnder heads are 
commonly available for most engines at deal- 
erships and auto parts stores. Due to the fact 
that some specralrzed tools are necessary for 
the drsassembly and rnspection procedures, 
and replacement parts may not be readily 
available, rt may be more practical and eco- 
nomica! for the home mechanic to purchase 
replacement heads rather than takrng the 
time to disassemble, mspect and recondttion 
the originals. 
7 Cyllndar head dlsassembly involves 
removal of the intake and exhaust valves and 

17 Cylinder heads - removal Refer to illustrations 19.11. 19.12. 7 9.13 and 
19.15 
I Thorough clean~ng of the cylindar 
head@) and related valve tram components, 
fallowed by a deta~led ~nspect~on, will enable 
you to dec~de how much valve servlce work 
must be done during the englne overhaul. 
Note: !f the engrne was severely overheated, 
the cyt~nder heads are probably warped (see 
Step 12). 

Refer to rilustrat~on 1 7.2 
1 Remove the valve covers, rocker arms 
and pushrods and Inspect the components 
as described in Sect~ons 2 and 3. 
2 Loosen the cylinder head nuts 114 to 1/2 
turn each only, in the sequence shown (see 
illustration). Continue releasing each nut a 
lrttle at a tlrne until they are all loose. When all 

Cleaning 
2 Scrape all traces of old gasket mater~al 
and sealing compound off the head-to-intake 
manifold and exhaust manifold sealing sur- 
faces. Be very careful not to gouge the cylm- 
der head. Special gasket removal solvents 
that soften gaskets and make removal much 
easier are available at auto parts stores. 
3 Run a strff wire brush through the vari- 
ous holes to remove deposits that may have 
formed in them. 
4 Run an appropriate site tap into each of 
the threaded holes to remove conoslon and 
thread sealant that may be present. If com- 

related components. 
2 Before the valves are removed, arrange 
to label and store them, along with the~r 
related companents, so they can be kept 
separate and re~nstalled in the sane valve 
guides they are removed from (see I l l~Str~l -  
tion). 
3 Compress the springs on the first valve 
with a spring compressor and remove the 
keepers (see illustration). Carefully release 
the valve sprlng compressor and remove the 
retainer, the spring and the spr~ng seat (lf 
used). 

17.2 Loosen the cylinder head nuts 
in this sequence 

r: LC- 

78.4 If the valve binds in the guide, debuw 
the area around the tip with a fine file 

or whetstone 

L-_  - - - 

18.3 Thrs chart will help you cleterm~ne 
the condition of the tires, the probable 

cause(s) of abnormal wear and the 
corrective action necessary 

18.2 A small plastle bag, with an 
*ropriate label, can be used to store the 

valve train components so they can be 
kept together and reinstalled In the 

original position 
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pressed alr 1s available, use rt to clear the 
holes of debns produced by this operation. 
Warning: Wear eye protectton when using 
compressed air! 
5 Clean the cylinder head with solvent and 
dry tt thoroughly Compressed alr will speed 
the drylng process and ensure that all holes 
and recessed areas are clean. Warning: 
Wear eye protectton when usrng compressed 
atri Note: Decarbonizrng chemicals are avail- 
able and may prove very useful when clean- 
Ing cylinder heads and valve tram compo- 
nents. They are very caust~c and should be 
used w ~ t h  caution. Be sure to follow the 
mstructions on the contarner 
6 Clean the rocker arms, shafts, adlust- 
ment screws, nuts and pushrods wtth solvent 
and dry them thoroughly (don't mix them up 
during the cleaning process\. Compressed air 
w~ll speed the drying process and can be 
used to clean out the oh passages. 
7 Clean all the valve springs, spring seats, 
keepers and retainers w!th solvent and dry 
them thoroughly. Do the components from 
one valve at a time to avo~d mix~ng up the 
parts. 
8 Scrape off any heavy dsposrts that may 
have formed on the valves, then use a motor- 
rzed wire brush to remove deposlts from the 
valve heads and stems. Again, make sure the 
valves don't get mixed up 

Inspection 
Note: Be sure to perform all of  the follow~ng 
~nspecbon procedures before concluding that 
machine shop work IS required Make a list of 
the items that need atteniron 

Cylinder head 
9 Inspect the  heads very carefully for 
cracks, evrdence of coolant leakage and 
other damage. If cracks are found, check 
wlth an automotive rna- 
chlne shop concerning repalr. If repalr Isn't 
possible, a replacement cylinder head should 
be obta~ned. 
10 Exam~ne the vakve seats in each of the 
cornbust~on chambers. I f  they're p~tted. 

VALVE STEM TIP 

\ INTAKE 
VALVE 

t 
MARGIN 

19.12 Check for valve wear at the 
points shown here 

cracked or burned, the head will rquire valve 
service that's beyond the scope of the home 
mechanic. 
11 Check the valve stern-to-guide clear- 
ance by measuring the lateral movement of 
the valve stem with a dial indicator attached 
securelv to the head (see illustratkan]. The 
valve must be rn the gurde and approx~mately 
1 ll6-inch off the seat. The total valve stem 
movement rndtcated by the gauge needle 
must be divtded by two to obtam the actual 
clearance. After t h ~ s  IS  done, ~f there's still 
some doubt regarding the cond~l~on of the 
valve guides they should be checked by an 
automotive machine shop [the cost should be 
m~n~mal). 

Valves 
12 Carefully inspect each valve face for 
uneven wear, deformation, cracks, p ~ t s  and 
burnod areas (see illustratian). Check the 
valve stem for scuffrng and gall~ng and the 
neck for cracks. Rotate the valve and check 
for any obvious Indicatlan that ~ t ' s  bent. Look 
for pits and excessive wear on the end of the 
stem. The presence of any of these condi- 
tions indicates the need for valve service by 
an autorno!lve machine shop. 
13 Measure the margin width on each valve 
(see illustration). Any valve with a margin 
narrower than listed in this Chapter's Specifi- 
cations will have to be replaced with a new 
one. 

Valve components 
14 Check each valve sprrng for wear (on 
the ends) and pits. The tension of all springs 
should be checked with a special fixture 
before deciding that they're su~table for use 
in a rebuilt engine (take the sprlngs to an 
automotive machine shop for this check). 
15 Stand each spring on a flat surface and 
check ~t for squareness (see illustration). If 
any of the springs are distorted or sagged, 
replace all of them w~th new parts. 
16 Check the spring retainers and keepers 
for obv~ous wear and cracks, Any quest~on- 
able parts shoutd be replaced with new ones, 
as extensive damage will occur if they fail 
during engine operation. 

7 ? 

I 
I VALVE 

r -- 9- 

I t 
I 

19.13 The margin width on each valve 
must be as specified (if no margin 
exists, the valve cannot be reused) 

19.1 5 A d ~ a l  indicator can be used to 
determine the valve stern-to-guide 
clearance - move the valve stem 

as indicated by the arrows 

Rocker arm eclmponents 
17 Check the rocker arm faces (the areas 
that contact the pushrod ends and valve 
stems) for pits. wear, galling, score marks 
and rough spots. Check the rocker arm pivot 
contact areas as well. Look for cracks In each 
rocker arm, adjuster screw and nut. 
18 Inspect the pushrod ends for scuffing 
and excessive wear. Roll each pushrod on a 
flat surface, like a piece of plate glass, to 
determine if ~ t ' s  bent. 
19 Check the rocker arm studs or bolt 
holes rn the cylinder heads for damaged 
threads andor secure installation. 
20 Any damaged or excessively worn parts 
must be replaced with new ones. 
21 If the ~nspection process Indicates that 
the valve components are in generally poor 
condition and worn beyond the lrrnits specl- 
fied, which 1s usually the case In an engtne 
that's being overhauled, reassemble the 
valves In the cylinder head and refer to Sec- 
t~on 20 for valve servicing recommendations. 

19.15 Check each valve spring 
for squareness 
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2 t . h  Install the stem seal ring over 
the valve stern 

20 Valves - servicing 

1 Because of the complex nature of the 
lob and the special to& and equipment 
needed, servic~ng of the valves, the valve 
seats and the valve guides, commonly known 
as a valve lob, should be done by a profes- 
s~onal. 
2 The home mechanic can remove and 
disassemble the head, do the initial cleantng 
and Inspect~on, then reassemble and del~ver 
I? to a dealer service department or an auto- 
motive machine shop for the actual servlce 
work. Qo~ng the inspection will enable you to 
see what condition the head and valvetrain 
components are in and will ensure that you 
know what work and new parts are required 
when deal~ng wlth an automotive machine 
shop. 
3 The dealer service department, or auto- 
motive rnachrne shop, will remove the valves 
and sprtngs, reconditron or replace the vatves 
and valve seats, recond~t~on the valve gu~des, 
check and replace the valve springs, spring 
retatners and keepers (as necessary), replace 
the valve seals w~ th  new ones, reassemble 
the valve components and make sure the 
installed sprrng hekght 1s correct. The cylinder 
head gasket surface wfll also be resurfaced if 
rt's warped. 
4 Af!er the valve job has been performed 
by a professional, the head w~l l  be in like-new 
condrtion. When the head is returned, be sure 
to clean it again before installatlan on the 
engrne to remove any metal part~cies and 
abrasive grit that may st111 be present from 
the valve service or head resurfacrng opera- 
!Ions, Use compressed arr. ~f available, to 
blow out all fhe o ~ l  holes and passages. 

21 Cylinder head - reassembly 

Refer to iilustratrons ma, 21.4b and 1.5 b 1 Regardlessofwri~?therornott ..head 
was sent to an automotive repair sllop for 
valve servicing, make sure It's clean before 
bqinn~ng reassembly. 
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2 If the head was sent out for valve servic- 
ing, the valves and related components wlll 
already be In place. 
3 Beginning at one end of the head, lubn- 
cate and ~nstall the first valve. Apply moly- 
base grease or clean englne o ~ l  to the  valve 
stem. 
4 Drop the spring seat or shim(s), if 
equipped, over the valve guide and set the 
valve spring and retamer In place. On 1966 
and later models, Install the stem seal rlngs 
(see illustrations). 
5 Compress the springs w~ th  a valve 
spring compressor and carefully install the 
keepers In the upper groove, then slowly 
release the compressor and make sure the 
keepers seal properly. Apply a small dab of 
grease to each keeper to hold it in p l a c ~  if 
necessary (see illustration), 
6 Repeal the procedure for the rernalnlng 
valves. Be sure to return the components to 
their orrg~nal locations - don't rnlx them up! 
Note: 1965 and earlier models don't use a 
stem seal ring 

22 Cylinders, pistons and rings - 
removal and inspection 

Refer to  nus st rations 22. la. 22.16. 22.2a, 
22.26, 22.2c, 22.3, 22.6a, 22.66, 22.10, 
22.71, 22.12a, 22.12b and 22.12~ 
1 The cylnden may be removed after the 
cylinder heads are off, slrnply by sliding them 
over the p~stons (see illustration). Be sure 
that each one IS marked so you know which 
number cyl~nder it came from and which way 
faces toward the flywheel. A good way is  to 
temporar~ty paint the number and an arrow 
polntrng toward the flywheel end on the 
crown before removal (see illustration). After 
the plstans are removed, scratch the num- 
bers In the tops before cleaning them. Cau- 
tion: If the crankshaft is turned after remowng 
the cylmder, the piston skrrts can be dam- 
aged by hitting the crankcase. 
2 To remove the pistons, remove the  cir- 
cllp from one stde of the ptston boss and 

27.4b Vafve assembly cross- 
section 

1 Spnng retainer 
2 Valve spnng 
3 Valve keeper 
4 Stem seal ring 
5 Valve 
6 Valve guide 
7 Valve seat insert 
8 Cylfnder head 

21.5 Apply a small dab of grease to each 
keeper as shown here before installation - 
it'll hold Zhem in place on the valve stem 

as the spring is released 

push out the wrist pin (see illustrations). Do 
not use great force to drive out the wnst pin it 
~t 's stuck - you may bend a connecting rod. If 
it binds, warm the ptston w~th  an electr~c ha~r 
dryer. It is only necessary to push out the prn 
far enough to enable the piston te be 
released from the connecting rod. After the 
piston is removed, carefully clean the top of 
the crown and look for ~dentlfy~ng marks 
which lnd~cate the diameter and the flywheel 
end [see illustration). 
3 The p~ston rrngs may be removed from 
the prstons by carefully spreading the ends of 
each rlng and then sllpptng ~f over the top of 
the piston (see illustration). New piston rrngs 
should be installed whenever the engine IS 

d~sassembled. 
4 Before the inspection process can be 
carried out, the plstons and cyl~nders must 
be cleaned. 
5 Scrape all traces of carbon from the top 
of the piston. A hand held wire brush or a 
piece of f~ne emery cloth can be used once 
the majority of the deposits have been 
scraped away. Caution: Do not use a wire 
brush mounted m a dnll to remove deposits 
from the pistons The piston material is son 
and may be emded away by the wtre bmsh. 
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22.lb Mark the pistons and cylinders with a number to lnd~cate 
which cylinder position they came from and an arrow 

toward the flywheel 

I 
2 2 . 1 ~  The cylinder? arc pulled off aver the pistons and slippecl 

over the studs - be sure the plstons are marked as shown 

22.28 Remove the c~rcllp from one side of the piston. . . 22.2b . . . and push the wrlst pin out from the other side 

22.242 Piston crown markings 

A Index letter of piston part 

A 
number 

:/-D B /inow that must point 
toward Rywhee! 

C Paint spot indicating 
matching cylinder size 

%- A€ (bius. P ~ C ,  green, 
D Werght grading (+ or -J 
E Paint spot indrcating 

weight grading (brown for 

c-,, - - weight, gray for + weight) 
F Piston size In mrn 

22.3 Expand the rings wllh a special tool 
and slip them over :'ne plston 
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22.8a The piston ring grooves can be 
cleaned with a special tool, as 

shown here . . . 
6 Use a piston ring groove clean~ng tool to 
remove carbon deposits from the ring 
grooves. If a toot lsnY avaatlable, a piece 
broken off t h e  old ring wlll do the lob (see 
illustrations). Be very careful to remove only 
the carbon deposits - don't remove any metal 
and do not nick or scratch the s~dss of the 
nng grooves. 
7 Once the deposits have been removed, 
dean the plstons and rods wlth solvent and 
dry them wrth compressed air, if available. 
Make sure the oil return holes in the back 
sides of the nng grooves are clear. Warnlng: 
Wear eye protectjon. 
8 Carefully inspect each prston for cracks 
ar~und the skrrt, at the pln bosses and at the 
ring lands, 
9 Look for scoring and scuffing on the 
thrust faces of the skirt, hoks In the plston 
crown and burned areas at the edge of the 
crown. If the sk~rt is scored or scuffed, the 
snglne may have been suffering from over- 
heatrng and/or abnormal combustion, which 
caused excess~vely high operating tempera- 
tures. The coaling and lubrication systems 
should be checked thoroughly. A hole in the 
piston crown is an rndicat~on that abnormal 
combustton (pre-ignition) was occurring. 
Burned areas at the edge of the piston crown 
are usually evidence of spark kntxk (detona- 
tion). If any of the above problems exist, the 
causes must be corrected or the damage will 
occur again The causes may ~nclude ~ntake 

- - 
27.7 2n Use a bore gauge to check 

1 
cylinder wear 

22.6b . . . or a section of a broken ring 

air leaks, incorrecf fuel/arr mixture, Incorrect 
ignition timing and EGR system malfunctions. 
110 Measure the piston rlng side clearance 
by laylng a new p~ston rlng in each rlng 
groove and slipp~ng a feeler gauge In beside 
it [see Illustration). Check the clearance at 
three or four locations araund each groove. 
Be sure to use the correct ring for each 
groove - they are different. If the side clear- 
ance IS greater than the figure llsted in thls 
Chapter's Specif~cations, new pistons will 
have to be used. 
11 Check the p~ston-to-bore clearance by 
measuring the bore and the piston diameter. 
Make sure the pistons and bores are cor- 
rectly matched. Measure the piston across 
the skirt, at a 90-degree angle to and in Itne 
with the plston pin {see illustration). Do this 
for each plston and record the results. 
12 Measure the cylinder bores with an 
InsFde micrometer or bore gauge across the 
bore of the cylinder at right angles to the axis 
of the wr~st pln (see illustrations). Usa the 
largest measurement obtained. Subtract the 
plston diameter from the bore diameter to 
abta~n the clearance. If ~ t ' s  greater than that 
listed in t h ~ s  Chapter's Spec~fications, the 
cylinders will have to be rebored or replaced 
and new pistons and rings ~nstalled. 
13 If the p~stons and cylinder walls aren't 
damaged or worn excessively, and i f  the 
cylinders don't need to be rebored, new pis- 
tons won't be necessary. New piston rings. 
however, should always be used when an 

22.12b The gauge is then measured with 
a micrometer to determine the bore size 

22.10 Check the ring side clearance wkh 
a feeler gauge at several points around 

the groove 

22.11 Measure the piston diameter at a 
90-degree angle to the piston pin and in 

line with it 

engine is rebu~lt. 
14 Fastory replacement pistons are avaii- 
able in two different welght groups, ldent~fied 
by a "+" or "-"  marked on the crown of the 

22.12~ -Measure the diameter of each 
cylinder at a rEght angle ta the engine 
centerline (A), and parallel to engine 
centerline (B) - out-of-round Is the 

difference between A and B; taper is the 
difference between A and 6 at the tap of 
the cylinder and A and 8 at the bottom of 

the cylinder 
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23.1 13 Care?s~liy remove the Woodruw key 

them now before they get lost. 
10 Three of the four maln bearings may be 
removed as soon as the crankshaft IS taken 
from the crankcase. Number 1 IS a circular 
flanged bearing which is slipped ofi the fly- 
wheel end. Number 2 is the split beating and 
number 4 is a namw crrcular bearlng w h ~ h  
can be drawn off the crankshaft pulley end. 
Number 3 howwer, is held by the hel~cal gear 
which drives the camshaft. In front of this gear 
Is a spacer and the dtstribufor driveshaft worm 
gear. an oil sllnger d~sc and Wocdruff key. 
1 1 To remove the number 3 main bearing, 
tap the Woodruff key out of the shaft (see 
illustration) and keep ~t safe. Take off the o ~ l  
slinger disc and remove the circl~p (see illus- 
tration). 
q2 Mark the rods w~th  a sharp punch (see 
illustration) to  indicate the cyl~nder it goes 
to. Note that each rod also has a number 
(see illustration) Keep them together w~ th  
the numbers on the cap and rod adjacent. 
13 The two gears are a tlght, keyed fit onto 
the shaft and the only way to get them off is 
by using a puller which grips completely 
behind the hellcab gear (see illustration) so 
that both the gears and the spacer can be 
drawn off together. If you have dlfflcufty in fit- 
ting the  puller In the small gap between the 
bear~ng and gear, do not try to pull off the 
gear by grlpplng only agalnst the gear teeth. 
You may etther chip them or break them off. 
If necessary. take the crankshaft to a dealer 
service department, an automotive machine 

23.73 Use n puller to remoue the gears 

1 - - I 

23.1 1 b Remove the circlip 

shop or other repair shop. 
14 When you start applying pressure, if 
considerable force IS needed, clamp the legs 
of the puller to prevent them spreading and 
possibly flying off, Some pullers have a clamp 
incorporated for such a purpose. Caution: 
Do not try to hammer the gears of. 
15 With the two gears removed, the bear- 
ing can be slrpped off the shaft. 
16 Refer to Section 25 for crankshaft 
lnspectlon procedures. 

23.V2a Mark the cyrinder number on the 
rods with a sharp punch - two dots 

for number two cylinder, etc. 

Reefer to ~ll~stratiuns 24.2 and 24.4 
1 After the crankcase IS separated, the 
valve lifters should be checked In their bores 
in the crankcase and no not~ceabfe side-play 
should be apparent. The faces of the valve 
lifters which contact the camshaft lobes 
should alsa have a smooth, shiny surface. If 
thev show signs of pitting or wear they 
should be! replaced. 
2 Examrne t h e  lobes of the camshaft for 
any indications of flat spots, pitting or wear 
(see illustration). 
3 Inspect the camshaft bearing journals 
and the bearing surfaces in the crankcase the 
same way as those of the crankshaft. Note: 
The camshaft bearings on 1966 and later 
models are replaceable. 
4 Measure the diameter of the camshaft 

24 Camshaft and valve liften - 
inspection 

23.12r) Thr: rods have numbers SL- - - 
this on them - be sure they are 

kept together 

bearing journals w~th a micrometer (see Illus- 
tration) and record the results Subtract this 
measurement from the bearlng inslde d~ame- 
ter llsted in thrs Chapter's Spec~flcat~ons to 
determine the bearing clearance. Do this for 
each bearrng. 
5 The gear wh~ch 1s rrveted to the end of 
the camshaft must be tight and the teeth 
should be examined for any signs of break- 
age or excessive wear. Replace as neces- 
sary. Note: The camshaft drtven gear IS avatl- 
able m several prtch diameters to allow back- 
lash adjustment. Always replace the drive 
gear whenever the dnven gear rs replaced. 

24.2 Look for wear on the lobes at 24.4 Check the diameter of each camshaft 
these points (amow) bearing journal to pinpoint excessive wear 

and out-of-round conditions 
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27 Connecting rods - inspection 

?7.3 and 2; 
jection prc 

Refer to illustmtions : '5 
1 Before the l n s ~  rcess can be 
carried out, clean the connectrng rods wtth 
solvent and dry them w~th compressed air, tf 
available. Warning: Wear eye protectfon. 
2 Check  the connecting rods, bolts and 
nuts for cracks and arher damage. On 1965 
and earlier models, discard the old bolts. On 
1966 and later models (engine number 
F0151421 - on!, do not remove the bolts from 
the rods tor ~nspect~on; ~f these bolts are 
defective, repbce the rod. Temporarily remove 
the rod caps. I~ft out the old bear~ng inserts, 
wipe the rod and cap bearing surfaces clean 
and rnspect them for nicks, gouges and 
scratches. Affer checking the rods, temporarily 
reinstall the old bearings, slip the caps into 
place and trghten the nuts finger tight. Cau- 
tion: On 7971 andeadrermodels, the connect- 
mng rod nuts could be staked h place with a 
hammer and chrsei. I f  the nuts were staked in 
place, da not reuse them. Note: M fhs engine is 
berng reburll because of a connecting rod 
knock, be sure to instal! new rods. 
3 Temporarily install the pistons and wrist 
pins onto their respective connecting rods 
without the c~rcltps. Check the piston-to-rod 
clearance by twrsting the piston and rod in 
opposite directions [see illustration). Any 
noticeable play rndicates excesslue wear, 
which must be corrected. The plstons and 
connect~ng rods should be taken to an auto- 
mottve machine shop to havs them resized 
and new bushings rnstalled. Have the Con- 
nect~ng rods checked for bend and tw~st at 
the same time. 
4 Factory replacement connecting rods are 
available In two different weight groups, tdenti- 
fied by pa~nted color code markmgs. Black or 
gray Indicates heavler and whrte or brown 1nd1- 
cates l~ghter we~ght by up to 10 grams. Con- 
nectlng rods should be matched within ten 
grams to retain balance. For best results, have 
an automotive rnachrne shop magnaflux and 
balance the moving parts of the englne. 
5 Measure connecting rod endplay [see 
illustration) and compare the results to the 
d~mensions tlsted In this Chapter's Specifica- 
tions. 

28 Cylinder honing 

Refer to illustrations 28.2a and 28.2b 
1 If the origlnal cylfnders are being rein- 
staled on the engme, the cylinder bores must 
be honed so the new piston rings will seat 
correctly and provide the best possible corn- 
bustion chamber seal. Note: If you don't have 
the tools or don't want to tackle the honing 
operatton, most automotive rnach~ne shops 
w~ll do rt far a reasonable fee. 
2 Two t ypes  of cyllnder hones ar om- 
manly avaliablc - the flex hone or %his 
brush" type and t h e  more tradit~onal suriac- 
ing hone w~th spr~ng-loaded stones. Both will 
do the job. but far the less experienced 

mechanrc the "bottle brush" hone wlll pmba- 
bly be easler to use You'll also need some 
kerosene or hon~ng 011, rags and an electric 
drill mDtar. Proceed as fotlows: 

a) Mount the hone in the driN motor. com- 
press the stones and slip it rnto the first 
cylinder. Be sure to wear safety goggles 
or a face shield! 

b) Lubrrcate the cylinder with plenty o f  
honing oil, turn on the drtll and move the 
hone up-and-down In the cyltnder at a 
pace that will produce a hne crosshatch 
pattern on the cyErnder ~811s. Ideally, the 
crosshatch hnes should intersect at 
approximately a 60-degree angle (see 
Illustrations). Be sure to use plenty of 
lubricant and don't take off any more 
mafenal than rs absolutely necessary to 
produce the desrred Imrsh. Note: Plston 
ring manufacturers may spedfy a 
smaller crosshatch angle than the tradr- 
fronal 60-degrees - read and follow any 
mstructtons ~nctuded wrth the new nngs. 

c) Oon'f wrthdraw The hone from the cylm- 
der while it's running. Instead, shut off the 
drill and conttnue movtng the hone up- 
and-down m the cyl~nder until rt comes to 
a complete stop, then compress the 
stones and wrthdraw the hone If you're 
ustng a "bottle brush" type hone, stop the 
dnll motor, then turn the chuck h the nor- 
mal direction of rotation while wrfhdmw- 
ing the hone from the cyltnder. 

d) Wtpe The otl out of the cylinder and 
repeat the procedure for the remaining 
cyl~nden. 

3 The cylinders must be washed again 
very thoroughly w~ th  warm, soapy water to 
remove all traces of the abrasive grit pro- 
duced dur~ng the honrng operation. Note: 
The bores can be considered clean when a 
Bnt-free whlte cloth dampened with clean 
engrne 011 used to wipe them out doesn't prck 
up any more honing restdue, which wtil show 
up as gray areas on the cloth. 
4 After rrnsing, dry the cylinders and apply 
a coat of l~ght rust preventive oil to all 
machlned surfaces. Wrap the cylinders In 
plast~c to keep them clean and set them 
aside unt~l reassembly. 

28.2a If this is  the first time you've ever 
honed cylinders, you'll get better results 
with a "bottle brush" hone than you will 

wkth a traditional spring-loaded hone 

I_-  - - 
27.3 Hold the piston and connecting rod 

and try to detect play 

- - 

29 Engine bearings - inspection 

Refer to i!lustration 29 1 

1 Even though the maln and connecting 
rcd bearings (and camshaft bearings on 1966 
and later models) should be replaced with 
new ones during the englne overhaul, the old 
bearings should be retarned for close examl- 
nation, as they may rsveal valuable Informa- 
tion about the condlt~on of the englne (see 
illustration). 

27.5 Measure connecting rod endplay 
with a feeler gauge 

28.2b The cylinder hone should leave a 
smooth, crosshatch pattern with the lines 

intersecting at approximately a 
60-degree angle 
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2 Bearlng failure occurs because of lack nents after reconditioning, especially when 
of lubrtcation, the presence of dtrt or other parts are not thoroughly cleaned using t h e  
foreign particles, overloading the engine and proper cleaning methods. Whatever the 
corrosion. Regardless of the cause of bear~ng source, these fore~gn oblects often end up 
failure, it must be corrected befow the englne embedded in the soft bearing material and 
IS reassembled to prevent It from happening are easily recognized. Large particles will not 
agaln. embed in the bearing and wlll score or gouge 
3 When examin~ng the bearlngs, remove the Gearing and journal. The best prevention 
them from the crankcase, the crankshaft, the for this cause of bearing falture 1s to clean all 
connecting rods ard the rod caps and lay parts thoroughly and keep everjthlng spot- 
them out on a cleari surface In the same gen- lessly clean during engine assembly. Fre- 
era! position as their location In the engine. quent and regular engtne oil changes and ftl- 
Thrs w!ll enable you to match any bearing ter sewlclng are also r e c o m w d d .  
problems wrth the corresponding crankshaft 5 Lack of lubrication (or lubrication break- 
or camshaft journal. down) has a number of interrelated causes. 
4 Dirt and other fore~gn partcles get into Excessive heat (whrch thrns the oll), overload- 
the engine in a varlety of ways. it may be left Ing (which squeezes the obl from the bearing 
in the engine during assembly, or it may pass face) and oil leakage or throw off (from 
thmugh fllters or the PCV system. It may get excesslve bearing clearances, worn oil pump 
into the 011, and from there Into the bearlngs. or high engine speeds) all contrrbute to lubti- 
Metal chips from machlning operations and cation breakdown, 
normal engine wear are often present. Abra- Blocked 011 passages, which usually are the 
slves are sometimes left in englne cornpo- result of misaligned oil holes In a bearing 

\ I /  

I, CQATERS OR POCKETS \ / 
BRIGHT (POLISHED) 

SECTIONS 
I 

FATIGUE FAILURE IMPROPER SEATING 

SCRATCHES 

~ 1 6 i  IMBEDOEU 
INTO REARING MATERIAL 

SCRATCHED BY DIRT 

I 
U V L R U Y  GONc 

FROM ENTlRE SURFACE 

EXCESSIVE WEAR 

---- 

At" -3 

a bearing s 
arion is th, 

shell, w~l l  also oil starve hnd destroy 
it. When lack of lubr~c e cause of 
bearing failure, the beanna mater~al IS wiped 
or extruded from the steel backlng of the 
bearing. Temperatures may Increase to the 
point where the metat backing turns blue 
from overheating. 
6 Driving habits can have a defin~te effect 
on bearlng Itfe. Full throttle, low speed opera- 
tion (luggmg the engine) puts very hrgh loads 
on bearings, whlch tends to squeeze out the 
oil film. These loads cause the bearings to 
flex, which prcduces fine cracks In the bear- 
ing face (fatigue failure). Eventually the bear- 
Ing rnater~al will loosen in pieces and tear 
away from the steel backing. Short trip drlv- 
ing leads to corrosion of bear~ngs because 
insuffic~ent engine heat 1s produced to drlve 
off the condensed water and corrosbve 
gases. These products collect In the engine 
oil, forming acid and sludge. As the oil ts car- 
ried to the engine bearings, the acid attacks 
and corrodes the bearing material. 
7 Incorrect bearing Installation durrng 
engine assembly will lead to bearing failure 
as well. T~ght fitting bearlngs leave insuffi- 
c~ent bearing 011 clearance and wrll result in oil 
starvation. Dirt or foreign part~cles trapped 
behind a bearing insert result In high spots on 
the bearing which tead to failure 

Refer to Nlustrations 30. la, 30. I b, 30.2, 30.3, 
30.4, 30.5, 30.6, 30.7, 30.Band30.9 
1 With the crankshaft thorouuhly clean 

r 1 1 and the oil passages blown ou< lubr~cale 
OVERLAY number 3 journal with clean englns oil or 

WIPED OUT assembly lube. Number 3 main bearing IS one 

LACK OF OIL 29.1 Typlcal 
of the two large one-piwe clrcvlar bearings 
and does not have a flange on it (sea illustra- 

bearing failures tion). Install this bearing with the small offset 
dowet hole toward the flywheel end of the 
crankshaft (see illustratlon). 

I + 
I +  RADIUS RIDE 1 

TAPERED JOURNAL 

30.l a Crankshaft 
components - 
exploded view 

I Crankshaft 
2 Woodmfkey 
3 Oil slinger 
4 Marn bearrng No. 4 
5 Ctrclrp 
6 D~stnbutor dnve gear 
7 Spacer 

4 5 6 7 A 9 2 10 

8 Crankshaft gear 12 Connecting rod (4) 
g Main bearing No. 3' 13 Connecting rod 

10 Woodruff key bearing shell (8) 
1 7  Nut for connecttng rod 14 Piston pin bushing (4) 

bolt (8) 13 12 1 1  14 1 
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30.2 Install the cnv~shart rirlv? gear with 30.3 Slip ' l l c l  -,p:>c~r #n place 
the chamfer faclng the flywheel end 

30.11, C~~f?rrcate the jotlrnai ani! s l ~ p  the 
bearing into place w ~ t h  the onset hole 

toward the flywheel end 

2 Next, install the camshaft drive gear. 
Before putting it on, examlne the surfaces of 
the crankshait and key and the bore of the 
gear. If there are signs of slight sconng from 
gear removal, clean !t up w~th a very fine file. 
Th~s will avoid a tendency to bind on installa- 
tion. The gear keyway should be aligned with 
the key in the shaft and the chamfered edge of 
the gear bore must face the flywheel end (see 
4IFustration). Heat the gear to 176-degrees F. 
The gear may be drmcuR to start on the shaft, 
so keep it square and make sure that the key- 
way IS precrsely lined up. Press rt on w~th firm, 
evenly spaced strikes, uslng a mallet against a 
plpe slipped over the shaft. Keep it square, 
particularly at the start. and, drive ~t on until 
fully sealed. The crankshaft should be 
clamped between padded vlse jaws for this 

30.4 Carefuiry gurde the distributor drive 50.5 Install the c ~ ~ c l ~ r ,  In lf1e groove nexl 
gear onto the crankshaft to the distr~butor drwe gear 

operation. Warning: Wear Rick gloves to pm- 
tect your hands from the hot gear. 
3 Next, rnstall the spacer rlng (see illus- 
tration), 
4 Install the distribcrtor drive gear. It can 
be Installed either way, and the gear should 
be carefully moved up to the spacer w~thout 
damaglng the teeth (see illustration). Heat 
the gear to t 76-degrees F. Press ~t on with 
f~m. evenly spaced str~kes, uslng a mallet 
against a pipe slipped over the shaft. Wam- 

ing: Wear fhick gloves ta protect your hands 
from the hot gear. 
5 Fit the reta~n~ng cirdip and make sure it 
fits snugly in ~ t s  groove (see illustration). If it 
will not go in the groove, then one of the 
gears has not been fully seated onta the 
crankshaft. 
6 Lubr~cate and install the number four 
main bearing over the end journal, once again 
rnak~ng sure that the offset dowel hole 1s 
towards the  flywheel end of the c r a n w f t  

(see illustration). Do not confuse the dowel 
hole w~th the c~rcular groove machined In the 
outs~de of th~s bearlng. 
7 Next, install the oil slinger with the con- 
cave face out (see illustration). 
8 Gently tap  the Woodruff key into the 
keyway (see illustration). 
9 Lubr~cate the flanged thrust bearing with 
clean englne otl or assembly lube and install 
w~th the oftset hole toward the flywheel {see 
illustration). 
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30.6 install the nurnl>cr foul ?~carrnq with 30.7 Place the all slinger on the 30.F Gently l aa  the Woodruff key into 
the onset hole toward the flywk~eel end crankshaft with the concave face out the keyway 
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31.2 The beartng tang must engage 31.3 Lay the Plastigage str~ps on each rod 
the notch (arrows) bearing journal, parallel to the 

crankshaft centerline 

30.9 Luhrlcatr anf ~rirtnl l  the flanqed 
thrust rnaln bearing on the flywheel 
end of the crankshaft with the offset 

hole toward the flywheel 

31 Connecting rods - installation 

Refer to illustmtions 31.2, 31.3, 31.4, 31.5, 
31.7and 37.9 
S Posltlon the crankshaft an a dean work- 
bench with the flywheel end away from you. 
2 Wipe the bear~ng surfaces of the con- 
nectlng rods perfectly clean and install the 
bearings with the tangs engaglng In the cor- 
responding notches in the rods. Install the 
other halves of the bearings to the cap In the 
same fash~on (see illustration). 
3 The  connecting rod bearing 011 clear- 
ance must be checked before the rod is per- 
manently bolted ~nto  place. Cut a piece of the 
appropriate slze Plastigage slightly shorter 
than the wldth of the connectmg rod bearing 
and lay tt in place, parallel to the w ~ t h  the 
journal axis [see illustration). 
4 Temporarily Install the connect~ng rods 
onto their respective journals on the  
crankshaft (see illustration) wlthoul lubnca- 
Zlon. Place the rod cap wnth the numbers on 
the cap and rod next to each other. Install the 
nutslbolts and tighten them to the torque 
lrsted In thls Chapter's Spec~ficat~ons, work- 
ing up to rt 4n three steps. Use a thin wall 
socket to avord erroneous torque readlngs 
that can result tf the socket becomes wedged 
between the rod cap and nut. Do each rod, 
beginning at one end of the crankshaft and 
working toward the other end. Caution: Do 
not mfate the crankshaft or rod at any trms 
during this operairon. 
5 Remove the rod cap, being very careful 
not to disturb the Plaat~gage. Compare the 
width of the crushed Plastigage to the scale 
prEnted on the Plastlgage envelope to obtain 
the oil cteawnce (see illustration). Compare 
it to the clearance listed in this Chapter's 
Specificatrons to make sure the clearance is 

- _I 
31.4 llnstall the connecllng rods 31.5 Measuring the wldth of the crushed 

onto the crankshaft Plastigage to determine the rod bearing 
oil clearance (be sure to use the correct 

of a credit card. scale - standard and metric ones 

7 Apply oil or assembly lube to the are included) 
crankshaft journals and slip the connecting 
rods back into place on the crankshaft. cylinder. There is a forging mark on each rod 
Arrange the connecting rods on the on the opposite slde which faces up (see 
crankshaft with numbers 1 and 2 on the fight, illush?ltion). The first throw on the crankshaft 
number 1 nearest the flywheel end, and num- from the flywheel end IS number 3. Match the 

ber 3 and 4 on the left with number 3 nearest two numbers on the shoulders of the con- 
the flywheel end. The numbers on each con- necting rods and caps. Install the cap and 

nectrng rod and cap must face down tor each nuts finger tight. 

I .  .I 'T , ' j  , . 
51.7 Assembly the connMing rods 
on the crankshaft with the forglng 

marks (arrows) up 

correct. If the clearance IS not as specifled, 
the bearing inserts may be the wrong sire 

(which means other ones w~ll be rwuired). 
6 Carefully scrape all traces of the Plastl- 
gage material off the rod journals and the 
bearing face. Be very careful not to scratch 
the bearlog - use your f~ngerna~l or the edge 
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32.1 Cheek the oil pump suction tube for 
security at these points (arrows) 

37.9 Liphlly taa the shoulders of each rod 
with a soft-face hammer to  seat 

the bearings 

32.5a Align the hole rn ttw hcar~ng 
with the dowel 

8 Tlghten the connecting rod nutslbo4ts to 
the torque listed in this Chapter's Spec~fica- 
tions. Again, work up to the torque In three 
steps. 
9 When the cap bolts are fully tightened, 
lrghtly tap the shoulders of each rod wlth a 
mallet to relieve any tension between the 
mating sufiaces of the cap and the rod (see 
illustration). Also, peen the ridge of each nut 
into the notch In the connecting rod, using a 
hammer and a small punch. The connmtlng 
rods should be able to rotate around the jour- 
nals under their own we~ght. There should be 
no tght or loose spots. 
10 The crankshaft and connecting rod 
assembly is now ready for installation In the 
crankcase. 

pump suction tube (see illustration) must be 
tightly installed: ~f ~t 's loose it must be peened 
in position as necessarj. 
2 Place the left half of the crankcase on 
the bench with the flywheel side away from 
you and leanrng over so that it rests on the 
cylfnder head studs (or tilt the head of the 
engine stand so the cylinder head studs af 
the left half of the crankcase are pointrng 
down). 
3 Apply assembly lube to the four valve 
lifters for the left half of the crankcase and 
place them in their bores. The grease wfll 
hold them in place dur~ng assembly. If new 
valve lifters are being ~nstalled, push the valve 
lifters all the way In. If any of the lifters jam In 
the crankcase, have an automotive machine 
shop clearance the bores. 
4 If not done already, fit the flanged num- 
ber 1 bear~ng on the flywheel end of the 
crankshaft. Make sure the offset dowel hole 
goes toward the flywheel end. The bearlng 
surfaces of the journal should be well lubri- 
cated with clean oil or assembly lube but 
keep the outside surfaces of the bearing 
clean and dry. 
5 Place one half ikf the number 2 maEn 
bearing In the crankcase, engaging the dowel 
in the Role {see illustration). On 1966 and 

I 

i 1 4 - 
32.5b The camshaft thrust hearing (WI 

flanges) fits in the crankcase at the er 
opposite from the flywheel 

- - 1  

ith 
ld 

later models, Install new camshaft bearings 
{see Illustration). Lubricate the beartngs with 
clean 011 or assembly lube. 
6 Place the crankshaft assembly Into 
posttron in the left hand crankcase half. The 
three dowel holes In the circular crankshaft 
bearings must be llned up so that they wrll 
align w~ th  the dowels in the crankcase and 
number 3 and 4 connectlng r@s must pass 
through the opmlngs (see illustratian). Do 

Refer to iilustrations 32.1, 32.5a. 32.5b, 32.6, 
32.7a. 32.7b, 32.7c, 32.10, 32.77, 32.16and 
32.7 7 
1 Both crankcase halves must be per- 

' fectly clean, ins~de and out. All traces of 
sealant must be removed from the mating 

' . faces, the base of the studs, and the  cham- 
fers In the stud hole mating faces. The oil 

32.6 Hold the  crankshaft like this and slip the numberthree and 
four connectlng rods through the crankcase openings 

32.7~1 Position the connectrntl rocis as shown here 
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32,7b The marks on the teeth must mesh like this 32.7~ Check the endplay of the camshaft with a dlal indicator 

not force anyth~ng into place. Once the 
crankshaft IS In place, rotate the  circular 
bearlngs a Ilttle unt~l you can feel the dowels 
engage. There wrll be a click and the 
crankshaft will drop slightly. Be sure the oil 
slinger dlsc f~ ts  in the o ~ l  sl~nger recess in the 
castlng. Once all the bearlngs are aligned, the 
crankshaft should drop into place. 
7 Positlon the number one and two con- 
necting rods up (see illustration). Turn tho 
crankshaft carefully until the two marked teeth 
are vls~ble at the edge of the crankcase. Coat 
the lobes and ~ournals of the camshaft w~ th  
assembly lube, Install the camshaft Into the 
crankcase bear~ngs; mesh the single tooth on 
the camshaft gear between the two marks on 
the drlve gear (see illustration). Engage the 
teeth and roll the carnshaff around, in mesh 
still, Into its bearlng location. Then turn the 
gears again to check that the timbng marks 
are still correctly aligned. Check the camshaft 
endplay (see illustration) and gear backlash 
and compare the results ta th~s  Chapter's 
Specifications. Note: Camshaft gears are 
awa~lable ~n vanolrs p~tch radrt, they are mark- 
ed "- I ,  + 1, +2, etc. to denote the srze. 

8 Now apply assembly lube t o t  remain- & ing four valve Hfters and place the1 Into the 
right-hand half of the crankcase. If they are 
the original lifters, install them In the same 
positions they w m  or~gtnally in. 
9 Flt the other half of number 2 bearlng 
into the right half of the crankcase locating it 
over its dowel correctly. 
10 Apply a thin coat of sealant (VW Hylo- 
mar, or equivalent) to the mating surfaces of 
the crankcase halves (see illustration). Make 
sure the two surfaces are coated completely, 
but thinly and evenly. Take care to cover 
around the base of the studs. Do not lat any 
sealant get into oil passages or other places 
where it may cause problems. 
11 Coat the circular camshaft sealing plug 
with sealant and place it In posit~on In its 
groove In the left-hand half at the flywheel 
end of the camshaft (see illustration). Note: 
On manual transaxle models, the open end 
faces in, on Automatic Stick Shift models, 
reverse the plug. 
12 Install new sealing rings on 1967 and 
later models (beginning with engine number 
H0398525) over the six larger crankcase 

studs (Mi2 x 1.5). 
13 Place the r-ight-hand half of the 
crankcase over the studs of the left and care- 
fully sltde I? down untbl it just touches the 
crankshaft bearings. 
14 Push the two halves together, tapping 
lightly with a soft face mallet ~f necessarj. 
Use no force - none should be necessary. 
15 Now stop and check: 

a) Are all the connecting rods protnrding 
from their proper holes? Cap boitslnuts 
tight? 

b) Are all four bearings, Iwo gears and off 
slinger disc installed on the crankshaft? 

c) Are all erght valve lifters m position? 
d) Are the bming marks meshed properly? 
e) Is the camshaft sealing plug installed 

properly? 
16 lnstall the oil pump housing in the 
crankcase with a new gasket. Start all the nuts 
on the crankcase studs finger tight. On f 967 
and earlier models (from englne number 
H0230323 to H0398525), the center studs are 
sealed with specla! sealing nuts; the nuts are 
instatled wlth the plast~c rlng inward, w~th  no 

32.10 Apply sealant to the mating surfaces of the crankcase 32.1 1 Install the clrcular camshaft plug 
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32.16 T~ghZen t h ~ s  nut (arrow) first 32.17 Tighten the crankcases nuts/holts wit41 B torque wrench 

washers. Turn the crankshaft just Za make sure 
that everything moves freely. It IS ~rnportant to 
tlghten down the stud nuts evenly and In the 
correct order. Tighten the small nut near the 
lower large stud near n u m b  1 main baring 
{see iflustration) to 14 ft-lbs in two steps. 
17 Tighten the six large nuts (M12) to the 
torque listed In this Chapter's Specifications 
(see illusbatton). Note: Tighten sealing nuts, 
if  equipped, to 1B ft-lbs. 
18 Tighten the remaining smaller nuts/bolts 
(M8) to the torque llsted in th~s Chapter9 
Specifications. 
19 Now rotate the crankshaft - it should 
revolve smoothly without any binding. If there 
Is stiffness, loosen all the crankcase nuts. If tt 
then turns freely. separate the crankcase 
again. Then check that all the beanngs have 
been properly located on their dowel pegs 
and that the split bearings of the camshaft 
are seated properly. Any pressure spots on 
bearings will be visible. The cause is normally 
due to dirt or burrs behind them. particularly 

. on the corners of the bearing bores and mat- 
ing face edges. These can be chamfered 
lightly it necessary. Do not conttnue untiC you 

have found the reason for any binding. Start 
again from the beginning if necessary. 

33 Pistons and rings - reassembly 
- - 

Refer to illustrations 33.4. 33.5, 33.9, 33.1 I 
and 33.16 
1 Before installing the new prston rings, the 
ring end gaps must be checked. It's assumed 
that the prston ring side clearance has been 
checked and verified correct (see Section 22). 
Note: The pistonlcylinder diameter grades 
must be matched with the prston rings. Con- 
sult your dealer parts department or auto parts 
store for specific sizing mfumatjon. 
2 Lay out the piston/connecting rod 
assemblies and the new rlng sets so the ring 
sets will be matched with the same piston 
and cylinder during the end gap measure- 
ment and englne assembly. 
3 Insert the top (number one) ring into the 
first cylin er and square it up with the cylin- 
der walls 0 y pushing it m w~th the top of the 
plston. The ring should be near the bottom of 
the cytlnder, at the lower limit of ring travel. 

4 To measure the end gap, slip feeler 
gauges between the ends of the rlng unt~l a 
gauge equal to the gap width is found (see 
illustration). The feeler gauge should slide 
between the ring ends w~th a slight amount of 
drag. Compare the measurement to thls 
Chapter's Spec~fications. If the gap is larger 
or smaller than spec~fled, double-check lo 
make sure you have the correct rings before 
proceeding. 
5 If the gap is too small, it must be 
enlarged or the nng ends may come In con- 
tact with each other during engine operation, 
which can cause serious damage to the 
englne. The end gap can be rncreased by fiE- 
ing the ring ends very carefully with a flne file. 
Mount the file In a vise equipped with soft 
jaws, slip the rrng over the file with the ends 
contacting the f~le face and slowly move the 
ring to remove material from the ends. When 
performing this operation, file only from the 
outs~de In (see illustration). 
6 Excess end gap 15n't critlcal unless It's 
greater than O.04Q-rnch. Again, double-check 
to make sure you have the correct rlngs for 
your engine, 

33.4 Insert each ring rnto the cylinder and measure the end gap 33.5 If the end gap is too small, clamp a f ~ l e  In a vise and f 
with a feeler gauge ring ends (from the outside in only) to enlarge the 

gap slightly 

ile tl!e 
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I 33.11 Piston ring side view 

( a) 
Upper compression "og 

b) Lower compression ring 
33.9 Installing the spacerlexpander in the oil control ring gmove c) OiE scraper r~ng 

7 Repeat the procedure for each rlng that 
will be installed In the first cyl~ndsr and for 
each ring in the remain~ng cyltnders. Rernem- 
bet to keep rings, pistons and cylinders 
matched up 
8 Once the ring end gaps have deen 
ch~ckedlcorrected, the rings can be installed 
on the pistons. 
9 The oil control rlng (lowest one on the 
piston) IS usually Installed ftrst It's usually 
composed of two or three separate compo- 
nents. Sl~p the expander Into the groove (see 
illustration). Then ~nstall the  011 scraper 
r~ng(s). 
10 After the oil ring components have been 
installed, check to make sure they can be 
turned smoothly in the ring groove. 
11 The number two (lower cornpresston) 
ring is Installed next. Most rings w~ l l  be 
marked "oben" or "top" which denotes which 
way they go. The lower of the two IS Installed 
first (see illustration). Note: Afways follow 
the rnstructions prjnted on the rlng package 
or box - dlfferent manufacturers may require 
different approaches. Do not mix up the fop 
and mtddle rmgs, as they have different 
cross-secttons (profiles). 

12 Use a plston rlng installation tool and 
make sure the identification mark is faclng 
the top of the piston, then slip the ring into 
the rnrddle groove on the piston. Don't 
expand the rtng any more than necessary to 
slide it aver the phston. 
13 Install the number one (top) ring the 
same manner. Make sure the mark 1s faclng 
up. Be careful not to confuse the number one 
and number two rtngs. 
14 Repeat the procedure for the remalning 
pistons and rings. 
15 Remove one clrcbip from each prston - if 
not already done - and push out the wnst pEn 
to permit the end of the connecting rod to be 
pesitloned. If tha pins are too tight to push 
out, do not force them. Warm up the pistons 
with an electric ha~r dyer. 
16 If new pistons are being installed, they 
can go on any connecting rod. The side of 
the plston marked on the crown with an 
arrow goes towards the flywheel end of the 
engine. Lubricate the pin with oil and then 
push the it back into place (sea illustra- 
tion) and replace the circlip, Make sure that 
you use only the clrcl~ps supplied w~ th  
the plstons. Do not use the old circlrps. 

Caution: When the crankshaff IS rotated. the 
skr t  of the piston can htt the crankcase at 
bottom dead center (BDC) unless rf 1s gu~ded 
into the cylinder opening. 

34 Cylinders - installation 

Refer to ~Ilustretions 34.2, 34.4, 34.6, 34.7 
and 34.11 
1 The cylinders should go back in thetr 
original locations, unless new pistons andtor 
cylinders are being installed or they have 
been rebored. 
2 Before installing the cylinders, you may 
wish to lightly grlnd them into the  seats in the 
cylrnder head. This can be done uslng fine 
valve lapping paste. Make sure that all traces 
of paste are flushed away afterwards. Light 
grinding in this way helps to ensure a gas- 
t~ght seal. Make sure that the matinq faces at 
top and bottom of the cylinders are perfectly 
clean and free of old gasket rnaterlal Select 
the new thin, cylrnder base gaskets from the 
set and put them In pos~tion on the cylinder 
base, held by sealant (see illustration). 

33.+6 The wrist pin should go in with thumb pressure 34.2 Put a new gasket on t!lc I : ; a ~ r  c' -.. r wlinder 
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ompresso 34.4 Tighten the  ring c he rings 34.6 Slip the cyl~nc!er over the piston 

3 Stagger the piston ring gaps around the 
upper 180-degrees of each p~ston with the 
gap in the oil control nng facing the top of the 
engine, 
4 The rings must be compressed into the 
piston grooves in order to  get the cylinder 
over them. Use a special take-apart type ring 
compressor. because once the cylinder is on 
it wlll not be posstble to lift it off over the top 
of the piston. Coat the piston wtth oil and f ~ t  
the rlng compressor clamp around the rings. 
Tighten ~t so that all three rings are com- 
pressed (see Illustration). Take care to see 
that no ring sl~ps out from under the clamp: 
this can easily happen, particularly when first 
tightening up the compressor. 
5 Tlghten the compressor unttl the rings 
are flush w~th the piston but do not tighten it 
so much that the clamp grrps the plston 
t~ghtly. Otherwise, It wlll be difficult to slide 
the clamp down the piston. 
6 W~th the lower cylinder gasket in place, 
slip the cylinder over the piston crown (see 
illustration), narrow end first with the hn flats 
faclng the adjacent cylinder position and wlth 

the four studs aligned In the passages in the 
fins. 
7 Press the base of the cyl~nder against 
the piston ring compressor and tap it down 
with a wooden block or soft face hammer 
(see illustration) If the compressor does not 
move, loosen it slightly and try again. If a ring 
does escape, It will be necessarj ta start 
again. If you break a nng you will probably 
have to buy a set of three for that piston. 
B Once all rings are inslde the cylinder, 
removs the compressor. 
9 Move the barrel down and locate it into 
the crankcase. It will not be a tight frt. Make 
sure that the gasket is not dislodged. 
10 Rotate the crankshaft as each cylinder is 
in talled. When this IS done, the cylinders 
m~ % t be tied down with wire to keep them 
from moving. 
11 Install the air deflector plates (see Hlus- 
tration). It is a sprang fit to the two center 
studs. Make sure it rs t~ght - the flanges may 
be bent out a little to increase the tension, rf 
necessary. Note that these deflectors are on 
the lower side near the pushrod tubes. They 

follow the contour of the cooling fens when 
Installed, so make sure they are positioned 
properly. They cannot be installed after 
putting the cylinder heads and tubes in 
ooslt~on. 

35 Cylinders heads - installation 

Refer to illustrations 35.1. 35.2, 35.3. 35.4. 
35.7a and 35. i'b 
1 First check the pushrod tubes for darn- 
age and rust. They have compressible ends: 
stretch these out a llttle by pulling them so 
that the d~stance between the outer ends of 
the pleated sectlens is no less than &men- 
sion "A" (see illustration) - 7 7/64 inches on 
1965 and earlier engines and 7 1/2 inches on 
1966 and later englnes. When stretching the 
tubes, pull stra~ght to avoid any possibillty of 
crack~ng them. 
2 Install a new seal over each end so they 
will not leak (see illustration). Note: On 
some eariy f 200 cc models, copper/asbestos 
sealing nngs were used between the head 

34.3 Carefully tap the cylinder Into place 34.1 1 Install the air deflector plates between the cylinders on the 
underside (engine mounted on stand and turned upside-down for 

ease of installation) 
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35.1 Measura 
dimension "A" ko 

determined wshrod 
tube length 

and cytinder. I f  the engtne was originally 
equipped with them, install new ones. 
3 Install the head onto the head studs just 
far enough to be secure. Then place the four 
pushrod tubes Into position (see illustration) 
and hold them loosely In posit~on by putting 
the pushrods back through them. 
4 Move the head further Into position SO 

that the tube ends locate in their respective 
seats at both ends (see illustration). Make 
sure that the pushrod seais seat securely. 
The seams In the tubes should face the cylin- 
ders. 
5 The cyllnder head studs should not be 
touching any of the cyllnder barrel fins, so if 
necessary, turn the barrels a little to achieve 
fils, A prece of postcard placed behlnd each 
stud w~ll make a gap 
6 Replace the stud washers and nuts and 
tighten them I~ghtly and evenly by hand 
7 Tighten the nuts in two stages, In the 

correct sequence (see illustrations), to the 
torque lrsted in this Chapter's Spaciflcations. 
8 Repeat the operat~on for the other head. 
9 Install the rocker arms and pushrods 
(see Sect~on 3) and adjust the valves as 
descr~ bed in Chapter 7 .  

36 Crankshaft endplay - check and 
adjustment 

Refer to illustrations 36.2 and 36.5 
1 Crankshaft endplay is governd by shtms 
installed between the flywheel/drlvgplate 
flange and the crankshaft thrust bearing. 
2 Three sh~rns (see illustration) are 
always used to  make up the required total 
thickness; They are available in f~ve thick- 
nesses 0.0095 in (0.24 mm), 0.01 18 in (0.30 
rnrn), 0.0126 In (0.32 mrn), 0.0134 in (0.34 

- .  - I 
35.2 Install new seals on the ends of the 

pushrod tubes 

mm) and 0.0142 In (0.36 mm). Install two 
shims to start w~th, then calculate the thick- . 
ness of the third. Measure used shims with a 
micrometer - new ones have their slzs etched 
in them. 
3 Replace the O-ring seal in the flywheef 
flange recess (if equipped) and then place the 
f l y m e !  in position on the crankshaft. 
4 Ttghten the gland nut to at least 75 R-fbs 
In order to accuratety read crankshaft end- 
play. 

35.3 Position the pushrod tubes between the head and crankcase 35.4 Push the head on until the pt~shrod tubes are sealed 

35.7a Following this sequence, tighten 35.7P Final cylinder head tightening 
the cylinder head nuts to the initial torque sequence 

listed in this Chapter's Specifications 36.2 Three shims are used to set 
crankshaft endplay 
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36.5 Mount a dial indicator to the crankcase to  measure 
crankshaft endplay 

37.2 Lightly chamfer the outer edge of the opening to avoid 
damaging the seal - be sure to remove any chips 

5 Mount a dial indicator to the crankcase 
[see Illustration). 
6 Move the crankshaft in, zero the dlal 
Indicator and move the flywheel out. Read 
the dial indicator ta determine endplay. Cal- 
culate the thickness of the third shlm by sub- 
tra~ting 0.1 0 rnm (0.004 inch) from the mea- 
sured endplay. Any three shims wlll do, pro- 
vided they add up In total thickness to the 
sum of the two In posaion and the calculated 
third. 
7 Once the correct shlms have been 
selected, remove the flywheel, lightly oil the 
shkrns and install them. 
8 Rwheck the  crankshaft endplay and 
compare the results to that Fisted in this 
Chapter's Specifications. Caution: Endplay ' 
cnbcal on these engines - incorrect endpig 
can cause severe damage. 

37 Crankshaft oil seal - replacement 

Refer to illustrations 3 7.2, 37.4a, 3 7.4b and 
3 7 . 4 ~  
1 Thecrankshaftoilsearmustbereplaced 
before the flywheel is tnstalled. Do not install 
the flywheel or seal until the crankshaft end- 
play has been chmked (see Section 36). 
2 L~ghtly chamfer the outer edge of the 
seal openlng (see Illustration) to avo~d dam- 
aging the seal - be sure to remove any chips. 
3 Be sure the endplay shims are posi- 
tioned over the crankshaft flange (see Sec- 
tion 36) and make sure they are perfectly 
clean and lightly oiled. 
4 Coat the outer edge of the new oil seat 
with sealant and place ~t squarely in posttlon 
into the crankcase with the sprlng side of the 
seal factng inwards. Press It into place using 
a block of wood and a hammer or a special 
tool (see illustrations). 

bk-. +-  
37.4a Pos~tton the seal squarely In the 

seal bore.. . 9 Temporarily remove the flywheel and 
install the oil seal as described in Section 37. 

37.4h . . . and press it  Into place with a hammer 
and a block of wood. .  . 

3 7 . 4 ~  . . . or a special seal driver 



'driveplate - installation 

Refw to illustrations 38.2 and 38.3 
i Before flywheelldr~veplate Installation, 
check and adjust the crankshaft endplay and 
lightly oil the lips of the seal (see the two pre- 
ced~ng Sect~ons). 
7 The four dowels should all be In the 
crankshaft flange (see Illustration). Be sure 
the paper or metal gasket or O-ring is in 
place between the crankshaft and flywheel 
cree Section 15). Note: Begrnning with engine 
number F0741385 (1967 models), a rubber 
0-rmg rs used rnstead of the gasket. 
3 Guide the flywheelldriveplate over the 
dowels (see IIlustration) with the balance 
marks (see Section 15) aligned. Once the fly- 
wheel is posjtioned on the dowels, tnstall the 
oland nut and washer by hand. 
1 Hold the flywheel/driveplate from tum- 
Ing as descrtbed In Sect~on 15. Then very 
carefully tighten the bolt to draw the flywheel 
on, Tighten the gland nut to the torque listed 
In this Chapter's Specifications 
5 On manual transaxle models, apply 
about one gram of h~gh temperature grease 
to the p~lot bearing located In The gland nut. 
Then refer to Chapter 8 and ~nstall the clutch 
assembly. 

39 External engine components - 
reassembly 

All external components must be installed on 
the rebuilt or replacement englne, In the 
oppos~te order of removal. These Include: 

Crankshaft pulley 
hhaust manifoldslheat exchangers and 

muffler 
Ernrssrons control cornpanenis (if 

equtp~ed) 
Fuel rnlectron components or carburetor 
Intake manifold 
Fuel pump (carbureted models only) 
011 cooler 
Coolrng shrouds 
Distributor and drrve, spark plug wires 

and spark plugs 
Generatorlaltemator and fan housrng 
Thermostat (1963 and later) 
Clutch and flywheel or driveplate 
Alr cleaner assembly 
Refer to the appropriate Sections and 

Chapters for detalled tnstaflatlon instructions. 

Engine - installation 

On manual transaxle models, make sure 
I I I ~  clutch frict~on d~sc has been centered 
w~th an alignment tool. Apply a light coating 
of moly-base grease to the splines of the 
transaxle input shaft and the face of t h e  
clutch release bearrng. 
2 On Automat~c Stick Shift models, detach 
the Temporary torque converter retamer 
3 Clean the belihousrng-to-eng~ns flanges. 

Chapter 2 Engine - 

38.2 Insert the dowels, if they 
were removed 

4 Block the front wheels to prevent the 
vehicle from rolling Ra~se the rear of the 
vehicle and support it securely on jackstands. 
P&on the jackstands under the torsion 
arms, just forward of the rear wheels. 
5 Position the engine underneath the vehi- 
cle and ralse ~t into place in the reverse arder 
of removal (see Sect~on 12). Caution: Do not 
force the engrne into posibon with the floor 
jack: the clutch or transaxle may be damaged. 
I f  somethrng hangs up, check and comcr the 
problem before p r o c d m g .  
6 Ensure that the accelerator cable and 
wirlng harness are positioned where they wtll 
not get trapped or k~nked. 
7 Push the engine forward so that the 
lower rnaunt~ng studs engage In the  holes 
and the  crankcase moves right up to the 
transaxle. Reach between the englne and 
firewall and feed the accelerator cable though 
the guide tube In the fan housing. It may be 
necessary to wiggle the engine a little, or turn 
the crankshaft sl~ghtly, to seat it. Once the 
englne is slid up agalnst the transaxle, install 
the rnountlng nuts/bolts and trghten them 
each a l~ttle at  a tlme untll they are all ttght- 
ened sxurely. Caution: Any att8mpt to draw 
the engrne Into posit~on with the mounting 
bolts/nuts when there is a considerable gap 
may crack the crankcase or transaxle. 
8 When the englne is ~nstalled, reconnect 
all of the components that ware discan- 
nected durFng engine removal, in the reverse 
order (see Sect~on 12). 
9 Adjust the accsleratot cable (see adjust- 
ment detalls in Chapter 4). On manual 
transaxle models, adjust the clutch pedal free 
play and on Automatic St~ck Shift models, 
install the torque converter bolts and tlghten 
them to the torque llsted In th~s Chapter's 
Speciticaiions. 
10 Install the rear cover assembly. The 
edge of the plate should fit neatly in the  rub- 
ber beading around the edge of the engEne 
compartment. 
11 Reconnect the battery. 
12 F~ l l  the engine with the recommended 
grade and quantity of oil, and transaxle lubri- 
cant, on Automatic Stick Shift models (see 
Chapter t ). 
7 3 Set ignition tlming (see Chapter 1). 

38.3 Guide the flywheetJdriveplate 
onto the dowels 

41 Initial start-up and break-in after 
overhaul 

WarnEng: Have a fire extinguisher handy 
when starting the engine for the first time. 
1 Once the engine has been rnstalled tn 
the veh~cle, double-check the engine oil level. 
2 W ~ t h  the spark plugs out of the engine 
and the ignition system d~sabled (see section 
81, crank the engine until the oil pressure light 
goes out. 
3 Install the spark plugs. connect the plug 
wires and restore the ign~tion system func- 
tions (see Sectron 8). 
4 Start the enqlne. It may take a few 
moments for the fuel system 'to build up pres- 
sure, but the englne should start without a 
great deal of effort. N o k  IF backfiring occurs 
through the carburetor or throttle valve hous- 
ing, recheck the veEve clearance, pot& gep 
and ignition tirnhng. 
5 After the engine starts. it should be 
allowed to warm up to nana l  operating tem- 
perature. While the engine is warming up, 
make a thorough check for fuel and oll leaks. 
6 Shut the englne off and recheck the 
engbne oil level, On Automatic Stick Shift 
models, check the fluid level. 
7 Dr~ve the vehicle to an area with rninl- 
mum traffic, accelerate at full throttle from 30 
to 50 rnph, then allow the vehicle to slow to 
30 rnph with the throttle closed. Repeat the 
procedure 10 or 12 times. This will load the 
piston rrngs and cause them to seat properly 
against the cyltnder walls. Check again for oil 
and fuel leaks. 
8 Drive the vehicle gently for the Rrst 500 
miles (no sustained high speeds) and keep a 
constant check an the o ~ l  levet. It is not 
unusual for an engine to use 011 during the 
break-in period. 
9 At approxlmately 500 to 600 miles, 
change the oil (see Chapter 1). 
10 For the next few hundred miles, drive 
the veh~cle normally. Do not pamper it or 
abuse It. 
11 After 2000 miles, change the oll and fit- 
ter agaln and consider the engine broken In. 
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Cooling and heating systems 
Contents 

Sdmn Section 
........................................................................ mtrof nng - check and adjustment (1 964 and General information 1 

earlier models) ..................................................................... 2 Heater control cables - removal and Installation .......................... 7 
Blower unlt - removal and ~nstallation ...................................... 6 Heat exchangers - removal and installation ................................... 8 
Drivebelt check, adjustment and replacement ................. !3eo Chapter 1 Oil cooler - removal and installat~on ............................................... 5 
Eng~ne cooling fan and hous~ng - removal and installation ........... 4 Thermostat - check and replacement (1 965 and later models) ..... 3 

Specifications 

Torque specifications 
Engine cooling fan-to-shaft nut ............................................................... 40 ft-lbs 
Oll cooler mounting nuts ......................................................................... 60 in-[bs 

7 General infomation 

The engrne cooling system conslsts of a 
cool~ng fan, a thermostat and an oil cooler. 
The o ~ l  cooler is a multi-tube heat exchanger 
mounted on the crankcase, tnside the fan 
housing. Air from the cooling fan is ducted 
past it. 

The cooling fan is mounted on the front 
of the generator/alternator shaft, inside the 

fan housing. On 1964 and earlter models, an 
alr control ring restricts air flow over the 
engine during warmup. 

On 1965 and later models, engine cool- 
ing is regulated by a bellows type thermostat 
which is mounted under the right-hand pair of 
cyl~nders. The thermostat operates two linked 
control flaps in the fan housing. When the 
engrne is cold the thermostat restricts the cir- 
culation of air over the engine. When the rnin- 
imum operating temperature is reached, the 

thermostat begins to open, allowing air to 
flow freely over the engine cooltng fins. 

The heating system works by dlrectlng air 
over the engine cooling fins on 1962 and ear- 
lief models, or over fins on the heat exchang- 
ws on 1963 and later models. The heated air is 
routed into the interior of the vehicle by a sys- 
tem of ducts. Temperature is controlled by 
cable operated flaps at the heat exchanger 
outlets. Super Beetles also have an electric 
motor driven blower for ventilation. 

2 Air control ring - check and 
adjustment (1964 and earlier 

I models) 

Refer to illustrations 2.3a and 2.3b 
1 Drive the vehicle for about ten minutes 
to allow the engine to warm up. 
2 Shut the englne off and open the rear 
hood. 
3 Check the gap between the atr control 
nng and the fan housing whlls the engine rs 

. 1 nut (see illustration) and move the air contml 
- -- _ - -- - "p 1 rinq until the correct gap is set. Tighten the 

stili warm. The gap at the top should be at 
least 314 inch (20 mm). If not, loosen the lock- 

/ -= 

2.3a Loosen the locknut to adjust the air 2.3b The rubber pad (arrow) should just locknut and recheck the gap measurement. 
controf ring gap - ttk locatecf between tough the fan shroud when the engine is Note: When the engine is cold the air control 

the fan housing and the firewall cold - be sure the mounting bolts are rrng should be all the way m aga~nsf the fan 
tight (engine removed for clarity) shroud (see illustration). 
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3.3 The thermostat can be checked with a 
thermometer and a ruler or vernier caliper 

a = 1 13/16 inches minimum at 749 to 
158-degrees F 

(1 965 an! 

3.4 Remove the thermostat bolt and the 
mounting bracket nut (arrows) 

In: 
8 

- tht 
br; 

3 Thermostat - check and 
replacement 1 
later modek) 

Refer to ilfustrations 3.). 6 4. J 5 and 3. J 
1 Raise the rear of the vehicle and support 
It securely on jackstands. 
2 Working under the engine, remove the 
sheet metal cover between the rrght (passen- 
ger") slde heat exchanger and the engine 
case. 
3 With the engine cold, the thermostat 
bellows should be fully contracted. When the 
engrne IS warm, the bellows should be 
expanded (see Illustration). 
4 Unbolt the thermostat from the mount- 
ing bracket and remove the bracket rnount~ng 
nut from the englne case {see illustration). 
5 Unscrew the thermostat from the con- 
trol rod (see ilrustration). Grasp the rod and 
move it up and down. The linkage and control 
flaps should operate freely w~thout binding 
and return to the closed posltlon because of 
the return spring located on the firewall side 
of the fan housing. 
6 Screw the thermostat onto the linkage 
rod and tighten rt securely. 
7 Slrp the mounting bracket over the 

thermostat and gulde the bracket over the 
stud on the englne case. [see illustration) 

itall the mountrng nut loosely. 
Move the thermostat bracket until the 

zrmostat touches the top of the mounting 
acket. Tighten the bracket nut securely. 

9 Install the thermostat-to-bracket bolt 
and t~ghten ~t securely. 
10 Reinstall the cover and bolts. Remove 
the jackstands and lower the vehicle. 

4 Engine cooling fan and housing - 
removal and installation 

Refer to illustrations 4.70, 4.13, 4.14, 4.15 
and4.16 

1 Disconnect the negative cable from the 
battery. 
2 Remove the drbvebelt (see Chapter 1). 
3 Remove the rear hood (see Chapter 11). 
4 Remove the carburetor or air rntake sen- 
sor (see Chapter 4). 
5 Remove the heater hoses and various 
emissions/breather hoses of equipped) that 
connect to the fan hous~ng. 
6 Label and then disconnect the wiring 

3.5 Unscrew the themostat from the 
control rod - it may be necessary to 

hold the rod with locking pliers 

from the oil pressure sending un~t, the lgnitlon 
coil, back-up lights (1967 and later) and the 
voltage regulator (6 volt models) or the gener- 
atorlaltemator (1 2 volt models) 
7 Reach around to the flrewall side of the 
engine and pull the accelerator cable out 
through the tube In the fan hous~ng. 
8 Label the spark plug wlres and remove 
them with the  dtstr~butor cap (see Chapter 1). 
9 Unbolt the generatorlalternator retaining 
strap. 
I0 Remove the rnountlng screws on the 
sides (see illustration) and rear of the fan 
housing. On 1971 and later models, detach 
the small shroud at the front (f~rewall s~de) of 
the oil cooler. 
11 On 1964 and earlier models, release the 
air control ring sprlng, then unbolt the ring 
and lift it out of the engine compartment (see 
Section 2, ~t necessary). 
12 On 1965 and later models, remove the 
thermostat (see Sect~on 3). 
13 Carefully llff the fan hous~ng stra~ght up. 
If the oil cooler rntederes w~th removal, tem- 
porarily support the fan houslng w~ th  woad 
blocks, then unbolt and remove the oil cooler 
(see Section 5). Caution: Take care to avotd 
bending the thermostat lrnkage rod (see 
Iklustration). 

1- 

I 
-- 1- 

3.7 Sl~p  the rnountinq bracket 4.10 Remove the mounting screws from 4.13 Carefully gu~de the ' h r r ~ r o  
~ n t o  position the sides and rear of the fan housing linkage rod through the openlr 

in the cool~ng fins (1965-011) 

I 

4 

"\ ". 
I L 

* 

-- - 
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4.14 Typical fan housing. components - exploded New 

I Pulley securing bolt 1 7 Outer fan cover 33 Cooling air regulator, 
2 Dished washer 18 Rernforcement flange left 
3 Crankshaftpulley 19 Inner fan cover 34 Coolmg ajr regulator, 
4 Pulley nut 20 Lockwasher nght 3 
5 Washer 27 Nut 35 Regulator connecting 
6 Pulley - rear half 22 Fan hub rod 
7 Spacer washer 23 Shim 36 Washer 
8 V-belt 24 Fan 37 Screw 
9 Pulley - front half 25 Lockwasher 38 Lockwasher 

10 Woodruff key 26 Specral nut 39 Washer 
I1 Generator 27 Fan housing 40 Connecttng rod 
72 Nut 28 Washer 41 Thenostat bracket 
13 Generator Strap 29 Screw 42 Thermostat 
14 Bolt 30 Return spnng 43 Lockwasher 
15 Bolt 31 Spnng 44 Bolt 
16 Lockwasher 32 Washer 

14 If you rntend to remove the fan from the 
generatorJaltemator shaft, reinstall the pulley 
and mounting nut. To keep the shaft from 
turning wh~le you loosen the fan nut (see 
iilustration], wrap an old dnveklt amund the 1 kd puiley and clamp i t  In a vnse. Using a 36 rnm 
I1 7/76 n i  socket and breaker bar, remove /I ii .. 
sh~rns and washers for reassembly. Note: If - cross section 
you are unable to get the nut loose, take the 
fan hous~ng assembly to a reparr shop or I Spacer washers 
dealer for removal wrth an arr impact tool. 2 Fan hub 
15 Check the air control flaps (1965 and 3 WoodMkey 
later models) for blndlng and damage bee 4-15 Move the linkage back and forth 

4 Retalnmgnut 
illustration). to check for bin'ding - lubricate 5 Generator shaft 

all moving parts 6 Lockwasher (dtshed) 
h~talfation 7 Fan 
16 lnstallat~on is the reverse of removal. sure the distance between the fan and fan Fan inner 

Tighten the fan-to-generator/alternator shaft cover (see Illustration). The recommended Reinforcement 
nut to the torque lhsted In t h ~ s  Chapter's clearance IS 0.08 Inch (2 0 mm). If the clear- Fan cover outer 

Spec~f~cations. Usrng a feeler gauge, mea- ance IS rncorrect, adjust it by varying the  a = 2 m m  (.080in) 
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der the th 
s betweel 

tL- 2 - -  

number of shims un 
Store unused shim 

rust washer. I 
the thrust I r l +  I L I ! 

washer and nut. TU~II 111e I ~ I I  by hand to 
check for bindlng. 
t 7 Install the fan housing. Be sure to adjust 
the alr control rlnq or thermostat as 
described rn Section 2 or 3 and the dnvebelt 
(see Chapter 1). I 

5 Oil cooler - removal and 
installation 

1 'Refer to illustrations 5.3, 5.5, 5.6, 5.9a and , - . - 1 1 
I - I L-- -- I 

5.3 On 1970 and earher models, use a 5.5 Remove the adapter from the snglne 
curved wrench to remove the (1971 and Inter models) 

1 Disconnect the negative cable from the 
battery. 
2 Unbolt the fan housing and lift it as high 
as poss~ble (see Section 4). Place wood 
blocks under the ends to hold it in this 
position. 

1970 and earlier models 
3 Remove the three nuts holding the oil 
cooler to the englne (see illustration). 
4 Stlp the cooler off the mauntlng studs 
and lift it out of the fan housing. Note the type 
of seals used and replace them with new 
ones of the same type. 

1971 and later models 

mounting nuts 
~t as a pull handle. 
3 Working under the front hood, remove 
the upper port~on of the luggage compart- 
ment lrnw (see illustration) 
4 Detach the alr ducts from the fresh air 
b o x .  
5 Detach the bottom support of the fresh 
air box from the vehicle body and disconnect 
the drain hose from the unders~de. 
6 Remove the three mount~ng screws 
from the front upper edge of the fresh alr box. 
7 LIR the fresh atr control box away from 
the dash enough to reach beh~nd ~ t .  then d~s- 
connect the wlres from the back of the fan 
switch. 

metal ch~ps, replace the cooler. 
9 Install new seals (see Illustrations) 
between the oll cooler and englne (1 970 and 
earl~er models) or between the englne case 
and adapter and o ~ l  cooler and adapter (1 971 
and later models). 
10 Install the mounting nuts and tlghten 
them to the torque listed In this Chapter's 
Specif~cat~ons. Be sure to tighten them 
evenly so the cooier seats properly. 
1 1  Install the fan housing, run the engtne 
and check for 011 leaks. 

5 Remove the nuts holding the oll cooler 6 Blower unit - removal and 8 Detach the two mounting screws from 
adapter to the engine case (see illustration). installation the control bracket te the tnstrumenl panel. 
6 Remove the air shroud bracket lsee Remove the fresh a ~ r  control box and control 
illustration). Note: All 7977 and later Super Beetles and bracket and cab'es from the vehicle as an 

Installation [all models) Convertibles and all models 7973 and later the cab'es for 'Orrect 

are equfpped with a two-speed fresh arr ven- reassembly. 

7 If the cooler appears to be leaking, it hfatron fan powered by an electric motor. 9 Sl~p the fresh alr hoses and ducts down 

should be pressure tested by a Volkswagen and out of the Instrument panel 

dealer or radiator shop. If the cooler is leak~ng, 1971 and 1972 Super Beetles 10 Push the fresh alr vents up out of the 

the oil pressure rellef valve should also be and Convertibles' 
dash. 

checked because excessrve pressure may 11 Dlsassemble the fresh alr box (see illus- 

have caused the cooler failure (see chapter 2). Refer f0 t l l~~trat;ons 6.3, 6.17, 6.72a and tratlon) and I ~ f t  out the fan assembly. 

8 If the fins of the cooler are clogged. 6.72b 12 Separate the fan duct by rernovlng the 

soak it n solvent and then blow through the 1 D~sconnect the negative cable from the cllps Remove the four nuts and llft the 

passages with compressed air at about 30 battery. rnotor/fan assembly out of the duct (see 
p.1. Warning: Wear eye protect,on, f f  the 2 Remove the control knobs. If necessav, illustrations). 
passages are clogged with sludge or contain loop a strong cord around the knob and use 13 Installation IS the reverse of removal 

5.6 Rer?~ovc the bracket (1071 and 5.4a Some engines have flat seals.. . 5.9h . and otI>ers l > a v ~  stepped seals 
later models) 
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1973 and later models 
I4 Disconnect the negative cable from the 
oattey. I 15 Remove the ir panel (see 
Chapter 12). 

the 16 Label and disco1 rrrtnq on the 
upper luggage blower unh. 
compartment 17 Carefully remove the clips that hold the 

liner blower hous~nq toqethet. Remove the blower 
motor from the bl&r hous~ng. 
18 Installation 1s the reverse of removal. 

6.1 1 Fresh air box - exploded view 

jstrurnent 

nnect the v 

7 Heater control cables - removal 
and installation 

h f e r  to iflustrations 7.4, 7.5, 7.7, 7. Sa, 7.8b 
and 7-10 

Removal 
1 The heater control cables are connected 
together near the control knob or lever. tf any 
part of the cable is broken, the whole assem- 
bly must be replaced. 

6.12a Remove the clips (arrows) and separate the housing 

I Weatherst* 8 Front of fan duct 
2 Nut (8) 9 Fresh air fan with motor 
3 Washero 10 Rear of fan duct 
4 Rubber mounting (4) 7 1 Sealing flap 6.$2b Blower unit - exploded view 

5 Fresh air flap (2) 12 Wiring harness grommet 1 Front of fan duct 4 Rear of fan duct 
6 Upper fresh air box 13 Nut with washer (4) 2 Clip 5 Washer 
7 Clip (10) 14 Lower fresh air box 3 Fan wlth motor 6 Nut 
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1- - 

I i Loosen tlrc bolt from the cramping sleeve (arrow) 7.5 P~rrl the czbte seals out of the guide tubes 

2 Block the front wheels to prevent the 
vehicle from rolling. Ra~se the rear of the 
vehicfe and support ~t securely on jackstands. 
3 Locate the heater control cables where 
thev come out of the floor pan on both sides 
of !he transaxle. Follow the cables back to 
the heat exchanger (1963 and later models) 
or heat control flap (1962 and earlier models). 
4 Hold the clamping sleeve with locking 
pliers and loosen the clamp bolt (see illus- 
tration). Slhp the cable out and remove the 

clamping sleeve from the control lever. 
5 Remove the cable seals from the gu~de 
tubes (see il!uslration). 
6 Remove the right (passenger's) s~de 
front seat (see Chapter 11). 
7 On 1962 and earlier models, unscrew 
the threaded collar below the heater control 
knob and pull the knob and cable out of the 
tube (see illustration). 
8 On 1963 and later models, remove the 
handbrake rubber boot [see illustration). 
Remove the nut from the  r~ght (passenger's) 
s~de heater controt lever and Ilft off the fever 
and frlction d~scs. Detach the control cable 
from the lever (see illustration) and pull it out 
of the tube. 
9 On all models, Inspect all components 
for wear and damage and replace as needed. 

12 On 1963 and later models, connect the 
cable to the control lever, then install the 
lever, frtction discs and mounting nut. Tighten 
the nut until sufficient frictlon 1s felt when 2110 
lever is moved. Re~nstall the rubber boot over 
the handbraka assembly. 
13 Worklng under the uehtcle, insert the 
sealing prugs on the cables. 
14 'Reinstall the clarnplng sleeves and slip 
the cables Into them. Take up all the slack In 

the cabCe and tighten the clamp bolt. 
15 Have an asststant operate the: heater 
control while you check for full movement of 
the lever. 

8 Heat exchangers - removal and 
installation 

The heat exchangers (also known as 
heater boxes) used on 1963 and later models 
direct heated air to the Intertor of the vehicle 
and connect the exhaust system to the cylin- 
der heads. On earlier models, cooling air IS 
ducted over the engine and then Into the Inte- 
rlor of the vehicle. See Chapter 2, Exhaust 
manifoldlheaf exchanger - removal and instab 
fatron, for service procedures. 

Installation 
10 Apply a light coat of grease to the new 
cable and insert it into the tube fmm the con- 
trol knobnever end (see illustration). 
11 On 1962 and earlier models, connect 
the cable to the heater control knob. Turn the 
knob left (counterclockwise) until it stops. 
Now turn it three turns to the right (clock- 
wise). Install the heater control assembly. 

I - -. - - 
I . .  Uns(:r-\.. :?I+ t '?read~c? collar and pilll 

tK-e knob and cable LID 

I 
I 
I- i - 

7.33 On 1963 and later rnode!s, remove 
the rubber handbrake boot 

7.8b Remove the nut from the right lever, 
then detach the cable 

7.:C Gu~ck the cables lrrto the tubp - on 
1962 and earf~er models, the longer cable 

goes into the right tube 
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Accelerator cable - replacement .................................................... 8 
Air cleaner - removal and installation ............................................. 7 
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Carburetor choke check ............................................... S Chapter 1 
Carburetor - diagnosis and overhaul ............................................ 10 
Carburetor - removal and ~nstallat~on .......................................... 9 
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Exhaust system servtcing - general informatron ............................ 15 
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Fuel injection system - general information ....................... .. ....... 11 
Fuel injector - check and replacement ........................................ 14 

Section 

Fuel pressure regulator - check and replacement ......................... 13 
.......... Fuel pressure relief procedure (fuel-injected models only) 2 

................................................... Fuel pumplfuel pressure - check 3 
............................................. Fuel pump - removal and Instalation 4 

............................................................ Fuel system check Chapter 1 
Fuel tank cleaning and repalr - general information ..,..... ....... 6 
Fuel tank - removal and installat~on .............................................. 5 

........................................................................ General information 1 
Idle speed check and adjustment ............................... See Chapter 1 

.................................... Intake air sensor - check and replacement 12 

Specifications 

Fuel pressure 
CarbureteU models ................................................................................. 2.8 psi at 3,400 rpm 
Fuel injected models 
Regulator vacuum hose connected .................................................... 26 to 30 psi 

.............. Regulator vacuum hose disconnected ................................ .. 33 to 57 psl 

Torque specifications 
Carburetor mounting nuts .................................................................... 14 f?-lbs 
Fuel injector retainer bolt ....................... ... .......................................... 52 in-lbs 

9 General information 

All Volkswagen Beetles were equipped 
wlth carburetors through the 1974 model 
year. Beginning in 1975, they were fitted with 
Bosch electronic fuel inlection as standard 
equipment. 

Carbureted engines have a mechanical 
fuel pump mounted next to the distributor. All 
fuel Injected models are equipped with an 
elxtr~c fuel pump mounted In the front of the 
vehicle below the fuel tank. 

1961 and earl~er models have no fuel 
gauge. Instead, a reserve valve rs mounted 
under the dash. When the srgine stalls for 
lack of fuel, the driver flips the lever to 
"reserve", allowing the vehicle o be driven to 
a filling statlon, In 1962, a rnec lanical cabte- 
drlven fuel gauge was added. 968 and later 
models have an electric sendi~ g unit with a 
gauge mounted in the speedometer cluster. 

The exhaust system consis's of a muffler 

connected to the heat exchangerdexhaust 
manifolds. On carbureted models, two tail 
pipe tips extend rearward from the muffler. On 
1975 and later models, the exhausts from 
both sides of the engine are routed togethet 
into a s~ngle header plpe and muffler. Most of 
these veh~des are also equipped with a cat- 
alytic converter. Each of these components is 
replaceable. For further information regarding 
the catalytic converter, refer to Chapter 6. 

2 Fuel pressure relief procedure 
(fuel injected models only) 

Warning: Gasoline Is extremely flammable, 
so take extra precautions when you work on 
any part of the fuel sy$ern. Don't smoke or 
allow open flames or bare light bulbs near the 
work area, and don't work In a garage where 
a natural gas-type appliance (such as a water 
heater or clothes dryer) with a pilot light is 
present. If you sp~ll  any fuel on your skin, 

rinse it off Immediately with soap and water. 
When you perform any kind of wark on the 
fuel tank, wear safety glassas and have a 
Class & type fire extinguisher on hand. 
1 Fuel tnject~on systems operate wtth rela- 
tively h~gh fuel pressures. This pressure 
remains in the system after the engine is shut 
down. Whenever repalrs are performed on 
the fuel system, the pressure should be 
released first. If a line or f~tting is opened 
without relieving this pressure, fuel may spray 
out, causing ~njury and/or fire. 
2 If the engine runs, allow the engine to 
idle, then remove the fuel pump fuse. The 
Injectors w~l l  use up the fuel under pressure 
and the englne wilt stall. The system may 
then be opened for servicing. 
3 If the engine Is Inoperative, walt until the 
engine cools off completely, then disconnect 
a fuel line very slowly to rekaae pressure. 
Wmp a rag around the fuel line ta prevent the 
fuel from spraying and to soak up any spills. 
Warning: Wear 8y13 protection! 



4-2 Chapter 4 Fuel and exhaust systems 

3 Fuel purnp/fuel pressure - check 

Warning: Gasoline rs extremely flammable, 
so take extra precauttuns when you work on 
any part of the fuel system. Don't smoke or 
allow open flames or bare lrght bulbs near the 
work area, end don't work m a garage where 
a natural gas-type apphance (such as a water 
heater or clothes dryer) wrth a prlot light IS 

present If you spill any fuel on your skln, nnse 
~t of f  rrnmed~afely wrth soap end water. When 
you perfDrm any kind of work on the fuel tank, 
wear safety glasses and have a Class 8 type 
ffre extinguisher on hand. 

Carbureted models 
3,f2 Disconnect the wires from the fuel 

3.9 Connect the fue! pressure tester as 1 With the englne OFF, connect a "tee" fit- pump and connect a test light 
ting In the fuel hose between the fuel pump shown - be sure to use a gauge across them 

rated for at least 50 psi and the carburetor. 
2 Connect a fuel pump pressure tester to 

Bottom end Top end 
of Plug of plug 

.13 Fuel Injection wiring diagram 

Electron~c unrt plug 
Intake atr sensor 
Throttle valve s wrtch-micros witch 
(except 7978 CaCfornra models) 
Temperature sensor / I  
Serres resrsfance block 
Avxrl~ary air regulator 
~~jecrars 
EGR valve (except 1977 and later 
Cal~fornra models) 
Cold-stat? valve 
Thermo-hme swtch 
Double relay 
lgnrfron cot1 
Fuel pump 
Baitey 
Starter 
Electncal connector 
Electncal connector 
Electrrcal connector, double 
Electncal connector, 6-point 
Ground connector near alternator 
Ground connector, headlights 

Color codes 
, Ws=whrte 

sw =black 
b~ = b m ~ n  
ro = red 
gn = green 
rc W = redlblue 
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thr? "tee" fitting. Be sure the hose Is routed gauge. Compare the reading to that listed in te the fuel I: the Intake air sensor 
awav from the drrvebelt. this Chapter's Speciflcatlons. via term4nal I 3 reststor in the double 

3 Set the park~ng brake and block the 1 1 If the pump suppltes pressure during the mlay. 
wheels. Start the engine in neutral, allow it to test but the pressure IS way too low or too 17 When the ignition Is shut off, termlnal 
warm up, then run ~t br~etly at 3,400 rpm (this hlgh, check the following: B k  of the double relay Is no longer powered. 
1s approxlmatery h ~ g  hway crulsjng speed). 7) lfthe pmssum is h i m  than spsclfied: The relay Opens and Power 1s disconnected 
Use a portable tachometer ta check engine a, check for or efaLlrty essure regulator fro" the fuel lniection components. 
speed if desired - follow the manufacturer's Ss ctio ,31 a pinched or 18 Connect one end of a test light to tarmi- 
Instructions. Warning: Stay dear of the dnve- nal 85 (ground) of the double relav.Touch the clogged fuel return hose or pipe 
be:!, pulleys and exhausi system cornpo- test probe to term~nal 8By (see illustration). 
nents 2) If the pr~ssure is lower than specrfied: then probe terminal 882. Both of the5e terrnt- 
4 Note the pressure reading and compare a] Inspect the fuel niter - make sure it's rials power, 
~t to that listed In this Chapter's Specifrca- not clogged. 19 Turn the ignition ON. Probe termlnal BGc 

! IO~S.  bj Look for a pfnched O r  with the test light: ~t should have battery Volt- 
5 Remove the test equipment and recon- hose between the fuel tank and the when the ign,tion Is ON. 
nect the fuel Ilne. Start the engine and check fuel pump. 20 Repeat the test of termlnal 86c whlle an 
lor fuel leaks. c) Check Pressure regu1ator for a assistant operat= the starter. Battery voltage 

rnalfunctron (see Section 13). should be present during cranking. 
Fuel injected models d)  Look for leaks m the fuel Nne. 21 Test terminal B6a while an assistant 

Fuel pump operationaT check '12 'ff the pump Is getting fuel but fails to operates the starter. Battery voltage should 
supply pressure or doesn? run at all, check be present during cranking. Note: If voltage is 

Set the parking brake and have an for voltage to the pump (see Illustratfon). p ~ s e n t  at terminal 86a when the starterw not 
ass'stant turn the lgnitlon swrtch to the On Operate the starter - if the test lamp lights, in use, the wires for terminals 50 and 30 on 
asition whtle you l~sten at the fuel pump replace the fuel pump, the starter may be reversed. 
3cated below the fuel tank near the righr 13 If the test lamp doesn't light, check the 22 If positive battery voltage is present In 
Ont wheel). should a whirr'ng wlrlng (see Illustration) and check the fuel the above tests, perform the following steps. 
'und* lasting a Of seconds. Start pump switch In the air intake sensor and the if "&age 1s not present, trace and repalr the 

!he engine. The whirring sound should now fuel pump (see betow), wiring. 
be continuous (although harder to hear with 23 Probe terminal 88d (see Illustration) 
the englne running). Fuel pump circuit check and operate the starter. It no voltage ts pre- 

If there 1s no whining sound, either the  Refer to illustmfions 3 . 1 4 , 3 . 1 ~  and 3.23 sent, replace the double relay. Caution: Dls- 
fuel pump Or the pump crrcuit Is defec- 14 Electnca! power to the fuel pump is con- connect fhe ba&,-ygmundcabfe befom relay 
Irn. Check the circu't first (proceed to tmlled by the double relay and the rnlake air ep/acement. 
Step 1 4). sensor. The double relay (see Illustration). 24 Wlth the ignition On, probe terminal 88b. 

Fuel pressure check controls electt~cal power to the fuel tnjection ~f no voltage is detected, replace the double 
components. When the starter is act~vated, relay. Refer to dlustmtion 3.9. 3.7 2 and 3.7 3 power from term~nal 50 on the starter Is 

If you suspect low fuel pressure, first routed to term~nal 86a at the double relay. 
check for a leaking, 'logged Or otherwise This 9 n e ~ i ~ e s  the fuel pump relay portion of 4 ~~~l pump - and 

4 
damaged fuel Ilne, or a clogged fuel filter (see the double relay and directs current from ter- 
Chapter 1). installation 

m~nal 30 at the starter to the fuel pump 
9 Start the engine and allow it to warm up. through terminals 88d and 8@, 
Shut the englne off, then disconnect the fuel 15 ~h~ fuel pump refay portlo,, of the Warning: Gasoline n extremely flammable, 
llne from the cold start valve. Connect a fuel bl, relay controls power to the fuel pump, SO toke extra pmut ions  when you work on 
pressure tester to the end of the fuel l~ne (see coldastart valve and the air regulator. any part of the fuel system. Don't smoke or 
illustration). The other portion of the double relay (known Or "ght near the 
10 Start the engine (or crank It i f  12 won't as the is when- WOR area, and don't work m a p rege  whem 
start) and note the pressure reading on the ever the ignition is ON, power to a natural gas-type sppliance (such as a water 

remaining components in the system. heafar or clothes dryer) with a pilot l/ght is 

1 6 After the engine starts, power is mutd present. If YOU spill any he1 on your skin, rinse 

L- - 

3.14 The double relay (arrow) IS mounted 
beh~nd the rear seat under a 3.18 Cheek for power at terminal 88y 3.23 Check for power at terminal 88d 

protective cover 

rump from 
36b and tht 
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, 
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- -  - 
4.4 Remove the mounting nuts 4.7 Install the p ~ ~ s h r o d  with the 

tapered end 9own 
4.9 Measure the hrghest and lowest 

points of pushrod travel 

it off immediately with soap and wafer. When 
you perform any kind of work on the fuel tank, 
wear safety glasses and have a Class B type 
tire ext~nguisher on hand. 

Installation 
6 Position a gasket, the intermed~ate 
flange and another gasket over the mountlng 
studs. 
7 Inspect the pushrod for wear and darn- 
age. Roll ~t on a flat surface to check for 
bending. Install the pushrod with the tapered 
end down (see illustration). 
8 Using a wrench on the crankshaft pulley 
bolt, turn the crankshaft clockwise until the 

drive gear. 
12 Fill the bottom of the fuel pump mount- 
ing flange wrth grease. 
13 Position the pump and gasket on the 
intermediate flange (see illustration). Ttghten 
the nuts securely. 
14 Reconnect the fuel lrnes (see illustra- 
tion) and batlev cable 
15 Start the engine and check for fuel 
leaks. 

Carbum fed models 
Rsfer to illustrations 4.4, 4.7, 4.9, 4.13 and 
4.14 

Removal 
1 Disconnect the cable from the negative 
terminal of the battery. 
2 The fuel pump IS located betwean the 
distributor and the generator/altemator. 
3 Detachthef~elIines/hosesfromthefueI 
pump. On 1965 and earlier models, unscrew 
the inlet line with a line wrench. All others are 
a slip fit, simply loosen the clamps and pull 
the hoses off. 
4 Remove the two mounting nuts (see 
illustration) and lift the pump off the snglne. 
5 L1f3 the pushrod out. then remove the 
intermedrate flange and gaskets. Be careful 
not to damage the Intermediate flange - ~ t 's  
made of plastic. 

pushrod is at the highest point In ~ t s  travel. 
9 Measure the height of the pushrod 
above the flange and gaskets (see illustra- 
tion). It should be about 112 Inch (13 mm). 
10 Turn the crankshaft unt~l the pushrod is 
at its lowest point. It should measure about 
5/16 inch (8 mm). Subtract the smaller mea- 
surement from the larger one. This dimension 
is the stroke. It should be about 5/32 inch 
(4 mrn). 
11 If the he~ght measurements are incor- 
rect, add or subtract gaskets as needed. If 
the stroke is incorrect, replace the distributor 

Fuel injected models 
16 Detach the cable from the negatlve bat- 
tery termlnal. 
17 Rel~eve the fuel pressure (see Sect~on 2) 
18 Set the park~ng brake and block the rear 
t~res. Loosen the lug nuts on the r~ght front 
wheel. Ra~se the front of the veh~cle and sup  
port rt securely on lackstands 
19 Remove the right front wheel (see Chap- 
ter 1). 
20 Usrng a pair of small clamps, p~nch off 
the fuel lines. 

4.14 1971 and 
1972 models are 
equipped with s 

r ;  be sure to 
reconnect 
R properly ' - .  .. 

fuel tank 
2 Suction line 

to pump 
3 Pmssum i~ne 

from pump - .  
4 Hose to 

carburetor I 

I 
, h*% ' s 
1 , -  v - --. 

4.13 Install the pump wi?h the pushrod 
(arrow) in the down position 
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5.5 Fuel control valve components, 
1961 and earlier models 

5.7b Typical late model fuel tank 

I Vapor recovery line 
2 Mounting bolt A Control rod (to interior) 

B Fuel outlet hose 
C Control valve fuel system pressure (see Section 2). 

4 Raise the vehicle and place rt securely 
on jackstands. 
5 If the tank still has fuel In 11, detach the 
fuel outlet line from the 'bottom of the tank 
and connect a drain hose to the outlet fitting 
on the bottom of the tank (see illustration). 
Dram the fuel into an approved gasoline con- 

I, _ #  -- A 
5.7a Typical Fate model fuel tank 21 Label and detach the fuel lrnes and 

W I ~ S  from the fuel pump. " 
22 Unbolt the pump from its mounting 
bracket and remove ~ t .  
23 Installation is the reverse of removal. 
24 After you have ~nstalfed the new pump, 
temporanly disconnect the primary wire from 
the d~stnbutor to the cod and have an assis- 
tant activate the starter for about 20 seconds 
while you watch for any leaks where the fuel 
lines are attached to the pump. WarnEng: Be 
sure the transaxfe is in neutral and the parking 
brake is applfed. 

I Vapor recovery hose 
2 F ~ l b r  neck hose 
3 Vent return hose 

work area, and donYt work in a garage where 
a natura! gas-tvpe appliance (such as a wafer 
heater or clothes dryer) with a pilot I~ght is 
present. if you sprN any fueF on your skin, nnse 
it off immedrately wtth soap and water. When 
you perform anv kind of work on the fuel tank, 
wear safety glasses and have a Class 8 type 
fire extrngulsher on hand. 
Note: The fotfawing procedure rs much easier 
to perform rf the fuel tank is  empty. Try to 
schedule fuel tank removal when the tank js 
nearly empty. 
1 Detach the cable from the negatkre ter- 
mlnal of the battery. 
2 On 1970 and later models, remove the 
fuel tank filler cap to relieve fuel tank Dres- 
sure. 
3 If the vehicle is fuel-lnjw 3 the 

tainer. 
6 Open the front hood and remove the 
luggage compafkment liner. 
7 Label, then d~sconnect the fuel !Fne(s), 
the vapor recovery hoses and the vent hose, 
if equipped (see illustrations). 
8 On 1962 through 1967 models, lift the 4 
cover and detach the gas gauge tndicator 
cable (see illustration). 
9 On 1988 and later models, disconnect 
the fuel gauge sending unit wires (see illus- 
tration) and the fuel frller hose from the tank. 
10 Remove the four fuel tank mounting 
bolts (see Illustration). 
11 Remove the tank from the vehicle. 
12 Installation IS the reverse of removal. 
Inspect the antl-squeak seal and replace ~t if 
necessary. 

5 Fuel tank - removal and 
installation 

Mr to ~Nusfmtions 5.5, 5.?a, 5.7b, 5.8, 5.9 
and 5.111 
Warning: Gasolrne is extremely flammable, 
so take extra precautrons when you work on 
any part of the fuel system. Don't smoke or 
allow open flames or bare light bulbs near the 

I - 

5.10 Rcnmve Ihe four mounting boks and 
l t l t  the fuel tank from the vehicle 

5 8 Lift the cover off, then p~1l1 :he outer 
cable out of the slotted holder and I ~ f i  

the cable straight up to disengage 
it from the flat lever 

5.9 Unplug the electrical 
connectors (arrows) 
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7.4a Typical 1988through 1972 
Beetle engine air cleaner 

7 Pmheater cable 
2 Preheater control lever 
3 Clamp 
A Preheater hose 
8 Ciamp 

7.3 D~sconnect the crankcase 
ventilat~on hose 

illustrations). 
6 Fuet tank cleaning and repair - 7 Air cleaner - removal and 5 On Eater models with several vacuum 

general informatian installation hoses, label and disconnect the hoses lsee 

illustrations). 
7 All repairs and cteaning of the fuel tank 
or filler neck should be carled out by a pro- 
fesslonal who has experience In this criticaF 
and potentially dangerous work. Even after 
cleaning and flush~ng of the fuel system. 
explosive fumes can remain and ignite dur~ng 
repalr of the tank. 
2 - If the fuel tank ns rernovd from the veht- 
cle, it should not be placed in an area where 
sparks or open flames could Ignite the fumes 
coming out of the tank. Be especially careful 
inside garages where a natural gas-type 
appliance is located, because the pllot lrght 
could cause an explosion. 

Refer to iliustrations 7.3, Ma, 7.46, 7.5a, 
Z5b, 7.6. 7.7a and 7.7b 

6 ~ o o s e n  the clamp on the carburetor 
throat (see illustration) and any bracket 
bolts. On Karmann Ghlas, remove the hose 
from the air cleaner to the carburetor and 
release the hold-down clamps. 
7 Lrft the alr cleaner assembly out of the 
englne compartment (see illustrations). 
8 Do not t ~ p  011 bath f~lters over because 
the oil w~l l  pour out. On all models, remove 
the cover and servlce the air fllter as 
descr~bed In Chapter 1. 

Removal 
1 011 bath alr cleaners were used on vehi- 
cles through the 1972 model year. 1973 and 
later models are equipped w~th dry paper air 
filter elements. 
2 Detach the air preheater hosels). 
3 D~sconnect the crankcase ventilation 
hose adjacent to the 011 filler cap (see Illus- 
tration). 
4 On 1968 through 1972 models, de- 
tach the preheater control cable (see 

Installation 
9 Installation is the reverse af removal. 

7.4b Typlcal later model 
Karmenn Ghia air cleaner 

A Clamp 
8 Crankcase breather hose 
C Hot air hose 
D Prwheater control cable 
E Cable retainer 
F Clamp 

3 .  

\ 
7.5a Typical late model Beetle air cleaner 

A Hose from charcoaf filter 
B Crankcase ventilat~on hose 
C Preheated ~ntako air hose 
D Release cltp supportfng green 

vacuum hose 
E Atr cleaner clamp screw 

F I F Vacuum hose from carburetor 
G Vacuum hose to rntake atr valve 
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7-33 Paper element air 
cleaner details (1973 and 

later models) 

1 Hose to carburetor 
2 Screws in support plate 
3 Carburetor 
4 Crankcase ventilation 

hose 
5 Retaining clips, top-ta- 

base 
6 Vacuum hose 
7 Warm arr hose from 

preheater 

10 To adjust the preheater cable (where 
equ~pped), the engine must be cold. Push the 
cable houslng onto the alr cleaner as far as 
possible. Push the other end into the retainer 
on the fan housing and fasten !t. Push the 
Inner wire into the clamp on the preheater 
lever and fasten ~ t .  Push the wlre Into the 
clamp on the cooling alr regulator. The flap 
should be closed and the sprlng slightly com- 
pressed 

8 Accelerator cable - replacement 

Refer to illustrations 8.2a, 8.2b, 8.3, 8.7 and 
8.12 

Removal 
1 The accelerator (or throttle) cable con- 
nects the carburetor or throttk valve with the 
accelerator pedal. The cable is routed 
through a tube In the  fan housing, then Into a 
flex~ble guide near the transaxle and through 
the floor pan to the accelerator pedal. 
2 Detach the cable fmm the carburetor 
(see illustrations) or the tntake air sensor. 

7.7a L ~ f l  the air cleaner assembly 
straight up 

3 Remove the spring and sleeve [see 
illustration). 
4 Detach the cable end from the accelera- 
tor pedal. 
5 Block the front wheels. Raise the rear of 

- -- . I 

7.6  Loosen the clamp on the carburetor 
throat and remove the bolt from 

the bracket 

I Clamp 2 Bmckef bolt 

L 3 

7.7b 1973 and later models have a dry 
paper element filter - disconnect the 

hoses and lift R off 

the vehicle and support it securely on jack- 
stands. 
6 WorkEng under the vehicle, guide the 
cable through the fan housmg. 

8.2a Loosen the screw on the throltlc 8.2b . . . then remove the retalnlng clip {be 8.3 Remove the  sprrng an@ sleeve 
lever near the base of the carburetor. . . careful not to lose the clamp screw 

assembly on the throttle lever) 
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i 10 Carburetor - diagnosis and 
overhaul 

Warning: Gasoline rs extremely flammable. 
so fake extra preceutrons when ,you work on 
any part of the fuel system. Don't smoke or 
allow open flames or bare light bulbs near the 
work area, and don't work In a garage where 
a natural gas-type appliance (such as a water 
heater or clothes dryer) with a pilot lrght rs 
present. If you spill any fuel on your skrn, nnse 
rt off imrnedfately with soap and wster. When 
you perform any kind of work on the fuei tank. 
wear safety gfasses and have a Class B type 
fire exttnguisher on hand. 

Diagnosis 
1 b thorough road test and check of car- 
buretor adjustments should be done before 
any major carburetor service work. Specrfica- 
tkons for some adjustments are listed on the 
Vehicle Emissions Control Information (VECI) 
label found in the englne mmpartrnent on 
late model vehicles. 
2 Carburetor problems usually shdw up as 
flooding, hard startmg, stalling, severe hick- 
firing and poor accelerat~on. A carburetor 
that's leaking fuel and/or covered with wet 
looking deposits defin~tely needs attention. 
3 Some performance compla~nts dlrected 
at the carburetor are actually a result of 
loose, out-of-adjustment or malfunct~onlng 
englne or electrical components. Others 
develop when vacuum hoses leak, are d ~ s -  
connected or are ~ncorrectly routed. The 
proper approach to analyz~ng carburetor 
problems should include the followrng items: 

a) Inspect a// vacuum hoses and actuatoffi 
for teaks and correct installaf~on (see 
Chapters I and 6). 

6) Tghten the intake manifold and carbure- 
tor mounting nuts/bolts evenly and 
securely. 

c) Perform a compression test (see Chap- 
t e r  2). 

dl Clean or replace the spark plugs as nec- 
essary (see Chapter I ) .  

e) Check the sperk plug wires (see Chap- 
ter l), 

f )  Inspect the Ignition coil primary wires. 
gJ Check the ignition trming (see Chapter 1 

or foNow the rnstructions printed on the 
Emissions Control lnfomation label). 

h) Check the fuel pump pressure/volume 
(see Section 3). 

I )  Cheeklrepfscs the air filter element (see 
Cheptar I). 

I) Check the PCV system (see Chapter 6). 
k} Checklrsplace the fuel filter (see Chap- 

ter 1). Also, the strainer ~n the fuel tank 
could be restrrcted 

I) Check for a plugged exhaust system. 
rn) Check EGR valve operatton, If equlpped 

(see Chapter 6). 
n) Check the Choke,' It should be com- 

pletely open at normal englne opemting 
tempereturn (see Chapter I ) .  

01 Check for fuel leaks and kinked or 
dented fuel Ilnes (see Chepfars 1 and 4) 

pJ Check accelerator pump operation with 
the engine off (remove the air cleaner 
cover and operate the throttle as you 
jook into the carburetor throat - you 
should see a stream of gasokne enter 
the carburetor). 

q) Check lor incomcf fuel or bad gasoline. 
r) Check the valve clearances (see Chap- 

ter I) 
s) Have a dealer service department or 

repafr shop check the engine on an elec- 
tronic analyzer. 

4 Diagnos~ng carburetor problems may 
require the engine be started and run with the 
air cleaner off. White runnlng the engine with- 
out the air cleaner, backfires are possible. 
This situation is ltkely to occur if the carbure- 
tor IS rnalfunctroning, but just the removal of 
the air cleaner can lean the fuelSair mrxture 
enough to produce an englne backfire. 
Warning: Do not posrtron any part of  your 
body. especially your face, drwctly over the 
carburetor during tnspection and servicrng 
procedures. Wear eye protection! 

Overhaul 
Refer to illustmtions IO.9a. 10.9b, 10.9c, 
10.9d, f0.09e, 10.9, IO.Sg, 10.7Oa, iO.lOb, 
10.7 f ,  10.75, 70.27, 10.28a, 70.286 and 10.29 
5 Once you determine {hat the carburetor 
needs an overhaul, several options are avail- 
able. I f  youye going to attempt to overhaul 
the carburetor yourself, flrst obtain a good 
quality carburetor rebuild k ~ t  (whlch w ~ l l  
tnclude all necessary gaskets, internal parts, 
instruct~ons and a parts list). You'll also need 
some special solvent and a means of blowing 
out the internal passages of the carburetor 
with ajr. 
6 An alternative is to obtafn a new or 
rebuilt carburetor. They are readfly available 
from dealers and auto parts stores. Make 
absofutefy sure the exchange carburetor is 
Identical to the original. R number is stamped 
on the float bowl. It will help determ~ne the 
exact type of carburetor you have. 
When obta~n~ng a rebuilt carburetor or a 
rebuild kit, make sure the kit or carburetor 

matches your application exactty. Seemingly 
ins~gnificant d~fferences can make a large d~ f -  
ference in engine performance. Carburetors 
ma)- be identifled by the numbers on the float 
bowl: 

28 PlCT carburetors - 1963 and earlier 
modek 

28 PICT-I carburetors - 7964 and 1965 
models 

30 P1CT-I carburetors - 1966 and; 1967 
models 

30 PICT-2 carburetors - f 968 and '1969 
models 

30 PICT-3 carbureto~ - 1970 modds 
34 PICT-3 and 34 PICT-4 carburetors - 

1971 through 7974 models 

7 If you choose to overhaul your own car- 
buretor. allow enough t~me to  d~sassemble it 
carafully, soak the necessary parts in the 
cleaning sobent (usually for at least one-half 
day or accord~ng to the mstructions listed on 
the carburetor cleaner) and reassemble it, 
which w~l l  usually take much 
longer than disassembly. Whan dlsassem- 
bling the carburetor, match each part with the 
illustration in the carburetor kit and lay the 
parts out In order on a clean work surface. 
Overhauls by inexperienced mechanics can 
result In an engine which runs poorly or not at 
all. To avoid this, use care and patience when 
disassembling the carburetor SO you Can 
reassemble it correctly. 
8 Because carburetor designs were con- 
stantly modified by the manufacturer in ordw 
to  meet increas~ngly more stringsnl emis- 
sions reulations, it isn't feasible to include a 
step-by-step overhaul of each type. You 
should recelve a detailed, well-lllusbatd set 4 
of lnstruct~ons with any carburetor overhaul 
kit; they will apply in a more specific manner 
to the ~arburetor on your vehtcle. However, if 
instrudions are not available, refor to the fol- 
lowing Steps, and adapt them to the model 
you are working on. 
9 Remove any external tterns such as 
springs and dashpots. Remove the five 
screws from the carburetor top (see Illustra- 
tions) and carefully lift It off. 

C 

10.9a Remove the cover 
screws (arrows) 
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f O.9b Solex 28 PCI carburetor - crass-sectional view 

Choke plate 
Carrectron @I 
Accelerator pump lnlsctor 
Air bleed 
Pump let 
Main jet bridge 
Emulsron tube 
Choke tube 
Pump diaphragm spring 
Accelerator pump 
Pump diaphragm 
Pump lever 
Pump operating rod 

Thrortle valve 
Main jet 
Slow running mIxtum 
adjusting screw 
Main jet car~er plug 
Pilot jet 
Float I 
Carbumtor body 
Sop cover I 

I 
Fuel inief fitting 
Need!e valve assembly 
Pilot jet air bleed 
Fuel inlet points I 

3 1 0 . k  Solex 28 PC! Carburetor - explded view 

Cover scew 
Washer 
Cover 
Securing scm w 
~ n d  washer 
Choke plate 
Fuel line ferrule 
Fuel line union 
Choke cable 
connection 
Gasket 
Needle valve 
washer 
Needle valve 
Choke plate 
screws 
Choke shaft 
return spnng 
Shaft nut 
Choke lever 
Connectmng rod 
washer and 
retainrng pm 
Air correction jet 
Emulsion tube 
Emulsron tube 
support 
Choke tube 
Connecfrng sod 
Connectrng rod 
washer end 
mtatnmg pin 
Cover screws 
Accelerator pump 
cover 
Accelerator pump 
diaphragm 
Sprrng 
PlIl?lp bv8r pivot 
pin 

Washer and 
cotter pin 
Pump lever 
Return spring 
Washer 
Operating rod 
Securing screw 
and washer 
Marn body 
Throttle shaft 
Throttle stop 
screw and spring 
Throttle lever 
Shaft washer 
Intermediate lever 
Shaft nut 
Lock nut 
Throttle plate 
Throttle piate 
screws 
Spnns 
Volume control 
screw 
Man jet holder 
Marn jet 
Washer 
Mountrng studs 
Cable clamp and 
screw 
Vacuum 
pipeldistributor 
union 
Vacuum pipe 
union ferrule 
Intermediate lever 
Shaft washer 
and nut 
Pilot je t 
Float and ptvot 
Pllo t air bleed 
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Retaining screws 
Cover retaining ring 
Automatic choke elen 
Upper body 
Clip 
Vacuum piston link 
Plug 
Choke plate 
Choke shaft 
Lever and nut 
Choke plate screws 
Cover screws 

10.9d Sotex a PICT carburetor 

Gasket 
Wssher 
Needle valve 
Float pivot 
Float 
Emulsion tube 
Accelerator pump 
discharge 
Sower body 
Throttle plate 
Throtf(e shaft 
Throttle stop screw 34 

- axplodid VIM 

ThroWe laver washer 
and nut 
Thmrtle plate screws 
Volume control screw 
Mounting studs 
Main jet carrier 
Main jet 
Washer 
Pump sprlng 
Pump diaphragm 
Pump cover screws 
Pump cover 

PIvot pln 
Cotter pin 
Washer 
Pump lever 
Spring 
Washer 
Pump tad 
Not used 
Intemediate lever, 
washer and nvt 
Pilot jet 
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Float 
Fuel line 
Float lever 
NeedIe valve 
Needle 
Pilot jet (electro-magnettc 
c u t a f  shown In dotted 
line) 
Gasket 
Rlot air onlice 
Non-return ball 

f0.9e Solex 30 PlCT carburetor - cross-sectional view 

Air correction jet and 
ernulsron tube 
Power fue! tube 
Vent tube 
Choke plate 
Bi-metal choke sprrng 
Choke lever 
Accelerator pump 
discharge tube 
Vacuum diaphragm rod 
Vacuum d~aohragm 

Pump lever 
Pump diaphragm 
Pump spnng 
Spring 
Non-return ball, pump 
outlet 
Pull rod for pump 
dtaphragm 
Main jet 
Volume control screw 
Idle bleed screw 

By-pass ports 
Idle port 
Throttle plete 
Main d~scharge beak 
Vacuum dnlltng 
#on-return ball pump 
outlet 
Jet orifice 
Vacuum connectton 
Vacuum diaphragm 
spring 
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10.9 Solex 34 PICT-3 carburetor - exploded view 

Fillister head screw 
Spring washer 
Carburetor upper part 
Float valve washer 
Needle valve 
Gasket 
#oat p ~ n  retainer 
Float with ptvot pin 

Air correction jet wrR emulston tube 
Carburetor body 
Ptlot air drilling 
Auxit~ary air drrllrng 
Bypass screw 
Marn jet cover plug 
k t n  let cover plug seal 

Electrornagnetrc cutoff valve 
Main let 
Volume control screw 
Fast idle lever 
Thmftle valve lever 
Throttle return spnng 
Accelerator pump injector 
Pump diaphragm spring 
Pump draphmgm 
Cotter pln 
7 rnm (0.040 in.) thick washer 
Connecting rod spring 
Connecting link 
Adjustable bellcrank 
C1rclrp 

Adjusting segment 
Pump cover 
scm w 
Pilot jet 
Vacuum diaphragm cover 
Oval head screw 
Vacuum diaphragm spnng 
Vacuum diaphragm 
Plastic c a p  
Choke heating element 
Cover retaining nng 
Retaining ring spacer 
Small fillrster head screw 
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10.99 Solex 30 PICT-3 carburetor - expladed vlew 

mister head screw 
Spring washer 
Carburetor upper part 
Ftmt valve washer 
Float valve 
Gasket 
F h t  pin retainer 
Float w~th  pivot pm 
Air correction jet with emulsion tube 
Carburetor body 
Volume control screw 
Nut 
Lockwasher 
Thronle return spnng 

Spring washer 
Marn let cover plug 
Main jet cover plug seal 
Mafn let 
Bypass screw 
Accelerator pump lnlector 
Pump draphmgrn spring 
Pump draphragm 
Cotter pm 
7 -mm (0,040 in.) thtck washer 
Connect~ng rod spring 
Connecting link 
Chp 
Screw 

Pump cover 
Piiot let 
Electmmagnetrc cutoff valve 
Vacuum dtaphragrn 
Oval head screw 
Vacuum dtaphragm cover 
Vacuum draphragm spnng 
Plastrc cap 
Choke heating element 
Cover retalntng nng 
Retaining rrng spacer 
SmaEl fjlltster head screw 



10 Detach the gasket and I l f l  the float out 
(see illustrations). 
11 Unscrew the float needle valve (see 
illustration). 
12 Remove t h s  three screws from the auto- 
matic choke cover (1961 and later models) 
and remove the heat~ng element and plastlc 
cap. 
13 On 1964 and later models, remove the 
three vacuum dtaphragm-to-cover screws. 
14 Remove the  air correction let and emul- 
sion tube. 
15 On 1970 and earlier models, remove the 
ptlot jet cutoff valve (see illustration). 
16 On 1971 and later models, remove the 
bypass mixture cutoff valve. 
17 Remove the main jet plug, seal and jet. 
18 Remove the Idle mixture (volume) screw 
and sprlng (early models) or the alr bypass 
screw (later models). Caution: On 1971 and 
later carburetors, do not remove the small 
volume control screw located nesr the air 
bypass screw. 
19 Remove the cotter ptn from the acceler- 
ator pump connector rod (if equipped). 
20 Remove the four screws from the accel- 

erator pump cover and detach the cover, 
diaphragm and sprmg. 
21 Soak all the metal parts In a carburetor 
cleaning tank for several hours. Caution: 
not place elecincal, rubber or pEastic parts in 
the cleaner. 
22 Remove the parts from the cleanlng 
tank and rinse them w~th water. Blow out all 
the passages with compressed alr. Warning: 
Wear eye protection! Caution: Do net use 
wire ta clean out the passages, the holes may 
be enlarged. 
23 Inspect all parts for wear and damage. 
Shake the float to sea If it has absorbed fuel. 
Replace it ~f necessary. 
24 Replace all gaskets and small compo- 
nents with the parts supplied In the rebullding 
krt. Compare the old and new parts to ensure 
interchangeability. 
25 Check the choke and throttle shafts for 
looseness or binding. 
26 Reassemble the carburetor in the 
reverse order of disassembly. Be sure to use 
the correct thickness washer under the fuel 
inlet needle valve, as th~s determines the float 
level. Refer to the adjustment instructions m 
the carburetor kit. 
27 Be sure to use the comect carburetor 
body-to-cover gasket. On 30 PICT-3 carbu- 
retors, the gasket is marked with yetlow 
stnpes. 34 PICT-3 gaskets have black stripes 
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10.10a Remove the gasket.  . . fQ.lOh . . . and hft the float out 10.11 Ltmsen the noat m d l e  valve wlth a 
wrench and then unscrew it - save the 

was ;her for FO 
the rep1 

mparison with 
acernent 

10.15 Remove the pilot jet cutoff valve 

[see illustratton). 
28 When assembling tha automatic choke 
(1 961 and later models), be sure the hook on 
the bimetallic spring contacts the choke shafl 
lever (see illustration). Install the cover and 
retamer and l~ghtly t~ghten the screws. Turn 
the cover until the marks are aligned properly 
(see illustration). On some 1970 models, the 
mark on the heating element must allgn wlth 
the upper mark on the housing. On other 

10.27 The color of the stripes (arrows) 10.28a Install the bimetallic spring so the 10.28b Al~gn the marks as described 
Indicates whieh carburetor it belongs with hook engages the lever (arrows) ~n the text 



?men7 wttk 
Refer to tht 
- -  c -  
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models, align the el6 i the middle maintams pressure at a preset level in the 
mark on the housing. I ? ~nstructions ring main and returns any excess fuel to the 
in the rebullding krt far specrirc rnformation. tank vla a return line. The fuel ~njectors spray 
Note: On 1972 through 1974 rnodefs, the fuel under pressure into the a ~ r  ~ntake pas- 
heating elements are rnarbd wrth a number sages just upstream of the intake valves. The 
60 to identify them n ? c s ~  dements are not cold-start valve sprays fuel into the englne's 
tnterchngea b l ~  wllh ear:ter models. air intake during cold starts, tak~ng the place 
29 When t ight~ninq the screws on the nf a choke on carbureted models. 
accelerator puma cover, move the tever away 
from the float bowl to ensure the diaphragm 
IS in the  correct posrtron. The amount of fuel c Air control 

5 
delivered b y  the accelerator pump is Air passes through the alr filter and then 

adjustable. Toe Ilttle fuel will result in engine into the Intake air sensor. The stator flap 

sturnbl~ng and hes~tation, whlle excess fuel I 
moves according to the rate of air flow Into 

will reduce fuel economy and increase the engine. A potentiometer connected to the 

exhaust emlsslons. Several types of accefer- flap varies res~stance and signals the com- 

ator pump Irnkages ate used. Adlustrnent is puter abowt air volume golng into the englne. 
On 34 'ICT4 the A I ~  then flows through the rubber boot into made by ~nstalling the rod Or cotter pin in a accelerator pump is adjusted by moving 

different hole on early models. On later mod- the throttle valve houstng. The accelerator 
the screw (arrow) - on models with 

els w ~ t h  34 PiCT-3 carburetors. adjustment is generators, the Inkage is located where 
cable is connected to the throttle valve; when 

made by rnovlng a spmng loaded screw {see the driver presses the accelerator pedal, the 
the dotted outline is shown 

illustration). Refer to the adjustment instruc- throttle valve opens, admittlng more air 

tions rn the carburetor k~t .  through the intake air distrtbutor Into the 

30 When the carburetor is completely 'E On hand, engine. 

assembled, install (see Section 9) and )Vote: Always check the ignition system and Whenever the engine is cold, the auxtl- 

adjust the Idle s p e d  (see Chapter 1). englne compressfon (see Chapter 2 and 5) l ay  air regulator opens, allowing extra arr Into 
before condernnms the fuel mfection for the engine for a fast Idle. The requlator has an 

f 1  Fuel injection system - general 
information 

Refer to illusfration 11.2 
Warnlng: Gasoline is extremeiy flammable, 
so take extra precautions when you work on 
any part of the fuel system. Don't smoke or 
allow open flames or bare light bufbs near the 
work area, and don't work in a garage where 
a natural gas-type appliance (such as a water 
heater or clothes dryer) wrlh a pilot lighi i$ 
pwsent. I f  you spill any fuel on your skin, rinse 
rt ob rrnrnediately wrth soap and water. When 
you perform any kind of work on the fuel tank. 
wear safety glasses and have a Class B type 

rough engine operation. 
Starting with the 1975 model year, VW 

Beetles are equlpped with electronic fuel 
injection Instead of carburetors. 

The fuel ~nlection system (see illustra- 
tion) is composed of three sub-systems: fuel 
dehvey, alr control and electron~c controls. 
We will discuss each one separately: 

Fuel delivery 
Fuel is pressurized by an electric fuel 

pump located below the fuel tank and 
pumped through a filter and lines from the 
front to the rear of the vehicle. In the engine 
compartment, a c~rcle of fuel lines (known as 
the rrng main) route fuel to the injectors and 
cold-start valve. A fuel pressure regulator 

electrically heated bi-metallicspring which 
closes the valve gradually as the engine 
warms up. 

Electronic control 
An Electron~c Control Unit (also known 

as a computer or ECU) monitors sensor out- 
put and adjusts fuel dellvery accord~ngly by 
varying the t~me the fuel injectors are open. 
Air flow volume (measured by the intake alr 
sensor) and engine speed (obtained from the 
ignit~on distr~butor) are the maw parameters 
used by the ECU to meter fuel flow to the 
engine. 

All models have a temperature sensor 
(known as Temperature Sensor 2) mounted in 
the cyl~nder head. The information provtded 

11.2 Schematic of the fuel injection system 

Fuel filter 
Fuel pump 
Pressure 
regulator 
Cold-start valve 
lnjectar 
Auxrliary arr 
regulator 
intake air sensor 
Throttle valve 
housing 
intake air 
distr~bufor 
Temperature 
sensor 1 (1976 
and later models) 
Themto-time 
sw~tch 

12 Potentlometer 
wrth fuel pump 
switch 

7 3 ThroRle valve 
swrtch or 
micros wt tch 
{except 1978 
Calrfomia 
models] 

74 Resrstor 
I S  Temperature 

Sensor If 
16 Control unit 
17 lgnitlon 

dismbutor 
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by th~s sensor allows the ECU to adlust tha Mote: The 200 to 400 ohm unit is usually 
fuel mixture for cold starts and warm-up as j2 Intake air sensor * and instsfled on 1976 models as a service 

I well as normal operatton. On 7976 and later repfacement  placement unit. 
models, a temperature sensor Fkn~wn as 4 Connect the ohmmeter to terminals 7 

Temperature Sensor 1) is located ~nslde the Refer to jllustmtions 12.3e and 12.3b and 8. The reading should range Imm: 
intake a ~ r  sensor. It measures thg tempera- 1975 models - 120 to 200 ohms 

1 ture of air golng through the sensor and Check 1976 models - 80 to 200 ohms 

1 allow5 the ECU 10 adjust fuel mixture for air Somet,meE the air Rw Sen- 1977 and later models - 100 to 5b3 ohms 
density change' caused by temperature sor wil/ jam with or break fmm a back- 5 the resistance is not as speclfld In I at~on. fire. I f  the engrne won't run properly or won't elther check. replace the lntaka alr sensor. 

The thermO-time swrtch activates start at at!, inspect the throat of the sensor 
I cold-stad valve when the engine 1s cold and elesn or rep,ace if necessary, Be sure Fuel pump swltch test 

/I ailows i m spray fwl for a shor! tlme After a remD"e sny parts 6 Romove the  air intake boot from the 
pre-set tlrne, the power to the cold-start 

'1 valve rs shut of! to prevent flooding. 
f The Intake alr sensor has a moveable intake air sensor. 
Internal flap that is connscted to a p t g n -  7 Care?ully unplug the eleGtrlcal conneCt07 

Add1tlonal'y3 a valve switch is flometer (variable that s\gnals the from the lntake air SOnSOr and Connect an 
used on 1975 through 1877 models 
(rnicrosw~tch on f 977 California models) to 

computer about throttle openrng. Addition- ohmmeter to terminals 36 and 39. Reach 

signal the ECU to supply full load mixture 
ally, the intake air sensor controls the fuel Inside the throat and hand operate the 

enr~chment whenever the throttle Is wlde 
pump through the double relay when the flap. When the flap is closed there should be 

engine Is runnmg. no continuity. AS soon as the flap opens 
open. On 1979 and 1979 models, the system slightly there should be continuity. If not, , was deleted P5tentiomebr test replace the ~ntake air sensor. 

The throttle valve sw~tch also controls Remove the intake boot from 
opening of the EGR valve (except on 1977 a,r Replacement 
and later models' EGR IS Shut off 3 Carefully unplug the electrical connector 8 Disconnect the negative cable from the 
at idle and full throZtle from the ~ntake air sensor and connect an battery. 

ohmmeter to terminals 6 and 9 (see illustra- g Remove the air cleaner assembly ( ~ 9 0  

r-m tion). Reach inside the throat and hand oper- Section 7). - %- , 
I -- ate the balance flap (see Illustration). The l a  Slide back the boot on the electrical 

ohmmeter readlng should range from: connector, then carefully unplug the wiring 
1976 models - 100 to 300 ohms harness from the intake air sensor. 
1975, 1978 and 1979 models - 200 to 11 Detach the rubber alr intake duct from 

I 400 ohms the Intake air sensor. 

4 

I 
I 

12.3a Remove the plug and connect an 
ohmmeter to terminals 6 and 9 

12.3b Explbded Mew of the 
intake air sensor 
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12 Remove the rnountlng nuts and lrtt the 
intake air sensor from the vehlcle. 
13 Installation is the reverse of removal, 
When~ver a new Intake air sensor is ~nstalled, 
adjust the idle speed (see Chapter 7 )  and 
h a v e  the fuel/alr m~xture adjusted using an 
exhaust gas analyzer. 

13 Fuel pressure regulator - check 
and replacement 

Warning: Gasolrne IS extremely flammable, 
so take extra precautions when you work on 
any part of the fuel system. Don't smoke or 
ailow open flames or bare light bulbs near the 
work ere@, and don't work in a garage where 
s nstural gas-fype appliance (such as a water 
heater or clothes dryer) with a pilot llght Is 
present I f  you spNl any fuel on your skin, rinse 
I t  off rrnmedistely with soap and wetw, When 
you perform eny kind of work on the fuel tank, 
wear safety glasses and have a Class B type 
fire extinguisher on hand. 

Check 
7 The fuel pressure regutator Is mounted 
nn the front cover plate of the engine, on the 
right (passenger's) slde between the fan 
houslng and firewatl. It has a vacuum hose 
attached to it whleh connects w~th the Intake 
elr distributor. 
2 If the englne Is cold, start it and allow It 
to warm up. Shut the engine off and connect 
a fuel pressure gauge as shown In Section 3. 
3 Detach the vacuum hose from the pres- 
sure regulator and plug rt. 
4 Start the englne and note the fuel pres- 
sure. The pressure should be as listed In this 
Chapter's Specrficat~ons. 
5 If the fuel pressure In the prevlous Step 
is correct, reconnect the vacuum hose and 
repeat t h e  test. Pressure should now be as 
listed In thjs Chaptar's Specifications. The 
fuel pressure regulator fs non-adjustable. If 
the pressure is incorrect in either test, replace 
the fuel pressure regulator. 

Replacement 
6 Relleve the fuel pressure (see Section 2). 
7 Disconnect the ground strap from the 
negative battery terminal. 
8 Detach the vacuum hose from the fuel 
pressure regulator. 
9 Disconnect the fuel lines from the pres- 
sure regulator and plug them. 
10 Blockthefmntt~ras.Ralsetherearofthe 
vehicle and support it securely on jackstands. 
11 Working under the vehicle, remove the 
fuel pressure regulator mounting nut. It 1s 
threaded on the fuel nutlet tube. 
12 Lift the regulator from the engine com- 
partment. 
13 Install the new fuel pressure regulator 
with the pressure hose from the fuel pump 
connected to the side pipe of the regulator. 
The fuel llnes and vacuum hose must be 
attached securely. 
14 Connect the battery and repeat the 

14.5 Check for voltage at each injector 
plug while an assistant operates 

the starter 

pressure tests. 
15 Check for fuel teaks after all fuel fines 
are reconnected. 

14 Fuel injector - check and 
replacement 

Warning: Gasol~ne is extremely flammable, 
se take extra precautions when you work on 
any part of the fuel system. Don't smoke or 
allow open flames or bare light bulbs near the 
work a m .  and don't work In a garage where 
a natural gas-type appliance (such as e water 
heater or clothes dryer) with a pilot 11ght is 
present. If you spil! any fuel on your skm, rinse 
it off immediately with soap and water When 
you perform any kind el' work on the fuel tank, 
wear safety glasses and have a Class 8 type 
fire exttngu~sher on hand. 

Check 
Refer to illustratrons 14.5 and 7 4.9 
1 The fuel injectors recelve 12 volts posi- 
tive from terrn~nal 88b on the double relay 
whenever the ignit~on is ON. Th!s current 
goes through four separate res~stors in the 
series resistance block, which stabiltzes the 
voltage going to the ~njectors. 
2 The Electronlc Control Unit (ECU) pro- 
vides a negative (ground) return path for all 
injectors ance per crankshaft revolut~on. 
When the solenotds in the injectors are ener- 
gized in this fashion, the needle valves open. 
This permits fuel to spray out of the nozzle. 
3 Two types of electrical malfunctrons 
may occur: either t h e  injector doesn't get 
power, or it gets grounded when it shouldn't. 
4 If the engine IS getting too much fuel 
(flooding), espec~ally in wet weathar, inspect 
the connect~ons at the injectors for tnternal 
grounding. 
Unplug the connector from each fuel injector. 
Using an ohmmeter, touch one probe to the 
Inlector case and the other probe to one ter- 
minal on the injector and then the other. If 
there is continutty between the case and 
either term~nal, replace the inixtar. 
5 With the electrical connectors 
unplugged from the Inlectors. probe the con- 

14.9 Probe the scrips reslstance block for 
voltage comlng from terminal 88b of the 

double relay 

nector terminals for voltage (see illustration) 
whlle an assistant operates the starter. If the 
system IS working properly, the lrght should 
flicker on and off as the englne IS cranked. 
6 Test the wiring harness for shorts to 
ground. With the lgn~tlon OFF, unplug all of the 
~njectors. Connect one ohmmeter probe to a 
clean engine ground and then probe each 
connector for continuity to ground. If any of 
the wires are grounded, replace the harness. 
7 If the fuel pump works (see Section 3) 
but the englne won't start, deterrnme if the 
fuel lntectors are spraying fuel. Remove the 
injectors (see below) but leave the wlrlng and 
fuel hoses connected. Temporarily drsable 
the lgnltlon by d~sconnecting the primary wire 
between the distributor and the coll. Have an 
assistant operate the starter briefly whlle you 
observe the Injector tips. Warning: Perform 
this test only when the eng~ne has cooled off 
completely. Wear eye protectran and stay 
clear of fhe dnvebelt and pulleys! Fuel should 
spray out of all of the ~nlectors in sirnultane- 
ous squ~rts, once per crankshaft revolution. If 
12 doesn't, there IS a problem in the fuel Injec- 
tion system - contlnue the check procedure. 
8 If any injectors don't spray fuel, unplug 
the electrical connectors. W ~ t h  an ohmmeter, 
check for cont~nutty between the terminals of 
each injector that didn't spray. If there IS no 
contrnuity, replace the ~nlector. 
9 If the Injectors test OK, connect a test 
light (see illustration) and check for posltlve 
voltage at the sanes res~stance block with the 
ignit~on On (do not operate the starter). 
10 If voltage is getting to the sertes resis- 
tance block, check each resistor, the double 
relay and the w~ring between the relay termi- 
nal 88b and the sews reslstance block (see 
Sect~on 3). 
11 Injectors should also be checked for 
leakage. F~rst, check the fuel pressure (see 
Section 3). W~th the InIBctors out as 
descr~bed rn the previous Step, wlpe off the 
t ~ p s  of the ~njectors. Have an assstant turn 
the rgn~tion ON (do not activate the starter) 
while you observe the t~ps of the Inlectors. No 
more than two or three drops of fuel may leak 
ffom the nozzle. If the leakage IS greater, 
replace the ~n]ector(s). 
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15.1 Exhaust system details (typical carbureted model) 

I Clamp washer 
2 E-clip 
3 Bolt 
4 Hot air tube 
5 Hose clamp 
6 Air hose grommet 
7 Connectmg prpe 

8 Nut 15 Pin 22 Nut 
9 Gasket 16 Cable connecting lrfl k 23 Clamp 

10 Gasket 17 Cable retainrng pin 24 Bolt 
7 1 Heater air duct 18 E-cltp 25 Seabng ring 
12 Heat exchanger 79 Clamp 26 Tailptpe 
73 Heater flap lever 20 Retarning ring 27' Gasket 
74 Lever return spring 21 Sealing ring 28 Muffler 

12 Relieve fuel pressure (see Section 2). 
13 Remove the heater air ducts that run be- 
tween the heat exchangers and fan housing. 
14 Unplug the electrical connectors from 
the fuel injectors. 
15 Remove the retaining bolts from the 
Injector retainers uslng a 10 rnm socket 
wrench. 
16 Gently pull the injectors out of the intake 
manifold, along w~th the retainers and seals. 
'Note: If the seals stick, remove them with a 
WI# hook. 
17 Loosen the  hose clamps and pull the 
Injectors off the main fuel ring. 
18 Replace the large seal around the injec- 
tor body and the small seal at the tip of the 
Injector. lnstallatlon IS the reverse of removal. 
Tighten the retainers to the torque listed In 

this Chapter's Specif~cations. 

15 Exhaust system servicing - 
general information 

I 

1 Refer to ilfustrafrons 15.1 and 15.4 
Warning: lnspectlon and repair of exhaust 
system components should be done only 
after enough trme has elapsed after driving 
the vehicle to allow the system components 
to cool complefely. Also, when working under 
the vehrcle, make sure i t  I S  securely sup- 

ported on jackstands. 
1 The exhaust system consists of the heat 
exchangedexhaust manifolds, the catatytrc 
converter (1975 and later models only), the 
muffler, the tailpipe(s) and all connecting 
parts, brackets, hangers and clamps (see 
Illustratlon). If any of the parts are Improperly 
installed, excessive norse and vibration w~l l  
be produced. 
2 Conduct regular inspections of the 
exhaust system to keep it safe and qulet. 
Look for any damaged or bent parts, open 
seams, holes, loose connections, excessive 
corrosion or other defects which could allow 
exhaust fumes to enter the vehicle. Also 
check the catalytic converter (if equipped) 
when you inspect the exhaust system {see 
below). Deteriorated exhaust system compo- 
nents should not ba repalred: they should be 
replaced wtth new parts. 
3 If the exhaust system components are 
extremely corroded or rusted tcgether, weld- 
ing equ~pment will probably be requtred to 
remove them. The convenient way to accom- 
pl~sh this is to have a muffler repair shop 
remove the corroded sections w~th a cutting 
torch. 
4 Here are some slmple guldellnes to fol- 
low when repainng the exhaust system: 

a) Apply penetrating oil to the exhaust sys- 
tem component fasteners to make them 
easier to remove. 

b) Use new gaskets and clemps when 4 
installing exhaust systems components. 

c) Apply anti-seize compound to the 
threads of all exhaust system fasteners 
dunng reassembly. 
Be sure to allow sufficient clearance 
between newly rnstelled parfs and all 
po~nts on the underbody. Pay particu- 
larly close attention to the catalytic con- 
verter mounting (see Illustratlon). 

4 
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15.4 The catalytic converter rs located t0 
the left of the muffler 
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Notes 
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I General information 

The engine electrical systems include all 
ignition, charging and starting components. 
Because of thelr englne-related functions, 
these components are discussed separately 
from chassls electrical devices such as the 
lights, the instruments, etc. [which are 
~ncluded in Chapter 12). 

Yolkswagen Beetles through model year 
1966 were built wlth ax-volt etectrical sys- 
tems, 1967 and later models have 12-volt 
systems. Beg~nning in June 1971, they were 
equ~ppsd with a speclal wrrlng harness that 
connects to the VW Computer Analysls sys- 
tem used by Vulkswagen dealers. This har- 
ness terminates in the engine compartment 
with a special plug. Caution: Never connect 
anything else to this plug or the components 
connect& to rt may be damaged. 

Always observe the following precau- 
tlons when working on the electrical systems: 

a) Be extremely careful when servrcing 
engrne electrical components. They are 
easily damsged i f  checked, connected 
or handled improperly. 

6) Nsver leave the rgnrtion sw~tch ON for 
long periods o f  time with the engine off. 

c) Don't disconnect the battery cables 
whrle the engine is running. 

d) Maintain correct polarity when connect- 
mg a battery cable from another vehicle 
during jump starting. 

e) Always drsconnect the negative cable 
first and hook ~t up last or the battery 
may be shorted by the tool being used 
to loosen the cable clamps. 

fJ Never jump start a vehrcle with a six-voff 
electrical system from a 7 2-volt vehrcle 
or vice versa. 
It's also a good idea to review the safety- 

related information regarding the engine elec- 
trical systems located In the Safety first Sec- 
tion near the front of this manual before begin- 
nlng any operat~on included in thrs Chapter. 

2 Battery - emergency jump 
starting 

Refer to the Booster battery bump) start- 
ing procedure at the front of this manual. 
Warnlng: Never jump star! a vehicle with a 
six-volt electrical system from a vehicle wlth 
a 12-volt electr~cal system or vlce versa. 

3 Battery cables - check and 
replacement 

1 Penodicalty Insped the entire length of 
each battery cable for damage, cracked or 
burned Insulation and corrosion. Poor battery 
cable connections can cause starting prob- 
lems and decreased engine performance. 
2 Check the cable-to-terminal connec- 
tions at the ends of the cables for cracks, 
loose wire strands and cormston. The pres- 
ence of white, flufiy deposits under the Insu- 
lation at the cable terrnbnal connection Is a 
sign that the cable is corroded and should be 
replaced. Check the terminals far distortion, 
m~ssing mounting bolts and corrosion. 
3 When removtng the cables, always dls- 
connect the negative cable first and connect 
it last or the battery may be shorted by the 
tool used to foosen the cable clamps. Even if 
only the posrtrve cable is being replaced, be 
sure to disconnect the negative cable from 
the battery first (see Chapter 1 for further 
information regarding battery cable removal). 
4 Disconnect the old cables from the bat- 
tery, then trace each of them to their opposite 
ends and detach them from the starter 
solenoid and ground terminals. Note the rout- 
ing of each cable to ensure correct installa- 
Zion. 
5 If you are replacing either or both of the 
old cables, take them with you when buytng 
new cables. It is vrtally Important that you 
replace the cables wtth   den tical parts. 

Cables have characteristlcs that make them 
easy to ~dentify: posltive cables are usually 
covered with black or red insulation and have 
a larger diameter battery post clamp; ground 
cables are usually uninsulated and have a 
sltghtly smaller diameter clamp for the nega- 
tive post. 
6 Clean the threads of the solenoid or 
ground connection with a wlre brush to 
remove rust and corrosion. Apply a light coat 
of battery terminal corrosion ~nhlb~tor, or 
petroleum jelly, to the threads to prevent 
future corrosion. 

7 Attach the cable to  the solenoid or 
ground connection and tighten the mounting 
nutholt securely. 
8 Before connecting a new cable to tt 
battery, make sure that it reaches the batte 
post without having to be stretched. 
9 Connect the positive cable first, fol- 
lowed by the negative cabre. 

4 Battern - removal and installation 

Refer to illustrations 4.7~ and 4.7b 
Cautlon: Always disconnect the negative 
cable first and connect jt last or the battery 
may be shorted by the tool being used ta 
loosen the cable clamps. 
1 Remove the lower cushion from the rear 
seat (see Chapter 1 1, if necessary). 
2 Release the hold-down clamp and 
remove the battery cover, if equipped. 
3 D~soonnect bath cables from the battery 
terminals. 
4 Remove the hold-down bracket located 
an the side of the batterj near the bottom. 
5 Lift out the battery. Be careful - it's 
heavy. 
6 While the battery Is out, inspect the tray 
and floorpan for corrosion and correct as 
necessary. 
7 If you are replacing the battery, make 
sure that you get one that's identical, with the 



5-2 Chapter 5 Engine electrical systems 

advance rnechan~sms to morn accurately 
monltor the englne and tlme the sparks. On 
later ern~ss~on-controltsd models, the vac- 
uum chambers have an advance and a retard 
portton. 

The ign~tion breaker points, condenser, 
distributor cap and rotor, spark plug wlres 
and spark plugs are all routine maintenance 
Items. Check and reptacement procedures 
and ~gnftron timing ~nstructions are provlded 
in Chapter 1 

6 Ignition system - check 

Warning: Because of the very hrgh secondary 
(spark plug) voltage generated by the ignrtron 

4.7a Sin-volt batter~es have three caps 4.7b 12-volt batfer~es have srx caps system, extreme care should be taken when 
thrs check w done. 

same voltage (see fllustratlons), dlmsnsiuns, flows from the battery, through the ignitron 
amperage rating, cold cranklng ratlng, etc. switch and wlring Into the pnrnary windings Caiibratedjgniti~n tester 
8 lnstallatlon IS the reverse of removal. of the cot1 As the pants open, the  magnetic method 
Caution. Be sure the battery 1s protected w~th field In the cotl breaks down, lnduc~ng h~gh  If the engine ovw but won,? start, 
an lnsulatlng cover to avo~d short clrcuitlng voltage tn the secondary wlnd~ngs. Th~s volt- disconnect the spark plug lead from any 
through the seat spnngs! age travels from the center Post In the coil to spark plug and attach it to calibrated ~gnl- 

the center post Of the capb then tron tester (available mexpensrvely from most 

5 Ignhitia tl 
through the rotor to the 'park plug wire' auto parts stores). Make sure the tester IS 
When the voltage reaches the spark plug, ~t designed for polnt.type jgnition systems, infom -. - I ' J ~ P ~  the gap, crea'l'g a spa* that fires the 2 ~onnect  tfie clip on tfie tester to a bolt 
fuel/a!r rnldure. or metal bracket on the engine, crank the 

Refer to rf/ustratron 5.1 The optimum the spark '* engine and watch the end of the tester to see 
The purpose of the ignrtion system IS to ignite the fuel mixture varles with englne 

If bright blue, well-defined sparks occur, 
provide sparks to ~gnite the fuel In the com- speed and load, as well as engrne Zempera- If sparks occur, sufflctent voltage is 
bustlon chambers. Ignition system compo- ture and fuel octane. The advance mecha- rgachlng the plug to fire It (repeat the check 
nents Include the battery, ignition switch, cotl, nism in the drstrrbutor adjusts the frrlng point at the plug wrres to verify that the 
the pnmaty (low voltage) and secondary (high (known as spark timing or advance) to allow distributor cap and are *K), However, 
voltage) wir~ng, the distributor and the spark the engtne to operate aver a wlde range of plugs themselves may be fouled, so 
plugs (see Illustration). The dlsttibutor con- speeds and loads. All 1967 and earlwr mod- remove and check them as described !" 
tams the rgn~t~on breaker polnts (or "points"), els use a vacuum chamber mounted exter- Chapter new ones 
The condenser, cap and rotor and an advance nally on the distributor to provrde spark If no sparks or sparks occur. 
mechanism. The ~gn~tron coil IS sw~tchsd on advance. All 1968 and later autornatlc stlck remove the cap and chEk the cap 
and off by contact breaker polnts In the dl$- shift models and all 1971 and later models and rotor as described In Chapter ,+ If mo,s- 
tributor. When the points close, etectrlcrty use a comblnatlon of vacuum and centrifugal ture Is present, dry out cap and rotor, then 

reinstall the cap and repeat the spark test. 
5 If there" still no spark, detach the sec- 
ondary toll wlre from the distributor cap and 
hook tt up to the tester (reattach the plug wlre 
to the spark plug}, then repeat the spark 
check. 

I 

1 

5'1 IgnRlon system schematic diagram 
e - . -.l - - -. -d 

7.1 The ~gnttlon coil (arrow) 1s mounted 
on the fan housing 
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7.3 Ignition coil wnring 

sure they're clean and tight. 
15 If  sparks now occur, the d~strlbutor cap, 
rotor, plug wire(s) or spark plug(s) (or all of 
them) may be defective. 
% If there's st~ll no spatk, the coil-to-cap 
wrre may be bad (check the resistance w~ th  
an ohmmeter and compare it to the Specifi- 
cat~ons). If a known good wire doesn't make 
any d~fference in the test results, the qgnltton 
corl, polnts or other internal components may 
be defective. Refer further testing to a VW 
dealer or qvallfied electr~cal specialrst. 

7 Ignition coil - check and 
replacement 

1 To distributor (points) 
d To center post of  d~strrbutor cap 

(hrgh voltage) 
75 To tgnrtron swrtch 

6 If no sparks occur. check the primary 
(small) wire connect~ons at the coil to make 
sure they're clean and n~ght. Refer to Secf~on 
7 and check the lgnlt~on call. Make any nec- 
essary repals, then repeat the check again. 
7 If sparks now occur, the distributor cap. 

Refer to itlustrahofls 7.1 and 7.3 

Check 
1 The ignition coil steps up battery voltage 
high enough to jump the gap on the spark 
plugs. The coil ts mounted on the fan houslng 
adjacent to and above the distributor (see 
illustration). 
2 Inspect the coil wlres and insulating 
tower for damage, splits, cracks and carbon 

rotor, plug w~re(s) or spark plug(s) (or all of 
them) may be defective. 
8 If there's slill no spark, the coil-to-cap 
wire may be bad (check the res~stance with 
an ohmmeter and compare ~t to the Specifr- 
cat~ons). If a known good wlre doesn't make 
any difference In the test results, the ignition 
coil, po~nts or other Internal components may 
be defectwe 

Alternative method 
Note: If you're unable to obfam a caltbrated 
Ignftjon tester, the following method wtll allow 
you to determrne r f  the ignitron system has 
spark, but rt won't tell you ~f there's enough 
voltage produced to actualfy initiate cornbus- 
bon tn the cylinders.. 
9 Remove the wire from one of the spark 
plugs. Us~ng an Insulated tool, hold the wire 
about l/4-tnch from a good ground and have 
an assistant crank the englne. 
10 If bright blue, well-def~ned sparks occur, 
suffictent voltage IS reach~ng the plug to fire 
rt However, the plug(s) may be fouled, so 
remove and check them as described in 
Chapter 1 or install new ones. 

- 
11 If there's no spark, check the remaining 
wires In the same manner. A few sparks fol- 
lowed by no spark IS the same condition as 
no spark at all. 
12 If no sparks occur, remove the dlstnbu- 
tor cap and check the cap and rotor as 
described In Chapter 1. If rnplsture is present, 
dry out the cap and rotor, then reinstall the 
cap and repeat the spark test 
13 If there's st111 no spark, d~sconnect the  
secondary co~ l  wrre from the distributor cap, 
hold it about 714-lnch from a good engine 
ground and crank the engine agaln. 
14 If no sparks occur, check the primary 
(small) wire connect~ons at the co~ l  to make 

tracks. 
3 Check the touting of the wlres to the co~l 
(see illustration). If the wires to terminals 1 
and 15 are reversed, the engine may run, but 
will m~sf~re under certain condit~ons. 
4 Using a voltmeter, turn the Ignition ON, 
englne OFF (do not operate the starter) check 
for pos~trve voltage at terminal 75. On six-volt 
madels, at least 4.8 volts should be reaching 
terrnlnal 15; on 12-volt models, a rnlnirnum of 
9.6 volts must be available. If not, trace and 
repalr the wing. 
5 If sufficlent voltage is reaching ter- 
mlnal 15 on the coll, disconnect the hlgh- 
voltage wlre (terminal 4) at the drstributor cap 
end and check for a spark as described tn 
Sect~on 6. 
6 If there IS a strong spark, the coll Is OK. 
If there is no spark, check the ignition points 
and condenser (see Chapter 1) and replace 
as necessary. 

- - 

8.4 Dlscon~wct the vacuum hose($) from 
the d~stributor - i f  there are two hoses, 

label them 

7 If the points and condenser are OK and 
sufficient voltage IS present at terminal 15, 
replace the ignition toll. Caution: Use the 
correct coil for the applicat~on. Coils used on 
12-vott models have an ~nternal reslstor to 
reduce power going to the windngs. Models 
w ~ t h  six-volt systems do not have a built-tn 
resistor. Use of a SIX-volt corl on a 12-volt 
system will result in burned points; a 72-volt 
c o ~ l  on a six-volt model wFll not produce 
enough voltage. 

Replacement 
8 Label and then detach the wires from 
the co~l. 
9 Remove the two mounting bolts and llft 
the coil from the engine compartment. 
10 Loosen tha coil bracket clamp screw 
and slip the coil from the bracket. 
11 Installation is the ravarse of removal. 

8 Distributor - removal and 
installation 

Refer fo ilEustration 8.4, 8.5, 8.6, 8.7, 8.8, 
8 9 ,  8.9b, 8-10, 8.11aand8.116 

Removal 
1 Disconnect the negative cable from the 
battery term~nal. 
2 Remove the distributor cap (see Chap- 
ter 1) and turn the crankshaft until the rotor is 
polnting toward the notch in the d~stributor 
body (below the terminal for the number one 
spark plug in the dlstrtbutor cap) - see the 
TDC locating procedure in Chapter 2. 
3 Detach the prlrnary ignition wire that 
connects the ign~t~on points and condenser In 
the distributor to the number 1 terminal on 
the lgnltlon coit. 
4 D~sconnect the vacuum hose(s) from the 
distributor (see ilfustration). 
5 Remove the distrrbutor hold-down nut 
(see Illustration). 
6 Pull the distributor straight up to remove 
it. There Is a spacer spring in the distributor 
driveshaft that may st~ck to the bottom of the 

, - I 

8.5 Remove the distributor hold-down nut 
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8.8 Distributor drlveshetl components - 
exploded VIBW 136 hp and fuel-injected 

models are slightly different) 

I Spacer spring 
2 Distributor shaft 
3 Thrust washer (two required) 

distributor (see Ilkustration). Do not drop the 
spring into the crankcase. Cautlon: DO NOT 
turn the crankshaft whfle the drstnbutor Is out 
of the engine. If you rntend to remove the drs- 
irlbutor driveshaft, remove the fuel pump, 
pushrod and rntermedrate flange as 
described In Chapter 4 (not necessery on 
fuel-injected models). 
7 Note the position of the slot tn the dis- 
tributor driveshaft and then remove it by lift- 
tng and turning ~t slightly in a counterclock- 
wise d~rection (see Illustration). Special tools 
are availabls from Votkswagen dealers or 
Schley Products (part no. 791 50). 
& Remove the two thrust washers with a 
magnet or stiff wire (see Illustmtion). Cau- 
tion: Do not dmp the washers rnto the 
crankcase. 
9 Inspect the dlstnbutor driveshaft for 
worn teeth and wear on the fuel pump eccen- 
tric (carbureted models only). If the teeth are 
damaaed. check the teeth on the crankshaft 

8.7 Purl the distributor driveshaft out with 8.8 Remove the two thrust washers wi 
a special tool magnet or a stiff wire 

V.W. 

8.9a Early trpe distributor components 
gear.-~easure the thrust washers with a 

1 Cap 4 Shaft and cam 8 Dtshbutor body micrometer. They should be 0.24 inch (0.60 
2 Carbon bmsh and 5 Mong contact 9 Vacuum advance unit rnrn). Replace any warn parts, Inspect the 

distributor components (see illustrations) spring 6 Ftxed contact 

and repair or replace as necessary. 3 Rotor 7 Contact base plate 



Chapter 5 Engine electrical systems 5-5 

8.9b Later type dlstrlbutor wlth 
centrifugal advance mechanism 

I Mounting clamp bracket 
2 Cap 
3 Rotor 

3a Ptastic cap 
4 Contacts securing s c m  
5 Contact pornts 
6 CIm screw 

Clrp retainer 
Clrp retainer 
Cap clip 
Contact points mounting plate 
E-clip for puff rod 
Screw 
Vacuum unit 
Condenser 
Screw 
Screw 
Spring washer 
Retaining spring 
Ball 
Circlip 
Rn 
Driving dog 
Shim 
Fher washer 
O-ring 
Distrrbutor body 
Felt washer 
Ctrclip 
Shms t ring 
Return spring 
Cam 
Circlip 
weights 
Washer 
Dnvesha f? 



5-6 Chapter 5 Engine electrical systems 

8.10 Slide the shims down the rod 

Installation 
Note: If the crankshaft has been moved whlle 
the distrtbutor is out, the number one piston 
must be repositioned at TDC. This can be 
done by feeling for cornpresslon pressure at 
the number one plug hole as the crankshaft is 
turned. Once compression is  felt, align the 
ignrtron timing zero mark on the crankshaft 
pu/ley with the seam in the crankcase. 
10 Insert a rod or stiff wire straight Into the 
spring hole. Apply grease to the two shims 
and slide them down the rod (see Illustra- 
tion). Be sure the shims are properly seated 
before removing the rod. 
11 Apply englne oil to the dlstrlbutor drive- 
shaft and install it with the slot perpendicular 
to the crankcase centerline seam and the 
smaller segment near the crankshaft pulley 
(see Illustrations). Note: On some bte mod- 
els with emrssron controls, the slot should be 
positioned one tooth left (counterclockw~se) 
to allow for vacuum advance diaphragm 
clearance. 
12 Turn the crankshaft back and forth 
slightly with a wrench to determine if the dis- 
tributor driveshaft is seated. If the driveshaft 
moves, it Is seated. Reatign the crankshaft 
pulley to TDC and check the  slot in the drive- 
shaft, also. 
13 Insert a stiff wire into the center of the 
driveshaft and slide the spring down it and 
into place. 
14 Install the fuel pump (carbureted models 
only). 
15 Position the distrlbutor to go Into the 
engine. The hold-down bracket should be 
over the stud on the crankcase and the 
smaller segment of the drive tang on the bot- 
tom should face the crankshaft pulley. Sl~p 
the distributor Into place. To mesh the slot In 
the distrlbutor drlve and the dlstr~butor, it may 
be necessary to turn the rotor slightly. The 
rotor should align with the mark on the edge 
of the dlstr~butor base. 
16 Place the hold-down clamp In position 
and tighten the nut securely. 
17 Install the distributor cap and reattach 
the spark plug wires to the plugs (if removed). 
18 Connect the coil-to-distr~butar wires 

8.1 1 a Apply englne oil to the d~str~butor 
driveshaft and install it with the slot 
approximately perpendicular to the 
crankcase centerline seam and the 

smaller segment toward the 
crankshaft pulley 

and the cable to the negative termrnal of the 
battery. 
19 Chsck the ign~tron Z~mlng (refer to Chap- 
ter 1) 

9 Charging system - general 
information and precautions 

The charg~ng system supplies electrical 
power for the entire vesl~de when the engine 
is runnlng. The charg~ng system Includes a 
generator or an alternator, a voltage regula- 
tor, a charge indicator light, the battery, fuses 
and the w~ring between all the components. 
The generator or alternator is driven by a 
drivebelt at the rear of the engine. 

The purpose of the voltage regulator is 
to Eimlt the generator's or alternator's voltage 
to a preset vatuo. Th~s prevents excessive 

voltage from ovsrheat~ng the generatorfalter- 
nator and damaging electrrcal components 
when the englne 1s operated at high speeds. 

Period~c maintenance of the charg~ng 
system is not normally required. However, 
the drlvebett, battety and wires and connec- 
tions should be inspected at the Intervals 
outl~ned In Chapter 1. 

The dashboard warning light should 
come on when the lgntt~on key is turned to 
Start, then go off imrned~ately after the englne 
starts. If It remains on, there ts a malfunction 
in the charging system (see Section 70). 

Be very careful when making electrical 
circuit connections to a vehicle equfpped 
with an alternator and note the following: 

a) When reconnecting wires to the attema- 
tor from the battery, be sure to note the 
polarity. 

b) Before usrng arc welding equipment to 
repair any part of the vehicle, drscoflnect 
the wrres from the slternator and the 
battery terminals. 

c) Never start the engtne wrth a batterj 
charger connected. 

8.1lb N t h  the engine at TDC, when the 
distributor driveshaft is seated, it should 
be perpendicular to the crankcase seam 

d) Always disconnect both battery leads 
be fom usrng a battery charger. 

e) The generator/alternator is turned by an 
engine drivebelt which could cause seri- 
ous injury if your hands, harr or clothes 
become entangled in rt wrfh the engine 
running 

f )  Wrap a plastic bag over the 
generatorfelternator and secure if wrth 
rubberbands before steam cieanrng the 
engrne. 

10.2 Checking battery voltage - the type 
of voltmeter shown here also incorporates 

lengths of resistance wire, allowing it to 
double as a battery load tester, which can 
check the battery's peflormance under a 

current draw that simulates the starter 
motor load; load testers, commonty 

available from auto parts storm, are a bit 
expensive, but make startinglcharging 

system diagnosis easier 
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10 Chargingsystern - check 

Refer to illustration 1 0.2 
1 If a malfunction occurs In the charging 
clrcult, don't automatically assume the gen- 
mtor/altemator is causing the problem. First 
check the follow~ng items: 

a) Check the drivebeli tension and condi- 
tion (see Chapter 1 ) .  Replace i t if rt's 
worn or deteriorated. 

bJ Make sure the generatorlalternator 
mountrng bolts am tight. 

c) lnspect the generetorhlternator wiring 
harness and the connectors at the alter- 
nator and voltage regulator. They must 
be in good condition and tight. 

dj) Use a hydrometer (available st auto parts 
stores) to check the specrfic gravity of 
the httery electrolyte In each cell (does- 
n'f apply to maintenance-free bsttenes). 
If it's low, charge the battery. Aka, make 
sure each cell's reading is close to the 
readings of  the other cells. One bad cell 
can cause the generatorlaSternator la 
overcharge the battery. 

eJ Disconnect the battery cables (negative 
first, then posrtive). Inspect the battery 
posts and the cable clamps for corra- 
sion. Clem them thoroughly l f  necessary 
(see Chapter 1). Reconnect the cable to 
the posrirve terminal. 

11 With the key of f ,  connect a test light 
between the negative battery post and 
the disconnected negative cable clamp. 
I )  If the test llght does no! come on, 

reattach the clamp and proceed to 
the next Step. 

2) I f  the test light comes on, there is a 
short (drain) in the elecfncal system 
of the vehicle, The short must be 
reparred before the charging sys- 
tem can be checked. 

3) D~sconnect the generatorlalterna- 
tor wrring harness. 
(4 if the Eight goes out, the alterna- 

tor is bad. 
(bJ lf the lrght stays on, pull each 

fuse untd the light goes out (this 
w~l! teN you which component Is 
drawrng power). 

2 Using a voltmeter, check the battery 
voltage (see Illustration) with the englne off. 
It should be approx~mately 6.3 volts on f 966 
and earlker models and 12.6 volts on 1967 
and later models. 
3 Start the engine and run it at a fast idfe 
(about 2,000 rprn). Check tho battety voltage 
again. It should now be approximately 7.4 to 
8.1 volts on a 1966 or earlier models and 73.5 
to 14.5 volts on 1967 and later models. 
4 Turn on the headlights. The voltage 
should drop, and then come back up, If the 
charglng system IS working properly. 
5 If the voltage reading IS more than the 
specified chargrng voltage, replace the volt- 
age regulator (refer to Section 11). If the volt- 
age is less, the generator or alternator may 
be faulty or the voltage regulator may be ma!- 

11.2a On 1967 through late 1974 model 11.2b On 1967 and later Karrnann Ghias, 
Beetles, the valtage regulator IS mounted the voltage regulator 1s located next to 

under the rear seat on the driver" side the battery 

functioning. Replace the voltage regulator seat on the driver's dde (see  illustration^; 
and if that doesn't correct the problem, vehbcles produced after late 1974 have volt- 
replace the generatorlatiernator (the voltage age regulators built Into the  alternators. On 
regulator should be replaced whenever the 1967 and later Karmann Ghias, the voltage 
generatorlaltemator Is replaced anyway). regulator 1s mounted in the engine compart- 

ment next to the batter)r (see illustration). 
3 Disconnect the negatrve cable from the 
battery. 11 Voltage regulator - replacement 
External voltage regulators 

Refer to illusiratlons 11.2a, 17.26, 11.4, 11.5, 4 Label and then disconnect the wires 
11.8a, 11.8b and 11.9 from the voltage regulator (see illustration). 
1 Several types of voltage regulators are 5 Remove the rnauntlng screws and I~ f t  
used on the models covered by this manual, the regulator. On six-volt models, turn the 
and the one in the vehlcle you ate working on regulator over and disconnect the two wires 
may not be the correct one. Whenever 
replacement is necessary, pravide the parts 
counterperson with the vehicle chassrs num- 
ber, the engine serial number, the numbers 
on the generator/alternator and the numbers 
on the voltage regulator. 
2 On 1966 and earlier models, the voltage 
regulator IS mounted on the  generator. On 
1967 through late 1974 model Beetles, the 
voltage regulator is mounted under the back 

underneath {see illustration). 
6 When reinstalling a SIX-vaR regulator, be 
sure to connect the thick wIre from the posi- 
tive generator brush to the D+ terminal under 
the regulator. Connect the thln wire from the 
field to the DF or F terminal under the regula- 
tot* 
7 On all models, mount the regulator and 
tighten the screws securely. 
8 Reconnect the wares [see Illush9tFons). 

1 t.4 Label and then disconnect the wires 11.5 On SIX-volt models, lift the regulator, 
(six-volt model shown) then label and d l ~ ~ o n n e c t  the 

wires underneath 
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11 .Ba On SIX-volt models, terminal 61 goes to the generator 
warning light and B* (51) connects to the batterv via 

DF 8+/61 ,/ Rwr mt flo 

11.8b On 12-volt models with genarators, the wires are 
connected as follows: 

W+ - to battery 
DF - to genemtor DF 
B+/51 - to battery t v e  and terminal 30 
67 - to ignition warning light 

the-starter 

1 q.9 Remove the cover plate and 
then the voltage regulator/brush 

1 P d holder assembly 

+ 7 Cover ~18te 
C. 

2 voltage regulator/brush 
holder assembly 

Internal voltage regulators 
9 Remove the cover plate from the top ol 
tho alternator (see illustration). 
10 Remove the two screws from the volt- 
age regulatorlbrush holder assembly and liR 
it out. 
11 Installation is the reverse of removal. 
Guide the brushes ~ n t o  place and seat the 
voltage regulator assembly in the alternator. 
Install the screws. 

72 Generator - removal and 
installation (1 972 and 
earlier models) 

Refer to illustrafrons 12.2a, 12.2b, 12.3, 12.4, 
12.5, 12.6, 12.7a, 12.7b, 12.8a. 12.8b, 72.9a. 
12. gb, 12.9~ end 72.7 4 

Removal 
1 Disconnect the negative cable from the 
battery* 
2 Label and then dtsconnect the wiring 
from the generator on 12-volt models (see 
illustrations) or voltage reguktor on six-volt 

12.Za These connectors pull oft - be sure to pull the connector, 12.2b Unscrew the small ground wlre at The tan housing 
not the wire (12-rof model shown) end of the generator (12-volt model) 
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I 12.3 Typical generetor mounting details - exploded view 

I PuEley securing bolt 
2 Drshed washer 
3 Crankshaft pulley 
4 Pulley nut 
5 Wzsher 
6 Pulley - rear half 

I 7 Spacer washer 
I 8 V-belt 

9 PuNey-fr~nf half 
I 70 WoodruHkey 

Generator 
Nut 
Generator s t m ~  
Bolt 
Bolt 
Lock washer 
Out fan cover 
Reinforcement fi~nge 
Snner fan cover 
Cockwasher 

21 Nut 
22 Fan hub 
23 Shim 
24 Fan 
25 Cockwasher 
26 Specral nut 
27 Fan housmng 
28 Washer 
29 Screw 

'1 modets (see Section 11). 
1 3 Make index marks on the outer fan 

cover and fan housing (see illustration) to 
ensure proper alignment during reassembly. -,I 4 Remove the generator strap (see illus- 

,-*..?.,. ' tration). 
5 OeTach the fan housing (see Chapter 3) 
and I t f t  rt up high enough to remove the 
screws from the outer fan cover [see illusha- 

6 Lift the generator from the fan housing 
(see illustration). 
7 Remove the englne coollng fan (see 

' I - . ,  I.r - Chapter 3) and then the shims, washer and 1 . ' : i - ,  hub (see illustrations). 
12.4 Remove the generator strap 

(six-volt shown, 12 volt similar) 

' I 
12.6 Lift the generatar from the 

fan housing 

12.5 Remove the four mountlng 
screws (arrows) 

I I L 1 

12.7a Remove the shlrns and washer. . . 12.7b . . . and slide the, hub off 
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<-volt mod 
from the  
and repalr 

8 Remove the Inn PT, reinforce- 
ment flange and oute (see rllustra- 
tions). 
9 On si: e the voltage 
regulator Inspect the 
generator I 35 necessay 
(see illustrations). 

els. rernov' 
pewrl tor.  
or replace ; 

Installation 
10 Reinstall the components in the reverse 
order of removal On S~X-volt models, install a 
new voltage r~gulatox whenever the genera- 
?or is replncsd nr rebuilt. 
11 M a k ~  sure the hub Is seated on the 
Woodrutl key. Refer to Chapter 3 
for englne cooling fan Installation and clear- 
ance c'leck and adjustment. 
f 2 After installation, turn the generator pul- 
ley by hand to check for binding before 
installing the dr~vebelt. 
13 Install the drivebelt and adjust as 
described tn Chapter 1. 
Id If a new, rebulft or used generator was 
installed, ~t must be polarrzed {see illustra- 

12.&a Remove the inner fan cover. . 

tion). Warning: Connect the potar~zing wires 
Zo the battery f~rst, then momentanty touch 
them to the generator terminals. If you can- 
necf them to the generator first and touch 
them !a the battery, you will create a spark 
near the battery that could ignite the hydro- 

12.8b . . . t l i e  reinforcement flana 
and outer fan cover 

gen gas created m the battery and cause an 
explost on) 
15 Check the charg~ng voltage to verify 
proper operation of the generator (see Sec- 
t ~ o n  10). 

t2.9a Bosch six-volt generatar 
(1 11903021 H) - exploded view 

Fan nut 
Carner p/ate 
Fan hub 
End plate 
Woodruff key 
Armature 
Housing and freld assembly 
Regulator 
Through bolt 
Brush holder end plate 

I I Spacer washer 1 1 3 4 I A  5 1 3 1 4  1 6 1 9 1 3  13 2 0 1 7 ' 6  5 1 4 1 5 1 3  : 8 9 1 ' 1  1 1  12 

12 Pulley nut 
13 Spacer ring 15 ~pmring 1 7 011 stinger 19 Cover washer 
74 QI sl~nger 16 Ball bearing 18 Flange 20 Gtrclips 

129b VW six-volt generator (1 1.190302iJ) 1 7  18 19 20 - 
- exploded view I ! I  

\ .. L- ---- - 

I Nut 15 Endpbte 
1 

2 Pulley hub 76 Fan hub 4 

3 Brush holder 17 Through bolts . ,  
end plate 18 Housing and field 

4 Spacerring assembly @T@@=- 
5 Felt washer 19 Slotted screw hole *~ ' 

6 Retainer 
7 Thrust ring 
8 Bal! bearrng 
9 Washer 

ro Key 
11 Spacer 
12 Armature 
13 Bearing retainer 
14 Thrust ring 

20 Voltage regulator L 

I 

V I  I  I ,  



I Chapter 5 Engine electtical systems 5-1 1 

72.9~ 12-volt generator - exploded view 

7 Houslng through bolt (2) 8 Carbon brush (2) 15 Thrust washer 
2 8 six lock washer (2) 9 4 lock washer (2) 16 Pole shoe screw (2) 
3 AM 4 x 8 frllrster head screw (3) 10 AM 4 x 6 fitlister head screw 1 7 Field corl fl 
4 B 4 lock washer (3) I 1 L o ~ k  washer 18 Armature 
5 Spacerring (3 12 Dished washer (2) 19 Splash shield 
6 Brush sprprmg (2) 13 Ball bearing (2') 20 Retaining plate 
7 End plate, commutator end 14 Splesh sh~eld 2 f End plate, fan end 

13 Alternator - removal and 
installation (1 973 and 
later models) 

Refer fo rllustmtions 7 3.8 and 13.9 
Note: Starting w ~ t h  chassis number 
11  324 1493 1. 1973 models are equipped with 
alternators instead of generatom. Alternator 
rernova! and instal!atlon I S  essentfally the 
mme as for the generator; refer to the rliustm- 
hons En Secfron 12 as necessayv. 
1 Detach the cable from the negatlve ter- 
minal of the battery. 

2 Label and then detach the electrical 
connectors from the alternator. 
3 Make index marks on the outer fan 
cover and fan housing to ensure proper al~gn- 
rnent during reassembly. 
4 Remove the alternator hold-down strap. 
5 Detach the fan housing (see Chapter 3) 
and lift tt up high enough to remove the 
mounting screws from the outer fan cover. 
6 Lift the alternator from the fan hous~ng. 
7 Remove the engine cool~ng fan (see 
Chapter 3) and then the shims, washer and 
hub. 
8 Remove the inner fan cover, stiffener 
and outer fan cover (see illustration). 

12.14 To polarize the generator, connect 
a battery of the proper voltage 

I,, momentarily as shown 

Alternator mounting details - exploded vlew / / 
Fen inner cover 
Stiffener 
Fan outer cover 
Alternator mounting strap 
Alternator 
Pulley flange 

Spacer 
Pulley flange 
Special washer 
Crankshaft pulley 
Wished washer 
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9 If you are replacing the alternator [see 14 After the alternator IS ~nstalled, adjust 
illustretien), take the otd one wrth you when the dnvebelt tenston ( s e  Chapter 1).  14 Starting system - general 
purchas~ng a replacement unit. Make sure 15 Check the charging voltage to verify information and precautions 
the newirebuilt unit looks identgcal to the old proper operation of the alternator (see Sec- 
altmator. Look at t h ~  termrnals - they should tton 10). Caution: AEternators never need The sole function of the starltng system 
be the same In number, s~ze and locatron as polan'zing; do not attempt to polarize the is to turn over the englne qurckly enough to 
the terminals on the ord alternator. Finally, alternator. allow ~t to start. 
look at the rdentifrcation numbers - they w~l l  
be stamped into the hous~ng or pnntd on a 
tag attached to the hous~ng. Make sure the 
numbers are the same on both alternators, or 'I 
that the new numbers supersede the old 
ones. 
10 Many new/rebw!lt alternators DO NOT 
have a pulley installed, so yau may have to 
switch the pulley from the old unit to the 
new/rebullt one. 
11 Installation 1s the reverse of removal. 
12 Make sure the hub is seated on the 
Woodruff key. Refer to Chapter 3 for engine 
cooling fan ~nstallation and clearance check 
and adlustment. 16 
1 3 .  After ~nstallation. turn the alternator pul- 
ley by hand to check for blnd~ng before 

\* 
installing the drivebelt. 

13.9 Alternator - exploded view k.' 
insulating plafe 
Diode plate 
Stator 
Rotor 
Washer 
Drive side bearing 

9 Housing 
10 Voltage regulator 
1 I Cover plate 
12 Clamp plat8 
13 Seal 
14 Bearing plate (fan side) 

7 Spacer nng (drivi side) 7 5 Spacer ringrfan side) 
B Bearing plate (d'nv8 side) 16 Bolt I! 

r -  
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The starting system consrsts of the bat- 
tery, the starter motor, the starter solenoid 
and the wirm connecting them. The solenoid 

1 1s mounted directly on the starter motor. 
The solenoid/starter motor assembly Is 

Instatled on the lower part of the engine, nsxt 
to the transrnlssion bellhousing. 

When the ~ g n ~ t ~ o n  key IS turned to the 
Start position. the starter solenoid Is actuatd 
through the starter control c~rcuit. 

The starter salenoid then connects the 
battery to the starter. The battery supplies the 
elxtrlcal energy to the starter motor, which 
does the actual work of cranking the engine. 

Zhe starter on a vehlcke equipped with 
an autornat~c strck shift can only be operated 
when the transmlssion selector lever is jn 
Neutral. 

Always observe the following precau- 
tions when working on the start~ng system: 

a) Excessive crankrng of the starter motor 
can overheat it and cause serious dam- 
age. Never operate the starter motor for 
more than 15 seconds at a timime without 
pausing to allow rt to cool for at least 
two minutes. 

b) The starter is connected dtrectly to the 
battery and could arc or cause a fire i f  
mishandled, overloaded or shorted out. 

c) Arways detach the cable from the nega- 
tive tem~nal of the battery before work- 
ing on the starting system. 

15 Starter motor - testing in vehicle 

1 If the starter motor does not turn at all 
on autornatlc stick shift models when the 
switch IS operated, make sure that the shift 
lever is In Neutral. 
2 Make sure that the battery is charged 
and that all cables, both at the battery and 
starter solenoid terminals, are clean and 
secure. 
3 If the starter motor sptns but the engine 
Is not cranking, the overrunning clutch In the 
starter motor 1s sl~pping and the starter drive 
must be replaced. 
4 If, when the swltch is actuated, the 
starter motor does not operate at all but the 
solenoid clicks, then the problem lies with 
either a discharged battery, faulty solanold 
contacts or the starter motor itself (or the 
engine is seized). 
5 If nothrng can be heard when the swltch 
Is actuated, the battery Is dead or swltch Is 
bad, the c~rcult Is open or the solenoid Rself 
Is defective. 
6 To check the solonold, connsct a 
Jumper lead between the battery positlva ter- 
minal and the starter swltch terminal (the 
small term~nal) on the solenoid. If the starter 
motor now operates, the solenoid is OK and 
the problem is rn the ignitlon switch, neutral 
start swltch (automatic stick shift) or the 
wirlng. 
7 If the starter motor stlll does not oper- 
ate, remove the starter/solenoid assambly for 
disassembly, testing and repair. 

18.3 'Unplug the small wires and remove 
the nut from the solenoid, then detach 

the battery cable 

scosity cc 

7 6 Starter motor - fen 
Installation 

f the starter motor cranks the engine at 
an abnormally slow speed, first make sure 
that the battery is charged and that all termi- 
nal connectior;s are ttght. If the engine is par- 
tially seqzed, Or has the wmng viscosity oil In 
i t  ( ~ n  cold wea!herl. ~t wHI crank slowly. 
5 Run the englr iormal operating 
temperature is real !R disconnect the 
coil wlre from the c r cap and ground 
it on the engine. 
10 Connect a voltmeter positive lead to the 
positive ba t t~ r :  post and connect the n q a -  
tivs lead to the nsgntlve post. 
11 Crank the engine and take the volt- 
meter readings as soon ns a steady f~gure IS 
indrcated. Do not aHow the starter motor ta 
turn for more than 15 seconds at a time. A 
reading of 4.5 volts or more Eon a 1966 or 
earlier mode!), or 9 volts or more (on a 1967 
or later model), wrth the starter motor turn- 
tng at normal cranking speed, 1s acceptable. 
If the read~ng is 4.5 volts or more (1966 or 
earlier models) or 9 volts or more (7  967 and 
later models) but the crank~ng speed IS slow. 
the solenoid contacts are burned, the starter 
Is faulty or there IS a bad connection. II the 
reading is less than 4.5/9 volts and the 
cranking speed is slow, the starter motor is 
bad, the battery Is partly discharged or the 
engine is t~ght (It could be partiaflv scized or, 
in cold weather. the oil vi luld be 
too high). 

naval and 

16.4 Remove the stader fastenem 

Refer Po //lustratlons 16.3 and 16.4 
1 Detach the cable from the negative ter- 
minal of the battery. 
2 Block the front wbeals to prevent the 
vehicle from rolling. Loosen the lug bolts on 
the right rear wheel. Raise tha rear of the 
uehlcla and support it securely on jackstands. 
Remove the right rear wheel. 
3 Disconnect the wires from the terminals 
on the starter solenold (see Illustration). 
4 Hava an assistant hold the nut In the 

englne eompartrnent while you remove the 
inner starter bolt. Then remove the mounting 
nut and detach the starter (sea Illustration). 
5 Inspect the bushing where the t ~ p  of the 
starter fits into the transaxle and replace if 
necessav (Bosch starters only). 
6 Lubr~cate the bushing wlth grease. 
Apply a bead of seatant to the transaxle 
where the starter contacts it and install the 
starter. Tighten the fastenws securely. 
7 The rernabnder of the installation is the 
reverse of rernaval. 

77 Starter soknoid - removal and 
installation 

Removal 
Refer to i/lustrations 17.3, 17.da, 17.46 and 5 
77.5 
1 Disconnect the cable from the negative 
terminal of the battery. 
2 Remove the starter motor (see Sec- 
tlon 16). 
3 Remove the nut (see Illustration) and 
disconnect the electrical strap from the 
solenoid to the starter motor terminal. 

17.3 Remove the nut and the 
aleetrlcal strep 
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17 4a Detach the solenoid from the 17.4b Later model Bosch solenofds are 17.5 Llft the solenoid free of tCe starter 
starter (early model shown) attached with Screws (Boscti shown) 

4 Remove the nuts or screws which 
secure the solenoid to the starter motor (see 
ilfustratlons). 
5 On Bosch starters (except Automatic 
Stlck Shift), lift the solenoid slightly to disen- 
gage the pull rod from the starter (see Fllustra- 
tion) and remove the solenoid. Note: Starters 
may be manufactured by Bosch or Volkswa- 
gen: identiflcat~on is irnpr~nted In the case. 
6 On VW-built starters, remove the 

77.7 To adjust the pull rod on 
Bosch starters, loosen the 

locknut, turn the rod until the 
distance dab is 0.744 to 0.752 
inch (18.90 to 19.10 mm), then 

tighten the locknut and 
remeasure bad 

solenoid housing, the solenoid core remains 
with the staner. 

is necessary on VW-buitt starters. starters, be sure the openlng In the pull rod Ins tallation B Apply sealant to the mattng surfaces f~ts over the engaging lever. On VW-bull' 
Refer to rllusfmtions 1 7.7, 1 7.83, 1 ?.8b, between the solenold and the drive end plate starters, slip the core into the solenoid. 
t7 .8~,  1?.8d, 17.&and 17.M (see illustrations). Position the rubber seal [if 10 Install the solenoid mounting 
7 If you are replacing the solenoid on a equtpped) on the drwe end plate. nuts/screws and tighten them securejy. 
Bosch starter, adjust the length of the pull 9 Pull the drive pinion out as far as possi- 11 Install the  starter as descr~bed In Ssc 
rod (see illustration). No pull rod adjustment ble and Install the solenoid. On Bosch tion 16. 

a- 

1 7 . a  Early six-vott Bosch starter motor - 
axplcded view 
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17.8b Bosch starter M]091t023A - exploded view (Automatic S i c k  Shlft) 

Screw (2) 
Washer (2) 
End cap 
C-washer 
Washer (2) 
Shim 
Through bolt (2) 
Sealtng ring 
End plate 

Retaining spring (4) 
Negettve brush (2) 
Brush holder 
Positrve brush (2) 
Rubber grommet 
Pole housing 
Field winding 
lnsutator washer 
Thrust washer 

Armature 
Nut 
Lock washer 
Solenoid 
Solenwd return sprlng 
Operating sleeve 
Engaging lever 
Engagtng spring 
Detent bails (1.0) 

Drive pinlon 
Molded rubber seal 
Disk 
Pin 
Ddve end plate 
Screw (2) 
Lock washer 
Nut 

1 Screw (2) 
2 Washer (2) 
3 End cap 
4 Through bolt (2) 
5 C-washer 
6 Shim 
7 Sealing ring 
8 End plate 

1 7 . 8 ~  Bosch starter 31 191 10230 - exploded view 5 

9 Brush holder 
10 Sprrng (2) 
7 1 Rubber grommet 
12 Pole housrng 
73 Nut 
74 Lock washer 
15 \nsulatmng washer 
16 Thrust washer 

Solenoid 25 Screw (2) 
Armaturn 26 Drive end plate 
Pin 2 7 Drive pinion 
Engaging lever 28 Stop nng 
Nut 29 Circlip 
Lock washer 
Molded rubber seal 
Disk 

17.8d Bosch starter 1 139i 1021 8 
- exploded view 

I Lever beanng prn 
2 Ctrckp 
3 Stop ring 
4 Securtng screw 
5 Mounfmg bracket 
6 Nut 
7 S~r i no  washer , - 
8 Ptnion 1 2 3 4 5 6 7 8 9 1 0  1 1  12 13 14 15 16 17 1E 19 20 21 22 2 3 2 4  
9 Operating lever 

I0 Rubber seal 
1 I Solenoid 
72 Armature 
13 Steel washer 

14 Synthetic washer 
15 Through bolts 
16 Housing 
17 Washer 

18 Brush holder 
19 End plate 
20 Shtms 
2 1 Lock washer 

22 Sealing ring 
23 End C8p 
24 Screws 
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f ?.Be W starter 11 91 1023A - exploded Y lew 

Through bolt (2) 
Cap 
Circlip p) 
Steel washer 
Bronze washer 12) 
Commutator end plate 
Brush holder and brushes (2) 
Brush inspec tion mver (2) 
Connecting strap 
Solenoid housing and winding 

Insulating d ~ s k  
Sofenold core 
Linkage 
Molded rubber sea! 
hsulafing plate 
Spring clip (2) 
Nut end lock washer 12) 
Pins (2) 
Small nut and lock washer (2) 
Screw and lock washer 

Pole housing 
Dished washer 
Steel washer 
Armature 
Connecttng bushing 
Drrve prnron 
spring 
Intemed~ate washer 
Dished washer 
Drive end plate 

1 Circlip 
2 Cup washer 
3 Nuts and ~ochwashsrs 
4 /ntemd/ate bracket 
5 Piwt prns 
6 Sprlng clips 
7 Drive plnron with llnkage 

and solenold corn 

t 7.8f VW starter 11 391 1021 A - exploded view 

Insulating plate 
Molded rubber see1 
lnsulating disc 
Solenoid housing 
Armatuse 
rhrough bolts 
Housing and Iield assembly 
Steel washer 

Bronze washer 
Friction washer 
Thrust nng 
Brush inspection cover 
Commutator end phte 
Steel washer 
CRP 
Connecting stnp 



Chapter 6 
Emissions control systems 
Cantents 

Section See tion 
Catalytic converter ......................................................................... 7 General ~nformation ........................................................................ 1 
Evaporative emissions control (EVAP) system ............................... 3 Inlet a~r temperature control system ........................................... 4 
Exhaust Gas Recirc~latkon (EGR) system ..................................... 5 Positive Crankcase Vent~lation (PCV) system ............................. 2 

....... Exhaust Gas Rec~rculatbon (EGR) system check Positive Crankcase Venthation (PCW system check See Chapter 1 
and servlce light resetting ...................................... See Chapter 1 Throttle valve pos~tioner ......................................................... 6 

1 General information 

A number of emissions control systems 
are incorporated in later model VW Beetles to 
prevent pollution of the atmosphere from 
incompletely burned and evaporating gases. 
and to maintain good driveability and fuel 
economy. The prrncipal systems are: 

Aufomafrc choke system 
Carburetor mounted emission cantrol 

devrces 
Catalytic converter (CAT;) 
Hectronic fuel mnject~on (EFl] 
Exhaust Gas Recrrculafion (EGR) system 
Fuel evaporative emlssron control sys- 

tem (EVAP) 
Inlet atr temperature control system 
Positive Crankcase Ventriation (PCVJ 

system 
The Sections in thts Chapter include 

general descrlptlons, checklng procedures 
wlthin the scope of the home mechanic and 
component replacement procedures (when 
possible) for each of the systems listed 
above. 

Before assumlng an em~ssions control 
system IS malfunctloning, check the fuel and 
~gnlt~on systems carefully. The diagnos~s of 
some ernlsston control devices requires spe- 
c~alized tools, equipment and traknlng. If 
checking and servicing become too difficult 
or if a procedure is beyond your ab~lity, con- 
sult a dealer serulce department. Remember, 
the most frequent cause of emissions 

problems are simply a loose or broken vac- 
uum hose or wire or a clogged passage, so 
always check these items first. 

Emission control systems are not partic- 
ularly dlfficult to maintain and repair. You can 
quickly and easily perform many checks and 
do most of the regular maintenance at home 
with common tune-up and hand tools. 

Pay close attention to  any special pre- 
cautions outlined in this Chaptw. It should be 
noted that the rllustrations of the various sys- 
tems may not exactly match the system 
installed on a particular vehicle because of 
changes made by the manufacturer durlng 
productton or from year-to-year. 

On later models, a Vehicle Emisslons 
Control Information (VECI) label is located on 
the fan housing. This label contalns important 
emissions specif~cat~ons and adjustment 
information. When servicing the englne or 
emissions systems, the VECI label In the 
vehicle should always be checked for up-to- 
date ~nforrnat~on. 

2 Positive Crankcase Ventilation 
(PCV) system 

2 On 1971 and earlier models, the PCV 
hose runs from the orl filler housing to the alr 
cleaner (see illustration), On 1972 and later 
models, a hose runs from each valve cover to 
the air cleaner. 
3 Check the hose@) for cracks, splits and 
colEapstng (see Chapter 1) and replace as 
necessary. 

6 

Refer to rllustmtion 2.2 
1 The Posittve Crankcase Ventilation 

2.2 The PCV hose runs fro the oil filler 
housing to  the air cleaner 

(PCV) system reduces hydrocarbon emis- 
sions by scavenging crankcase Vapors. It 
does this by routing blow-by gases from the 
crankcase through the air cleaner and into 
the Intake manifold for reburning. 

1 Air cleaner 
2 PCV hose 
3 Oil filter housing 
4 Rubber drain valve 
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3.7b On Karrnann Gti~as, the canister Is 
located in the engine compartment 

I- - 

3.8 Hose rowtlng on engin 

1 Carries vapors from Ihe canrster to thc 

air rnfake 
2 Routes arr from the fan housing to Me 

canrster 
3.7a On Baetles :ter is located 

inside the rryrit rear fender 
,the canir 
A-L* "--- fuel evaporation), the charcoal in the canister 

absorbs the fuel vapor. After the englne 
starts, the stored fuel vapors are routed to 
the Intake manifold and combust~on cham- 
bers where they are burned dur~ng normal 
engine operatron. 

I Metal vent Nne fmm fuel tank 
2 Plastic hose connects to metal 

tank line 
3 Outlet hose lo arr cleaner 

4 Inlet air temperature control 
system 

Hefer to illustrations 4.1, #.$a, 4.8b and 4.9 Checking 
4 The canister is located inside the right 
rear fender on Beetles and in the engine 
compartment on Karmann Ghias. 
5 Check the canister, hoses and lines for 
cracks and other damage. 
6 Check the gasket on the fuel filler cap 
for deformation, cracking or other damage 
that would allow vapors to leak Into the atmo- 
sphere. 

3 Evaporative emissions control 
( N A P )  system General description 

1 All models have we~ghted flaps on tC: 
alr cleaner (see ilkustration) to route heat: 
alr into the englne d u n g  low englne spee: 
operation. Thts deters carburetor ictng ar4 
reduces sturnbl~ng and hestation. Check t h v  

arm for free movement wh~le the a* cteaner ' 
tnstalled 
2 Latsr emlsslon controlled models ale 
have a thermostatrcally controlled alr  clean^ 
system wh~ch prov~dps heated Intake alr dl- 
ing warmup, then rna~nta~ns the Inlet alr t e r  
perature at approx~matety 90-degrees F t 
rnlxlng warm and cool alr. This allows l e a a ~  
fuellarr m~xtures, wh~ch  reduces emissron( 
and lrnproves dr~veab~lity, especially durlri 
warnup. 

Refer to illustrat~ons 3,7a, 3.7b and 3.8 

General description 
7 This system is ~nstalled on 1970 and 
later models. It IS designed ta trap and store 
gasoline vapors that evaporate from the rue1 
system and would normally enter the atmo- 
sphere In the form of hydrocarbon (HC) emis- 
sions. 
2 The system consists of an activated 
charcoal-f~lled canister. an expansion tank 
(on Super Beetles), connecting lines and fuel 
tank ventilating hoses. 
3 When the engine Is off and pressure 
beains to build UD in the fuel tank (caused b$ 

Charcoal canister replacement 
7 To replace the canister, label and then 
disconnect the vacuum hoses, remove the 
mount~ng screws and separate the canister 
from the bracket (sea illustrations). 
8 lnstallalion 1s the reverse of removal. 
Check the routing of all the hoses {see illus- 
tration). 

4.1 Early and later model air cleaners 

I Upperpart 
2 Gasket 
3 Lowerpart 
4 Weighted flap 
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4.8a 1971 Beetle air cleaner (top view) 4.0b 1971 Karmann Ghia air c 
I Thermostat 2 Werghied nap 7 Thermostat 

3 Two sources of alr - one warm and one 
cold - are used. The balance between the 
two Is controlled by a thermostat. On 1968 
through 1970 models, the englne cooling 
thsrmostat is connected to the  alr cleaner 
flap wlth a cable. On 197'1 models. the flap is 
operated by a separate thermostat located in 
the alr cleaner. On 1972 and later models, the 
flap ts controlled by  a thermostatically regu- 
lated vacuum unit. Tha bl-metall~c thermostat 
exnands and contracts accordinu to the tern- 

described in Chapter 1 ,  proceed as described 
below. 
5 Remove the air Intake duct from the air 
cleaner. Check and make sure the a1r flap is 
not loose ar damaged. 
6 The flap should seal the cold air opening 
when the temperature IS low. If the flap 1s 
seallng the warm alr openlng when the 
englne is cold, replace the thermostat. Note: 
On 1968 through 1970 models, try ta adlust 
the enaine thermostat and cable flrst (see 

perature of the lncornqng arr In Lrn,  the flap chapters 3 and 4). 
w~ll open and close wlth a cold or warm 
engine ternperatrlre Component replacement 
4 When the underhood alr temperature IS 
cold, w a n  alr radiat~ng oft the heat exchang- 
ers is routed up through hot air ~nlet tube(sj 
and Into the arr cleaner. This provides warm 
Intake alr to the engine. As the temperature of 
the alr routed over the thermostat rlses, the 
heat duct valve is gradually closed and the alr 
cleaner draws alr through a cool alr duct 
instead. The result IS a consistent Intake alr 
tern perature. 

Checking 
Note: Refer to Chapter I for the rnrfiai system 
check I f  the sysiern doesn't operate as 

7 On 1968 through 1970 models, see 
Chapter 3 for thermostat adjustment and 
replacement. 
8 To remove the thermostat on the alr 
cleaner (1 971 models), ternporar~ly remove 
the air cleaner hous~ng from the engine (see 
Chapter 4). Carefully remove the thermostat 
and replace it wtth a new unit (see illustra- 
tions). 
9 To remove the thermostat~c valve or 
vacuum unit (see ~tlustration) on 1972 and 
later models, refer to Chapter 4 and remove 
the air cleaner. Carefully remove the thermo- 
static valve or vacuum unlt and replace it with 

a new part. Note: Thermostatrc valves 
tnstalled after December 1972 are different 
than earitex ones. Thev may be ident~fred b y  
the brass hose fittrng for the vacuum unit. 
Also, later models use paper air filter ele- 
ments instead of oil bath. 

5 Exhaust Gas Recirculation (EGR) 
system 

General description 
Refer to iilustratron 5.3 
1 Exhaust Gas Recirculation F G R )  sys- 
tems are rnstslled on 1972 and later Califor- 
nia models with Automatic Stick Shift, all 
1973 models with Automatic St~ck Shift and 
all 1974 and later models. 
2 The EGR system reduces n~trogen oxlde 
(NOx) em~ssions by recirculating exhaust 
gases ~nto  the intake rnanqfold. The exhaust 
gases lack oxygen which resutts in lower 
combustion chamber temperatures and a 
reduction In harmful emissions. 
5 The EGR system conslsts of an EGR 
valve, an EGR fllter and connecting tubrng 6 
(see illustration). 

4.9 1972 through 1974 air cleaner details 

A Heated atr 
B Unheafeda~r 
7 Control flap 
2 Air intake 
3 Vacuum unrt 

4 Intake manrfold 
5 Therrnostatrc valve 
6 Vacuum hose 

connections 

5.3 A typical EGR system 

1 Exheustf!ange 
2 EGR frlter 
3 EGR valve 
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'; 7 l i lqytrr: :he connector [arrow) and check for idle roughness, 
then probe the terminals with a test light 

d The EGR valve should not open during 
ldre or full throttle conditions. The most com- 
mon drlveability problem assoc~ated with a 
rnalfunctronrng EGR system is an engine that 
runs extremely rough at Idle speed and 
smoothes out when speed is Increased. This 
problem can be caused by an EGR valve 
stuck In the open pas~tlon, an Improperly 
adiusted linkage (1977 and later California 
models) or a rnrsrouted vacuum hose (allow- 
Ing vacuum to the EGR valve at Idle). 
5 Another common problem IS pinging (or 
spark knock) under acceleratron. If the EGR 
valve is stuck closed or clogged wlth carbon, 
the hose 1s drsconnected or mismut4 or the 
l~nkage IS improperly adjusted (1977 and later 
Gal~forn~a models), the engine will be more 
prone to pinging. 

Checking 
Carbureted models 
6 On all except 1974 California models, 
detach the vacuum hose from the EGR valve. 
Then, w~th the engine Idling, temporarily con- 
nect a hose directly from the Intake manifold 
to the EGR valve (such as the hose from the 
intake arr preheating thermostat) If the 
engine stalls or runs rough when the hose 1s 
connected directly to the valve, the valve is 
funct~onat. Warnrng: Stay clear of the dr~ve- 
belt and pulleys! On 1974 California models 
w~th two-stage valves, check the  EGR valve 
by watchrng for movement of the pln when 
the englne IS revved up. To test the throttle 
valve switch on 1974 California models. oper- 
ate the sw~tch manually with the englne at 
Idle. tf the engine stalls or runs rough, the 
system is functional. 

Fuel-injected models (except $977 
and later California models) 
Refer to rllustral/on 5.7 
7 On these models, the EGR valve 1s vac- 
uum operated and electrically controlled. To 
check these, detach the connector on the 
vacuum un~ t  {see illustration) while the 
englne is Edl~ng. If the englne stalls or runs 

5.11 ~ f i o s e n  :he locknutsand turq ;he t w x ~ p t n  adjuster (arrow) 

rough, the EGR valve ks funct~onal. 
B If no change occurs when the connector 
is unplugged, shut off the engine Switch the 
ignition ON without starting the englne. Probe 
the term~naks w ~ t h  a test l~ght as shown in 
itlustratron 5.7 while an assrstant moves the 
accelerator pedal slowly from idle to full 
throttle. If the test hght doesn't come on at 
full throttle and at rdle, chack the throttle 
valve switch or microsw~tch. If that's OK, test 
the double relay (see Fuel purnp/fuel pres- 
sure - testing in Chapter 4). 
9 If the test light goes on at idle and full 
throttle and goes off In between, replace the 
EGR valve. 

1977 and later California models 
Refer to Ellustratron 5.1 I 
10 These models have a mechanically 
actuated EGR valve connected ta the throttle 
valve. Check the valve by removing the E-ctlp 
and operat~ng the rod whEle the engtne IS 

Idling. Warning: Stay clear of the dnvebelt 
and pulleys! The engine should run rough or 
stall when the valve IS opened. I f  it doesn Y, 
the passages are probably clogged with car- 
bon: correct as necessary. 
11 To adjust the mechanical EGR valve, 
warm the engine up and be sure the Idle 
speed is withln the range spe~~f ied in Chapter 
7 .  With the engine ~dl~ng, loosen the locknuts 
on the adlust~ng rod (see illustration). Turn 
the hex/p!n to shorten the rod untll the ~dle 
roughens. 
12 Now turn the hexlpin the other way one 
and one half [I 1/2) turns and tighten the 
locknuts. 

6 f hrottle valve positioner 

Refertoillustratrons6.2, 6.6. 6.8, 6.10, 6.11 
and 6.72 

General description 
1 Most 1968 and 1969 models, all 1970 
and 1971 models w~th manual transaxles and 

1972 California models with manual 
transaxles are equrpped w~th throttle valve 
pos~tmers. 
2 The throttle valve pos~t~oner slows the 
closing of the throttle when the dr~ver lifts the 
accelerator pedal. This allows addit~onal alr 
to enter the Intake rnan~fold, whrch reduces 
the amount of pollutants in the exhaust. On 
1968 and 1969 models, the altitude corrector 
is bu~lt Into the throttle valve positloner (see 
illustration). On same models begrnn~ng In 
1971, a dashpat IS mounted on the carbure- 
tor to assist this function. 
Adjustment 
3 To adjust the throttle valve positioner, 
first connect a tachometer to the tgnrtlon coil 
(see Chapter 1, Sect~on 29). Note: The engine 
should be In a good state of tune w~ th  the 
~gnit~on points and t~mlng correctly adlusted. 

1968 and 1969 models 
4 Posit~on an open end wrench In back of 
the pull rod stop washer and pull the rod untll 
the  stop washer contacts the throttle valve 
poslt~oner housing. 
5 Start the engine. Engine speed should 
be 1700 to 1800 rpm. Go to Step 8. 

1970 and later models 
6 Start the engine and pull the fast idte 
lever back aga~nst the adlusting screw (see 
illustration). Wamlng: Stay clear of the drlve- 
belt and pulleys! 
7 Fast idle speed should be 1450 to 1650 
rprn. Turn the adlust~ng screw as necessary. 
After snglne warmup. fast Idle speed should 
be 1700 rpm or less. 

All models 
8 Pull the throttle valve lever away from 
the fast Idle lever until the englne runs at 
3000 rpm. Release the lever and note how 
long ~t takes to return to ~dle, I? should be 
about 3 seconds It not. adjust 11 by turning 
the adjustment screw {see illustration). 
Note: See illustration 6.2 for rhe kcatron of 
the adlustmenf screw on 1968 and 1969 
models. Tumtng the screw clockwise causes 
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6.2 Throttle valve positioner (1968 and 1969 models) 

1 Diaphragm 
2 spring 
3 Valve 
4 Diaphragm 

5 Spring 
6 Pull rod 
7 Washer 

1 7 Altitude corrector 
72 Adjusting scmw 
13 Lock screw 

the valve to operate slower. 
9 After englne warrnup, the throttle valve 
shouldn't take more than six seconds to 
close. If adjustment fails to correct the prob- 
lem, check the throttle positioner diaphragm 
and check the connecting hoses. 
10 Whenever a diaphragm unit in the throt- 
tle valve positioner IS replaced. the length of 
the pull rod must b adjusted. After the unit IS 

installed, temporarily loosen the locknuts and 
turn the r d  to shorten or extend it (see illus- 
tration). The lever is adjusted properly if the 
fast idle lever doesn't touch the throttle valve 
lever or the carburetor body when the throttte 
valve is closed. 

6.8 Turn the screw In the attttude 
corrector (1 970 and latar models) 

I Adjuster screw 
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6.11 Adjust the dashfm~ plunger rlp clearance "aH 
by moving the locknuts 

6.$2 Detach the pull rod and remove the rnountlng 
6 screws (1968 and 1969 models) 

11 Some later models wlth manual 
transaxles have a dashpot mounted on the 
carburetor to slow throttle closing. To adjust 
it, warm the englne up and then shut the 
engine off. With the choke off of fast idle, 
compress the plunger and measure the clear- 
ance at "a" {see illustration). tt should be 
0.40 inch (1: mm); if not, move the locknuts to 
Increase or decreasa clearance as necessary. 

Removal and installation 
12 To remove the throttle valve pusitioner, 
label and detach the vacuum hoses. Then 
disconnect the linkage at the throttle valve 
lever (see illustration) and remove the car- 
buretor (see Chapter 4). The throttle valve 
positioner bracket mounts between the car- 
buretor and intake manifold flange. Be sure to 
use new gaskets on both srdes of the bracket 
under the carburetor during rnstallation. 

7 Catalytic converter 

Warnlng: The catalytic converter can 
become very hot! Allow it to cool completely 
before touching rt or working nearby. 

General description 
1 The catalytic converter Is an emissions 
control device added to the exhaust system 

to reduce the levels of hydrocarbon (HC) and 
carbon monoxide (GO) pollutants in the 
exhaust gas stream. It conslsts of a haney- 
comb-like core coated with a thln layer of 
prectaus metals wh~ch assist in the chemlcal 
reaction between the exhaust gases and 
atmospheric oxygen. 

Checking 
2 Catalyt~c converters can fail in several 
ways: They can be physically damaged from 
the outside, the interior core can crumble and 
break up, the core can melt and become 
clogged. excessive oil consumption can coat 
the honeycomb and the metals in the con- 
verter can eventually be used up. 
3 Whenever the vehicfe is raised for servic- 
ing of underbody components, check the con- 
verter for leaks, corrosion, dents and other 
damage. Check the weldslflange bolts that 
attach the ends of the converterto the exhaust 
system. Tap the houslng w~th the side of your 
fist to check for internal rattles, which may 
ind~wte a loose core. If damage is discovered, 
the converter should be replaced. 
4 An exhaust gas analyzer is necessary to 
functionally test a catalyt~c converter. This is 
done by removlng the test plug located 
upstream of the converter and sampl~ng the 
exhaust gases before and after the catalyst. If 
the contents of the gases are the same 
before and after, the catalyst is non-func- 

tianal. If you suspect the converter IS not 
working, take the  vehicle to a dealer servlce 
department or authortzed ern~ssians Inspec- 
tion facility for Uiagnos~s and repalr. 
5 If the engine Idles fa~rly well but won't 
accelerate normally, check for a partially 
clogged converter. The saslest way to test for 
a restricted converter 1s to use a vacuum 
gauge to measure the effect of a blocked 
exhaust on intake vacuum. 

a) Open the throttle until the engine speed 
is about 2000 rpm. 

b) Release the throttle q u ~ k l y .  
c) I f  there's no restriction, the gauge wrll 

quickly drop to not more than 2 m-Hg or 
more above its normel reading. 

dJ lf the gauge doesn't show 5 m-Hg or 
mow sbove its normal reading, or seems 
to rnornentanly hover around its hrghest 
reading for a moment before it returns, 
the exhaust system, or the converter, is 
pEugged (or an exhaust ptpe ts bent or 
dented, or the core rnside the muffler 
has shifted). 

Removal and installafion 
6 Refer to the exhaust system servrclng 
procedures In Chapter 4 for information on 
removal and ~nstallation. Remove the con- 
verter and visually inspect the core to confirm 
the diagnosis. Replace if necessary. 
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Gear carrier-to-case nuts ........................................................................ 
Pinion shall nut 

Early .................................................................................................... 
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ae a l a r p ~  screwdriver or prybar 
between the front mount and the 

b n s a x l e  and try to p v  the transaxle up 
and down - if it moves easily, or the mount 

insulator separates, replace the mount 

d General information 

The vehicles covered by this manual are 
equipped with etther a four-speed manual 
transaxle or an Automatic Stick Shift. Infor- 
matlon on the manual transaxle Is included in 
this Part of Chapter 7. Service procedures for 
the Automatic Stick Shrft are contained In 
Chapter 7, Part 8. 

The manual transaxle Is a compact, 
IFghtwelght alurnlnum alloy split-case (two- 
piece) houslng (early models) or a single- 
plece housing (later models) containing both 
the gearbox and differentla1 assemblies. Early 
split-case unlts have four speeds, with a non- 
synchromesh tirst gear; later slngle-p~ece 
units are all full synchro four-speed des~gns. 

Because of the complexity, unava~lab~l- 
~ t y  of replacement parts and spec~al tools 
required, tnterna! repair of the manual 
transaxle by the home mechanic is not rec- 
ommended. However, illustrated transaxle 
overhaul Sections are prov~ded for readers 
who wish to tackle a transaxla reburld 

Depending on the expense involved in 
having a faulty transaxle overhauled, it may 
be a good Idea to replace it with e~ther a new 
or rebu~lt unit. Your local dealer or transrnts- 
sion shop should be able to supply you with 
information concerning cost, a~ailabii~ty and 
exchange pol~cy. Regardless of how you 
decide to remedy a transaxle probtem, you 
can stlll save a tot of money by rernovlng and 
rnstalling the unit yourself. 

2 Transaxla mounts - check and 
replacement 

Check 
Refer to illustration 2.3 
1 Raise the rear of the vehicle and place at 
securely on lackstands. 
2 Inspect the front and rear mounts for 
cracks and deterioration. If they look dried, 

2.5 To remove the front mount, remove 
the four nuts (arrows) - two from the 
transaxle and two from the bracket 

on the torsion housing 

cracked or othenv~se damaged, replace them. 
3 Wedge a large screwdriver or prybar 
between the front transaxla mount and t h e  
transaxle housing (see Illustratlon) and try to 
lever the transaxle up and down and side to 
s~de. If the mount separates when you move 
the transaxle, replace ~ t .  
4 To check the rear mounts, slide a floor 
jack under the transaxle, place a block of 
wood between the jack and the transaxle and 
raise t h e  floor jack untll it's supporting the 
weight of the transaxle. If either of the rubber 
insulator pads between the carrier and the 
transaxle separates when the jack pushes up 
on the transaxle, replace them. 

Replacement 
Front mount 
Refer to ~llustration 2.5 
5 Remove the front mount nuts from the 
transaxle and the tors~on housing (see Illus- 
tration). 
6 Loosen the transaxle carrler bolts (see 
illustration 2.1 1) and pry the transaxle to the 
rear enough to remove the front mount. 
7 Slida the new mount into position and 
install the mounting bolts loosely. 
€I Tighten the transaxle carrier bolts to the 
torque listed in this Chapter's Specrf~cat~ons, 
then ttghten t h e  front mount nuts to the 
torque llsted in this Chapter" Spectf~cat~ons. 

Rear mounts 
Refer to ~llustration 2.1 f 
9 Remove the engine (see Chapter 2). 
10 Place a floor jack under the transaxfe, 
place a block of wood between the jack and 
the transaxle and rarse the jack untll It's sup- 
porting the transaxle. 
11 Remove the two nuts  for each mount 
from the carrler and the nut(s) from Inside the 
bellhousing (see Illustration). 
12 Raise the transaxle with the lloorfack 
until H c!ears the insulator studs and remove 
the mount. 
13 Installation IS the reverse of removal. 

2.11 Remove the two nwtslholts from the 
studs tor each mount that retain the 

mount to the carder (arrows), then remove 
the nut@) from the stud(s) that protnrdeIs) 

into the bellhousing 

3 Shkft lever and shift rod - removal 
and installation 

Shift lever 
Refer to illustrattans 3.1, 3.2, 3.4, 3.8, 3.9 
f If you're replacing the shtft lever, make 
sure you obtaln the correct replacement part. 
On vehicles produced before August 1967, 
the lever IS stra~ght: on later models, ~ t ' s  
curved (see illustration). Don't try to swap 
levers from one model to another unless 
they're identical. The lever on 1973 and later 
models IS  about 1-112 inches shorter than 
those on earlier models. 
2 Pull back the floor mat, put the shift 
lever In Neutral and mark the posrtion of tho 
stop plate In relation to the ball houstng 
flange (see illustration) to ensure proper 
at~gnment during rnstallat~on. Caution: Incor- 
rect adjustment of the stop plate m the shift 
lever assembly can cause shiftrng problems. 
3 Remove the mountlng bolts from the 
ball housing flange. 
4 Remove the shift lever, ball housing, 
rubber boot and spring as a single unlt (see 
Illustration). 
5 Before removing the stop plate, note the 
orlentat~on of the ra~sed tab(s) on the stop 
plate. Some stop plates have a single tab on 
the right stde of the hole whrch faces up: 
other plates have two tabs faclng up, with the 
long, !ow, narrow tab near the drlver and the 
shorter, higher tab on the right. Regardless of 
the des~gn, the trnportant th~ng to ternamber 
is that the stop plate must be reinstalled with 
the tab(s) or~ented exactly the same way they 
were before removal. 
6 Clesn'all parts thoroughly 
7 Inspect the sh~ft  lever collar, stop plate 
and shift lever ball socket in the shift rod for 
wear. Replace any worn parts. 
8 Make sure the shift lever locating pin is 
secure (see Illustration). Check the spring In 
the steel ball for tenslon. Replace 11 If it's 
worn. 
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3.1 Exploded view of a typical shm 
leverlshi rod assembly 

Knob (curved lever) 
Knob (straight {ever) 
Shrft lever (curved) 
Shrft lever (straight) 
Rubber dust boot 
Bolt 
Spring washer 
Ball housing 
spring 
Stop plate 
Shift rod 
Slewe 
Rlng 
Self- tapping screw 
Lockrng cap 
Insert 
Housrng 
Bolt 
Washer 
Spnng pin 

3.2 Refore you loosen t h e  holZs on !:IF 

ball housing flange, mark the pasit~on of 
the stop plate in relat~on to the flange 

(arrow) - the plate must be properly 
adjusted at installation, or you'll 

have shifting problems 

5.4 Remove the shift lever, ball housing, 
rubber boot and spring as a unit 

Shift rod 
Refer to r/!ustrations 3.1 7, 3.7 8a, 3. f 8b. 3.20, 
3.21 and 3.24 
Note: If you're replacing a sh~lt rod, make 
sure the replacement I S  the same length as 
the original - the rod on later models is shot?- 
ened to fit the relocated mountrng bracket lor 
the guide bushing in the frame tunnel 
15 Remove the sh~f t  lever assembly (see 7A 
Steps f through 5). 
16 Remove the rear seat. 
17 Remove the ~nspaction cover on the 

9 Install the stop plate. Make sure it's on- 
ented with the tab(s) facing the  same way as 
before removal (see illustration). 
10 Lubricate all rnovlng parts w ~ t h  multi- 
purpose grease. - 
I 1  Inspect the cond~tion of the rubber boot. 
Replace it if ~ t ' s  damaged 
12 Install the shbft lever assembly (lever, 
ball housing and spr~ng) Make sure the shift 

lever locating pln engages the slot in the ball 
socket and the stop plate seats In the hollow 
central part of the ball housbng. If the lever is 
installed and seated properly, it will be verti- 
cal when its in Neutral. 
13 Install the ball housing flange bolts 
loosely. Match up the alignment marks on the 
flange, stop plate and tunnel and tighten the 
bolts securely. 
14 Recheck the position of the shift I e w  by 
engaging the gears. Readjust as necessary. frame tunnel (see illustration). 

I 
3.8 Make sure the shtft lever locating pin i_ - -- - - 
is secure and check the spring inside the 

steel ball for tension - replace it if 3.9 Make sure the stop ptate is installed 

it's wnrn with the tab(s) facing the same way they 
3.17 Remove the inspection cover fram 

the frame tunnel . . - . . - . . . 
were before remoral 
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L 1 

3.1Ba To disconnect the earlier type shift 
rod coupling, remove this bolt 

18 Remove the fasteners from the shift md 
coupling (see illustrations). 
19 Remove the front bumper (see Chap- 
ter 11). 
20 Remove the access cover in the frame 
head (see tllustratlon) and In the front body 
apron. 
21 Working through the hole In the frame 
tunnel, u s e  a parr of pliers to separate the 
shiff rod from the coupling and slide ft 
through the shift rod gu~de bushing (see 
illustration). If the grease on the shift rod - or 
the bushing rtself - 1s dry, you may encounter 
some resistance. 
22 Work~ng through the hole in the frame 
head, pull the shift rod forward, through the 
tunnel and out the hole. 
23 Inspect the shift rod far distort~on. 
Replace it if it's warped or damaged (a bent 
sh~ft rod can cause hard shifting andlor the 
loss of first and th~rd gear) 
24 Inspect the shift rod guide bushing for 
dryness, cracktng or other damage. Replace 
it ~f necessary. To remove the old bush~ng, 
pull it - and the wwe ring - out of the shift rod 
guide with a patr of pl~ers. To install a new 

3.18h To dtsconnect the later type shift rod 
coupling, remove th~s bolt and the self- 

tapping screw on the side, then knock out 
the spring pin with a hammer and punch 

bushing, slrde a new wrre ring onto the end of 
the bushing and rnstafl the bushing, slotted 
end first, into the shift rod guide (see illustra- 
tion). 
25 Coat the entlre shift rod with multi-pur- 
pose grease 
28 Insert the shlft rod through the hole in 
the kame head, through the sh~h rod gu~de in 
the tunnel and push it all the way to the rear 
until 11's fully engaged Into the shift rod cou- 
pltng. lnstall the frame head cover, the 
access cover In the front apron and the 
bumper. 
27 Install the shift rod covpl~ng fasteners 
and trghten them securely. Install the mspec- 
tlon cover on the frame tunnel. Install the rear 
seat. 
28 Install the sh~ft lever assembly (see 
Steps 6 through 12). 
29 Adjust the shift lever (see Step 13). 

4 Input shaft oil seal - replacement 

Refer to illustratrons 4.4 and 4.6 
1 Remove the englne (see Chapter 2). 
2 Remove the clutch release bearlng (see 
Chapter 8). 
3 Clean the area around the seal. 
4 Carefully pry out the o ~ l  seal (see illus- 
tration). 
5 Appfy a thin coat of sealing compound 
to the outside of the new seal and lubricate 
the npu t  shaft and seal lip with multi-purpose 

3.20 Remove the access cover from the 
frame head 

grease or transaxle lubricant. 
6 Sl~de the new seal onto the input shaft 
and, using a large socket wlth an outside 
diameter slightly smaller than the outstde 
diameter at the seal, dr~ve the seal onto the 
shaft until it's fully seated (see Illustration). 
7 Install the clutch release bearing {see 
Chapter 8). 
8 Install the eflglne (sea Chapter 2). 

5 Transaxle - removal and 
instal lat ion 

Removal 
Refer to ~llustratrons 5.78 and 5.19 
1 Place the sh~ft fever In first or third gear. 
2 Remove the rear seat and d~sconnect 
the negat~ve cable from the battery. 
3 Remove the lnspectlon cover for the 
sh~ft rod coupling and remove the bait behind 
the coupl~ng (see Section 3). 
4 To d~sconnect the  shift rod from the 
coupl~ng, move the sh~ft lever to second or 
fourth. 
5 Ra~se the vohlcle and support ~t securely 
on jackstands. Remove the rear wheels 
(swlng axle models only). 
6 Dratn the transaxle flu~d (see Chapter 1). 
7 Remove the engine (see Chapter 2). 
8 On models with swing axles, d~sconnect 
and plug the rear brake l~nes and detach the 
parking brake cable (see Chapter 9). 
9 On models wlth swlng axles, remove the 

3.24 Typical s h i  rod guide and 1 I - - - -  .- 
3.21 Using a paw of pliers through the bushing assembly 

hole in the tunnel for the shift lever, work 
the shift rod out of the coupling and I Frame tunnel 

through the shift rod guide bushing - keep Rernforcement bracket 1 2 3 

working it forward until it's free of 3 Guide bushing and wire rrng 

the bushing 
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4.6 Use a large socket with an outside dlameter slightly smaller 
than the outside diameter of the seal to  drive the seal 

into place 

/ d .  - J 
4.4 Using a screwdriver or seal puller, carefully extract the old 

seal from its bore 

lower shock absorber mounting bolts {see 
Chapter 10). 
10 On models w~th swing axles, loosen the 
clamps on the axle boots (see Chapter 8). 
11 On models with swlng axles, use a 
chisel to make alignment marks on the spring 
plate and the axleshaft beanng housing to 
ensure proper realignment durlng reassembly 
(see Chapter 10). 
12 On models with swing axles, remove the 
bolts from the housing of the rear axleshaft 
bear~ng (see Chapter 10). 
I3 On models w~ th  drrveaxles, detach the 
inner ends of both dr~veaxles from the 
transaxle ~f you're not going to move the 
vehicte. If you plan to move the vehtcle, 
remove the drlveaxles entirely (see Chap- 
ter 8). Cover the CV lo~nts with plast~c bags to 
keep out dirt and moisture and hang the 
dr~veaxles out of the way. 
14 Disconnect the clutch cable tram the 
clutch operat~ng shaft lever, slide off the boot 
and remove the cable and sleeve from the 
bracket (see Chapter 8). 

15 Disconnect the starter wires (see 
Chapter 5). 
16 On later models, pee[ back the rubber 
caps and detach the back-up light electrical 
connectors from the transaxle (see Chap- 
ter 12). 
17 Remove the nuts from the transaxle 
front mount (see Section 2). 
18 Place s floor jack. with a piece of wood 
on the jack head, under the transaxle and 
raise the jack until it supports the transaxle 
(see illustmtion). 
19 Remove the transaxle carrler bolts [see 
Illustration). 
20 Make a final check that all wbres and 
hoses have been disconnected from the 
transaxle, then carefully pull the transaxle 
and jack to the rear and lower thejack. 
21 On models with swlng axles. disconnect 
the swing axles from the transaxle (see Chap- 
ter 8). 
22 Remove and inspect the rear mounts 
(see Section 2). If they're dried, cracked or 
damaged, replace them. 

Installation 
23 Enstali the transaxle carrier and mounts, 
~f removed {see Section 2). Note: Don't 
tighten the three nuts for each rear mount 
until after the transaxle has been lnstalted 
and you've tightened the front mount nubs. 
24 Install the swkng axles, If removed (see 
Chapter 8). 
25 Place the transaxle on the floor jack 
and, raise it tnto place. On models wlth swlng 
axles, slide the swing axles into position in 
the spring plates. Grease and Install the 
transaxle carrier bolts and tighten them to the 
torque listed in this Chapter" Specificatrons. 
26 Install the front mount nuts and tighten 
them to the torque Ilsted in thts Chapter's 
Specifications. Now t~ghten the rear mount 
nuts securely. 
27 On modeTs w~th  swing axles, align the 
marks on the axleshaft bearing housings with 
the match marks you made on the spring 
plates before disassembly, install the spring 
plate mounting bolts and tighten them to the 7~ 

5.18 Place a floor jack under the transaxle, place a hoard 5.19 Remove the transaxle carrier 'bolts 
between the jack and the transaxle and raise the jack 

until it's supporting the transaxle 
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torque listed m the Chapter 8 Specifications. 
Install the lower shock absorber mounting 
bolts and tighten them s ~ c u r ~ f v .  lnstall the 
axle boots (see Chapter 8) .  Reattach the 
brake lines and bleed t h ~  brakes (see Chap- 
ter 91. Reattach and adlirst the parking brake 
cable (see Chapter 91, Isistall the wheels. 
28 On models w!th dr~veaxlas, install the 
dn'veaxles or - ~f you only detached the inner 
ends - reattach )he dnveaxles to the transaxle 
(see Chaptpr 8). 
29 Inspect all clutch components before 
proceedlnq. In most cases, new clutch com- 
poncnls should be routinely installed any 
llms the engine 1s removed (see Chapter 8)- 
30 lnstall the engine (see Chapter 2). 
31 Reattach the clutch cable and adpst it 
(see Chapter 8). 
32 Rea?tach all of the electrical connectors 
that were disconnected. 
33 Make a final check that all wires, hoses 
and linkages have been connected. 
34 Fill the transaxle with lubricant to the 
proper level (see Chapter 1). 
35 Install the wheels, if removed. 

36 Remove any jack(s) supporting the 
transaxle and/or engine and lower the vehl- 
cle 
37 Move the shift lever Into neutral and 
reconnect the shift rod coupllng (see Sec- 
tion 3). 
38 Connect the negative battery cable, 
39 Road test the vehrcle far proper opera- 
tlon and check for leaks. 

6 Transaxle overhaul - general 
information 

Overhauling a manual transaxle IS a diff- 
cult job for the do-it-yourselfer. Many small 
parts must be removed, inspected and 
~nstalled correctly. Numerous clearances 
must be precrsely measured and, i f  neces- 
sary, altered. Therefore, ~f transaxle problems 
arise, you can remove and Install the 
transaxle yourself, but we recommend that 
you check wlth local dealer parts depart- 
ments and auto parts stores regardrng the 
availabrl~ty of a rebuilt transaxle. Or, you can 

have ~t overhauled by a transmission repdr 
shop, though the labor and parts charges for 
an overhaul will llkely exceed the cost of pur- 
chasing a rebuilt un~t. 

Nevertheless, ~f you have the detemina- 
tion, Zlme, skrlls and special tools, it's not 
Impossible to rebuild a transaxle. You'll n& 
various slzes of internal and external snap- 
ring pliers, a beartng puller, a slide hammer, a 
set of pin punches, a dial Indicator and a 
hydraulic press. You'll also need a large, 
sturdy workbench, a bench vrse and a 
transaxle stand. 

Durrng disassembly of the transaxle, 
make careful notes of how each piece comes 
off, where tt f~ ts  in relat~on to other pieces and 
what holds it in place. Exploded vlews are 
included to shaw where the parts go - but 
actually noting how they are installed when 
you remove the parts w~l l  make it much easler 
to get the transaxle back together. Most 
importantly, work carefully and slowly rn a 
deliberate step-by-step manner. 

Before d~sassembling the transaxle, try 
to determine what area of the transaxle is 

Shaft nut 
Lock washer 
Circlip for bearing 
Beanng 
Fourth gear 
Spacer sleeve 
Thrrd gear 
Input shaff 
Roller bearing 
Seal 
Reverse idler gear 

7.7 Exploded view of the Internal components in the split-case transaxle 

Reverse gear shaft 
Shafi nut 
Lock washer 
Crrctip for bearing 
Bean'ng 
Shims 
Thrust washer 
Bushng 
Thirdlfourth gear 
synchronizer assembly 
TRird gear 

Splined bush~ng 
Second gear 
Second gear 
synchronizer/flrst 
gear hub 
Roller bearing 
Pinion 
Selector arm 
Reverse selector rail 
Interlock plunger 
Firstlsecond sefector rat1 

Thrrdlfourth selector rat! 
Thtrdlfourth selector fork 
Secondlthird selector fork 
Washer 
Screw 

I 

Reverse selector fork 
Sleeve 
Detent spring 
Detent ball 
Screw 
Washer 
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7.18 Remove fourth and thlrd gears from 
the Input shaR with a small puller - don't 

lose the keyweys or the spacer slmve 
between the gears 

16 Finally remove any shims - note thelr 

I 7.8 Exploded view af the spllt -case transaxle houslng assembly 

malfunctioning. Certa~n problems can be 
traced to spec~fic areas in the tmnsaxle, 
which can make component examination and 
replacement easier. Refer to the Trou- 
bleshooting sectron at the front of this man- 
ual for Information regarding posstble 
sources of trouble. 

1 7 ~ z s a x l e  overhaul 
(split-case type) 

Disassembly 
Refer to illustrations 7.7, 7.8 and 7. F 8 
1 Drain the transaxle lubricant (see Chap- 
ter 1). 
2 Remove the transaxbe from the vehicle 
(see Section 5). 
3 Remove the front mount, the transaxle 
carrier and the rear mounts (see Section 2). 
4 Remove the outer bearings and axle 
tubes (see Chapter 8). Note: You can't 
remove the axleshafts until after the gear 
cases have been split. 
5 Remove the clutch release bearlng (see 
Chapter 8). 
6 Remove the nuts holding the gear selec- 
tor rod housing at the front of the case and 
remove the houslng. 
7 Unlock the two tab washers from the 
large nuts on the ends of the input and pinion 
shafts (see Illustration). To loosen these two 
nuts (do ~t how wh~le ~t 's easy), engage two 
gears simultaneously by pulling out the outer 
two selector fork rails. Thls locks the two 
shafts. Loosen the nuts. 
8 Remove all through bolts and nuts that 
damp the two halves of the case together 
[see illustration). Don't forget the bolts 
Inside the belihouslng or the long thin 
through bolt that goes nght through the cen- 
ter of the case. 
9 Once all the bolts are removed, the oniy 

thing preventing the two halves from falling 
apart is the tight fit of the two side bearings. 
A few gentle taps with a mallet or block of 
wood will separate the two halves. Caution: 
Do not, under any circumstances, use force 
or leverage between the two mating faces or 
serious damage could result: She ftt around 
the beanngs could become too loose, result- 
ing in oil leaks. 
10 Pull one case half over the axleshaft and 
the two gearbox shafts can simply be IFfTed 
out of the other half. 
1 1 Detach the axleshafts and ditferentlal 
assembly from the other case half. 
12 Usually, the differential side bearings are 
left in place In sash case half, but the spacer 
rings and shlrns fltted on the differential 
housing can be removed. Just make sure you 
don't switch thorn! As you remove each case 
half, clearly label the set of shims for each 
s~de and put them away (tape them Into pasr- 
tion on the different~al, if you wlsh). The 
transaxle ls now disassembled into the main 
sub-assemblies. 
13 To disassemble the pinion shaft, emwe 
the nut and washer. Remove the ball bearing - 
with the retaining nng fitted in Rs outer groove 
- by holdlng the bearlng so that the shaft 
hangs down and then str~k~ng the end of the 
shaft with a soft faced hammer. if you have no 
one to support the shaft, hold it lust above the 
bench surface over a small ptle of rags. 
14 Remove the shims, the thrust washer, 
the bushlng, the fourth gear synchro ring and 
the thirdlfourth synchro hub. If the 
thirdifourth synchro assembly is difficult to 
break loose from the splines, tap it carefully 
wlth a small soft mallet but don't let It fat1 
apart when it slides free. 
15 Remove the thrrd gear synchro ring, 
thlrd gear, the bushing, second gear and the 
second/first synchro assembly. Don't lose 
the three springs which will pop out of the 
center sleeve whfn the shaft comes out. 

number and posit i~n - and the outer face of 
the p~nion roller bearing. Don't try to remove 
the Inner race without expert assistance. It's 
a very tight press fit on the shaft and Is dim- 
cult to remove without the proper tool and a 
press. You can damage the pinion if youvra 
not extremely careful. 
17 If third or fourth gear on the inplrt shaft 
is badly worn or damaged, or if one of the 
othw two gears - whtch are part of the shaft - 
is damagd, you'll have to disassemble The 
input shaft. 
18 To d~sassemble the lnput shaft, remove 
the nut and the washer. Remove the ball 
bearing the same way you removed the bear- 
ing from the plnton shaft (see Step 13). Uslng 
a puller, remove fourth gear, the spacer 
sleeve and third gear (see Illustmtion). Don't 
lose the keyways for third and fourth gears. 
Remove the seal and roller bearing from the 
other end wlth a puller too. 
19 Tne reverse gear pinion runs on a shaft 
whlch is locked In place in the case by e pln, 
the protruding end of whlch also locates the 
rear ball bearng of the input shaft. Remove 7A 
the pin and the shaft can be pulled out. Note 
that the gear splns on a bushing - If R's worn, 
replace it. Any radial play between the gear 
and shaft can may allow the gear to rock, 
which can cause ~t to jump out of engage- 
ment in reverse, under a load. 
20 To remove the selector forks, remove 
the two threaded plugs from the case and 
loosen the clamping screws. Don't remove 
the ralls or selector forks unless they need to 
be replaced (sea Inspection). The selector 
forks need not be removed unless inspection 
tnd~cates that they are too slack a fit in the 
sleeve grooves. 

Inspection 
Refer to Nlustmtions 7.24 end 7.3 1 
Note: The following inspection procedure 
applies to both split-case and single-piece 
case Zransaxles, unless noted othenvtse. 
21 The amount of wear determines the 
economics of repair vs. repfscement. If, after 
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~nspecting the cor you calculate 
that a rebuild will c t as much as a 
rebuilt transaxfe, you may wish to consider 
whether to proceed with an overhaul or sim- 
ply purchase a rebuilt unit. 
22 It's not usually necessary to immerse 
the gearbox components In solvent for 
inspection purposes. Just wlpe them off wth 
a clean cloth. However, you should wash the 
case with solvent. Just be sure to remove the 
roller bearings. 
23 Examine the case for signs of cracks or 
damage, particularly near the bearlng hous- 
ings and on the mating sudaces where! the 
gear carrier and s~de bearing plates join. 
24 Inspect the ring and pinion (see illustra- 
tion), If they're badly worn - chipped teeth, 
excessive backlash, etc. - replace them as a 
sub-assembly. The special tools needed to 
reassemble and readjust a rebuilt differential 
and rlng and plnion assembly are diff~cult to 
obtaln and expensive. 
25 Some gears run on separate bushings 
on the shaft, so make sure there" no play 
between the gear, bushing and shaft. If there 
is, a new bushing will usually solve the prob- 
lem. Don't forget te check the reverse gear 
bushing. 
26 Inspect all gear teeth for signs of p~tted 
mating surfaces, chips or sconng. If one gear 
Is damaged, then its counterpart on the other 
shaft will probabty be damaged too. 
27 Two types of bearings - ball and needle 
roller - are used. Generally, needle rollers 
wear very llttle because they're nod subject to 
axial thrust. But note carefully haw they spin. 
If any bearlng exhtbits the slightest rough- 
ness, drag or play, replace it. Inspx? the two 
tapered roller beatings for the differential too. 
If they need to be replaced, have a VW 
transaxle specialist do it. Also have him 
inspect and. if necessary, reset the rlng and 
plnlon as well. 
28 Us~ng a hydraulic press, remove all syn- 
chro rings for examination. The grooved taper 
face of the ring provrdes the braking action on 
the mating face of the gear wheel cone. If the 
ridges are worn, the braking or synchro action 
will be less effective. Tha only way to effec- 
tively detem~ne the condition of the rings is 
by cornpanng them with new parts. New rlngs 
are refatiuely inexpensive, so it" s good idea 
to stmply replace all of them. When Rtting a 
synchro ring over its cone on the gear wheel, 
the gap between the synchro vlng and the 
gear teeth should be between the normal and 
minimum dimensions llsted in this Chapter's 
Specificatlons. If the gap is near the lower 
limit, get new rlngs. Caution: When buyrng 
new rings, make sure you obtarn the correct 
pads. Productton modifications have been 
made, so although the new rings will frt - and 
work - they're not nscessarily identical to the 
ones you're replacing. The rings in a set are 
simrlar, but they're not identical - for example, 
some have wider cut-outs. M~xing them up is 
asking for trouble. So mark each ring to insure 
that you install it wSth its respect/ve gear. 
29 The synchro hubs must be assembled 
for Inspection. There must ;be no axial or 

ct the ring and pinion gear - il 
f them looks like this badly 
ged pinion gear, reptace 

both as a matched set 

radial play at the spl~nes between the Inner 
hub and outer sleeve. When replac~ng the 
synchro rlngs. ~t 's a good idea to replace the 
slid~ng keys and the~r locatlng sprlngs. The 
keys - which f ~ t  into the cut-outs In the syn- 
chro rings - are subject to wear, and the 
sprlngs eventually weaken. 
30 The selector forks are some of the most 
critical components in the transaxle. The two 
forks run In grooves In the outer sleeves of 
the synchro hubs. If the clearance of the forks 
in the grooves is excessive, the gears they 
control may jump out. The clearance of the 
fork in the groove should not exceed the 
maximum clearance l~sted in this Chapter's 
Specifications. Excessive ctearance can be 
caused by wear on the fork, or the groove or 
both. Take the forks to the dealer parts 
department or a transaxle special~st and ask 
them to compare the th~ckness of the used 
forks with new ones. If the difference in thick- 
ness Isn't enough to compensate for the 
excess gap between the fork and the hub 
groove, replace the hub assembly as well. It's 
an expensrve part, but the gap is critical, sa 
there's no altematne. 
31 The selector ratls on whrch the forks are 
mounted need not be removed from the 
case. Some force 1s needed to overcome the 
pressure of the spr~ng-loaded ball In the 
groove. To check ~ t ,  measure it with a sprlng 
balance hooked on to the end of each selec- 
tor fork (see illustration). If the required pull 
Is significantly outs~de the nnge l~sted In this 
Chapter's Specificat~ons, check the detent 
spnngs and balls, Push the selector rods out 
of the case to release the ball and spring 
plugs from their respectwe bores (on earlier, 
spl~t-type case transaxles, the detent balls 
and springs are released inside the case 
when the rails are pulled out - keep a hand 
over the hole to prevent them fly~ng out). 
Note: You'll need to obtain new plugs for 
reassem$ly. 
32 Check the spring free length and com- 
pare your measurements to the dimension 
I~sted in t h ~ s  Chapter's Spec~f~cattons, If the 
sprlngs are toa short, replace them. Inspect 
the balls far p~tting and grooves and make 

7.31 To check the pressilre of the spring- 

loaded ball In the groove for each selector 
rair, attach a spring balance to the end of 
each selector fork - if the amount of pull 

required is significantly olrtside the 
specified pull, replace the spring{s) 

sure the selector rods themselves are a tight 
fit In their bores. Look at the detent grooves 
In the rails - they shouldn't be worn. While the 
rails are removed, don't lose the tnterlock 
plungers which f ~ t  between the selector rod 
grooves. 

Reassembly 
Refer to rllustratrons 7.38a, 7.38b. 7.4Qa. 
7.406, 7 . 4 0 ~  740d ,  ?.40e, 7.40f, 7.40g, 
7.41, 7.4.2a, 7.42b, 7.43, 7.44, 7.45, 7.46, 
7.47, 7.48, 7.49a, 7.49b, 7.54, 7.55, 7.56, 
?.57a, ?.57b, 7 68a, 7.68b, 7.70, 7.71a, 
7.77b and 7.73 
33 Prepare a clean space of adequate size 
on your work bench. Don't start until you've 
collected all the necessary pans and gaskets 
and have made sure that all of them flt. Note: 
It's a good Idea to keep the old gaskets you 
remove unt~l  the job is done - gasket sets 
often conta~n jtems for a variety of models, so 
you need to pick the r~ght gaskets. 
34 Reassembly of the spilt-case type 
transaxle 1s generally stmpler than reassembly 
of the later single-p~ece unit, as long as the 
rrng and prnion don't have to be reset, Side 
baring adjustment rnvolves reassembly of the 
complete transaxle, then - rf  the stde bearing 
shims must be changed - d~sassernbly again. 
35 The matlng surfaces of both case halves 
must be perfectly clean and unmarked by 
dents or burrs. Use solvent to remove any , 
traces of old sealing compound. 
36 Obtaln good qualtty sealing compound 
su~table for prepplng the mating surfaces. 
37 Make sure that new gaskets are avail- 
able. Th~s rs particularly Important when refrt- 
tlng the gear change end caver because the 
thickness of the gaskets determ~nes the pres- 
sure on the shaft bearings wh~ch ellminates 
axial movement. 
38 Install the shlms and bearing on the pm- 
Ion shaft (see illustratians). Note: There 
shouldn't be any problems wtth shim semngs 
- as long as you carefully noted their number 
and posrfron during fernoval. 
39 If you're replac~ng the rlng and plnlon, 
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7.4": IVS:;I~J the splined, shouldered 
bushrng on the pinton shaft 

7.42a Instal! third gear. . . J.42b . . . and the thlrcl gear synchro rlng 
on the plnion shaft 

41 lnstall the splined, shouldered bushtng 
(see illustration). 
42 Install third gear and the third gear syn- 
chra rlng on the pinlon shaft (see iltustra- 
tions) 
43 Install the thtrd/fourth synchronizer 
assembly (see Illustration). To verify that 
your reassembly IS correct, when the 
third/fourth synchronlzer hub has been Wed 
to the shaft the inner sleeve should line up 

with the end face of the splined part of the 
shaft. Thls alignment should not vary by more 
than 0.002 Inch (0.05 mm]. I f  it does, the 
assembly is wrong or the shim thickness next 
to the roller beartng Is Incorrect. 
44 lnstall the fourth gear bushing (see illus- 
tratlon). 

47 Install the thrust washer (see Illustra- 
tion). Note that the grooves in the washer 
face the gear. 
48 Install the shlms (see illustration). 
49 lnstall the ball bearing (see illustration). 
Drlve It on untll it's fully seated against the 
shims (see Illustration). The lockwasher and 
shaft nut should be ~nstalled but not tight- 
ened fully at this stage. 

45 lnstall the fourth gear synchro rlng (see 
Illustration). 
46 Install fourth gear (see Illustration). 

L--- 

7.45 Install the fourth gear synchro ring 
an the pinion shaft 

I I I 
7 . G  install the thirdlfourth synchro 

I 
7.44 lnstall the fourth gear bushing 

assembly on the pinion shaft an the pinion shaft 

7.66 1~~5tzll fourth gear on the plnion shaft 7.41 InstalE the tlirust washer on the 7.48 Install the shims on the pknlon shaft 
plnion shaft - note that the grooves 
in the thrust washer face the gear 
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I 1 

7.49a Install the hall bearing on the end of 7.A9b . . . and dr~ve r t  on until it's fulty 7.54 Install the  bushrnq Into reverse gear 
the pinion shaft.. . seated against the shims 

50 Lining up the keyways to tight f~ttrng 
gears can be tricky Heat the gears to about 
194 degrees F (90 degrees C) In an orl bath, 
then slide them onto the shaft and posltlon 
them over the Woodruff keys. Make sure the 
keys are a snug fit and fully engaged in their 
slots or they might shift - and jam - before the 
gear is positioned. lnstall th~rd (the smaller) 
gear first - ~t shoutd butt right up to the sec- 
ond gear on the shaft. Then install the spacer 

in posmon in the case w~th the smaller of the 
two rows of gear teeth towards the front. 
55 lnsert the reverse gear shaft through the 
case, plain end f~rst, and align the cut-out 
w~ th  the hole in the bearing housing (see 
illustration). 
56 Install the lock pln (see Illustration). 
57 Have an assistant handy for the next 
Steps. Place the assembled pinion shaft in 
position in the left half of the case (see illus- 

trations) and check the setting of the selec- 
tor forks. I f  new forks or rarls have been f~tted, 
put the rails In the neutral posltion and - with 
the forks engaged correctly with their respec- 
t ~ v e  hub grooves - verify that both synchro 
hub outer sleeves are in the neutral (central) 
position on thew hubs. Then engage e a ~ h  
gear to ensure that the sleeves mesh cor- 
rectly. At this stage, no further adjustment is 
possible. If there's trouble later, you can 

and, f~nally, fourth gear wh~ch should butt up 
t~ght to the spacer. 
51 You can tap the two bear~ngs onto the 
shaft with a pipe of sufficienl diameter or use 
the hot oil bath to heat them up and slide 
them into place. Don't heat the beanngs any 
other way or you could damage them. 
52 She bearing with the retaming circlip 
goes on the threaded end of the shaft w~ th  
the circlip nearest to the threaded end. 
Enspect the transaxte case where the bearing 
f~ts. The circlip fits rnte a recess or groove in 
the front face. The bearing should not pro- 
trude more than a fraction of a millimeter in 
front of the case. 
53 Replace, but dd not fully tighten, the 
lockwasher and nut. 
54 Fit the reverse gear to the case before 
Installing the Input shaft. Fit the sleeve into 
the gear [see Illustration), then hold the gear 

7.55 Insert the reverse gear shaft through 
the case, plain end flrst, and aiign the cut- 

out with the hole in the bearing housing 

7.56 Install the lock prn for thc reverse 
gear shaft 

" ,@.  - 4 t -  r --'! r,- 

, <' 
, 4  : .===+/- 

A, . 4;; ,, -i-@<*.- :rq;.--,.-- 
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?.%a To check the setting of t h e  selector forks, temporarily 7.57b . . . ver~ty that both synchre hub outer sleeves arp 1'1 + i l p  

place the assembled pinion shaft in position in the  tef? case central (neutral) positEon on their hubs and engage each 
half (note the locating dowel (arrow) for the bearing) . . . gear to ensure that the sleeves mesh correctly 
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7.683 instal4 the Input shaft assembly - make sure the hole in the 
rear bearing engages with the protruding end of the reverse shaft 

lock pin (arrows) - and. i f  everything Fs installed correctly . . . 
7.6% . . . this is haw it should look 

make further adjustments after the transaxle 
rs ~nstalled. The reverse gear selector fork, 
however, can't be adjusted later, so install 
the Input shaft temporarily and verify that the 
gears line up correctly when reverse gear is 
engaged. If necessary, move the selector fork 
along the tall unt~l the small gear of the sllding 
pinion meshes fuTly with the gear teeth of the 
f~rstJsecond hub on the pin~on shaft. The 
larger gear of the sliding pinion should be in 
mesh with the gear teeth on the Input shaft at 
the same time. Then select neutral and first 
gear, In turn, to ensure that the sliding 
reverse gear pinion is well clear of engage- 
ment with anything else. 
58 Determine the direction of rotatlon of the 
differential ring gear so that the axleshaft 
assembly turns in the right directron, The left 
case half carrres the dlfferent~al ring gear and 
the selector mechanism. So the axlelditferen- 
tial assembly must go in hrst. 
59 Make sure the correct shims are in posi- 
tion on the ring gear side of the differential 
case. 

bare In the slde cover must be scrupulously 
clean and free of any snags or burrs. 
64 Tap the new bearlng Into place with a 
heavy mallet and a large scxket or a prece of 
pipe with an outs~de dlameter slightly smaller 
than the diameter of the outer race of the 
bearing. Make sure it doesn't cock In the 
bore when you start to drive it In. If it does. 
work tt out and start again. 
65 Make sure both mating surfaces are 
perfectly clean. Apply a thln even film of RTV 
seaTant to the mating face of the case. Using 
a new O-ring, install the right side bearing 
and cover. Tighten the nuts evenly to the 
toque listed In th~s Chapter's Splfications. 
66 lnsert the axleshaft through the bearing 
and gu~de the different~al Into the case, ring 
gear side first (with the t#th visible). If neces- 
sary, tap the case so the bearing fully seats 
on the shoulder of the differential. 
67 Install the pinion shaft assembly. The 
selector forks should be in the neutral posi- 
tion and they must engage in the grooves of 
the hub sleeves. At  the same time the rear 

bearing outer race should be turned so that 
the peg in the case engages the hole. 
68 Install the input shaft. Make sure the 
hole In the rear bear~ng engages with the pro- 
truding end of the reverse shaft lock pin (sea 
illustrations). 
69 Yerlfy that the differential s~de bearing 
shims are in position on the dlfferentqal. ln*ll 
the dght case over the shaft and agatnst the 
differential so that the bearing locates on the 
shoulder. Strnultaneously supporting the 
weight of the axles, hold~ng the cases and 
aligning the bear~ngs with the dowel pegs can 
be challenging. An assistant is helpful at this 
point. Or arrange the left shaft lnto a near vertl- 
cal position by hanging ~t over the edge of the 
bench. Place two wooden boxes on end, side 
by side, on the floor, w~th the shaft hanglng 
down between them. Tap the case half lnto 
position onto the shoulder of the differential. If 
you have difficulty getting the two halves to 
butt together, one of the bearing dowel p q s  
isn't properly located. Don't force anything. 
Take tt off, have a look and tly again. 

60 Position the left half of the case in a suit- 
able position. Bear in m~nd that the two axfe- 8 -- "1 
shafts mud be posit~oned - and supported - 
so that their weight doesn't upset the balance b,, 
of the case. 
61 Ensure that all parts are scrupulously 
clean and that the shlms and spacers are 
correct for each side of the d~fferential cas- 
Ing. Remember that the shlms serve two 
functbons - they pre-load the s~de  bearings 
and they posit~on the differentla1 ring gear 
correctly in relation to the pmion. 
62 You might argue that the shim cornbtna- P ' .  

tians should be recalculated i f  new beanngs 
are frtted. In practice, however, it's unnwes- 
sary as long as you're Installtng l he  same dif- 
ferential ring gear and pinion and have never -. 

-- - 
altered the sh~m combinations. 7.70 Refore l~ghting the case fasteners, 
63 When fitting new bearlngsa support the apply RTV seatant to the outside of the 
side cover evenly and securely and arrange input shaft seal and insQll it onto the 
the bearings so that the closed side of the ,,, of the input shaft - make sure 
ball race faces the outs~de of the case. The the seal lip faces into the case 

T r y -  

~ \ .  > 

- - -- 

7.713 When bolting the case halves 
together, don't forget the 

long center bolt 
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7.71 b Bolt tightening sequence for 
split-case Zype housing 

- 

70 Before reattach~ng the case halves, 
aoply RTV sealant to the outstde of the Input 
chaft o~ l  seal and ~nstalE ~t onto the rear end of 
:-I$ Input shafl (see illustration). Make sure 
ihe seal lip faces rr~to the case. 
71 Install all new nuts, bolts and washers 
Note that one or two are longer than the oth- 
ers. Don't forget the long center bolt {see 
illustration). T~ghten the case bolts evenly 
and gradually in the panern shown (see illus- 
tration) to the init~al torque l~sted In this 
Chapter's Specifications. Make sure both 
sharts revolve freely and each of the gears 
engage. If they don't, split the cases and 
have a look. If they do, t~ghten the case bolts 
In the sequence shown ta the final torque 
I~sted in thls Chapter's Speclficatlons. 
72 To ttghten the Input and pin~on shaft 
nuts, engage two gears by pulling out the two 
outer selector rods. Tghten the larger, plnlon 
shaft nut to the torqua ltsted in this Chapter's 
Specifications. Bend up the block tabs 
against a flat on the nuts. 
73 F~tt~ng the gear change rod houslng on 
the end of the case IS crltrcal because gasket 
thickness detemrnes the pressure appl~ed to 
the outer races of both ball bearings to pre- 
vent any movement when end thrust is 
applred (see illustration), Use new gaskets 
and tighten the hous~ng bolts securely, 
74 When placing the gear shift cover in 
posit~on, the selector rails should be in neu- 
tral and the change rod should f ~ t  into the 
cut-out slats In the ends of the rails. Replace 
the nuts and tighten them evenly to the 
torque listed In th~s Chapter's Speclficatlons. 
75 Install the rnount~ng bracket and flexlble 
mounting blocks, the clutch release thrust 
rlng and the untt IS ready for replacement in 
the car. 

8 Selector forks - adjustment 

Refer to ~//ustmt~ons 8 . 4 ~  and 8.4b 
1 You can make adjustments to the for- 
ward speed selector forks (not reverse) with 
the transaxle installed In the vehicle. Such 
adjustments, which prevent a gear X r T  
lumping out of mesh under power, are usually 
necessary lust after the transaxle has been 
overhauled. Under any other circumstances, 
adjustment simply compensates for wear. 
The down side, however, ts that adjust~ng a 

'3 Layout 1 

f r m d  

of gaskets to load 
,, w..; bearings 

Gearshift lever housing 
Input shaft bearing 
hnion shaft bearing 
Ctrcular gasket 
Main cover gasket 

fork to prevent one gear from jumping olrt of 
mesh may very well cause another gear to 
jump instead. For example, ~f you adjust a 
fork to cure a third gear jump, you might well 
find that fourth gear then jumps out Instead! 
The same appl~es to first and second, so 
before you start adjusting selector forks, 
decide which gear is going to  bother you 
least ~f it jumps autl 
2 On the lower forward end of the left side 
of the transaxle case, two large plugs cover 
holes through wh~ch you can access the 
clamp screws of the selector forks. The fmnt 
one IS for the third and faurth selsctar fork 
and the other for firsWsecond. 
3 To make an adjustment. select Neutral 
and remove the plug for the fork you wish to 
adjust. 
4 If third gear Jumps out, remove the front 
plug (see illustratfon), loosen the fork set 
screw (see Illustration), sltde the front selec- 
tor fork backwards a fraction an its rail, 

retighten the set screw, install the plug and 
road test. If fourth gear jumps out, move the 
front selector fork forwards. 
5 If f~rst gear is jurnplng ovt, leave it alone 
- the fault is unlikely to be the selector fork 
setting. If second gear jumps out, slide the 
rear selector fork forward. 
6 You may have to repeat this process 
several times for each fork untll the mesh 
feek lust right. 
7 Somet~mes. when the transaxle is badly 
worn, any adjustment results In all gears 
jumping out. You'll have to decide which 
ones caum the least tnconvenience and take 
up the slack in the appropr~ate directton. 
Needless to say, jumping out of gear - part~c- 
ularly with the power on - can be dangerous, 
so don? be too casual about correct~ng thrs 
problem. If you get into the habrt of holding a 
gear in mesh, you can expect accelerated 
wear of everything connected with the syn- 
chromesh mechanrsm. 

8.4a If thrrd gear jumps out, remove the 
front plug from the transaxle . . . 

8.4b . . . loasen the selector fork set screw, 
sllde the fork to the rear on its rail, tighten 

the set screw, install the plug and road test 
the vehicle to check your work - you may 
have to repeat this process gweral times 

until the gear mesh feels right 
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9.4 Exploded view of a typic81 sarly 
single-piece tmnsaxle housing 

1 Grommet 
2 Bushing 
3 Gearshrft housing 
4 Gasker 
5 Gear carder 
6 Revene /eve/ 

prvot post 
7 Gasket 
8 Case 
9 Rtqhtsrde 

beanng cover 
10 PlasCc Insert 
1 I Left srde bearing cover 
12 Drain plug 
13 Rear flexible mountings 
74 Gaskat 
75 Rear mounting bracket 
76 Oii bvel plug 

9.5 Exploded view of typical four-speed, full-synchm gearbox assembly 

Selector rod 19 Third/fourth selector rail 35 Key retainer spdng 53 Shim 
Reverne selector rail 20 Third/fwrth selector fork 36 Synchroring 54 Thfrdgear 
In tedock plunger 2 1 Shird gear and roller 37 Frrstlsecond selector rail 55 Roller bearing 
Screw and washer beating 38 Thread& dowel 56 Second gear 
Reverse prvot lever 22 Input shaft 39 Firstlspcond selector forh 5 7 Synchro ring 
Reverse slidrng gear 23 Woodruffkey 40 Shaft nut 58 Synchro ring 
Reverse slidtng gear yoke 24 Roller bearing 4 1 Cock washer 59 Slid~ng key 
Reverse gear shaft 25 Reverse gear and sleeve 42 woodruffkey 60 Key retainer sprrng 
Woodnrff key 26 Circlip 43 Concave washer 6 1 Synchro nng 
Thrust washer 2 7 Input shaft extension 44 Firstlsecond synchronizer 62 Ftrst gear 
Spacer end lock screw 28 Seal assembly . 63 Thrust washer 
Reverse gear 29 Reverse lever pad 45 Shims 64 Pinion bearing retainer 
Circlip 30 Roller beating 46 Slotted nut 65 Pm~on beartng 
Shaft nut 3 1 Roller bearing 47 RoNer bearing 66 PInron shim 
Lock washer 32 Fwrth gear and rolter 48 Thrust washer 67 Lock tab washer 
Ball beanng bearing 49 Pinion shaft 68 Bolt 
Thrust washer 33 Thirdlfourth synchronizer 50 RoIIer bearing 
Detent ball, spring and assembly 51 Fourth gear 
sleeve 34 Sliding key *52 Spacer sleeve 
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8 There may also be wear in the shift lever thoroughly. the grooves In the ends of the spllned shafts 
mechan~sm (see Sectlon 3). A certain amount 3 On swlng axle models, remove the axle- and lever off t h e  flanges. There's a spacer 

1 I 

I of adjustment IS poss~ble at the shift lever. shafts and axle tubes (see Chapter 8) ring behlnd the flange Ef you can dig It out 
Loosen the two reta~ntng bolts. The mountlng 4 Remove the nuts holdjng the gear selec- now. remove it If not, you can remove It after 
bolt holes are elongated, so the shift laver tor lever housing and remove the housing you pull off the side cover. 
assembly can be moved forward or back- together with the lever (see illustration). 9 Remove the left side bearlng cover 
ward a little. If you move the assembly for- 5 Bend back the tabs of the lockwashers relalning nuts and remove the cover. Gke It a 
ward, second snd fourth gears will engage and remove the large nuts on the ends of the few taps with a soft face mallet ~f nwessary - 
more positively; tf you move it to the rear, first input and ptnion shafts (see Illushation) To don't use force. When the cover comes off, 
and third will be more positive. But remem- prevent the shafts from rotatlng, pull or push the outer race of the tapered roller side: bear- 
ber: Tnrs adjustment IS normally used only to the two outer selector fork rails which pro- ing usually comes off with ~ t .  If the bearlng 
seek the exact central position. Too much trude from the end of the case. 731s will lock comes off wlth the srde cover, don't lose the 
adjustment at the shift lever could have the two shafts by engaging two gears at shirn(s) between the bearkng inner race and 
exactly the same results as too much adjust- once. Note: On later models, crrclrps are the differential. These shlms, which control 
ment at the selector forks used fnstead of these nuts. Remove the cir- the stde bear~ng pre-load and ring and pinlon 

clip on the input shaft end befoe attempting backlash, are crltlcal. Label them, rape them 
to withdraw the two sham from the bearings to the bearing to prevent mix-ups with the 

I 9 Transaxle overhaul (single- In t& gear carrier Caution: Cover the end of shims for the other slde cover and set them 
I piace case) the shaft with a shop rag when releesing thrs aslde. If the bearing stays on, leave it there 

circhp. It's under tensron from a dlshed thrust tor now Note the paper gasket between the 
washer underneath, so it may fly off when cover and case. 

I Disassembly released from its groove. 10 Turn the transaxle on its side with the 
Refer to illustratron 9.4, 9.5, g.8, 9.73, g 76a, 6 Remove the ~ u t s  from the studs which opening for the left side cover facing up and 
9.16b, 9.20 and 9 26 secure the gear earner (end ease) to the  main carefully Ilfl out the differentlal assembly. 
Note: Gssket sets often contarn items cover- case. Also remove the ground strap. 11 If you can't I l f l  ~t out, turn the transaxle 

1 hg a vsoely of models. Save fhs old gaskets 7 Turn the whole un~f on its sde  so that over again, and, uwng a drft punch placed 
you remove durrng drsassembly. You can use the left side bearing cover IS facing up against the inner race of the  rvght bearing, 1 them to defermtne which gaskets in the new (remember, the narrow end of the case s the gently tap it out. Support the differential to  

1 set are for your tmnsaxie. front). prevent ~t from dropplng under its own 
1 Remove the transaxle from the vehicle 8 On driveaxle models, remove the seal- weight. If H's easierfor you to tap out the djf- 
(see Sectlon 5). Ing plugs from the centers of the drive ferential wlth the bearing still in the side 
2 Dram the  oil, remove the front mount, flanges [see Illustration) by punchtng the cover, by all means do It that way. Collect the 
transaxle carrter and rear mounts (see Sec- blade of a screwdrrver through them and lev- shims for the other srde beartng, label them, 
tlon 2) and clean the transaxle exter~or ering them out. Then remove the clrcllps from tape them together and set them astde. 

12 Turn the transaxle over w~th the right side 
bearlng cover facing up On drtveaxle models, 
remove the d n v ~  Range (see Step 8). Remove 
the nght slde bearing cover nuts and remove 
the cover. Again, note tha paper gasket. 

7A 

9.8 Exploded view of a typical differentlal assembfy 

1 Drffersntral and nng gear 8 Nut 
2 Left side beanng cover 9 Washer 
3 Beanng wter  race 70 Dnve fiange 
4 OIE seal' 71 Spacer 
5 0-rmg 12 Circlip 
6 Qrclrp 73 Sealtngplug 
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9.13 Remove the clrcl~p w h ~ c h  Focks the reverse gear 9.16a to remove the gearbox assembly from the case, strike the 
sleeve to the input shaft end of the pinion wlth a heavy soft-faced mallet.. . 

13 Remove the clrcllp which locks the 
reversa gear sleeve to the input shaft (see 
illustration). Sl~de it back along the shaft and 
sflde the sleeve along bh ind it. 
14 Unscrew the rear end of the input shaft 
from the front half. Take off the gear/sleeva 
and rernove the clrclip from the shaft. W~th- 
draw the shaft from the rear through the oil 
seal. Remove the input shaft seal and discard 
it. Note: This seal can be replaced with the 
transaxle instalied (see Section 4). 
15 On earlier unlts, four bolts secure the 
pin~on shaft bearing retainer plate. Carefully 
p y  up the lock tabs on each bolt, Don't let 
the t w l  slip and strike the pinion gear. Care- 
fully remove the bolts. Later units use a lock- 
ing castellated ring threaded onto the pinion 
bearing instead of a four-bolt flange. OR 
these models, simply unscrew the lock ring. 
Again, make sure you don't damage the pin- 
ion teeth. 
16 To remove the gearbox assembly from 
the case, use a heavy copper faced mallet 
and strike the end of the pinron (see illustra- 
tion). Or insert a lack srnatl enough to fit 
between the pinion and the opposite side of 
the case (see illustration). Cushion the head 
of the jack touching the pinion and press it 
out. Be sure to support the gear carrier when 

the gear shafts come free. As soon as they're 
clear, collect the shims(s) from the pinion 
flange and attach them to the flange or put 
them In a plastic bag to prevent loss. 
f 7  To remove f~rst  gear and its shaft, 
remove the circlip. The gear is a sllde fit on a 
key. Pull it off. Pry it a little with a screwdrrver 
if necessav. Remove the key from the shaft 
and remove the  shaft from the front. 
18 To remove the needle roller bearings 
from the reverse shaft, unscrew the locating 
screw (secures the spacer stewe between the 
two bearings) from the case. Use a drift of suit- 
able diameter to dr~ve the two needle rollers 
and spacer out towards the rear of the case. 
19 The other needle bearing outer race Is 
also sewred by a screw in the case. Remove 
it too. Then tap out the needle rolter bearing 
race. (Th~s 1s the bearing that supports the 
rear end of the forward half of the Input shaft.) 
20 The large side bearings located in e~thor 
the covers or on the differentla1 can remaln In 
place unless inspection Indicates that they're 
worn. Knock them off the differential or out of 
the covers (sw Illustration). If you're remov- 
ing them from the covers, make sure the cov- 
ers are flrrnly and evenly supported. Don't 
attempt to do ~t the other way round - sup- 
port the bearings and knock the covers out - 

or you may damage the cover. 
21 Separate the two shafts with their clus- 
ters of gears from the gear carrier. 
22 Remove the small sliding gear and the re- 
verse fork from the pqvot on the reverse lever. 
23 Loosen the clamping bolts whrch hold 
the two other selector forks to thelr respec- 
tive ra~ls. Slide back the rail for the firsvsee- 
ond gear fork far enough to remove the fork. 
The other fork is tr~ck~er to remove because 
the gear carrler is in the way. Drive the ra~l 
back far enough to free ~t from the fork. Cau- 
tion: DO NOT drive the rails out of the gear 
Garner. i f  you do, the detent balls and springs 
wiEl pop out and you wtlE be lookrng at a Iot of 
extra work. 
24 Remove the two gear shafts from the 
carrier. It's a good ~ d e a  to tape both shafts 
together Then, when you release the ends of 
the shafts, they won't fall apart. You'll need 
an ass~stant for th~s Step. Hold the carrier - 
with the shafts hanging down - white another 
person strikes the end of the Input shaft wlth 
a sofl faced mallet and supports the weight 
of the gear shafts as they are driven out. Do 
NOT let them drop down. 
25 Remove the two bearings in the carrler. 
The needle roller bear~ng IS located by a 
screw s~mllar to that used on the needle roller 

9.16h . . . or place a small serssor-type lack ~nside the differential 9.20 To remove a differential s ~ d e  bearqng from the d~fteren 
housing and push the gearbox assembly loose tap it off with a d r ~ f l  and hammer 
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9-26 Using a ?~ydra~rtic press and V- 
blocks, press the inner race from the input 

1 shatt - support third gear with the V- 
I blocks to prevent damage to the shaft or 

gears, and ta prevent the synchro hub 
from coming apart 

9.40 Measure the clearance between the 
selector fork and the groove of the 

synchro hub sleeve - if thls clearance 
is excessive, the gears Fan jump 

out of mesh 

I bearings you just removed. Drive out the 
input shaft front bearing from insrde the car- 
rier. The outer race of t h ~ s  bearing is flanged. 
The bearing will only come out one way. 1 26 To drsmantle the input shaft, remove the ~ ' spacer ring, then fourth gear and the needle 
bearing cage on which ~t runs. Remove the 
synchro rings. Using a hydraulic press and V- 
blocks, press off the Inner race from the shaft 
(see Illustration). Position the 'V' blocks so 
they provlde support behind the third gear 
wheel to prevent damage to the shaft or 

vent them from coming apart. If the center 
hub and outer sleeve are accrdentafly sepa- 
rated, they must be properly reassembled. If 
you wish to disassemble the hubs, remove 
the sprlng retaining clip on each side and 
slide the sleeve o~rt of the hub. Don't drop or 
lose the three stiding keys. Put the parts for 
each hub assembly In a plastic bag and set it 
aside for inspedlon. 
32 Don't remove the seiector fork rails from 
the carrier unless inspection indicates that 
there's something wrong wlth the detent balls 
and springs. 

I 

Inspection 
Refer to rllustration 9.40 
33 As we mentioned In Sect~on 1, the 
degree of component wear determhnes 
whether you should repair or replace the 
transaxle. If the differential rlng gear and pin- 
Ion are badly worn - causing srgntficant back- 
lash and noise - they can be repaired for 
about half the cost of a new unit. Such work 
IS beyond the scope of the average owner so 
this manual doesn't cover differential 
rebuilds. On the other hand. using no special 
tools aside from a hydraulic press, we fitted 
the transaxte In the accornpanylng illustra- 
tions with new ball beanngs, synchro rlngs, 
synchro hub keys and retaining clips. 
34 Normally, rt shouldn't be necessary to 
immerse at1 the components in solvent. Wlpe 
components with a clean cloth for ~xamina- 
tron. In this way the likellhood of dry spots 
during the first moments of use after 
reassembly are minimized. The case itself 
should be thoroughly washed out with sol- 
vent. Do not leave the needle roller bearings 
in posltion when doing this. 
35 Thoroughly inspect all parts of the case 
for signs of cracks or damage, particularly 
near the bearing housings and on the matlng 
surfaces where the gear carrier and srda 
beanng plates ]om. 
36 Uslng a small two or three-jaw puller, 
remove all synchra rings - if you haven't 
already done so - for Inspection. The grooved 
taper face ot each rlng provldes the braking 
actlon on the mating face of the gear wheel 

gears and prevent the synchro hub assembly 
from coming apart. Make sure all parts are 
supported and held whlle under pressure 
27 Remove thrrd gear and its needle roller 
bearing. It's not necessary to remove the 
third gear bearlng Inner race or the key whlch 
locates the synchro hub. Keep the synchro 
rings w~th thelr respective gears for future ref- 
erence - fix them w~th adhesive tape to pre- 
vent mlx-ups. 
28 Dlsassernble the p~nion shaft only far 

I enough to remove the gears, synchro hub 
and synchro rings. The double-tapar pinion 
roller bearing held by the notched locking nut 
can be left on the shaft. Its removal requires 
the use of specla1 tools which most home 

I rnechanlcs probably don't have. 
29 Using a hydraulic press, remave fourth 
gear, the Inner race of The needle bearing 
spacer, the shim, the concave washer, third 
gear, the needla roller bearing, second gear 
and the firsvsecond gear synchro hub. Don't 
use a hammer Instead of a press! Repeatedly 
striking the threaded end of the shaft - even 
with a soft headed mallet - can distort the 
threads and rum the shaft. Remove the syn- 
chro nngs. 
30 On Ister models with crrclips instead of 
retarning nuts on the ends of the two shafts, 
remove the circllps. Then press off fourth 
gear, the inner race, the spring spacer, the 

ridges are 
In will be Ic 
z~tely asses 

1 second clrclip and thrrd gear. 
31 Unless the transaxle has been abused 
or has very high mileage, the synchro hub 
assemblies shouldn't require servrce. Handle 
the synchro hub assernbl~es with care to pre- 

ne. If the 7 worn, the braking or 
iehm actio s3 etTeetive. The only 
ry to accur, s the  condition of this 

face Is to compare it wlth a new part. As a rule 
of thumb. when a synchro nng IS fined over its 
cone on the gear wheel, there should be a 
rnlnimum gap of 0.024 Inch (D.6 mm) W e e n  
the synchro ring and the gear teeth. The nor- 
mal gap Is 0.043 inch (t .l mm), sa it's obvious 
that, ~f the gap is near the lowest Ibmit, new 
nngs should be ftted. When buying new syn- 
chro rings, make sure tha parts store identifies 
and marks each one to go with ~ t s  respective 
gear. Modificat~ons have taken place over the 
years, so although the new ones wiEl still flt and 
may even work, they aren't necessarily identi- 
cal to the ones you took off. If you mix them 
up, you could have problems. They're else not 
at1 the same in a set - for example, some have 
wider cut-outs. So carefully mark the new 
ones. Note: These parts are cheap, so 11 
makes good sense to simply replace them 
while the transaxle is disassembled. 
37 Two types of bearings are uses - ball and 
needle roller, As a rule, needle roller beanngs 
wear very lttle because they're not subjected 
to end thrust of any sort. The two large slde 
bearings are ball bearings which carry the for- 
ward end of the input shaft. Inspect all bear- 
ings for noise and roughness. If they sound 
even slightly rough or if they drag when they 
turn, replace them. Check the double-taper 
roller bearing for roughness and excessive 
endplay. If tt allows any endplay, carefully In- 
spect the condition of the pinlon gear and dtf- 
ferential ring gear. If they need to be replaced, 
the setting of the whole box is altered and 
clearances and shims have to be re-calculated 
and changed. This is a job for a specialist. 
38 Inspect the teeth of all gears for slgns of 
pitted mating surfaces, chips and sconng. If 
one gear rs damaged, its counterpart on the 
other shaft will usually be just as badly worn. 
39 Assemble the synchro hubs (see 
Step 43). With the keys removed, the inner and 
outer sections of the hub should slrde easlly, 
but there must be no axtal play or backlash 7A 
between the splines of the Inner and outer 
parts. The actual amount of acceptable wear 
is difficult to describe. No play at all Is Ideal, 
but hardly Ilkety. Ask someone wlth experi- 
ence how much slop is acceptable. 
40 Some of the most crrtical parts of the 
transaxle are the selector forks. The two forks 
run in grooves in the outer sleeves of the syn- 
chro hubs. If the clearance of the forks In the 
grooves is excessive, the gears will probably 
jump out. Measure the clearance between 
the fork and the groove {see illustrstlon). It 
shouldn't exceed 0.3 mrn (0.01 2 Inch). Exces- 
sive clearance could be caused by wear on 
the fork, or the groove, or both. So take the 
forks to the parts depament and ask them ~f 
you can compare the thickness of new park 
wlth your old ones. If the difference In thck- 
ness isn't enough to compensate for the 
excessive clearance between the fork and the 
hub groove, then replace the hub assembly as 
well. This is an expensive item, but thls gap Is 
crltlcal, so there's no alternative 
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4 1 The selector rai i the forks are 
mounted need not wed from the 
case. A certa~n force 1s required for them to 
overcome the pressure of the spring loaded 
ball in the groove. Measure this force wlth a 
spring balancp h o o k ~ d  on the end of each 
selector fork. If the required pull rs sign~fl- 
cantly outs& the range of 33 to 44 Ibs 115 to 
20 kgs), kt's adv~sable to check the detent 
sprlngs and balls. Push the selector rod out 
of the case to release the ball and sprmg. To 
remove Iha sprlngs, pry out the plast~c plugs. 
Be sure ta get some new plugs for reassem- = 

bly. 
42 Check the  spring free length. It should 1 ' ' . 
be one unch. I f  it's I ss ,  replace the spnng(s). 

9.43a Install three new sfiding keys, The balls should be free from pittrng and 9.43b . . . and new retainer spring clip 
ar blocker bars.. . when rebwirding the synchro hubs 

grooves and the selector rods themselves 
shouldn't be a sloppy flt in the bores. The 
detent grooves m the rails shouldn't be worn. 
If they are, replace the ratl(s). If you Rave to 
remove the rarls, don't lose the interlock 
plungors which fit between the selector rod 
grooves. . . 

Reassembly - 

Refer to ~llustrafrons 9.43a, 9.43&, 9.44a, I F  I b..? :-(-:A i*..,p - 
9.446, 9.45a, 9.45b. 9 . 4 5 ~ .  9.46a. 9 46b, Xhb 
9 . 4 6 ~  9.47a, 9.4?b, 9.48, 9 49, 9.50a. 9.50b, , 3 . i = 3 i h ~  - .  

9.51, 9.52, 9.53, 9.54, 9.55, 9.56, 95Ja, -. . . 
-, 7 I - 

9.57b, 9.57c, 9.59, 9.60, 9.62a, 9.62b, 9.62c, 
9.63, 9.64a, 9.64b, 9.64c, 964d. 9.648, 
9.65a, 9.65b, 9.65~, 9.66a, 9.666, 9.67, 
9.68a,9.68b,9.68~,9.69,9.70a,g.?Ob. 
9.70c, 9.77, 9.743, 9.74b, 9.76a, 9.76b, 9.77, 
9.78a, 9.78b, 9.79, 9.81, 5.82s, 9.82b. 9.83, 
?3.84,9.85.9.86,9.87a,9.876,9.87~,9.87d, 
9.88,9.90a,9.QOb,9.93,9.9&,9.94b.9.95, 
9.97, 9.98a, 9.98b, 9.98c, 9.500a, 9.100b, 
9. lOOc, g. 1OOd and 9.100e 
43 If you're rebuilding the synchro hubs, 
service them as a complete assembly. It isn't 
a good idea to fit an inner hub to an old outer 
sleeve, or vice versa. Keep in mind the fot- 
lowing points when reassembling a synchro 
hub: 

a) W e n  the synchm rings 8m replsced, it's 
a good idea to replete the three sliding 
keys and their locating spring rings as 
we//. The keys fit into the cut-outs )n the 
synchm rings and are subject to wear, 
and the springs weaken over time. 

9.44 Install the needle roller cage for 
third gear on the input shaft. . . 

d) Fit the retaEning spring clips so the ends 
fit behmd, but not into, the keys. and so 
that the clips overlap on each side. 1.e. 
don't have more than two clrp ends over 
one key. 

44 lnstall the needle roller cage for third 
gear on the rnput shaft (see Illus- 
tration). Then install third gear with its 
matching synchro ring onto the roller bear- 
ings wrth the cone towards the front end of 
the shaft (see Illustratlon). 
45 Install the th~rd/tourth gear synchro hub 
assembly (see illustratlon). It must llne up 
with the key in the shaft (see illustratlon). 
Once the keyway in the center part of the hub 

C . - -- 
9.442) . . . then install third gear w ~ t h  ~ t s  
matching synchro ring onto the roller 

bearings with the cone toward the 
front af the input shaft 

Is llned up w~th the key in the shalt, drive on 
the  hub with a suitable piece of pipe and a 
heavy hammer [see illustration). Some later 
models have a groove tn the outer sleeve 1 
rnrn deep. Make sure the hub w~ th  this 
groove faces toward the front of the shaft. If 
there's no groove, you can Install the hub 
facing either way. Dr~ve the center part of the 
hub, or rt could come apart. Lrns up the slots 
In the synchro ring wlth the keys in the hub. 
Have someone hold the synchro ring in posi- 
tion with the keys tn place while you drive the 
hub into place. 

b) Always use new blocker bers (sljdlng 
keys) (see Illustratlon) and retelnlno 
s+ng clrps (see lllustrahon) In the hubs 
to take full advantage of the new, 
unworn cutouts In the rrngs. 

C) The splines of the rnner hub snd outer 
sleeve am matched - eithr by seEection 
an assembly or by wesr palferns durlng 
use. Those matched on assembly have 
msrks etched on the inner hub and outer 
sleeve to faellltate allgnmenf. If a hub 
has no marks. make some o f  youp own 
with a smell deb of pnfnt to ensure r 
reassembly m the same poslflon. I f  a hub I _- 
falls apart accldent8lly, you1// have to live .: ?> 

I Y L  

w ~ t h  the fact that rt mey wear out more 
qurckly. 9.45a Install the thlrdlfourth gear synchro 9.45.b . . . makbng sure 1:'s lrned up 

hub assembly on the 1npu1 shaft. , . with the keyway. . . 
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9 . 4 5 ~  . . . then drive on the hub with a 9.46a Drive the lnner race for the fourth 9.46b Install tne needle roller cage.. . 
suitable piece of pipe and a gear needle bearing onto the 

I 

i 
heavy hammer input shaft 

48 4 It was pointed out earlier, we disas- 
sembled the prnion shaft only as far as the 
pinion bearing (see illustration). If you have 
reptaced this bearlng, the gearbox and final 
drive must be reshimmed. Thls is a ski l ld job 
requiring special equipment and a selection 
of special shims. 
49 lnstall the shirn(s) that control first gaar 
endplay (see illustration). To measure the 
endplay after the first gear and hub are 
installed, measure the gap between the 
thrust washer (already locked in position 
behind the Rrst gear needle bearlngl and the 
face af the gear. If the gap IS outside the lim- 
Its of 0.01)4-0.010 inch (0.1 0-0.25 rnrn), you'll 
need different shims ta correct it. In effect, 
the shims determine the position d the Inner 
sleeve of the first/second gear synchro hub in 
relation to the captive thrust washer. First 
gear endplay is controlled between the thrust 
washer and center hub face. 
50 Install the bearing retainer over the shafl 
and up to the pinion bearing with the smooth, 
machined face towards The pinion gear at the 
end of the shaft (see Illustrations). 
51 lnstall first gear (the largest one with 
helically cut teeth) In position on the needle 7A 
roller bearings w ~ t h  the cone face of the 

I' 9 . 4 6 ~  . . . and ~nstall the synchro ring 
and fourth gear 

9.47a Install the thrust washer on the end 
of the input shaft with the V-cuts facing 

the front of the shaft 
46 Drive the inner race for the  fourth gear 
needle bearing onto the shaft the same way 
you installed the hub rn the previous Step 
(see illustration). Drlve It right down to the 
hub. Then install the needle roller cage (see 
illustration) and the synchro ring and fourth 
gear (see Illustration). The synchro ring also 
has three cut-outs which engage w ~ t h  the 

sllding keys in the hub. 
47 Install the thrust washer on the end of 
the shaft with the V cuts (if any) facing the 
front end of the shaft (see illustration). 
Loosely install the locknut and lockwasher 
{see- illustration), or Install the clrclip, and lay 
the Input shaft assembly aside. 

L 

9.40 lnstall the thrust shim(s) on tha 
pinion shaft thst control first 

gear endptay 

9.47b Loosely install the lockwasher 
and locknut and set the assembled 

input shaft aside 

4-48 Thls is as far as you should 
disassemble the pinlon shatt, unless 
you want to reshim the gearbox and 

final drive - a  job that will take an 
expert wtth special tools 
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9.50a lnstall the bearing retainer over the 
shaft and up to  the pinion bearing . . . 9.Mb . . . w ~ t h  r?s smooth, machined side 

facing toward the pinion gear 
9.51 Install Rrst gear (the b ~ g  gear wrth 
the helically cut teeth) over the nmdte 

roller bearings with the cone side of the 
synchro facing away from the pinion gear synchro po~nting away from the pinion gear 

(see Illustration). 
52 Install the ftrst gear synchro ring over 
f~rst gear (see iHus%ration) and instal4 the first 
and second gear hub over the splines of the 
shaft with the selector fork groove of the 
outer sleeve facing toward the front end of 
the shaft. Make sure that the three cut-outs in 
the synchro ring engage with the sliding keys 
in the hub before pushing the hub into place. 

Remember - the synchro rings for first and 
second gears are sllghtly different - first gear 
has narrower cut-outs than those In the sec- 
and gear ring. 
53 Check the f~rst gear endplay as 
described in Step 49 (see iltustration). 
54 Place the second gear synchro rlng In 
posltion in the hub so that the slots engage 
w ~ t h  the sllding keys (see iIlustratEon). 
55 lnstall second gear with the cone facing 

toward the hub (see illustration) 
56 lnstall third gear - and the needle roller 
bearing which fits together with ~t - insla? 
second gear (see il!ustration). Note the ! a y e  
bearing boss lntsgral w~ th  third gear. 
57 lnstall the d~shed  washer onto the shaft 
with the raised Inner circumference fac~no 
toward the end of the shaft (see illustration) 

I 
I - - - .  . . 

9.54 Place the second clear synchro ririy 

in position In the hub so that the slots 
engage with the sliding keys 

9.52 install the first gear synchro ring ww 
first gear, then the first and second gear 
hub aver the splines of the shaft with the 
selector fork groove of the outer sleeve 
facing toward the front en of the shaft 

9.53 Check f~rst  gear endplay again the 
same way you checked it in Step 49 

9.56 lnstall th~rd gear - and the needle 
roller bearing which fits together 

with it - inside second gear 

9.57a lnstall the drshed washer on 
shafl with its raised inner clrcumferf 

facing toward the end of the shafl . 

9.55 Insfall second gear w ~ t h  the cone 
facing toward the hub 
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9.57b . . . install the s h i n . .  . 

lnstarl the shim [see illustration). If the only 
changes made to the pinlon shaft have been 
new synchro nngs, the existlng washer and 
shrm can be reused. If, however, the synchro 
hub or any gears have been replaced, then 
the shlm th~ckness will likely need to be 
altered. The dished washer is deslgned to 
exert a pressure of about 220 pounds on 
thlrd gear and the hub to eliminate sloppiness 
along the shaft. The critical drmens~on is the 
dlstance between the face of third gear and 
the shoulder on the shaft against which 
fourth gear wHI be installed. This length sf 
shaft has a spacer collar which bears on the 
concave washer (and shim) when fourth gear 
1s finally installed. Obviously a thicker sh~m 
will increase the pressure, and vice versa. If 
you have to recalculate the shim requrrement, 
you'll need an accurate measuring device. 
The dished washer has a designed spring 
travel of 0.17 mm in order to exert ~ t s  pres- 
sure and has a thickness of 1.04 mm. Thus 
the length of the distance collar plus the total 
concave washer drrnensions (1 -21 mm) 
should equal the shaft distance from the thlrd 
gear face to the fourth gear shoulder. Setect 
the approprlate shim slzes to make up the 
drfterence. Install the spacer sleeve on top of 
the washer and shim (m illustration). 
58 On later gearboxes, install a selective 
circlip in place of the concave washer. Mea- 
sure the endplay of third gear between the 
gear and the circlip. It should be between 

9-57c . . . and install the spacer sleeve on 
top of the washer 

0.004 and 0.010 inch (0.10 and 0.25 mm). 
Later models also use a spring spacer after 
the circlip. 
59 Heat fourth gear to at least 194-degrms 
F (90-degrm C) In a bath of hot oil. This will 
expand it so you can sl~de it onto the shaft 
and over the key. Grasp the hot gear firmly 
with a pair of pliers and install ~t with the 
wider, protruding face of its hub toward the 
spacer collar (see illustration). Make sure it 
seats firmly against the shoulder on the shaft. 
Caution: Don't try to press fourth gear on. 
Although rt was pressed of f ,  it's virtually 
tmpossible to press R on and align it with the 
keyway. Also, once you start it on, it can't be 
re-aligned. 
60 Press, or drive, the Inner race for the 
needle rolEer bsarlng onto the shaft (see illus- 
tration). 
61 On later models, press or drlve on the 
gear against the sprlng spacer and install a 
circlip. Force the circlip down agatnst the 
concave washer In order ?a seat it into Its 
groove. If you don't have a press and jig, 
select a piece of tubing wh~ch will fit round 
the shaft, wrap the whole assembly with shop 
rags, have an assistant grip 4t firmly and drive 
on the clrclip against spring pressure. Then 
press on the inner race for the needle bear- 
ing. Put the pinion shaft aside. 
62 Two sets of needle roller bearings are 
installed at the rear end of the main case. The 

9.59 Atter heating fourtt~ gear to over 
194-degrees F in hot oil, slide it onto ?he 
pinion shaft wHh the wider, raised hub 

facing toward the spacer collar 

I - _  ..- 
- I 

9.60 Tap the inner race for the needlo 
roller bearing onto the plnion shaf: 

set for the reverse drive shaft (see illustra- 
tlon) cansists of two roller cages and a 
spacer between them. Drive one cage Into 
the case with a socket on an extens~on, or a 
suitable drtft, so that it's flush with one end of 
the bore (sw Hiustratlon). The metal face ot 
the end of the needle cage should face 
inward. Then insert the spacer with ~ t s  slot 
allgned so it engages w ~ t h  the lock bolt 
screwed Into the side of the case (see illus- 7A 
tratian). Then dr~ve the other needle roller 
bearrng ~nto the other end of the bore. 
63 The other bearing supports the rear end 

2a The needle roller bearings forkhe 9.62b Orlve one cage into the case with a 9 .62~  . . . then insert the  spacer with its 
m e  drive shaft consists of two rdl~er socket on an extension so that it's flush slot allgned so i t  engages with the lock 
cages and a spacer between them with the one end of the bore - the bolt screwed into the side of the case 

metal face of the end of the 
needle should face in. . . 
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9.63 The o t l l ~ r  needle roller harfng supports the rear end of the 9.64a Slide the spacer nng over the shaft so that rt butts against 1 
front t~alf of the Input shaft - tap it into the larger bore (arrow) the splined sect~on of the reverse gear shaft.. . 

so that the circular recess in the outer race lines up 
with the lock screw hole tn the case 

9.Mb . . . insert the shaft through the needle bearlng 
from the front of the case.. . 

9-64c . . . fit the Ley into the keyway.. . 

of the front half of the input shaft. Tap the stn- 
gle rn6edl.e roller cage into the larger bore so 
that the circular recess in the outer race llnes 
up w~th the lock screw hole In the case (see 
illustration). Install the lock screw and 
t~ghten it securely. 

64 To install the reverse gear shaft, sllde 
the spacer ring over the shaft so that it butts 
against the spllned section (see illustration), 
Insert the shsft through the needle bearings 
from the front of the case {see illustration). 
install the key into the keyway (see Illustra- 

tion), support the front end of the shaft and 
push the gear onto the shaft (see ilrustra- 
Zion). Make sure it engages the key and the 
pralect~ng side of the gear hub faces out. 
Install the circl~p (see illustration), Make sure 
it's fully seated into the groove. 

9.G4d . . . support the front end of the 9 . W  Install the clip - make sure it seats 9.F5a Posit~on the needle roller beanng 
shaft, push the gear onto the shaft - make into the groove for the front end of the pinion shaft so that 
sure I! engages the key and the projecting the hole for the locking screw is lined up 

side of the gear hub faces out with the recess in the bearing . . . 
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9.65~ . . . and install the lock bolt 9.65b . . .tap it into position. . . 

1 L 1 
9.67 Before you install the input and 

pinion shafts in the gear carrier, place 
them side-by-side, bind them together 

with strong tape and place the thirdlfourth 
selector fork in position 

' - 5  - 
9.66b . . . and t a p  ~t into place 

in the carrier 

II - _  " I  
9.66a Pllace the special ball bearing with 
the flanged outer race into posltion in the 

carrier with the flange lacing up. . . 
case (see Illustrations). 
67 Betore Installing the input and pinion 
shafts In the gear carrrer, place them side-by- 
slde, bind them together with strong tape and 
place the thirdlfourth selector fork In position 
(see illustration). 
68 You'll need an assistant for the next few 
Steps. Posltion the taped shafts in the carrier 
(see illustration). Move the thirdffourth 

65 Line up the needle roller beating for the 
forward end of the pinlon shaft so that the 
hole for the tocklng screw corresponds with 
the recess in the bearing (see illustration). 
Tap it lnto position (see illustration) and 
install the lock bolt (see illustration). 
66 Drive the special ball bearing (with the 
flange outer race) lnto position in the carrier 

selector fork nta  position In the synchro hub 
- and keep R there - as p u  push the shafts 
into positron. Pull back the fork rail so ~t can 
be mated with the fork as ftk scared in (see 
illustrations). 7A 
69 Once the selector fork for thrrdlfourth 

9.68a Poslt!on the taped shafts in Zhe carrier, move the 9.68b . . . then pull back the fork rail so it can bt- r~i'r.r> on 
thlrdlfourth selector fork into position in the synchro hub - the fork ss It's carried into place 
and keep it there - as you push the shafts into position . . . 
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9.6Rc Thrs 1s how the thirdlfourth selector 9.69 Once :he selector fork for 9.70a O n c ~  botll shafts are fully seated ~n 
fork looks when it's properly posrtioned thirdffourth gear is  in posklon Fn Its the carrier hearings, install new lock 

groove - with the clamp lug facing washers - make sure the lock washer 
out from the case - tap the two shafts tangs engage the groove in each shaft.. . 1 

Into their respective bearings 

L : -  - -  I 
9.70~ To hold the assembly while you t~ghten the nuts, stand I 

the case on end and carefully lower the gear carrier 
assembly onto the studs 

9.70b . . . and install new shaf l  ni~ts 

gear is rn pos~tton in its groove w~th the clamp 
lug facing out from the  case - tap the two 
shafts into their respective bearings (see 
illustration). Alternate taps between the two 
shafls and drive them into place as a single 
assembty. The ball bearing may come out of 
the carrier as you tap rn the input shaft, so 
support ~t from behlnd to prevent it from 
fall~ng out. As you tap the two shafts into the 
case, line up the selector fork w~th ~ ts  appro- 
priate rail. Make sure the fork doesn't jam. 

tighten them to the final torque listed in this 
Chapter's Spec~fications. Don't bend up the 
lock washers on to the nuts yet - if anything is 
amiss, you may have to remove them. 
71 On later models wlth clrclips instead of 
nuts, install a dished washer and circlip on 
each shaft (see [Ilustratlan). The washer 
must be compressed to fit the clrclip into its 
groove, so you'll need a press or a socket or 
prpe to do the job. 
72 Once the shaft nuts have been tight- 
ened, remove the gear carrier from the case 
In preparation for setting the selector forks. 
73 Setting the selector forks is crit~cal. If the 
wear between the fork and groove is outsrde 
the limit, the likelihood of s gear not being 
fully engaged - and jurnplng out - is 
increased. Ideally, you should try to have the  
unit set up by a transaxle special~st for the 
next few Steps. If that Isn't posstble, lay the 
assembly on the bench and do ~t yourself. but 
work very carefully. 
74 Install the selector pad and relay lever 

Once the fork's on the rail, move the rail back 
in line with the others. 
70 Once both shafts are fully seated tn the 
carrier bearings, install new lock washers and 
shaft nuts (see illustrations). Make sure the 
lock washer tangs engage the groove In each 
shaft. To hold the assembly whrle t~ghtening 
the nuts, stand the main case on end and 
carefully place the gear carner assembly onto 
the studs (see Fllustration). Tighten both 
nuts to the lnltbal torque l~sted In thrs Chap- 
ter" Speciflcationa. Back them off and 

I -- I 

9.71 Use a socket to drive the circlip 
against the concave washer and pop it 
into the groove in the end of the input 
shaft on later units that don't use a nut 
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fur reverse gear onto the rabl (see illustra- are preloaded because of the dished washers 
tion), then Install the selector fork for and wi[l rotate stffly. This can make it difficult 
Arstlsecond gears ~nto its groove and mount to lfne up the dogs when engaging second 
it on the selector rail (see illustration). Set all gear. Once both forks have been correctly 
threesefector rails in tho neutral posit~on (clrt- set, tighten the clamp bolts to the torque 
outs in their ends all line up) and set the syn- lisred in this Chapter's Spec~fications. 
chro hub outer sleeves in neutral w~ th  the 76 Install the small reverse sl~ding gear and 
forks In position. Then t~ghten the fork clamp yoke on the reverse gear shaft (see Illustra- 
bolts sufficiently to prevent them slippbng. tion). To position them correctly, engage 
Push each selector so that each gear is fully second gear. The reverse sl~ding gear should 
engaged. The outer sleeve of the appropriate be midway btween the straight cut teeth on 
synchro hub must move fully over the dogs of the synchro hub sleeve and the helical teeth 
the synchro ring and gear. The fork must not af second gear on the rnput shaft. Then move 
brnd rn the groove in any gear. out of second gear and shift into reverse and 
75 If you have trouble engaging a gear, verify that the reverse gears mash corn- 1 
loosen the fork clamp nut, sl~de the synchro pletety. If necessary, adjust the block 1 
hub sleeve on the shaft until it's fully meshed clamped to the selector rail (see illustration), - 

and retrghten the fork damp. Then move the 77 To help you l~ne up the bolt holes rn the 9-74a Install the sele ~nd refay 

selector back to neutral and Into the opposlte p~nion bearrng flange on earlrer units (impos- lever for reverse gear onro me rail . . . 
gear pwit~on. In all three positions there must sibEe to move when fully In positeon), install 

I be no pressure In either d~rection betwenn two three-inch-long studs in the flange (see flange. Instead, they use a castellated lock 
the fork and the sides of the groove in whlch Illustration). These studs are p~lots for the ring that screws onto threads at the base of 
it runs. Don't forget mat the oynchm hub and holes in the care and will autmat~sally line the pinion beanm). 
second and thlrd gears on the pinion shaft up the flange. Later units don't use this f a  Install the pinion setting shims in posi- 

-. 

ctor pad a . . ., 

9.74b . . . then install the selector fork for firstlsecond gear into 9.76a Install the small reverse sl~ding gear and yoke on the 
Its groove, mount it on the selector rail and lighten the clamp boR reverse gear shaft - the gear should be midway between the 

to  prevent slipping straight cut teeth on the synchro hub sleeve and the helical teeth 
of the second gear on the input shaft 7A  

9.76b If it's necessary to  r~postfron reverse gear, loosen and 9.77 lnstall a pair of ttrree-rnch long studs in the pinion bearlng 
adjust the block clamped to the selector rail flange to help you line up the bolt holes (you can't move 

the flange when It's En position) 
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9.783 install the plnlon settlng shims on the flange (earrJI units 9.78b Install the plnlon seztlng sh~rns 011 a later plnlon shaft 
with four bolt plnion flange) castellated locking nut Instead of flange 

.- -. 
. . 

r4P 

Q 

F - - 

9.79 Place a new gasket over the studs on the case - make sure 9.81 As you install the gear carrier on the case, just remember 
the gasket mating surface 8s lmmacufats these three things - make sure the pinion flange lines up correctly, 

don't let the plnion shim fall out of place and make sum the splined 
reverse gear shaft lines up with the sliding reverse gear! 

tion on the face of the flange (see Illustra- 
tlons). Your two gurde studs w~l l  help posi- 
tion them. If the flange has srnalL bumps cast 
into the edge, line up the shim so that ~ t s  
shape matches the bumps. Put a dab of 
grease on the shim to prevent It falllng off. 
79 Place a new gasket over the studs on 
the case (sea illustration). Make sure no 
traces of old gasket remain on the mating 
surfaces, which must b perfectly clean and 
smooth, 
80 Make sure the reverse sliding gear Is stllt 
in place. To prevent It from slid~ng out of 
place, engage reverse gear. 
81 Install the gear carrier Ze the case with 
the case standing upright [see Illustration). 
Watch three thtngs as you Install the carrier. 
First, as you gulde the temporary studs into 
the bolt holes in the case, make sure the 
flange lines up properly. Second, don't let the 
plnlon shim fall out of place, Third, make sure 
the splined reverse gear shaft lines up with - 
and goes Into - the slldlng reverse gear. If you 
take care of these three thlngs, the whole unit 
will drop into place easily. Tap the carrler a 
few times wlth a soft mallet to butt the mating 

faces together. If for any reason something 
binds durlng th~s procedure, stop and have a 
look. Don't force anything. Check the three 
areas mentioned above and tty again. 
82 Once the gear carrier is Installed, turn 
the case on its side and remove the guide 
studs from the pinton bearing flange. Using 
new lock plates (Included in the gasket set) 
install the four pinion flange bolts and tighten 
them in a criss-cross fashion, evenly and 
gradually, to the torque llsted In this Chap- 
ter's Specifications (see illustration). Take 
care to avoid slipping and damaging the pin- 
ion whlle tightening these bolts. Turn the bolt 
head between reverse gear and the plnton 
shaft so that a flat on the head faces the pin- 
ion to prevent the reverse gear sleeve from 
fouling the bolt head. Don't exceed the spec- 
ifled torque to do this - back off the bolt If 
necessary and retighten to a sfightty lower 
torque. Bend up the lock plate tabs (see 
illustration). 
83 Instal[ the camer nuts. T~ghten them In a 
crlss-cross Fashion, evenly and gradually. to 
the torque Itsted in this Chapter's Spectflca- 
tions, Don't farget that one nut secures the 

ground strap (see illustration). 
84 If all shafts rntate freely, bend up the 
lock tabs aga~nst flats on the nuts for the 
input and pmon shaft nuts (see illustration). 

I , 
. . 

9 . 8 2 ~  U s ~ n g  new lock plates, ~nstall the 
four pinion flange bolts and tighten them 

in a crlss-cross pattern, evenly and 
gradually, to the specified torque 
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9.82b Bend up the lock plate tabs 9.83 Install the carrier nuts and tighten 9.84 If all the shafts rotate freely, bend up 
them In a criss-cross pattern, evenly and the lock tabs against the flats on the nuts 

gradually, to the specified torque for the input and pinion shaft nuts 

9.85 In5:all the small IlnR stud into the end of the front shaft 9.86 Install a new circlip over the splines and beyond the 
groove on the smooth part of the shaft 

85 Before ~nstalling the front sectlon of the 
Input shaft, lubricate the land in the center 
which will run In the oil seal and screw the 
small link stud ~nto  the end of the front shaft 
{see Illustration). Then carefully insert the 
shaft through the oil seal from the rear of the 
maln case. 
86 Install a new circlip (see illustration) 

over the splines and beyond the groove on 
the smooth part of the shaft. 
87 lnstall the reverse gearlspllned sleeve 
onto the shaft, plain end f~rst (see illustra- 
tion). Screw the shaft stud into the end of the 
protruding input shaft (sea illustratfon). 
Screw it in as far as it will go, then back ~t off 
one turn to allow the splined collar to engage 

both halves of the shaft. DO NOT engage the 
sleeve with the ends of the shafts butted 
tightly together. Move the sleeve forward so 
that the gears engage (see lllustratlon), then 
move the circlip back along the shaft so that 
it engages fully into the groove. On later 7A 
units, ~nstall the sleeve over the input shafl 
extension (see illustration). 

I -u*t - - -  - . .-- I - - .- 

9.87a Install the reverse year/spllned sleeve onto the 9.87b . . . screw the shaft stud rnto the end of the 

1 
shaft, p la~n end flrst . . . protruding input shaf t . .  . 



Chapter 7 Part A Manual transaxle - 

9 . 8 7 ~  . . . and move the sleeve forward so that the gears engage 

-/ 

88 Clean the rnattng surfaces on the end of 
the gear carrier and shift housing and posl- 
tton a new gasket over the gear carrier studs 
[see illustration). 
89 Verify that the transaxle is in neutral by 
check~ng the cut-outs In the ends of the three 
selector rods. which should be Ilned up. 
install the gear change lever into the housing. 
It should easily slide into the housing, buy 
there shouldn't be any sideplay. If the lever 
frts too loosely, II could cause jamming or 
other problems of changing gear. 
90 Install the housing (see illustration). 
Make sure the end of the  gear change lever 
seats in The cut-outs m the ends of the three 
selector rails (see illustration), Install the 
hous~ng n u t s  and tighten them to the torque 
l~sted in this Chapter's Spec~fications. 
91 Make sure all differential and side bear- 
ing parts are clean, and the shims and spac- 
ers are correct for each slde of the diffwent~al 
caslng. Remember that the shims have two 
functions, to put a pre-load on the side bear- 
ings, and to pos~t~on the differentla1 ring gear 
correctly in relat~on to the pinion gear. 

* '&%? 

g.8Jd On later unlts, install the sleeve over the 
input shaft extension 

92 In theory, you m~ght think that i f  new 
bearings are installed, the shim requirements 
should be recalculated. In practice, this isn't 
necessarj, provided that the same ring gear 
and pinion are Installed and no shims have 
been previously altered in an attempt to 
improve some earlier malfunct~on. 
93 To install new bearings, support the side 
cover evenly and securely and anange the 
bearing so that  the closed side of the bait race 
faces the outside of the case when the side 
cover is tnstalled. The bore m the side cover 
must be scrupulausly clean and free of any 
snags or burrs. Tap the new bring into place 
with a heavy mallet and a wide, flat metal strap 
or wood block to evenly dfstribute the force 
(see Illustration). Make sure the bearing 
doesn't cock in the bore as you start to drive ~t 
in. If ~t does, remove ~t and start again. 
94 Make sure the gasket rnatrng surfaces 
are perfectly clean, Install a new gasket over 
the case studs (no sealant is necessary), 
install a new 0-rlng (see iflustratio$, prace 
the side cover and bearing assembly In posi- 
tlon (It will only fit one way) and ~nstall R (see 

lllustratlon). Tghten the nuts in a criss-cross 
Qshion, gradually and evenly, to the torque 
listed in this Chapter's Specifications. 
95 Install the differenttal shims (see Illus- 
tration). Hotd them in position with a dab of 
grease. Make sure everything is perfectly 
clean. Note: If the sh~ms are m~xed up, you 
won't be able to set the pinionlring gear 
backlash correctly. DON'T guess! Take the 
whore assembly to a transaxle speclalist and 
have him reset it. 
96 If you know which shims came off each 
side, make sure they're arranged with the 
thicker spacer ring fitted first - with its cham- 
fered srde facing In - and the shims aftw that 
(so they'll be between the spacer ring and the 
bearing). 
97 W~th the spacer and shlrns in place, 
install the dtfferentral assembly (see illustra- 
tion). Place the differentla! in the case very 
carefully and tap ~t into posltion The shoulder 
must be fully seated against the inner race of 
the bearing In the cover. 
98 Make sure the other set of shims Is 
properly located on the ring gear end of the 

9.88 Clean the ntatlng surfaces on the end of the gear carrter and 9.90a When you install the shift housrnq. make sure the enc 
shift housrng and position a new gasket onto the gear carrier the gear change lever (anow) seats in the cut-outs In the 

ends of the three selector rails 
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- - .  , _ I  I 
8.Wb A close-up view of the relationship between the gear 9.93 To rnstall new side bearings, support the srcle cover evenlv 

change lever and the cut-outs and securely, then tap the new bearing into place with a wide, flat 
metal bar or a block of wood - tha closed side of the ball race 

must face toward the outside of the case 

I_ 
' X- 

5- 
w--'' k 7 .  - - - 

'i 
. -- 

9.94b . . . make sure the gasket rnatrnq surfaces arc perlectly 
clean, install a new gasket over the case studs (no sealing 

compound is necessary), place the bearlng side cover 
in position and install ~t 

I 9.94a Install a new O-ring on the side cover ,. 

9.95 Install the d~fferentlal sh~ms and tiold them in 
poslt~on with a dab of grease 

9.97 Carefutly unstall the d~ffere~t.eal ring gear assembly 
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n.Wa Make sure the sh~ms are properly located on the 
differentla1 rtnq gear, place a new gasket in positron and ~nstall 

the left bearing side cover 

9.98t) Carefully tap the left bearing side cover down onto the 
d~fferential - don't use the retaining nuts to draw it down 

or you may crack the cover 

L 
8.100a On later units wRh driveaxles, install the spacer ring 

each side bearing cover. . . 
G . 5 5 ~  Install the cover nuts only after you have driven it into place 

'b 

-.,-. ' 

-. 

9.100b . . . push the drive flange onto the shaft . . . 9.100~ . . . install the circlip onto the shaft. . . 
I 
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9.100d . . . tap !t on the shafi with a socket untiF it 
pops into its groove. . . 

9.tOOe . . . and instalt a new sealing plug 

differential, place a new gasket in positlon and bearing down. This could easily crack or the  shaft, fit the circIip over the end of the 
and install the left bearing srde cover (see break it, T~ghten the nuts to the same torque shaft. tap it Into the groove uslng a socket of 
lllustratlon). The cover has to fit down onto as the other side cover. suitable diameter and ht a new sealing plug 
the differential. so tap It ~nto position (see 99 On swing axle models, install the axle- (see illustrations), Repeat this procedure for 
Illustration) until the nuts can be installed shafts and tubes (see Chapter 8). The other side bearing cover. 
Onto the studs (see Illustration). DO NOT 100 On dr~veaxle models, install the spacer 101 Install the transaxle (see Section 5). 
use the cover retalnlng nuts to pull the cover ring over the shaft. push the drtve flange onto 
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Chapter 7 Part B 
I Automatic Stick Shift 

ATF tank - removal and Installation ................ .. ..... .... ..................... 10 
Automatrc Stick Shlft service ..................................... See Chapter 1 
Clutch and brake pedal clusrer - removal 

and installation ......................... ... .......................... See Chapter 8 
Clutch - removal, inspection. overhaul, InstaRation 

and adjustment ................... .... ........................................ 8 
Clutch servo - freeplay adjustment ................................................ 4 
Control valve - adjustment, removal, overhaul 

.......................................................................... and installation 5 
Dlagnosis .......... .. ...................................................................... 2 

Section 

......................................................... Fluld level checks See Chapter 1 
General information and principles of operation ............................ 1 
Neutral start switch - check and replacement ............................... 11 

.............. 011 pump - removal, Inspection and Installation See Chapter 2 
............. Shift lever and rod - removal, Installation and adjustment 3 

Torque convMer - removal, Inspectron, seal replacement 
....................................................................... and installation 6 

...................... Transaxle lubricant change ... ............. See Chepter 1 
Transaxle - removal and installation ........................................... 7 

......................................... Vacuum tank - removal and installation 9 

Sh* lever contact gap ................................................................ .oio to .016 In (0.25 to 0.40 mrn) 

Torque specifications R-tbs 
Transaxle rear mounting bolts ................................................................. 166 
Transaxle front mountlng nuts ................................................................. 25 
Clutch operating lever pinch bok ....................................................... 22 
Clutch pressure plate bolts ............... .............. ............................ 14 

lhouslng nuts ................................................................................... 14 

Due to the complaxlty of the Autornatlc Prjncjpfe~ of operation 
I General information and Stick Shift and the need for a~eclalized Refer to and 

principles of operation equipment to perform most service opera- , nL 

General information 
All vehicles covwed In this manual come 

equipped wtth either a four-speed manual 
transaxle or an Automatic Stick Shift 
transaxle. All information on the Automatic 
Stlek Shift Is Included in this Pae of Chapter 
7. Information for the manual transaxle can 
be found In Part A of this Chapter. 

tions, thls Chapter contatns only general 
diagnoas, rout~ne maintenance, adjustment 
and removal and installation pmcedures. 

If the Automatic Stick Shift requires 
major repair work. K should be left to a dealer 
service department or an automotlve or 
transmisalon repair shop. You can, however, 
remove and rnstall It and save the expense, 
even ~f the repair work is done by a transmis- 
sion shop. 

J .OU 

The Autornatlc Stlck Shlft (see HlusZra- 
tlon) was available as an option on 7968 
through $975 models. Like an automatic 
transrnisslon. It has a torque converler, and 
llke a manual, it has a t h r e s p e d  gearbox. 
But the othw components - and Its operation 
- are unique. In effect, it's a semi-automatlc 
transmission; gear changes are mads manu- 
ally. but without a clutch pedal. 
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t.4 Cubway view of the Automatic Stick ShHt 

I Torque converter 7 T~rnperakrrrr switchs 
2 Clutch bver 8 Clutch 
3 Clutch shaft 9 Final drive output 
4 Clutch servo 10 Back-up light s w k h  
5 Neutd stan swlkh 1 7 Selector switch 
6 Gear selector shaft 12 TransaxIe case 

b 

Think of the torque converter as a 
hydraulic clutch or Ru~d coupling that prov~des 
a smooth transfer of power over a wide range 
of operation between the engine and the 
clutch. It also multiplies engine torque, whlch 
is greatest (2:l) when the vehicle starts rnov- 
Ing from a dead stop (about 2000 to 2250 
rprn). This IS the point of maximum slippage 
k t w e e n  the impeller and the turbine ins~de 
the torque converter. As the speed d~ffwence 

between the turbine and irnpeiler decreases, 
torque rnult~plication and slippage decrease. 
By the time slippage decreases to the point at 
wtllch turbine speed is 84-percent of Impeller 
s p e d ,  there's no longer any torque multipli- 
cation - coupling is almost one-to-one vhe 
turbine's maximum coupling efficiency is 
about 96-percent of the impeller sped) .  

The torque converter doesn" share oll 
with tha rear axle and transm~ssion. An 011 

pump driven by the englne oh pump del!vers 
automatic transmission fluld from a resenrolr 
(located under the right fender) to the torque 
converter, and back through a return line to 
the reservoir. The torqua converter drives a 
conventional three-speed transmissron (the 
functron of the manual's low gear is handled 
by the torque converter) through a single- 
plate, dtaphragm-spr~ng type clutch (see 
illustration). 

1.6 E ~ p l o d d  vlew of 
toque converter and 

clutch assembly 

I Torque converter 
2 Carrier~late 
3 Clutch plate 
4 Pressurn plete end 

diaphregm sprlng 
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7.7 Schernatle af the torque converter 
hydraulic system and vacuum 
operated clutch system for the 

Automatic Stick St t i i  

Toque convemr 
Clutch 
Clutch lever 
Servo 
Contml valve 
Vacuum reservoir 
Oil rank 
Oil pump 
Ca&uretor/throttle body 
Ptessure line 
Return line 
Intake manifold-to-control 
valve vacuum line 
Vacuum reservoir- to-control 
valve vacuum ltne 
Servo-to-control valve 
vacuum line 
Reduction valve-to-venturi 
vacuum line 

When you move the shift lever to select or closes .bbutJence with the difference 
adrfve range, an electrical contact at the bot- between atmospheric pressure and Intake 
tom of the lever energizes a control valve vacuum. A vacuum Ilne (see illustration) 
solenoid which supplies englne vacuum from between the carburetor, or throttle body, and 
the intake manifold to a clutch servo unit that the control valve transmits intake vacuum - 
disengages the clutch. permitt~ng you to which vanes wrth englne load - from the car- 
complete your shift. The control valve opens buretor/throttle body to the control valve. The 

1.8a Schematic of pre-1972 electrical circuit for the Automatic Stick Shitt 

1 Shift lever and confacf 
2 Neutral sfart switch 
3 Selector switch 

6 Warning light 
7 Control valve solenoid 
8 Ignition switch 

4 Temperature switch for Drive 2 range 9 Starter motor solenoid 
5 Temperature switch for Drive I range 

intenrat between completion of the gear shifl 
and engagement of the clutch 1s determined 
by the rate at which the spring pressure 
inside the control valve overcomes the Intake 
vacuum-controlled d~aphragm. When the 
sprlng overcomes the diaphragm, the servo's 
vacuum supply IS cut off and the clutch re- 
engages. The control valve engages the 
clutch quickly dur~ng acceleration (spring 
pressure qu~ckly overcomes low Intake vac- 
uum), more slowly and smoothly during 
deceleration and downshiftfng (spring pres- 
sure takes longer to overcome high intake 
vacuum). A vacuum resetvoir (located under 
the left rear fender), connected to the control 
valve, stores enough vacuum to permit five or 
SIX gaar changes regardless of available 
engine vacuum. 

On early models, two temperature 
switches (see illustration) monitor torque 
converter flurd temperature. A temperature 
selector sw~tch connects the temperature 
switch for Dr~ve 2 to a warning llght on the 
instrument cluster when Drive 2 1s selected, 7 8  
and ~t connects the switch for Drive 1 to the 
hght when Drrve 1 is selected. The Drlve 2 
sw~tch turns on the lrgftt at 257-degrees F: 
the Drive 1 swltch turns ~t on at 284-degrees 
F. When the l~ght comes on, the driver must 
select the next lower range until the llght 
goes out. On f 971 through 1975 models (see 
illustration), the electrical circuit is simpler. A 
srngle temperature sender turns on the wam- 
~ n g  light when temperature exceeds 284- 
degrees F, and keeps ~t on until the fluid 
cools, regardless of the drive range. 

A neutral start switch prevents the engrne 
starter from operating unfess the sh~ft lever rs 
In the Neutral (N) posttion. Any other gear posl- 
tion opens the switch (located between the 
rgnition swltch and the stafier solenold). This 
switch also grounds the clutch control valve 
solenold, preventing the shift lever from affect- 
ing the clutch when in Neutral. 
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1.8b Schematle of the electrical clreuR for the Automatic Stick Shift 
on ?972 and later models 

1 Shift bver  and contact 
2 Neutral start switch 
3 Temperatu~ switch 
4 Warning light 

5 Control valve solenoid 
6 Ignition switch 
7 Starter motor solenoid 

2 Diagnosis 

1 Automatic Strck ShlH malfunctions may 
be caused by four general canditlons: poor 
engine performance, Improper adjustmsnts, 
hydraulic malfunctions or mechanical mal- 
functions. O~agnosrs of these problems 
should always begln mth a check of the e~ght 
items that must be routinely inspected or 
maintarned at the prescribed m~leage (main- 
tenance intervals listed in Chapter 1): 

Checking the selector lever contacts 
(see Section 31 

Cfeanrng the air filter on the confrol valve 
(see Chapter 1 )  

Checkrng and correcting the ATF level 
{see Chapter I) 

Checking the axle h o t s  (see Chapter I )  
Checking the constant velocify (Cl.7 jornt 

bolts (see Chapter 7) 
Checking and correcting the transmis- 

sion 011 level (see Chapter I )  
Checking the clutch freeplay (see Sec- 

tion 4) 
Lubricating the rear wheel bearings (see 

Chapter 10) 
2 Before attempting to dragnose transmis- 
slon troubles, try to determ~ne whether the 
problem can be corrected with the transmls- 
slon still installed or w~l l  require removal of 
the transm~ssion. If the gears grind when you 
t y  to change Drive ranges, the gearbox isn't 
the probable cause - the clutch probably isn't 
disengag~ng. If there's no dr~ve ~n any range, 
the clutch probably isn't engaging. You can 
dist~ngu~sh converter or hydraulic system 
problems from clutch problems by perfom- 

Ing stall speed and pressure tests. If the 
clutch IS shpp~ng, adjusting the freeplay (see 
Section 4) usually solvs the problem. Note: 
Always begrn dragnosls wrth Troubleshooting 
at the front of this book. If you know the 
symptom, rt wit! dtrect you to the appropriate 
Chapter or Section to help you correct the 
problem. 

Ruad test 
3 If you suspect a malfunction In the Auta- 
matic Stick Shift, perform a road test to 
detem~ne ~f the problem has heen corrected 
or it more diagnosis !s necessary. It's helpful 
to compare its performance with a Beetle 
equipped w~th an automatic known to be ~n 
good operating condition. 
4 Durlng the road test, check the opera- 
tion of all Dr~ve ranges. Pay particular atten- 
tton to the speed of clutch engagement when 
you sh~ft down and accelerate. 
5 If the englne revs up excessrvely - espe- 
cially Fn L, 1 and R ranges -the cause is prob- 
ably a slipping clutch, faulty toque converter 
or poor supply of ATF to the torque con- 
verter. 

Sta!/ speed tees t 
6 A stall speed test will help you dec~de 
whether the torque converter is operating the 
way 11 should. Perform this test only ~f the 
vehicle is rncapable of reachrng its specified 
maxlmum speed or ~f accelerat~on rs poor 
During this test, the ATF In the converter 
heats up rapidly, so stop the test as soon as 
you have the necessary read~ng 
7 Hook up an electr~c tachometer rn ac- 
cordance with the rnanlrfacturar's instructions. 

- 
2.12 Connect a pressure gauge to 

torque converter circuit to chec 
the ATF pressure 

8 Set the parking brake, start the engine 
and depress the brake pedal f~rmly to hold 
the veh~cle in place. 
9 Shift the  sslectof lever to pnsition 2 and, 
while st111 holding the brake pedal down. 
brieflv mess the accelerator pedal to the 
floor. instead of revvjng up, the englne should 
drop in rprn (stall speed). Note the tachome- 
ter readlng - stall speed should be about 
2000 to 2250 rpm 
10 If the stalt speed 1s below thls range, but 
the englne IS properly tuned, the converter Is 
faulty. Replace ~t (see Section 6). 
I 'I I f  the stall speed is above t h ~ s  range, 
adjust the clutch servo (see Section 4). If ~t 's  
st111 htgh, the converter may not be getting 
enough ATF pressure. Perform a pressurs 
test (see next Step) or, d you don't have the 
correct pressure gauge, have the test done 
by a dealer servlce department or other repalr 
shop. 

Pressure test 
Refer to ~llustration 2 12 
12 Connect a pressurs gauge to the torque 
converter c~rcu~t (see illustralion). 
13 If the ~ndlcated pressure at 2000 rpm rs 
below 52.6 psr, the ATF level IS low (sea 
Chapter I ) ,  the pump outlet is low, the hoses 
to and from the converter are restr~cted or 
there's a leak somewhere. If it's above 52.6 
PSI, either the pressure relief valve or the 
pump is faulty, or they are clogged (they may 
also be clogged !f they're bulglng, or if seats 
are leaking). 

Fluid leak diagnosis 
14 Most flu~d leaks are easy to lacate uisu- 
ally, not always so easy to trace b a ~ k  to their 
source Repa~r usually conslsts of tlghtenlng 
a loose faqtener on the ATF hoses for the 
torque converter, or replac~ng a converter or 
pump hub seal. Sometimes the converter 
utself has sprung a leak. 
15 If a leak is difficult to find, the followinq 
procedure may help. Ident~fy the flu~d. Make 
sure it's transmlss~on fluid and not engine oil 
or brake fiuld (alrtornatrc transm~ssion fluid is 
a deep red color). 
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16 Try to ptnpoint the source of the leak. 
Drive the veh~cle several mlles, then park it 
over a targe sheet of cardboard. After a 
minute or two, you should be able to locate 
the leak by determining the source of the fluid 
dripping onto the cardboard. 
17 Make a careful visual inspection of the 
suspectd component and the area irnrnecl- 
ately around it. Pay particular attention to 
gasket mating surfaces. A mirror is often 
helpful for finding leaks in areas that are hard 

high, the vent may be plugged, the seal bore 
may be damaged the seal itsetf may be darn- 
aged or improperly installed, the surface of 
the shaft protruding through the seal may be 
damaged or a loose bearbng may be causing 
excessive shaft movement. 
23 Make sure the dlpstick cap seal is in 
good condit~on. 

Case leaks 
24 If the case Itself appears to be leaklng. 
the casttng is either porous or cracked and 
w~ll have to be repaired or replaced, 

l o  sea. 
18 If you still can't find the leak, clean the 
suspected area thoroughly w~th a degreaser 
or solvent, then dry it. 
19 Drive the vehicle for several miles at nor- 
mal operat~ng temperature and varying 
speeds. After driving the vehicle, visually 

Fluid comes out vent pipe or fill 
tube 
25 If this condition occurs, the transmission 
1s overfilled, the dipstick is incorrect, the vent 
is plugged or the draln back holes are 
plugged. 

inspect the suspected component agaln. 
20 Once you've located the leak, determine 
the cause before making any further repalrs. 
21 Before attempting to repair a leak, 
check to maka sure that the following condi- 
tions are corrected or they may cause 
another leak. Note: Some of the following 
condrtlons cannot be frxed w~thout highly 
specialized tools and experfrse. Such prob- 
lems must be referred to a transmission repair 
shop or a dealer service department. 

3 Shift lever and rod - removal, 
installation and adjustment 

Refer to ~llustrations 3.1, 3.2. 3.4, 3.6. 3.70 
and 3.73 
1 Unscrew the sh~ft lever knob and 
remove the shift lever dust boot (see illustra- 
tion). Loosen and unscrew the shift lever 
sleeve and remove the sh~ft lever, sleeve, 
locknut and sprlng (don't lose the spnng). 

Seal leaks 
22 If a converter seal or pump hub seal is 
leaking, the fluid level or pressure may be too 

Ex~loded view of shift lever assemblv 

29 

lnsulsting sleeve 
Locknut 
Threaded sleeve 
Locknut 
Spring 
Shift lever base 
Lower pad of shift Iever 
Shift rod 

21 25 n 2a 

25 Locking cap 
26 Square head screw 
27 Washer 
28 Clamprng sleeve 
29 Bushrng for shift rod 

gu~de 
30 R~ng 

Shifi lever knob 
Upper part of shift lever 
Dusf boot 
Shiff lever mounting bolt 
Spring washer 
Sleeve 
spring 
Contact 

stop pat8 
Spring 
Screw for sp&g 
Clip for shift rod 
Nut 
Housing 
Gurde ring 
Hex head screw 
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2 Remove the rear seat cushion, locate 
the ground wire for the shrf! levw contact and 
unplug the connector (see illustration). 
3 Peel up the shift lever !rm!, remove the 
shift lever mountrng bolts and remove the 
shift lever assarnhly (see illustration 3.q). 
4 Remove the frame fork rnspection cover, 
remove the shkt rod rouplfing pin, remove the 
clamp and disconnect the spring (see Illus- 
tration). 
5 Remove The two cover plates from the 
front bodv oanels and the cover date on the 
frame heid and pull the shift rod 'out through 
the front of the vehicle with a parr of pliers. 
6 lnspect the bushing in the sh~ft  rod 
mounting (see Illustration). If it's cracked or 
deteriorated, replace it. To install a new 
bushing sl~p the wire rrng (see illustra- 
tion 3.1) around the bushing first, then, start- 
Ing at the slot, press an the bushing. 
7 Apply a thin coat of grease to the selec- 
tor rod, install it through the tunnel at the 
front of the vehicle, insert it into the bushing 
and carefully push R through. 
8 Install the clamp, insert the pin fn the 
sh~ft rod couphng, tighten the screw and con- 
nect the spring. 
9 Clean the shift lever contact surfaces 
wrth a point f~le or emery board. If They're 
damaged or worn, replace them. 
10 Re-install the shift lever spring, Iwknut. 
sleeve, shlfl lever and mounting bolts. Scrww 

i- 
P- 
3.2 Look for Ille connector under the rear 
seat which connects the ground wlre for 
the shift lever contact with the ground 

wire to the frame 

L -- - 
3.4 Details of shift rod coupling 

@I-shaped part is the housing - square 
head screw is immediately above iq 

I Hex head screw 
2 Spring 
3 Nut 

the sleeve down until the contacts just touch, 
then back the sleeve off half a turn. Measure 
the contact gap (see illustration) and com- 
pars your measurement to the gap listed in 
this Chapter's Specifications. 
11 If necessarj, screw the sleeve In or out 
until the gap is correct. When the gap 1s cor- 
rect, hold the sieeve to prevent it from tum- 
Ing, tighten the locknut and re-check. Some- 

times, the gap changes as you tighten the 
Imknut, so it may be necessary to adjust the 
gap again until you get ~t rrght. 
12 To adjust the shift lever, move rt rnto 
drive range L, then carefully align the lever in 
the L posltion The lever shouldn? tilt to erther 
side but should be inclined backward about 
1 0-degrees from vertical. Loosen the base 
plate mounting bolts a Ilttle, then, holding the 
lever to keep I! from rnovmg. 
pwss the stop plate under the base plate to 
the left until i t  contacts the shoulder on the 
lever. W~th the lever In thrs pos~t~on, retighten 
the mounting bolts. Shift through all the dnve 
ranges. You should be able to engage any 
range easrly and w~thout stlck~ng. 
13 Attach the ground wlre for the shift lever 
contact at the base plate (see illustration), 
route the wlre under the rear seat and plug rn 
the connector. Re-install the shrft lever boot. 

3.6 Frame tunnel (I), shitt rod 
gulde (2) and bushing for the 

shitt rod mounting [3) 

4 Clutch servo - freeplay 
adjustment 

Refer to ~llustraftons 4.4 and 4.5 
1 As the du tch  l~nlng wears, dutch 
freeplay is reduced. If the gap between the 
upper edge of the clutch servo mounting 
bracket and the lower edge of the adlustlng 
sleeve on the servo rod Isn't adjusted psriod- 
ically, the clutch will eventually slip 
2 To perform the follow~ng procedure, 
you'll need a pair of pretty thlck feeler 
gauges. Thrck feeler gauges are unavailable 
from most tool supplrers, but you can eas~ly 
fabricate your own. Take a strlp of I/16-inch 
(1 mrn) sheef steel and trrm one end to 
exactly 932-lnch (4 mm) and the other end to 
1/4-inch (6 5 mrn). If you have trouble flnish- 
Ing the ends of your gauge to the specified 
dimensrons, have a rnach~ne shop do ~t for 
you. You can also stack a bunch of feeler 

I I 

3.10 To adjust the gap behneen the shttt 
lever contacts, screw the sleeve down 

until the contacts touch, then unscrew it 
half a turn and measure the gap - it should 

be within the range listed in this 
Chapter's Specifications 

I - I 
3.13 Attatch the ground wire for the shH? 
lever contact (upper arrow) to the base 

plate (lower arrow) 

gauges together to attarn the specifled th~ck- 
nesses, but since the following procedure is 
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4.4 Check the clearance between the 
clutch servo mounting and the end of the 
adjusting sleeve with the 5132-inch gauge 

someth~ng you need to do regularly, it's 
worth the tlme to make a permanent tool. 
3 Loosen the clamp and detach the vac- 
uum hose from the servo, then pull the servo 
rod out of the servo as far as yau can. 
4 Us~ng the 5132-Inch measuring strip, 
check the clearance between the servo 
mount and the end of the adjusting sleeve as 
indicated (see illustration). 
5 If the clearance is greater than 5/32-~nch, 
loosen the  adjust~ng sleeve locknut lust 
enough to release the adjusting sleeve, then 

turn the sleeve five to five-and-a-half turns 
away from the locknut. The 714-inch measur- 
ing strip should fit between the  locknut and 
the sleeve (see illustration). 
6 Screw the locknut up against the adjust- 
ing sleeve and tighten it enough to hold the 
adjusting sleeve in its new position. Note: If 
thls adjustment has been made so many 
times that the clutch operating lever rs touch- 
ing the bellhousing, further adjustment is 
impossible. The clutch plare is worn out and 
must &I? replaced (sea Sectton 8). 
7 Screw the locknut up agalnst the adjust- 
ing nut In I& new posltion and tighten rt. 
8 Attach the vacuum hose to the servo 
and tighten the clamp. 
9 Road test -the vehlcle to check your 
work. If you can accelerate without clutch 
sttppage. the freeplay is correct. Try to put 
the shift lever in reverse. If it's difficutt to 
engage reverse, freeplay may be excessive. 
Check and, if necessary, readjust. 

5 Control valve - adjustment, 
removal, overhaul and 
installation 

Adjustment 
Refer to Illustration 5.3 
1 The control valve, located above and to 
the left of the engine, determines clutch 
engagement sped. If the clutch engages too 
slowly, slippage increases - and so does 
clutch fining wear. On the ather hand. as ser- 
vice life increases, the contact pattern on the 
clutch plate improves, and the clutch may 
start to grab. Perform the following road test 
to determine whether the  control valve 
requires adjustment. Note: You can also use 
the road test to adjust the clutch engagement 
speed to your own drivrng habits. 
2 Driving at about 30 mph, move the shift 
lever from 2 to 1, but don't accelerate. About 

I after takll 
i e  clutch st 

one seconc hand off the 
shift lever. tl { engage. 
3 If the clutch @noapes too qu~ckly. 
remove the protective can irom t b ~  top of the 
control valve (see illustration). Turn the 
adlusting screw cloclrwhse one-quarter to 
one-half turn, then replace the protective 
cap. Take the  veh~cte for a road test and re- 
check clutch engagement s~eedi as 
described in Step 2. It ~ t ' s  still too quick, 
remove the cap and turn the screw clmkwise 
a little more, Repeat this procedure unl~l the 
engagement is acceptable. 
4 It the clutch engages too slowty, remove 
the protective cap and turn the  screw coun- 
terclockwise one-quarter to one-half turn, 
replace the cap and road test the vehicle. 
Readjust as necessary. 

Removal 
5 To remove the control valve, unplug the 
two electrical connectors, loosen the hose 
clamps and detach the three vacuum hoses. 
Remove the three mounting screws and take 
off the valve (see illustratron 5.3). 

Overhaul 
Refer to illustrations 5.7 and 5.18 
6 Remove the bracket. 
7 Remove the spec~al concave washer 
from the upper cover, and take off the upper 
cover and the seal (see illustration). 
8 Remove the upper rela~n~ng plate, the 
spring, the lower retaining plate and the 
reducing valve. 
9 Remove the lower cover screws and the 
lower cover. 
10 Remove the spring, the diaphragm, the 
support washer, the rubber washer and the 
spacer. 
1 1  Remove the two screws from the 
diaphragm housing cover and remove the  
housing. 
12 Remove the check valve, sprlng and 
sealing rlng from the diaphragm housing. 

4.5 Check the clearance between the locknut and the sdjust~ng 5.3 Details of the control valve assrrn!>iy 
sleeve with the l/4-inch gauge 

1 Adjusting screw 2 Vacuum hose 

,/ 
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Exploded view of the control valve aswmbly 

\ 6- l 2  
7 Solenoid 22 Valve housing 
2 Solenord mountrng screw 23 Spacer 6 3 13 
3 Solanord 0-nnp 24 Sealing ring * ," 
4 Soleno~d spnng 25 Diaphragm housing 
5 Marn valve sap: 26 Seal 
6 Seatfng rrna 27 Screwhasher 
7 Marn rfal~lc 28 Support 15 
8 Sprrng hr  main valve 29 D~aphragm 
9 Check valve 30 Spring 

10 Cbeck valve spnng 3 1 Lower cover 
7 I Sealing nng - ,  

32 Screw/washer 
72 PmtecHve cap \.- 17 
13 Concave washer 1 2 3 4 5 8 7 8  
14 Stud 
15 Upper cower 
16 Sealing ring 
7 7 Retarnlng plate for valve spring 
18 Reducing valve sprmg 
19 Reducing valve 
20 Air fiIfer , . 
21 Washer k \ , \.- 24 

\ 
9 ----a \ \, 

\ 
- 21 

5.18 Working through 
the hole in the 

cllaphragm housing 
cover, loosen the 

locknut and turn the 
adjusting screw In the 

center of the 
dlaphragm untll 

dlrnension b (from 
dome on spacer to 

top of valve housing) 
is 0.T2 to 0.16-inch 

(0.30 to 0.40 mm) less 
than dimension a - 

ths difference is 
dimension x [arrow) 

13 Unscrew the solenoid and remove the 
seallng rlng, spacer spring, valve seat, seal, 
maln valve and spring from the valve haus- 
Ing. 
14 Unscrew and remove the air filter. 
15 Inspect the solenoid, valve seats, valve 
springs, diaphragms, seals and sealing rings. 
Replace as necessary - you can purchase 
Individual parts or get a complete rebuild kit. 
16 Install the check valve and sealing rings 
in the diaphragm housing. then reattach the 
dlaphragm housing ta the valve housing. 
1.7 Insert the spacer Into the valve housing. 

Tnstall the dlaphragm and related parts into 
the diaphragm hous~ng. Install the d~aphragm 
housing cower. 
18 Working through the hole In the 
d~aphragrn housing cover, loosen the locknut 
and turn the adjusting screw in the center of 
the diaphragm to obtain the correct dimen- 
slons (see illustration). 
19 Tighten the dlaphragm adlusting screw 
locknut. 
20 Make sure the compensating port and 
valve seat for the reduclng valve are clean. 
lnstall the reducing valve, lower retain~ng 

plate, valve, upper retaining plate, sealing 
ring and cover. Secure the cover with the 
concave washer. 
21 Install the maln valve along with its 
springs and related parts. Install the O-ring 
and the solmo~d. 

Installation 
22 lnstallatlon of the control valve Is the 
reverse of removal (see Step 5). 
23 After you've ~nstalled the control valve, 
check the clutch engagement speed w~th a 
road test (see Steps 1 through 4). 
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6.7 Using a srnarl pry bar or  yea1 remover, 6.8 'Using a socket with an outside 3.6 DISGI I threaded coupling 
pry the old seal out of the one-way clutch diameter slightly srnafler than the outside (arrow) for tne nr r suction line below the 

diameter af the seal, drive it Into place rear of the right sEde heat exchanger --- r - - -- 
convemr wlth a shop rag untll it's completely 
dry. Then slowly rotate the converter and 
wavch the welded seams and the po~nts 
where the cooling vanes and starter ring gear 
brackets are welded to the housing. If ATF is 
leaking at any of these points, replace the 
converter. 
4 Make sure none of the welds holding the 
starter ring gear are broken. Inspect the con- 
verter hub for evidence of scorlng by the seal. 
If deep scoring is evident, replace the con- 
verter, Inspect the bush~ng insde the con- 
verter too. If worn or damaged, it's replace- - able, but special tools are required, so have It 

L-- 

7.8 Drill a l~o le  In a metal stran anu at?ach 
it to one of the beilhousing studs wit11 a 
nut to keep the torque converter from 
falling out during transaxle removal 

and installation 

6 Torque converter - removal, 
inspection, seal replacement and 
installation 

Removal 
1 Remove the englne (see Chapter 2). 1 2 Place a wide dra~n pan underneath the 
converter to catch any spilled ATF. Pull the I torque converter straight off the one-way 

I clvtch support and remove it. Cover the 
I opentng In the converter hub to prevent con- 

tamlnatlon. 

I Inspection 
3 Place the converter on a clean, well-llt 
workbench and inspect it to determine 
whether it's sultable for re~nstallation. The 
converter rs a welded assembly, so leaks are 
rarely caused by cracks In the houslng. If the 
outs~de of the converter and the inslde of the 
bellhousing are coated wjth ATF, a leaking 
converter rs a poss~bll~ty, though a teaking 
converter seal ts more likely. There's still a 
cons~derable amount of ATF insrde the con- 
verter. You can use ~t to help you find a leak 
In the converter houslng. Wnpe off the 

done by a dealer service department or other 
repalr shop. 
5 The one-way clutch Inside the converter 
hub should permit the stator to turn in only 
one direction. tf acceleration has been poor, 
or if a stall speed test was outside specifica- 
trons, check its operation. It's probably bad. 
If so, r e p l e t h e  converter, Remove all burrs 
and sharp edges from the converter hub with 
crocus cloth. Don't use emety cloth or sand- 
paper - it will produce a rough finish that can 
damage the seal. 

Seal replacement 
Refer to rllustmtrons 6.7 and 6.8 
6 Note: Besrdes the converter seal dis- 
cussed here, there's also a turbine shaft seal 
pressed into the other side of the beithousmg. 
But you can't replace it wlthout removing the 
bellhousing and the entire clutch assembly, 
including the carrier plate. The procedurs for 
removrng the belfhousmg and the clutch 
assembly (except the carder plate) is outlined 
in Sectron 8. Because of the special tools 
requrred for further disassembly, you'll have 
to take the beifhousing/carrier plate assembly 
to a dealer service department ar other reprr 
shop to have the seal replaced. 
T Using a small pry bar or seal remover. 
p y  the old seal out of the one-way clutch 
(see illustration). 
8 A ~ V  a coat of automatic transmlsslon 
flutd to rha seal~ng 11p of the new seal and slip 
~t onto the one-way clutch support. Using a 

large socket with an outslde diameter slightly 
smaller than the outsrde d~arneder of the seal, 
dnve the seal into place (see illustration). 

Installation 
9 To ~nstall the converter, slow[y turn ~t 
clockwise and counterclockwise until the tur- 
bine spllnes engage the spllned shaft on the 
clutch catrler plate. Press the  torque con- 
verter strabght on without allowing it to tjlt or 
rock, This could damage the seal or the con- 
verter bushing. 
10 Install the engine (see Chapter 2). 

7 Transaxle - removal and 
installation 

Removal 
Refer to illustrations 7.6, 7.8, 7.9, 7.1 Oa, 
7.10b. 7.15 and 7.16 
1 Disconnect the strap from the negative 
battery terminal. 
2 Place the shift lever in positlon 1. 
3 Working through the opening in the 
frame tunnel, remove the square head set 
screw from the shift rod coupling (see Sec- 
tlon 3). Move the shift lever to positron 2 and 7B 
detach the coupling from the transaxle's gear 
selector shaft. 
4 Raise the rear of the vehicle and place it 
securely on jackstands. 
5 Detach the ATF pressure line from the 
englne. Raise the detached end and secure It 
to the chassis so the fluid doesn't drain out. 
6 Detach the ATF suctlon llne (see Illus- 
tration). Plug the end of the line t a  prevent 
leakage. 
7 Remove the bolts that hold the torque 
converter to the englne driveplate and 
remove the engine (see Chapter 2) .  
8 Drill a hole in a metal strap and install 
the strap on the bellhousbng (see illustration) 
to prevent the torque converter from falling 
out while the transaxle Is being removed. 
9 Disconnect both ATF hoses from the 
transaxle (see illustration). 
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7.9 Drsconncct both ATF hoses from the 7.1I)a Unplug the temperature sw~tch  7.lOh Unplug the electncaF connector 
transaxle (upper armw) and detach the electrical connector from the from the neutral start switch (upper anow 

electr~cal connectors from the transaxle housing - the two nuts (lower arrows) attach the 
temperature switchas oower arrow) front of the transaxle to the front mount 

on earlier models (note the ground strap 
10 Clearly label the electrical connectors Instal/at;on attached to the left stud) 
for the temperature switches and the neutral 

l B  Raise me tramaxle with the start switch, then disconnect them (see 
accompanying illustrations and fllustra- floor jack or transmission jack and Install the 27 Reconnect the negative batterj cable. 
tion 7.9). nuts at the fmnt transaxle mount (don't forget 28 Fall the transaxle and ATF tank wlth 

to reattach the ground strap) and loosely proper ffutd (see the  Specifications In Chap the driveaxles (see instal the bolts at the rear transaxle mount. ter 1). 72 Detach the vacuum hose from the sewo 
(see Section 4) 19 Attach the hose for the clutch servo and 29 Start the englne and make sure that ATF 

tighten the hose clamp. IS fiow~ng through the clrcu~t, then check for l3 'Iearty label the the starter 
20 Us~ng new sealing wishers, reconnect leaks. 801en01dm then dlscennect them /see 
the *TF noses and tightan banjo bolts ter 5). erform a road test, pressure test and 

14 Place a transmission jack, or a floor Secu"ely' xed test (see Section 2). 

lack, under the transaxle. If you use a floor 21 Plug In the connectors for the neutral 

jack, put a block of wood between tha jack start switch and oir temperature switches and 

and the transaxle to protect the transaxle reconnect the wlres to the term~nals on the 8 Clutch - removal, mspecti~n, 
starter solenold. overhaul, installation and from damage. Raise the jack until it's sup- 
22 the ax,es (see Chaptr B, porting the transaxle. adjustment 

15 Remove the front transaxle mounting 23 T~ghten the transaxle mounting bolts 
and nuts to the torque l~sted in th~s Chapter's nuts (see illustration) and, on 

earlier models. Specifications, Removal the strap connected One Of  the 24 Instdl the engins, foi lowd by thet0que Refer to +!!us~&~o~.s 8.7 m d  8.9 
bolts (see illustration 7.10b). 

converter-to-driveplate bolts, then tighten the 1 Remove the engine (see Chapter 2). 
l6 the transaxe rear mounting 

bolts to the torque listed in the Chapter 2 2 Remove the torque converter (see Sec- bolts (see llustration). 
Specifications. tion 6). Cover the hole to prevent contam~na- ' On 1972 and mode's' 

the 25 Reconnect the ATF suction and prea- tion. transaxle sl~ghtly to the rear and lower tt. On 
sure line ban10 bolts and reattach the two 3 Remove the transaxle (see Sectlon 7) 1973 and later models, lower the transaxle 
electrical connectors to the transaxle. and place !ton a clean work bench. slightly, then move II toward the rear before 

lowertng it from the vehicle. 26 lnstall the shift rod coupl~ng (see Sec- 4 Remove the servo and ~ t s  mounttng 
tlon 3). bracket 

7.15 TIIP I 2 t ~ r  style front transaxle mount 7.76 Typrcal transaxle rear mounting 8.7 To get at the two bellhous~ng stud 
is attached by two nuts (arrows) to the bolt (arrow) nuts (arrows) inside the final drive 
underside of the frame crassmember housing, you'll have to remove 

the transmission cover 
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1 2 3 4 5 6 7 8 4 10 11 12 13 14 15 16 17 

8.9 Expluded view of clutch assembly 
f Torque csnverter 6 0-rjng fur stud 1 I Clutch carrier plate 16 Sprrng washer 
2 One-way clutch support 7 Bellhousing 12 Needle beanng 17 Bolt 
3 Gasket 8 Sprrng washer 13 Cemer plate seal 18 Release beering 
4 Ctrcfip for carter plate 9 Bolt 14 Clutch disc 19 Converter seal 
5 Ball bearing 10 Seal 15 Pressure plate 20 One-way clutch 0-nng 

5 Loosen the pinch bolt that secures the 
clutch operating lever to the release shaft and 
remove the lever. 
6 Turn the transaxle ups~de down and 
remove the e~ght nuts that attach the trans- 
mission cover to the bottom of the f~nal drive 

I hous~ng. 
7 Remove all eight nuts securing the bell- 
housing te  the final drive housing. Two of 

them (see illustration) are located inside the 
final drtve housqng. The other SIX are evenly 
spaced around the bellhousrng. 
8 Separate the bellhousing and clutch 
assembly from the transaxle as a single unit. 
9 Loosen all six boks that hold the pressure 
plate to the clutch carrier plate (see illustra- 
tion). Loosen them a little at a time so the 
sprrng tension is relieved evenly and gradually. 
10 Once spring tenskon hes been rel~eved. 
remove the,six bolts completely and Ilft the 
pressure plate assembly off the clutch d~sc 
and clutch caMer plate. 
11 L~ft the clutch d~sc olrt of the clutch car- 
rier plate. 

Inspection 
Warning: Dust produced by clutch wear and 
depauted on clutch components  may 

1 ,  8-18 Exploded view of clutch release shaft assembly 
+I - c: 

I 

B I Thrust washer 7 SIotted bushlng 
I- - . . 2 Bearing sleeve 8 Spring washer 

. . 
3 Rubberseal 9 Bolt - Y ,  
4 Spacer bushing 10 Main dnveshaff seal 

r -. 5 Circlip I I Transaxle case 
1 1  6 C!utch mlease shaft 

contain asbestos, whrch is hazardous to your 
health. DO NOT blow it out with compressed 
air and DO NOT inhale it. DO NOT use gaso- 
lrne or petroleum-based solvents to remove 
the dust. Brake system cleaner should be 
used to flush the dust into a drarn pan. 
12 Before cleaning the clutch components, 
look at the clutch. If ~ t ' s  covered w~th trans- 
mission 041, the main driveshaft seal In the 
transaxle case must e replaced (see Step 24). 
If it's covered with ATF, the seal in the clutch 
camer plate must be replaced. Take the bell- 
housing and carner plate to the dealer for this 
service. And ask him to inspect, and i f  neces- 
sary, replace the caniw plate n w l e  bearing 
and the ball bearing for the one-way clutch 
support In the center bore of the bellhousing. 
13 Clean the clutch carrier plate, clutch 
dlsc, pressure plate and release bearing with 
brake system cleaner. 
14 Inspect the frtctlon surface of the clutch 
carrber plate for cracks and grooves. If ~ t ' s  
worn, replace it (see Step 12). 
15 Inspect the clutch disc lining for wear, 
cracks, oil and burns. Measure the thickness 7B 
of the dFsc - it rnclst be at least 23/64-inch 
thick, took for loose rivets. Sllde the disc 
onto the transaxle marnshaft spline and make 
sure it slides freely without excessive radial 
play. Replace the disc i f  necessaw. 
16 Inspect the pressure plate for cracked or 
broken spnng fingers, cracked or scored fnc- 
t ~on  surface and evidence of heat (blu~sh t~nt). 
Replace it if necessary. 
17 lnspect the release bearin for noise 
and wear. Note: En view of ~ t s  r r h  est cost, 
we recommend  placing this par: regardless 
of its conditton. 

Clutch release shaft 
Refer to illustration 8.18 
18 Remove the hexagonal bearing sleeve 
bolt and its sprlng washer [see illustration). 
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19 Push the shaft upward ta force the b a r -  
ing sleeve, rubber seals and spacer bush~ng 
out of the top of the transaxle. 
20 Remove the bearing sleeve and the 
other parts from the shaft, then pull the shaft 
down and out through the clutch housing. 
21 Pry open the slotted bushing with a 
screwdriver and remove it. 
22 Press a new slotted bushing into the 
case, 
23 Installation is the reverse of removal. 
Referring to illustration 8.78, make sure you 
install the parts In their correct order. 

It's gouged or scratched, carefully smooth It 
out with crwus cloth, than pollsh and round 
it to protect the oil seal from damage when 
the converter is installed. 
26 Lubricate the lip of the new seal wfth 
hypoid gear oil and, using a socket with an 
outside d~ametw sl~ghtly smalfer than the out- 
side diameter of the seal, drive It Into place. 

Installation 
Refer to iNustrations 8.27, 8.29 and 8.30 
27 Lightly coat the guide steeve for the 
clutch release beartng and the lugs of the 
clutch release beanng (see illustration) with 
moly-base grease. 
28 Lubricate the needle bearing and seal ln 
thecanierplatehubw~thasrnallsmountof ~ 
lithium grease. 
29 Install the clutch disc, pressure plate 
and release bearing into the clutch housing. 
Center the clutch disc with a clutch alignment 
tool ar a pllot cut from an old mainshaft (see 
Illustrailan). Make sure the release bearing ~s 

Main driveshaft seal 
Refer to ~llusttet~on 8.24 
24 Uslng a seal remover or pry bar, care- 
fufly hook the old seal and pull it out (see 

- Illustration). 
8-24 Using a small hook-type seal puller, 25 Some converters have a slight chamfer 

dig the main driveshaft seal out of the on the hub to facilitate installation of a new 
guide sleeve for the clutch release b a r i n g  seal and to make insertion of the converter 

hub e a h .  Look for bum on this chamfer. If 

8.27 Lightly coat the lugs of the clutch release bearing at the 8.29 Center the clutch disc with a clutch alignment tool or a pilot 
points indicated by the arrows cut from an old malnshaft, then tighten the clutch bolts evenly 

and gradually to the torque listed in this Chapter's Specifications 

- 

8.50 Insert the twa lower engine mounting bolts from the torque 8.36 Push the clutch operating lever onto the end of the clutch 
converter side of the bellhousing and install new O-rings around release shatt, pull the lever away from the servo until it touches 

them (and the other six mounting studs, nat shown) the bellhousing and snug - but don't tighten - h e  pinch bolt 
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properly centered In the diaphragm sprlng. 
Tighten the pressure plate bolts evenly by 
hand, then t~ghten them to the torque listed in 
th~s Chapter's Spec~flcations 
30 Insert the two lower engine mounting 
bolts from the torque converter side of the 
bellhousing (see illustration). Install new 0- 
rings around them and the other six bellhous- 
ing mounting studs. 
31 Install the bellhous~ng/clutch assembly 
ant0 the transaxle. Make sure the clutch 
release shaft engages beh~nd the release 
bearlng lugs Tighten all nuts evenly and 
gradually to the torque listed in this Chapter's 
Specit~cations. 
32 Reattach the clutch servo mountrng 
bracket and servo 
33 Adjust the clutch to its basic settlng (see 
Step 36). 
34 Install the torque converter (see Sec- 
tion 6). 
35 Install the engine (see Chapter 2). 

Clutch adjustment 
Refer to illustrations 8.36, 8.37, 8.38 and 8.39 
Note: The purpose of the followrng proce- 
dure rs to glve you a basic settrng for a new 
c/ufch plate. 
36 Sl~de the clutch operat~ng lever onto the 
clutch release shaft. Pull the lever away from 
the servo until it touches the bellhouslng (see 
Illustration), then snua the utnch bolt, but 
don't tighten it completely yet: 
37 Uslng the adjustment sleeve on the 
servo rod. adlust the linkage to d~mensions 
"a" and "b" as lndlcated [see illustration). 
38 Push the servo rod all the way rnte the 
Servo unit until rt bottoms agarnst the end of 
the vacuum chamber. Loosen the prnch bolt 
and rotate the clutch operating lever toward 
the clutch servo until the distance between 
the eye of the lever and the eye of the  
threaded sleeve on the servo rod IS 1.574- 
inches (40mrn) (measurement "c" rn illustra- 
tion 8 37). Note: Volkswagen has 6 special 
measuring jrg (see illustration) for this critical 

8.37 Using the adjustment sleeve an the sew0 M, 
adjust the linkage to dimensions "a" (the distance from 

the end of the sleeve to the hub of the servo 
diaphragm) and "by' {the distance from h e  hub to the 
eye of the sleeve), then push the servo rod all tlm way 

into the seruo unit, loosen the pinch bolt and rotate the 
clutch operating lever toward the clutch servo untlt the / / 

distance between the eye of the lever and h e  eye of 
the threaded sleeve on the servo rod is dimension "cn / / 

Dimension 
Oimension 
Dimension 

,a .'% 

"a " - 
"b" - 
"c" - 

dimension, but yo?can use a steel ruler to 
measure between eye centers on the servo 
rod and operating lever. Tlghten the pinch 
bolt to the torque listed In this Chapter's 
Specifications. 
39 Using a new plastic bushing, connect 
the clutch operating lever to the servo rod 
{see illustration), Insert the clevis pin from 
the top and secure tt at the bottom wtth a 
washer and a new cotter pin. 
40 After about 300 miles of operation, check 
the clutch freeplay (see Sectlon 4). 

9 Vacuum tank - removal and 
installation 

Refer to illustration 9.3 
1 On Beetles, you'lt find the vacuum tank 
inside the left rear fender; on Karrnann-Ghias, 
it's either inside the right rear wheel housing 
(earlier models), or on the left stde of the 
engine compartment (later models). 
2 Loosen the hose clamps on the vacuum 
hoses and detach the hoses from the tank. 

8.38 The speclal W measuring jig used for setting dimension "c" 8.39 Using a new plastic bushlng, connect the operating lever to - you can use a vernrer caliper or a steel ruler to measure the the servo rod, insert the clevis pin from the top and secure 
distance between the bore centerlines of the servo rod it with a washer and a new cotter pin 

and operating lever 
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9.3 Typical vacuum tank assembly (Beetle shown) - to remove 10.2 Disconnect t h e  ATF return line fitting from the frller neck 
the tank, remove the strap bolt {tower arrow) and (upper arrow) - the two lower arrows point to the nuts 

bracket bolt [upper arrow) that attach the trim plate te the quarter panel 

3 Remove the retaining strap bolt and the 
mounting bracket bolt (see illustration) and 
remove the tank. 
4 Installation is the reverse of removal. 

104 Typical ATF tank assembly [Beetle 
shown) - to remove ~ t ,  disconnect the ATF 
suction line fitting (lower arrow), take off 
the nuts attaching the trlm plate to the 

quarter panel (see illustration 10.2) 
and remove the strap boR 

10 ATF tank - removal and 
installation 

Refer lo Illustmt~ons 10.2 and 10.4 
1 On Beetles and Super Beettes, you'll 
find the ATF tank inside the right rear fender: 
on Karmann-Ghias, it's on the rrght side of 
the engine compartment 
2 Place a dram pan under the return line 
fitting and disco nect it from the ATF tank B (see illustration). 
3 Remove the trim plate retaln~ng nuts and 
the filler neck mbbw seal at the quarter panel. 
4 Place a dra n pan under the ATF return 
line fitting (see i b t r a t i o n )  and disconnect 
the fitting from the ATF tank. 
5 Remove the retaining strap bolt and 
remove the tank, 
6 Installation is the reverse of removal. 
Reflll the tank with the proper amount and 
type of fluid (see Chapter 1). 

- - - 

7 1  Nelrtral start switch - check and 
replacement 

Check 
1 The neutral start switch (see Illustra- 
tions 1.4, 1 .&a and 1.8b) prevents the engine 
starker from operating unless the shift lever is 
in the Neutral (N) position. Any other gear 
posit~on opens the switch (located between 
the rgnition switch and the starter solenold). 
Thls switch also grounds the clutch control 

valve solenold, pteventing the sh1f-I lever from 
affecting the crutch when in Neutral. 
2 Here's a quick check for the neutral start 
switch: Place your foot firmly on the brake 
and turn the lgniilon key to Start while you 
move the sh~f l  lever through all ~ t s  pos~tions. 
If the  starter operates in any posttion other 
than Neutral - or fails to operate when in Neu- 
tral - e~ther the switch itself 1s faulty or thsra's 
a problem somewhere In the circu~t. 
3 Raise the rear of the vehicle and place it 
securely on jackstands. 
4 Unplug the electrical connector from the 
switch and connect a jumper wlre between 
the terminal for the wlre from the ignition 
swrtch and the terminal for the wlre that leads 
to  the starter solenold. If the starter now 
woks, replace the sw~tch. If it doesn?, pro- 
ceed to the next Step. 
5 Have an aas~stant move the shrft lever to 
each gear posit~on. Usrng a self-powered 
contrnu~ty checker or an ohmmeter, ver~fy 
that the neutral start switch has no continu~ty 
in any gear poslt~on except Neutral. 
6 If the switch doesn't show continu~ky In 
Neutral, replace ~t switch. If ~t does show con- 
Zinulty, ver~fy that the circuit IS powered, or 
verify conttnu~ty In the crrcult itself, and repalr 
as necessary. See Wirlng Diagrams at the 
end af Chapter 12. 

Replacement 
7 Unplug the electr~cal connector, 
unscrew the switch, screw In a new switch. 
ttghten rt securely and plug rn the connector. 
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Torque specifications R - ~ S  

Clutch pressure plate-to-flywheel bolts ................................................... 18 
AKle tube retalner nuts ............................................................................. 14 

1 CV jolnt bolts ........................................................................................... 25 
Rear axle bearing cover ........................................................................ 40 
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I General lnfon 
- 

The information In this Chapter deals 
with the components from the front of the 
engine to the drlve wheels, except for the 
transaxle, which is covered in the previous 
Chapter. FOP the purposes of this Chapter, 
these components are grouped into two cat- 
egories: clutch and doveltne. Separate Sec- 
tions withln this Chapter offer general 
descriptions and checking procedures for 
components in each of the two groups. 

Slnce nearly all the procedures covered 
In this Chapter involve working under the 
vehicle, make sura it's securely supported on 
sturdy jackstands or on a hoist where the 
vehicle can be easily ralsed and lowered. 

2 Clutch - description and cheek 

Refer to illustrations 2. la, 2.1 b and 2. lc 
1 All vehicTes with a manual transaxfa use 
a single dry-plate, c o ~ l  spring clutch (1972 
and earlier models) or dkphragrn sprlng 
clutch (1973 and later models). The clutch 
disc has a spllned hub which allows It to sl~de 
along the splines of the transaxle input shaft. 
The clutch and pressure plate are held in 
contact by spring pressure exerted by the 
coil springs or the diaphragm sprtng in the 
pressure plate (see Illustrations). 
2 The clutch release system is cable oper- 
ated. The release system includes the clutch 
pedal, the clutch cable, the clutch release 
lever, the dutch release shaft and the clutch 
release beanng. 
3 When the clutch pedal Is depressed, its 
movement is transmitted by the cable to the 
clutch release lever. As the lever p~vots, the 
forks on the release shaft push against the 
release bearing, which slides along the Input 
shaft toward the flywheel. On earller clutches, 
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I 

I 

21 a Exploded view of a lyplml coll 
spring typa clutch assembly 

1 Releese ring 
2 Adjusting ring 
3 Washer 
4 Release lever ,- 

5 Clutch cover 
6 S p n n g ~ a p  
7 Spnng 
8 Pressureplak 

the release bearing pushes against the 
release rtng, whlch pushes on the Inner ends 
of the three release levers, which releases the 
pressure plate from the clutch disc, aliowing 
the clutch disc to disengage from the fly- 
wheal. On later %c,hes, the release bearing 
pushes against tb:, f~ngers of the dtaphmgm 
sprlng of the pressure plate assembly, llftlng 
the pressure plat8 off the clutch dlec and 
allowing ti to disengage from the flywheel. 
4 Terrntnology can be a problem when 
dtscussing the clutch components because 

common names are In some cases diverent 
from those used by the manufacturer. For 
example, the dnven plate is also called the 
clutch plate or ditc, the clutch release bear- 
ing is sometimes called a throwout bearing, 
etc. 
5 Unless you're planning to replace obvi- 
ously damaged components, always perform 
the following prel~minary checks to pinpoint 
the source of clutch problems. 

a] Check clutch "spin down trrne. " Run the 
engrne at normal idle speed wifh the 

2.1 b Exploded view of a typlcal 
dkaphragrn spring type clutch 

assembfy 

Bolt 
Lock washer 
Release ring 
Adjusting nut 
Thrust ptece 
Spring 
Clutch cover pin 
Bushing 
Release lever 
Clutch cover 
Draphragm spring 
Ptvot pin washer 
Concave washer 
Spnng p n  
Ptvot pin 
Pressure plate 



' I  
Chapter 8 Clutch and drivetine 8-3 

2.lc Typical early (ldt) and later (right) diaphragm 
swng clutch pressure plates: Early version uses 
release levers like older coil sprlng types - on later 

version, levers are elimlnated and diaphragm 
spring Is attached to plate (you can swap the 

earlier version for the later one st overhaul t h e )  

d,l If the clutch pedal is diH,cu/i to operate, 
the most likely cause is a faulty clutch 
cable. Remove the cable (me Section 4) 
and check it lor kinks, tmyed wires, #st 
and other signs of corrosion. If it's In Bad 
shape, replace it; I f  it looks lrke it's in 
good condrtion, lubn'cete it with pene- 
trating ON and t y  it again. 

3 Pedal cluster - removal and 
Installation 

Refer to /Nustmtlons 3. I ,  3.3, 3.4a, 3.4b, 3,5, 
3.6, 3.7, 3.8, 3.S0, 3.11 snd3.12 
1 On models squlpped with a manual 
transaxls, the accelerator, brake and cliutch 
pedals are mounted on a common shaft 
wh~ch is bolted to the left side of the center 

I I tunnel. On models with equlpped with an 
tranwle ~n Neutral and the clutch pedal 
up. Disengage the clutch (depress the 
clutch pedsl), wart several seconds and 
shrft the trensaxle into Reverse. You 
shouldn't hear any gears grinding. A 
grinding noise jndicates a problem in 
ihe pressure plate or the clutch disc (see 
Section 5). 
Verify that the clutch releases cam- 
pleteh. Run the engine (with the parking 
brake apphed to prevent the vehicle 

I 

horn moving) and hold the clutch pedal 
about 112-inch from the floor. Shift the 
transaxle beiween 1st gear and Reverse 
several times. If the shifl is hard or the 
tmnsaxEe grinds, something In the clutch 
release mechanism is broken (see Sec- 
t~on 6). 

C) Inspect the pivot bushing betvveen the 
clutch pedal and the pedal shaft for 
binding or sxcessi,% play (see Sec- 
tion 3). 

Automatic Stick She,  thew's no clutch pedal 
- the brake pedal rs wider and has two arms 
attached to a common bushing (see Illustra- 
tion). 
2 Disconnect the clutch cable from the 
clutch release Fever at the transaxle (see Sec- 
tion 4). 
3 Pry the accelerator pedal return spring 
aslde, pull out the accelerator pedal pivot pin 
(see illustration) and remove the accelerator 
pedal. 

36 3.1 Exploded wiew of a typical pedal cluster 8 
f Nut 

-Automatic Transm~ssion 2 spring wesher 
3 Rubber clutch pedel stop 
4 Clamp plate 
5 Bolt 
6 Clutch pedal 
7 Washer 
8 Spring washer 

I I I 9 Blake pedal stop bod 
; :4 27  2~ 20 10 Brake pedal stop plate 

7 7 Pin 
12 Snap-ring 
13 Brake @el (manual 

transaxle) 
14 Master cylinder pushrod 
15 Pushrod clip 

Brake pedal return spring 
Mounfing bolt 
Clip 
Washer 
Clutch pedal shaR bushlng 
Roller 
Spring washer 
Connectrng lever 
Connecting lever pin 
Pedal cluster mount 
Clutch pedal shaft 
Plug 
Bmke @a/ bushing 
Brake pedal (Automatic 
Stick Shift) 
Brake pedal bushing 
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3.3 To remove the accelerator pedal, pry 3.4.3 To disconnect the brake master 3.4b . . . and remove the p~vot pir 
the pedal return sprEng out sf the way cylinder pushrod, pry the master cylrnder 

and pull out the pedal plvot pin pushrod clip out of the way.. . 
9 Pull off the clutch aedal. If it won't 
budge, tap it off with a soft faced hammer. 

4 Pry the master cylinder pushrod clip out end of the clutch pedal shaft and secured ,0 Remove the snap-rlng holds the 
of the way and remove the pivot pln (see with a small pin driven through the pedal and brake paal on the pedal (see illus. 
Illustrations]. the shaft. Mark the end of the shaft and the won), 
5 Remove the pedal cluster mountlng pedal [see illustration) to ensure that the ,, pull the brake pedal off the pedal duw 
bolts (see illustration). hole in the pedal and the hole in the shaft are (, ilrustration). 
6 Pull out the pedal cluster and the {stlll realigned d u n g  reassembly. 12 Remove the clutch pedal shaft (see , 

connected) clutch cable (sae illustration). 8 Uslng a hammer and a narrow punch, illustration). wipe the shaft off and Inspect ,t 
Disconnect the clutch cable. drlve out the pin which secures the clutch f,, b,, and nrcks. clean rt up wrth emery or I 
7 The clutch pedal is pressad onto the pedal to the shaft (see Illustration). crocus ctoth if it's damaged. 

L - -.I 

3.5 Remove the pedal cluster 3.6 Pull out the pedal cluster and 3.7 Mark the end of the clutch pedal and 
rnountlng bolts (arrows) disconnect the clutch cable from the pedal shaft to ensure proper 

the clutch pedal shaft reassembly 

5.8 Drive out the p ~ n  whlch secures the 3.f 0 Remove the snap-rlng that holds the 3.11 Pull the brake pedal off th, 
crutch pedal to the shaft 'brake pedal to the pedal cluster mount pedal cluster mount 
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3.12 Rmove the clutch pedal shaft from 
the pedal cluster mount 

compared to the trme and treuble spent gain- 
mg access to them warrants their replace- 
ment - unless they are new or in near perfect 
condtlion - anytme the engrne is rumowed 
1 Remove the englna (see Chapter 2). 
2 If the old pressure plate is to be reused, 
serlbe or paint allqnment marks on the pres- 

I I 

<. sure plate and the flywheel to ensure proper 

' , '  >. , .,.j realignment reassembly. of the pressure plate during 
$ ".' .. 

, .-:;-* 3 Loosen the pressure plate-to-flywheet 

' -'. -2, . I  ' I 

bolts by turning each bolt only a little at a 
time. Work in a criss-cross pattern unt~l all 

, . 
# 

- *  spring pressure rs relieved. Hold the prwsure 

eiTd , A\ plate securely and completely remavs the 

, \.. z!' , 
bolts, followed by the pressure plate and 

--- - . - . -. . -- - . clutch disc. Caution: The pressure plate is 
4.2 After you've raised the rear of the under a great deal of spnng pressure. If you 

vehicle and placed it on jackstands, ~ o u ' l l  work your way around the cover, removing 
find the crutch release lever on the upper ,,h bolt one at a time, rt w ~ / ~  warp, 
left side of the transaxle - to disconnect 

the clutch cable, simply remove the Inspection 
wing nut 

13 lnstaflatron is the reverse of removal. It's Refer to i i l u ~ t ~ o n s  5.7a, 5. Sb. 5.9a, 5.9b 

a good ~dea to adjust the brake master cylin- and 5.9~ 

der pushrod clearance (see Chapter 9) and holding bracket and the end of the cable tube 4 Ordinarily, clutch problems am caused 

the clutch cable (see Section 4). (point A), by a worn out clutch drlven plate {clutch 
9 Adjust the clutch pedal freeplay (see disc). But it's a good idea to Inspect the  0 t h  
Chapter f 1. components too, just In case any of them are 

4 Clutch cable - removal and 
installation 

1 Removal 
Refer fto ilEustration 4.2 
1 Loosen the lug bolts of the left rear 
wheel, ralse the rear of the veh~cle and aup- 
port ~t securely on jackstands. Remove the 
wheel. 
2 Locate the clutch release lever on the 
upper left s!de of the transaxle and discon- 
nect the cable from the lever (sea Illustra- 
tion). 
3 Remove the pedal cluster and discon- 
nect the clutch cable from the clutch shaft 
(see Section 3). 
4 Pull the clutch cable forward, through 
tha center tunnel, and out the hole for the 
pda l  cluster. 

1 Refer to illustration 4.8 
5 Coat the new cable with rnultl-purpose 

, grease. 
6 Reach into the hoke for the brake and 
clutch pedal duster and locate the front end 
of the cable gurde tube. Grasp the tube wlth 
your fingers and insert the new cable into the 
tube. 
7 Once you've started the cable into the 
tube, push it to the rear, through the tube. If 
necessary, lubricate the cable with rnultl-pur- 
pose grease as you push it into the tube. 
8 The "sag," or bend, In the clutch cable 
guide tube is critical - the fr~ctron It Imposes 
on the cable min~mizes clutch chatter. Mea- 
sure the sag at polnf B (see ilrustration) and 
cornpara your measurement to the sag listed 
in this Chapter's Spec~f~catione. To alter the 
sag, ~nstall or remove washers between the 

5 Crutch components - removat, 
inspection and installation 

Warning: Dust p r o d u d  by clutch wear and 
deposited on clutch components may con- 
tatn asbestos. which is hazardous to your 
health. DO NOT blow it out with compressed 
arr and DO NOT rnhaie It. DO NOT use gaso- 
Itne or petroleum-based solvents to remove 
the dust. Brake system cleaner should be 
used to flush the dust into a drain pan. After 
the clutch components are wiped clean wrth 
a rag. dispose of the mfitammated rags and 
cleaner in a covered, marked container. 

Removal 
Note: Any time the engine is removed for 
malor overhaul, check the clutch for wear and 
replace worn components as necessary. The 
relafrvely low cost of the clutch components 

worn or damaged. 
5 Inspect the flywheel for cracks, heat 
checking, grooves and other obvious 
defects. If the imperfections are sltght, a 
machine shop can rnach~ne the surface flat 
and smooth (hfghly recommended, regard- 
less of the surface eppwarance). If necessary, 
replace the flywheel (see Chapter 2). 
6 Clean the n d l e  bearlngs lnside the fly- 
wheel gland nut (the large nut in the center of 
the flywheel). Using a small flashl~ght. inspect 
the needle bearings. If they're flattened from 
excessrve wear or otherwise damaged, 
replace the gland nut (see Chapter 2). If you 
dec~de to re-use the old gland nut, be sure to 
repack the bearings with multi-purpose 
grease (just enough to coat all needles 
lightly}. Then squirt a little oll onto the felt ring 
just in front of the needle bearlngs. Note: In 
view of the low replacement cost for a new 
gland nut, it's a good idea to replace rl any- 
ttme the clutch is removed, even if the needle 
bearings took okay. 

4.8 The clutch cable tub 
should have the specified 
amount of sag at point B 
(where the cable guide 

leaves the frame tunnel) - 
to alter the sag, install 

washers at point A 
between the end of the 
guide and the bracket 

on the transaxle 
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6.3 Note how the clips on the release 
bearing engage the release forks (you'll 
need to remember this for reassembly), 

then pry the clips loose from the 
release forks with a screwdriver 

I 
14 Center the clutch d~sc by ensuring the 
alignment tool extends through the spl~ned 
hub and ~nto  the needle beanng In the gland 
nut. W~ggle the tool up, down or slde-to-side 
as needed to bottom the tool into the gland 
nut. Tighten the pressure plate-to-flywheel 
bolts a littfe at a time, working In a crlss-cross 
pattern to prevent distorting the cover After 
all of the bolts are snug, tighten them to the 
torque l~sted rn this Chapter's Specif~cations. 

6.4a On 1965 and later models, the 
release lever is secured to the release 

shaft with a snap-ring (on earlier models, 
it's held an with a pinch bolt) 

Remove the alignment tool. 
15 Install the release bearing, if removed 
(see Section 6). Be sure to lubncate the bore 
of the release bearing and (on 1971 and later 
models) the outer surface of the central gu~de 
sleeve with high-temperature grease, and 
apply multi-purpose grease to the  contact 
areas of the forks on the release shaft. 
16 Install the engine (see Chapter 2). 
77 Adjust the clutch pedal freeplay (see 
Chapter 1). 

6 Clutch release assembly - 
removal, inspection and 
installation 

Warning: Dust produced by clutch wear and 
deposited on clutch components may con- 
tam asbestos, which is hazardous to your 
hea/th. W NOT blow it out with compressed 
air and DO NOT inhale It. DO NOT use gaso- 
F~ne or petroleum-based solvents to remove 
the dust. Brake system cle8ner should be 
used to flush the dust into a drain pan, After 
the clutch components are wiped clean mth 
a rag, drspose of the contaminated rags and 
cleaner h a covered, merked contamer. 

Removal 
Refer to illustmtiuns 6.3, 6.4s 6.4b, 6.5, 6.6 
and 6.7 
1 Remove the engine (see Chapter 2). 
2 Remove the clutch assembly and 
~nspect it for wear (see Section 5). 
3 Note how the release forks engage the 
retaining clips on the release bearing. 
Unhook the retain~ng clips (see illustration) 
and slide the bearing off the ~nput shaft. 
4 On 1964 and earl~er models, loosen the 
pinch bolt on the clutch release lever. On 
1965 and later models, remove the snap-ring 
from the end of the shaft (see illustration). 
Remove the lever, return spring and seat (see 
Illustration). 

8.4b Exploded view of a typical 
(1965 and later) clutch 

release assembly 

1 Release beanng cligs 
2 Release beanng 
3 Snap-ring 
4 Release lever 
5 Returnspring 
6 Spnngseat 
7 Cockboll 
8 Outer rubber grommet 
9 Left mlease shaft bush~ng 

I0 Inner rubber grommet 
I 1  0-rmg 
12 Release sha f i  
13 Snap-nng 
?4 Right release shaft bushing 
15 Gurde sleeve 
16 Input shaft bearing 
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6 Clutch release assembly - 
removal, inspection and 
installation 

Warning: Dust produced by clutch wear and 
deposited on clutch components may con- 
tam asbestos, which is hazardous to your 
health, DO NOT blow it out wrth cornpressed 
air and DO MOT inhafe rt. DO NOT use gaso- 
lrne or petroleum-based solvents to remove 
the dust. Brake system cleaner should be 
used to flush the du3t into a drain pan. After 
the clutch components are wiped clean wr f h  
a rag, dispose o f  the contarnrnated rags and 
cleaner m a covered, marked container. 

I Note how the clips on the release 6.4a On 1965 and later models, the Removal 
-,ring engage the release forks Iyou'll 

i need to remember this for reassembly), 
lever is to the "lease Refer to illustmflons 6.3, 6-43 6.4b. 6.5. 6.6 

shafi with a snap-ring (on earlier models, 
then pry the clips loose from the it's held on with a pinch bolt) 

and 6.7 

release forks with a screwdriver ? Remove the engine (see Chapter 2). 
2 Remove the clutch assembly and 

14 Center the clutch disc by ensuring the 
alignment tool extends through the  spllned 
hub and into the needle bearing In the gland 
nut. Wiggle the tool up, down or side-to-side 
as needed to bottom the tool into the  gland 
nut. Tighten the pressure plate-to-flywheel 
bolts a Itttle at a time, worhrng In a criss-cross 
pattern to prevent distorting the cover. After 

I all of the bolts are snug. tighten them to the 

1 
torque l~sted in thts Chapter's Specifications. 

Remove the aflgnment tool. 
15 Install the release bearrng, if removed 
(see Section 6). Be sure to lubricate the bore 
of the release bearing and (on 1971 and later 
models) the outer surface of the central guide 
sleeve with high-temperature grease, and 
apply multi-purpose graase ta the contact 
areas of the forks on the release shaft. 
16 Install the engtne (see Chapter 2). 
17 Adjust the clutch pedal freeplay (see 
Chapter 7). 

Inspect it for wear [see Section 5). 
3 Note how the release forks engage the 
retain~ng cl~ps on the release bearing. 
Unhook the retaining clips (see illustration) 
and slide the bearing off the input shaft. 
4 On 1964 and earlier models, loosen the 
pinch bolt on the clutch release lever. On 
1965 and later models, remove the snap-ring 
from the end of the shaft (see illustration). 
Remove the lever, return sprlng and seat (see 
illustration). 

I Exploded view of a typical 
(1 965 and later) clutch 

release assembly 

Release beanng cNps 
Release beanng 
Snap-nng 
Release lever 
Return spnng 
Spnng seat 
Lock bolt 
Outer rubber grommet 
Left release shaft bushmg 
inner rubber grommet 
0-nng 
Release shaft 
Snap-rmg 
Rtght release shsft bushrng 
Gurde sleeve 
Input shsft bearing 

P 
x a l % , F )  R\ I 

7.yu m, 
d' 
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6.5 Remove this lock bolt to unlock the 
release shaft bushing 

6.6 From tnside the belfhousnng, push the 6.7 To remove the release s!iatt, s!lde 
release shaft out the left side far enough back to the right and down at the Sam1 

to remove the outer rubber grommet, time [don't remove that snap-ring you s 
bushing, inner rubber grommet and O-ring on the shaft - it serres as a stop to 

(if the O-ring doesn't come out, you can prevent the shaft from backing 
remove it from the shaft after out of its right bushing) 

5 Remove the lock bolt for the release 
shafi bushing (see illustration) 
6 Sllde the release shaft to the left 
(driver's stde) untll the outer rubber grommet 
and the shaft bushing appear, then pull off 
the outer grr~mmet, bushlng, inner grommet 
and O-ring {see Illustration). 
7 To remove the release shaft, slide it back 
to the right, and down [see illustration). 

putling the shaft out) 

bearing that pushes against the release ring 
on the pressure plats). Remove this coating 
wlth medium sandpaper or emery cloth and 
apply a th~n coat of moly-base grease. 
15 Ltghtly lubricate the contact pofnts 
between the fork and the bearing with 
grease. Slide the bear~ng onto the input shaft. 
16 Install the retain~ng clips (see Illustra- 
tion). The small bend in each clip must t~ghtly 
grip the fork. 
17 lnstafl the clutch components, if 
removed (see Section 5). 
18 Install the engine (sea Chapter 2). 

Inspection 
8 Wipe the release bearing with a clean 
rag. It's a seafed bearing, so don't Immerse it 
in solvent. If the lubricant insrde is diluted by 
solvent, the beanng is ruined. Inspect the 
bearing far obvious damage, wear and 
cracks. Hold the center of the bearing and 
rotate the outer portion while applying pres- 
sure. If the bearing 15 rough or nolsy, replace 
~t with a new one. 
9 Clean the release lever, shaft and bush- 
Ing In solvent. Inspect them for wear or other 
damage. Inspect the r~ght (passenger's slde) 
bushing too. Replace any worn parts. Never 
re-use the rubber grommets and O-ring for the 
left bushlng. Their fit can't be duplicated once 
they've been comprpssed, so replace them. 
10 Inspect the oil seal for the input shaft. If 
tt's leaking, replace it (see Chapter 7, Part A). 

6.12 When you install the bushing, make 
sure the hole in the bushlng is ai~gned 

with the hole in the transaxle case 
for the lock bolt 

7 Rear axles - general information 

All 1968 and earlier Wv Beetles and Kar- 
mann Ghias (except the 7968 Automatic 
Stlck Shift model) are equipped with swing 
axles, which p~vot only at thew inner ends. 
When a rear wheel hits a bump or a dip, the 
axle swings up or dawn in an arc with the 
transaxle at Its center. 

The swlng axle assembly consists of a 
palr of axle tubes, the outer ends of which are 
attached to spring plates (kind of like trailing 
arms that are able to flex). Ths axleshafts 
inside these axle tubes are attached to the 
different~al slde gears via spade-type univer- 
sal joints. Their outer ends ride in bearings, 
which are lubricated by 011 from the transaxle 
which sloshes Into the axie tubes. The rubber 
boot at the inner end of axle tube prevents 
lubricant from leaking out. 

The 1968 Automatic Stick Shift model 
and all 7969 and later models are equipped 
with double-jointed drlveaxles whlch - 
because of the constant veioc~ty (CVj joints 
attached to each end - can pivot at either 
end. The rear wheels have a slight negative 
camber, wh~ch increases with a load or dur- 
Ing cornering. 

The driveaxle assembly consists of a 
pair of axleshafts with CV jo~nts at each end. 
The inner CV lolnts are attached to the 

flanges of the different~al side gears and the 
outer CV joints are bolted to the flanges on 
the inner ends of the stub axles for the 
wheels. Both Inner and outer CV joints are 
removable and rebu~ldable. 

Installation 
Refer to iflustrations 6.12 and 6.16 
11 Lubricate the release shaft with lith~urn 
base grease and slide the inner rubber sleeve 
and O-ring onto fha shaft and, from Inside the 
beflhousing, carefully sfide the shaft into the 
hole in the bellhousing. Make sure you don't 
damage the rubber grommet or O-ring. 
12 Lubricate the left bushing and slide it 
into place (see Ilustration). Make sure the 
hole for the lock bolt In the bushlng is al~gned 
with the hole for the bolt in the transaxle 
case. Screw in the bolt. Make sure the cylin- 
drical part of The bolt fits ~nto the hole in the 
bushing. Install the outer rubber sleeve. 
13 Enstall the spring seat, the return spring 
and the release lever, Install the lever snap- 
nng or pinch bolt. 
14 If you're usrng a genulne VW release 
bearing, there may be a plastic coating on the 
thrust face (the rlng around the slde of the 

6.16 This Is how the clips on the release 
bearing retain the release forks when 
they're properly engaged - the bent 
end of the clip is indicated at "a" 
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I 

I 

I 
I 8.2 Exploded view d a typical rear wheel beating assembly 
I 

f l  12 I 
13 

P 
I Axle tube 6 Beanng 7 7 Paper gasket 
2 Bearing housrng 7 Washer 12 Seal 
3 Bmke backing plate 8 Large 0-rmng 13 OIE deflector 

14 Beanng cover 1 4  ' \  4 Ar/eshsff 9 Small O-ring 
5 Innerspacer F 0 Outer spacer 15 Beanng cover bolt 15 

Oil seal and wheel bearing - 
replacement 

/   wing axle models 
Refer to  nus sf rations 8.2, 8.5, 8.6, 8.7, 8. Ba, 
8.86, 8.8c, 8.9, 8.fOand8.12 
1 Remove the brake drum and the brake 
shoes [see Chapter 9). 
2 Remove the bearing covet bolts. 
Remove the cover, the paper gasket. the o ~ l  
deflector and the seal [see Illustration). 

! 3 Remove the spacer. the two sealing 
rings and the large washer. 
4 Detach the brake line (see Chapter 9) i and remove the brake backrng plate. 

1 5 VW recommends that the rear wheel 
bsar~ngs be removed with a hydraulic press. 
but you can fabricate an inexpensive puller ~n 
less than an hour. Obtain a pair of 3/8-inch 
diameter bolts at least six Inches long. Cut 
the heads off with a hacksaw and carve out 
notches near the unthreaded end of each bolt 
with a round f~le (see illustration). Then, get 

8.5 Take two 3/&inch 
diameter bolts about six 
inches tong, cut off the 

heads and notch the 
unthreaded ends as shown, 
then drill two hales In a six- 
inch by two-inch by 3116- 

inch plate - insert the 
notched ends of the bolts 

between the races with the 
notches facing the outer 

race, install the plate, 
washers and nuts and pull 
off the rear wheel bearing 

OFF 

- 7  

TIGHTEN NUTS EVENLY 1 

1 " REAR WHEEL BEARlNG PULLER I 

a 3IIEi-inch thick steel plate, about SIX inches 
long by two Inches wide, Insert the hooked 
ends of the bolts ~nto position between the 
lnner and outer races as shown, lay the plate 
across their opposite (threaded) ends and 
mark where they hit the plate. Drill out two 
holes for the bolts, add washers and nuts and 
your puller 1s ready! Hook it up as shown and 
remove the bearing. Remove the inner spacer 
and set it aside. 
6 Install the lnner spacer (see I H u ~ o n ~ .  
7 Install the new bear~ng with the sealed 
side faclng the transaxle and the open s~ds 
(numbers on the outer race) facing out (see 
Illustration). Use a: brass drift to drive the 
new bearing into place. Start it onto the axle- 
shaft by bapplng all the way around the Inner 
r a m .  When the bearing teaches the axle 8,6 Install the ~nner spacer 8.7 Install the rear wheel hearing 
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L-- - -  - 1 I--- - - I 

8.8a Install the large O-ring 8.8b tnstall the washer 
onta the bear~ng 

8.8~ Install the small O-ring I 
housrng, star! tapping on the outer race as 
well. Alternate your taps between the Inner 
and outer races until the bearing ts fully 
seated. 
8 Install the large O-ring, washer and 
small O-ring {see illustrations), then smear 
the 0-rtngs with a film of oiE. Note: Make sure 
all the parts are absolutely clean. Always use 
new 0-nngs. You can re-use the large washer 
f f  it's clean and rust free. Inspect the spacer 
carefully. I t  must not be scored, cracked or 
rusty. 
9 Install the brake backing piate (see 
illustration), making sure the largo 0-rrng 
doesn't slip off the  bearlng. Attach the brake 
line (see Chapter 9). 

-- .- '" - -  - I  - 

8.9 Install the brake tlack~ng plate 
I--.- -. ---- - 
8.10 Place the bearing cover on a block of 

wood, poshlen the new seal - numbers 
facing up, open side facing down - square 

with the recessed bore in the cover and 
carefully tap the seal into place 

70 Place a new seal in position, square with 
the bore in the bearing cover (see illustra- 
tion), and drive ~t ~nto place wrth a seal driver 
or a hammer and a flat piece of wood. 
11 S l ~ p  the outer spacer onto the axleshaft. 
Rush or tap !t into place against the new 
bearing. Lubricate the outskde of the spacer 
wtth a little oil to protect the sealing Irp of the 
new bear~ng cover seal. Also lubricate the lip 
of the seal. 
12 Place a new paper gasket in positlon 

and install the bearing cover {see iflustra- 
tlon). Make sure the oil drain hole In the cover 
faces down. Tighten the bear~ng cover bolts 
to the torque listed in this Chapter" S~peclfi- 
cations. Caution: When you sbp the bear in^ 
cover over the end of  the axleshaft, make 
sure you don't damage the seal lip on the 
shaft splines. 
13 Install the brake shoes and the brake 

drum (see Chapter 9). 
14 Check the transaxle lubricant and refill If 
necessary {see Chapter 1 ). 
15 Adjust and bleed the brakes (see Chap- 
ter 9). 

I -: - - I 
8.12 Be careful when you install the bearrng cover, or you could 

easily damage the seal i ~ p  on the axleshaft splines 
9.4 Apply a lhln coat of sealing compound to the 

rnatlng surfaces af the boot 
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9.5 Don't get any 011 on the seal~ng compound when 
you instal\ the new boot 

9.6a Pinch the rnat~ng surfaces along the seam tog~ther, then 
install the screws, washers and nuts - don" overt~ghten 

them or the boot will leak 

Driveaxle models illustmkion). 
5 Carefulfy slip the new boot into place 
(see Illustration). Don't get oil on the mating 
su~aces of the seam. 
6 Make sure the axle tube is level and the 
boot Isn't distorted, then squeeze the mating 
surfaces together at ths seam and rnstall the 
screws, washers and nuts (see Illustratton). 
The seam of the boot should point to the 
front or rear of the vehlcle - not straight up. 
Install the hose clamps at each end (see 
illustration). Csutlon: Overtightening the fas- 
teners will distort the boot and cause leaks, 
so use discretron. 
7 Remove the jackstands and lower the 
vehicle. 

tubes and axteshafts wrth the transaxle 
installed in the vehicle, but W doesn't rec- 
ommend It. !n order to determine the c fe~r -  
ance at the lnner end of the axle tube, you 
need to be able to swing the a l e  tube around 
free?y. That's drfficult to do with the transaxle 
insfafled on the vehicle. It's also a struggle to 
lnstali new gaskets or shims from under the 
vehrcle wtfhout damaging them. Finally. i t 's  
almost impossible ta prevent did from getting 
into the differential. 
1 Remove the engine (see Chapter 2). 
2 Remove the brake drums and brake 

16 Remove the diagonal arm (see Chapter 
10) and take ~t to a dealer service department 
or other repair shop. A press and a number of 
speclal adapters are necessary to replacs the 

I bearings, bushlngs and spacers inside the 
diagonal arm. 
17 Install the diagonal arm (see Chapter 10) 
after the bearings are ~nstalled, 

9 Rear axle boots (swing axle 
models) - replacement shoes (see Chapter 9). 

3 Remova the bearing cover, brake back- 
ing plate and wheat bear~ng (see Section &). 
4 Drain the transaxle lubricant (see Chap- 
ter 1). 
5 Remove the transaxle (see Chapter 7, 
Part A). 
6 Remove the nuts  on the axle tube 
retainer (see iIlustratlon) and sllp the axle 
tube, boot and retamer oft the axleshaft (see 
Illustration). 
7 On 1961 through 1967 models, remove 

Refer to illwstratrons 9.4, 9.5, 9.6a and 9.6b 
1 Raise the rear of the vehicle and place it 
securely on jackstands. 
2 Remove the hose clamps from both ends 
of the old boot and cut it off (don't bother to 
remove the screws that attach the seam). 
3 Wipe off the axle tubs and axle tube 
retainer. 
4 Apply a thin layer of seallng compound 
to the mating surfaces of the new boot {see 

70 Swing axle - removal, inspection 
and Cnstallatlon 

RernovaE 
Refer ta illustrations ?0.6a, 10.6b and 10.8 
Note: You can remove and install the axle 

L -- = .  , 

iO.6a Rernave the six nuts on the axle tu!,e retamer 9.6b Seat the hose clamps and tfghten them securely 

L 
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srnorr h o s ~  
Boat 
L a m p  hose 
At ,  ,? 

10.bb Exploded view of as typicel swing axle assembly 

I Operating md guide 10 Fulcrum plate 
2 Axle tub- and retarnerr I 1  Packing (on earlier models) 
3 a ctamp 12 Gasket (paper gasket on older 
4 models, ham' paper shim on I 

5 I clamp newer modek) 
6 ,.,, 13 Lock-ring (snap-~RQ} ' I 
7 Snring washer 14 Thrust washer 
8 O-nng 15 Drferential side gear 
9 Axleshaff 16 TtW?saxle heuslng 

I T !  

b' > . : 

, \ \  
1 2  3 4 5  6 7 8 9 10 11 12 13 14 $ 5  16 

the pfastic packing and the paper gasket. On 
later models, remove the hard paper shlrns 
and O-rlng. Count the number of sh~ms and 
wrtte it down. 
& Us~ng a pair of snap-ring pllers, remove 
the large lock-r~ng (snap-ring) that locks the 
axleshaft and s~de gear Into the differential 
{see illustration). 
9 Remove the differential side gear thrust 
washer and pull the axleshaft out. 
10 Remove the differential side gear and 
the fulcrum plates from the dtfferential hous- 
Ing. 
11 Drive the lock pin out of the housing for 
the axleshaft bearlng at the other end of the 
shaft. 
12 Loosen the axle boot clamps. 
13 Taka the axre tube to an automotive 
machine shop and have the bearlng housing 
pressed off, if necessary. 

Inspection 
Refer to Illustretions 10.17, 10.18a, 10.18b, 
10.20~1 and 10.20b 
74 Clean all axleshaft parts and tha axle 
tube retainer seat on the final drive cover wlth 
solvent. 
15 Inspect the axle boot for damage and 
replace it If necessary. 

srde gear is inadequate, axle nolse or seizure 
can result. Measure the clearance between the 
rounded portions of the inner end of the axle- 
shaft and the drfferential s~de gear (see illus- 
tratlon). Compare your measurements with 
the clearance listed In the Spacificatlons at the 
beginning af this Chapter. If the clearance Is 
outside the specified clearance, you'll have to 
replace the axleshaft and differential side gear 
as a matched set. There are three sets avail- 
able and they're color coded yellow, blue or 
plnk. The gear set color code is painted In a 

recess on the gear; the axleshaft has a parnted 
ring six inches from the end. Make sure the 
axleshaft and gear colors match. 
18 Measure the clearance between the flat 
portions of the shaft and the fulcrum plates 
{see illustrations). Compare your measure- 
ments with the clearance listed in the Spec~fi- 
cations at the beglnnlng of th~s Chapter- If the 
clearance is excessive, replace the fulcrum 
plates. New standard size and oversize fwl- 
crum plates are available. 
19 Have the arleshafls checked for runout 

16 Inspect the axleshaft, dlfferentfal s4de 10.8 Reach through the flnal drive cover 10.17 Usfng a feeler gauge of the corA 
gear, thrust washer and lock-rlng for damage w ~ h  pair of snap-ring pllers snd remove thickness, measure the thickness 
or wear. Replace any damaged parts. the lock-rfng (snap-ring) that secures the  between the rounded ends of the flat- 
17 If the clearance btweon the flat-bladed axlerthaft and side gear In the differential bladed tlp of the axleshaft and the inner 
Inner end of each axleshaft and the dlfferentlal dlarneter af the differentla1 slde gear 
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L18a Install the oid fulcrunr plates 10.18b ... and, using a feeler gauge of the 10.20~1 The paper gaskets are id~ntrf ied 
ween the flat sides of the axleshaft correct thickness, measure the by means ot holes punched into them: one 

tip and the differential side gear .  . . clearance between the axleshaft hole indicates a 0.004-inch thickness; two 
and the fulcrum plates hokes indicate an O.M1&-inch thickness 

by an automotive machine shop. If it's exces- 
sive, replace them. 
20 The concave inner end of the axle tube 
pivots up or down on the convex surface of 
the f~nal dr~ve cover. On earlrer models, a 
plastic packrng between the two acts as an 
extra bearing surface; on later models, the 
packing 1s eliminated. Elther way, the  clear- 
ance between the axle tube and the final 
dnve cover must be within a range of zero to 
0.008 inch (0.2 mm) clearance. The number 
and thickness of paper gaskets or hard paper 
shims between the axle boot retainer and the 
f~nal drive cover determine how much clear- 
ance is available. If the clearance is too small, 
the swing axle can't move up or down 
smoothly: ~f there's t w  much clearance, the 

every possible angle of motion and verify that 
it feels firm but doesn't stick or jam. If the 
swing axle feels hard ta move, substitute a 
thicker gasket or add another; if rt moves to0 
freely, remove a gasket or substitute a thinner 
one. The thickness af a gasket is indicated by 
the number of h o l e  punched in it: Ona hole 
ind~cates a 0.004 Inch (0.1 mm) thickness; 
two holes Indicate an 0.008 ~ n c h  (0.2 mm) 
thickness (see Illustration]. Use a vernier 
caliper or m~crometer to measure the thick- 
ness of various assortments of gaskets or 
shims (sac illusintian). 

lnstallatian 
Refer to illustrations 10.22a, 10.22b, # 0.22c, 
10.23, 70.24, 70.25a and 10.25b 

axleshaft will have too much endplay. The 
trick IS to determrne how many paper gaskets 
or hard shims to use with the retainer. 
There's really no accurate way to measure 
axleshaft endplay at home. The best practice 
is to use the exact same number and sbze of 
paper gaskets and hard shlrns as you 
----ved, then move the swing axle through 

. - 
21 Make sure all seating surfaces are clean 10.20b Use n vernier callper (or a 
and lubricated with clean oil, then have the measure thlc~ness of 
bearing housing pressed onto the axle tub? he combination of paper gaskets 
at an automotive machine shop. or hard paper shims that you removed, 
22 Install the differential side gear, axle- then tw to dupliEate that thickness 
shaft and thrust washer into the differential with assortment of new gaskets/shims 
housing and secure them with the lock-ring 
{see illustrations). 

8 

10.22a Insert the differential side gear 10.22b . . . sl~de the thrust washer lnto 1 0 . 2 2 ~  . . . and rnstall the lock-ring {snap- 
and axleshaft through the final drive cover place against the outer face of nng) - meke sure i t  seats properly into rts 

and into the differential - push them in the s~de gear..  . growe in the axle bore of the differential 
until the side gear meshes with the 
spider gears in the differential . . . 
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10.23 lnstall the plastic packing 
(older models) 

10.24 Install the paper gaskets or 10.25a Sl~de the axle t u b ,  boot an 
hard paper shims retainer onto the axleshaft 

23 lnstall the plastic packing, if equipped 
(see Illustratton). 
24 Install the paper gaskets or hard paper 
shims (see illustration). 
25 Sl~de the axle tubs, boot and retainer 
onto the axleshaft (see illustration). lnstall 
the retainer nuts and washers and tighten the 
nuts to the torque lrsted in this Chapter's 
Specifications. Install the hose clamp for the 
outer end of the boot but don't tighten ~t untrl 
the transaxlelswing axle assembly IS 

~nstailed. Note: She axle tubes aren't mter- 
changeable. If you removed both awle tubes, 
make sum the notch in each bearing housrng 
faces up and the shock absorber mounting 
boss faces forward and down (see illustra- 
tion). 
26 tnslall the transaxle and swlng axle 
assembly (see Chapter 7, Part A). 
27 Instal the wheel bearing, brake backing 
plate and bearlng cover (see Sect~on 8). 
28 F~ l l  the transaxle w ~ t h  clean lubricant 
(see Chapter 1). 
29 lnstalf the brake drums and brake shoes 
(see Chapter 9). 

30 Bleed and adjust the brake system (see 
Chapter 9). 
31 lnstall the englne (see Chapter 2). Note: 
Before rnsfalling the engine, be sure to 
inspect the needle bearing in the flywheel 
gland nut (see Chapter 2), the ctutch campo- 
nents (see Section 5) and the release bearing 
(see Section 6). 

from the vehicle. Be sure to note which CY 
joint bolts to the f~nal drlve flange and which 
one bolts to the stub axle flange. Caution: 
Earlier models use Allen bolts, later models 
use spline-drive bolts. Won't try to loosen 
A b n  bolfs with spline-drive bits, or vice versa 
You'll strrp out the recessed centers of the 
bolts, making r~moval much more dtffrcull. 
4 tnspect the CV joint dust boots for 
cracks and tears. I f  the boots are in good 
condition, the  CV loints are probably clean 
and adequately lubr~cated, But if either boot 
IS cracked, torn or leak~ng, remove it, clean, 
rnspect and repack the CV jornt and install a 
new boot. If a CV loint requires replacement. 
replace ~t (see Sect~on 12). 
5 Installat~on IS the reverse of removal. 
Tighten the CV jojnt-to-flange bolts to the 
torque listed In thrs Chapter's Specifications. 
Note: The threaded portrons of alE CV joint- 
to-flange bolts are the same, so Allen bolls 
are interchangeable with spBne-drrve bolts 
oust make sure you use the right brts!). 
6 Install the wheel{s) and lower the 
vehrcle 

7 1 Driveaxles - removal and 
installation 

Refer to Illustratron 1 1.3 
1 Raise the rear of the vehicle and support 
it securely on jackstands. 
2 Remove the fear wheel@). p i s  rsn't 
actually necessary, but it does make access 
to the outer CV joint bolts easrer.) 
3 Remove the CV joint bolts from the inner 
and outer CV joints. Detach the inner CV joint 
from the final dr~ve flange and the outer CV 
joint from the stub axle flange [see illustra- 
tion). Grasp the driveaxle securely, support- 
rng the CV joints, and lower the assembly 

10.25b Make sirre the axle tube is insbailed w~th the notch in the 11.3 To remove a driveaxle, simply unbolt the inner and outer CW 
bearing housing facing up and the boss for the joints from the final drive flange and the stub axle, 

shock absorber facing down respectively (outer CV joint shown) 
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12.4 U s e  a hammer and punch to 12.5 Mark the  CV j o~nt  component 12.6 Use snap-ring pl~ers to expand the 
dislodge the boot collar from the CV joint relationship before disassembly snap-ring and lift it out of the groove 

12 Constant Velocity (CV) joints - 
overhavf and boot replacement 

er to rllustratrons 12.4, 12.5, 12.6, 12.7, 
3a, 12.8b. 12.9. 12.14, 12.17, 12.18and 

-. 19 
Note: The foNowing procedure applies to 
erther CV joint on either driveaxle. 
1 Raise the rear of the veh~cle and support 
it securely on jackstands. 
2 Remove the driveaxle(s) (see Sec- 
tion 11). 
3 Place the dr~veaxle on a clean working 
surface. 
4 Use a punch and hammer to work 
around the older c~rcumfarence and d~slodge 
the collar from the jolnt hous~ng (see illustra- 
tton). 
5 Pafnt or scribe across the components 
so they can be re~nstalled in the same rela- 
tlonship (see illustration). 
6 Remove the snap-rlng from the end of 
the axle (sea Illustration). 
1 Push the axleshaft out of the joint w~th  
your thumbs (see illustration). 
I3 To remove the boot, note the direction 
in which it IS installed, remove the concave 
washer from the axleshaft wlth pliers and 
then slide the boot off the end of the axle- 

12.8b Slide the boot off 

12.7 Hold the  CV joint securely and push 
the axleshaft out wlth your thumbs 

shafl (see ilfustmtions). 
9 Align the ball bearings with the grooves 
In the outer race and separate the outer race 
from the inner [sea Illustration). 
10 Remove the balls from the race. 
11 Wash the components in solvent and 
dry them thoroughly. 
12 Inspect the balls, splines and races for 
damage, cormsron, wear and cracks. 

12.8a Remove t h e  concave washer by 
working it up the shaft with pliers 

13 If any of the components are not ser- 
viceable, the entlre CV jornt must be replaced 
with a new one. 
f 4 Press the balls Into the race until they 
snap into place (see illustration). 
15 Reassemble the Inner and outer bearing 
races. 
18 Install the boot on the shaft, carefully 
guiding it over the splines. 

12.9 Tilt the inner race out of the outer 12.14 Press the bearings in until 
race and separate them they snap into place 
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ST.17 Use a hammer and deep socket to 
tap an the concave washer until it's 

at the base of the splines 

17 Slide the concave washer onto the shaR 
splines and press it into position with a suit- 
able deep socket [see illustration). 
18 Place a small amount of CV jolnt gmase 
into the boot (see illustmtion). 
79 Pack the bearing assembly wlth CV joint 

1278 Press the grease into the boot 
with your fingers 

grease (srw illustration). 
20 Lubricate the splines with a small 
amount of grease and slide the CY joint into 
place, making sure the  marks made during 
removal are alignd. 
21 Secure the joint with the snap-rlng and 

12.19 Force the grease into the 
rollers and races 

tap the boot collar onto the joint groove. I 

Fnstall the hose clamps and t~ghten them 
securely. 
22 Install the driveaxle(s) (s6e Section 1 I). 
23 Lower the vehicle. I 
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Section 
Brake check ..................................................................... See Chapter 1 
Brake dlsc - inspection, removal and installation .......................... 6 

.................... Brake hoses and lines - inspection and replacement 8 
Brake IighVwamfng light switch - check and replacement ............ 13 
Brake pedal - removal and installation .......................................... 10 
Brake system bleeding ................................................................. 9 
DISC brake caliper - removal, overhaul and installation ................. 5 

...................................................... Disc brake pads - repla~ement 4 

.......... ......... Drum brake shoes - replacement and adjustment .. 2 
General. information ..................................................................... 1 

......... Master cylinder - removal, overhaul and installation ....... 7 

...................... Parking brake cable - replacement and adjustment 12 
.............................. Parking brake lever - removal and installat~on 11 

Wheel cylinder - removal, overhau! and installation ....................... 3 

Specifications 

Brake fluid type ............................................................................... See Chapter 1 

Drum brakes 
.................... .......................... Mlnimum brake shoe llning thlckness .. See Chapter 1; 

Disc brakes 
Minimum disc thickness' ....................................................................... 0.31 5 In (8.00 mm) 
Disc runout [maximum) .......................................................................... 0.007 In (0.2 mm) 
' Refer Zo marks cast or stamped into the disc (they supersede /nformation printed hers) 

Torque specifications n - ~ b s  

Dmm brakes 
Brake backing plate-to-steering knuckle bolts ...................................... 36 

........................................................ Wheel cylinder-to-backing plate.. 18 
Rear axle nut 
Swing axle models .............. .. .............................................................. 217 
Driveaxle models ..................................................................................... 253 

Disc brakes 
Allen bolts for caliper halves ................................................................. 14 to 18 
Callper mounting bolts .................... .. ................................................ 30 

1 General lnformatlon 

The vehlcles covered by thls manual are 
equlpped with hydrau!lcally operated front 
and rear brake systems. All models exespt 
later model Karrnann Ghlas have drum 
braks  at the front and rear. Later model 
Ghlas have dlsc brakes at the front, drums at 
the rear. 

Hydraulic system 
Refer to illustrat~ons 1.2~ and 1.2b 

The hydraulic system on 1966 and ear- 
ller models Is a slnglbcircuk deslgn - one elr- 
cult operat= both front and rear brakes Bee 
Illustretlan). All 1967 and later models are 
equlpped wlth dual-c~rcult systems {see 
Illustration). In the dual-clrcult system, one 
circuit operatea the front brakes and the 

other operates the rear brakes. The master 
cyllnder has separate reservoirs for the two 
clreulta, so In the event of a leak or failure In 
one hydraulic clrcutt, the other clrcuit will 
remain operative. 

When you press the brake pedal down, 
It pushes on the plston(s) In the master cylln- 
der, whlch Increases brake fluld "pressufd' 
by decreasing the lnterlor volume of the 
brake system. Brake fluld Isn't compresslbls, 



Chapter 9 Brakes I 
1.2a Schsmetlc of s typlcaf 
slngls-clreukt brake 
(3966 and earller rn 

1 Bmke peda! 
2 Mesier cyl~nder 
3 Flurd reserwofr 
4 Rmke lrght switch 
5 Brake /me 
6 Three-way connection 
7 Brake hose bracket 
8 Brake hose 
9 Wheel cylrnder 

10 Paxktr~g breke lever 
1 ? Cable and guide tube 
12 Front wheel brake 
13 Reer wheel brake 

I Brekepedal 5 Brake 111% 9 Wheel cylinder 12 Front wheel brake 
2 Master cylinder 6 Three-way connection 7 0 Parking brake lever 13 Rear wheel brake 
3 Fluid reservorrs 7 Brake hose bracket 7 1 Cable and guide tube 
4 Brake l~ght swftch 8 Brake hose 
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SO it can't be squeezed into a smaller space. clicks without noticeable braking action. OSHA-wpm 7 mesk when working 
Instead, it "transmits" the force of your foot Although the compensating lever on top of on the brak !, under any circum- 
pressure agalnst the brake pedal to a pair of the park~ng braks lever makes up for some of stances, use petroleum-based solvents to 
moving pistons Inside a wheel cylinder (on the difference In adjustment between the left clean brake parts. Use brake cleaner or d m -  
drum brakes) or two pistons Inside a caliper and right cables, it's critleal that the cables turPdslmhol on&. Alweys replace drum brake 
Ion disc brakes). When the pistons in the be adjusted so that the lever is horizontal s h e s  inpaim (front or mar) -never repIace the 
wheel cylinder move outward, they push the when the parking brake lever is applied. If the shoes on only one wheel. Work on one brake 
brake shoes against the hnstde of the brake rear brake shoes are adjusted properly but assembly at a time to avoid rnlxrng UP uppa. 
drum. When the p~stons in a brake caliper the compensating lever isn't horizontal after Caution: Whenever the brake shoes are 
moves out of the caliper, they push the pads adjustment of the park~ng brake cables, one replaced, the retractor and hold-down 
against the brake disc. cable may be stretching and - ~f left in senrkce springs should also be replaced. Due to Me 

- wlll eventually break. contlnuous heatmg/cooling cycle that the 
Brake Iighfs and warning lights After completing any operation invotving springs are suble~ted to, they lose their ten- 

A bmke light switch on the front end of disassembly of any part of the brake system, sion over a penod of time and may allow the 
single-circult master cylinders activates the always test drive the vehicle to check for shoes to drag on the drum and Wear at i3 

bake lights when brake fluid pressure in the proper braking performance before resuming faster rate than n a m l .  When ~p/&cing the 
master cylinder increases, Duaf-circult mas- n0mal dnving, When testing the brakes, per- brake shoes. use only high qu~lity, nationally 

ter cylinders have two switches to ensure form the tests on a Clean. dry, flat surface. twOgnh?d brand-namsparts. 

that tho lkghts sttll work even ,f one circuit Conditions other than these can lead to inac- 
falls. Clmult fallure is indicated on the instru- curate test results. Test the brakes at various Replacement 
rnent cluster by a red warning light. On early speeds with both light and heavy pedal Pres- Refer to illustrations 2.&, 2.2b end 2.3a 
dual-circuit master cylinders, the light fs acti- sure. me vehicle should stop evenly wl th~ut  through 2.3~ 
vatd by a switch controlled by two small pis- pulling to One or the other+ Avoid locking 1 Loosen the wheel lug bolts, raise the 
tons in an auxiliary chamber in the master the brakes because this- slides the tires and front or rear of tfie vehicle and place it 
cyl~nder. On 1972 and later models, the  auxtl- diminishes braking efficiency and control of swurely on jackstands. Block the wheels on 
taw chamber and extra switch are eliminated the vehicle. the ground. If you're removing the front 
and the warnlng light IS controlled by the vehlcfe load and front-end align- whels, apply the parking brake to keep the 
brake light swttches. rnent - t h s e  factors affect braking peflor- vehicle from rolling. Remove the wheels. 

manm. 2 On the left front wheel, remove the clip 
Parking brake which secures the speedometer cable to the 

The parking brake system consists of a left dust cap (see illustrations). On all 
lever between the front seats, an actuating 2 Drun - rep'acement wheels, pry off the dust cap that protects the 

lever on each rear brake shoe and the two and r lent wheel bearlng, 
cables connecting the parking brake lever to 3 Follow the accompanying photos (illus- 
the levers on the rear shoes. When the lever Warning: The dust creafed by the brake sys- tratlons 2.3a through 2.3j for the front brakes, 
is pulled up, it pulls on the two cables, wh~ch fern m y  confain asbestos, which is hamful to 2.3k through 2.3~ for the rears) for the brake 
n turn pull the levers on the rear br&g shoes. your health. Never blow it out with corn- shoe replacement procedure. Follow the 
When the lower ends of these levers are pmssed air and don't inhak eny of  r t  Wear an photos in sequence and read each caption. 
pulled forward, they move connecting links 
that push the front shoes against the drum. 

The parking brake should be adjusted 
whenever the rear brake shoes have worn 

~gh to allow you to raise the lever f~ve 

9 

1 2 3 4 5 6  i O  7 5 1 1  12 19 14 73 20 17 21 g 16 18 15 22 

n brake 
adjustn 

lwd filterin! 
es. Do noi 

2.2a Exploded view of a typlcal front drum brake assembly on a torsion bar model 

I C-clip for speedometer 7 Sprlng cup 13 Adlusting scnw 19 BOA 
cable (left side only) 8 Shoe retafnlng (or hold- 74 Adjusting nut (star wheel) 20 Lock washer 

2 Dust cap down) spnng 15 Wheel cythder mounting 2 1 Backing plate 
3 Clamp nut 9 Retaining pin bolt 22 Spindle/steering knuckle 
4 Thrust washer 7 0 Return spring 76 Lock washer assembly 
5 Wheel bearing 7 1 Return spring 1 7 Wheel cyimder 
6 Brake drum 12 Brake shoe 18 Sealing plugs 
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22b Exploded vtev :al front drum brake assembly on a Super Beetie model I 
f-clip for speedometer cable 
(left side only) 
Dust cap 
Clamp nut 
mmst washer 
Oui wheel beadng 
Bmke d w m  
Spnng CUD 

Shoe Ftatning spring 
Shoe reBmtng sprfng 
$rake sooe 
Pmke shoe 
Adrustwr screw 
Aosuster nut (star wheel) 
Becktrrg plate bolt 
Lock washer 
Backtng plate 
Rubber plugs 
Spmdle/steerlng knuckle 
assembly 
Wheel cylinder 

20 Lock washer 
21 Wheel cylinder mounting bolt 
22 Shoe mtaining pin 

2.3a If the front bmke drum is binding an 
the brake shws, insert a screwdriver 

through the adjustment hole in the 

2.3b . . . and pull off the drum 2.3~ A typical front brake shoe assembly 
on a torsbon bar model 

drum, turn the adjuster untll the 
shoes a n  R W  longer binding.. . 

2.3d A typlcai front brake shoe assembly 
on a Super Beetle model 

2.3e Remove the smaller sear return 
sprlng with a pair of pliers (wear a pair of 
safety goggles, just in ease a sprlng gem 

away from you) 

2.3f Remove the hold-down cups anc 
springs - a special tool (available at mom 

auto parts stores) can be used to push 
down on the cups and turn them to align 
the slot in the cup with the blade on the 
pin, but a pair of pllers can be used also 
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en if the w 
. . . .  

2.3g Pull the rear end of the rower shoe 2.3h . . . then pull the front end out of the 2.3i Evl heel cylinder doesn't 
out of the slot in the adjuster.. . slot in the wheel cylinder, remove the appear to be leaking, It" a good idea ta 

front return spring and the upper shoe pull the pistons and seals out and inspect 
them while the brake Is disassembled - if 

they're rusted, pitted or scored, replace or 
rebulld the wheel cylinder (see Section 3) 

,.3j If the adluster screws are rusted or 2.3k To begin the rear brake shoe 2.31 Break the rear axle nut loose 
pitted. replace them - to install the new replacement procedure, remove the cotter with a breaker bar 
brake shoes, reverse the previous steps pin from the castle nut on the rear axle 

- 

I I ' 

I 
I _ -  
."' - 

I -lLL, /- 
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2.3m If the drum is difficult to remove, 2.3n Remove the  drum and inspect the 2.30 D~sconnect the parking brake 
retract the brake shoes by turning the braking surface from the lever 

adjuster star wheels (arrows - the one on 
the left is still covered by the rubber plug) - on this model, the adjuster hole is In 

the backing plate; on some models, 
it's in the drum itself 
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2.3q Pull the parking brakc cable gu~de 
and cable through the backing plate and 

detach the cable from the guide 

2.3p Disconnect the bolt that  attaches the 
parking brake cable gu~de to The backing 

plate (the bolt's on the rear of the 
backing plate) 

2.3r Disconnect the lower return sprlng 
w ~ t h  a pair of pliers (wear a pair of safety 
~ogg les  to protect your eyes just in case 

the spring gets away from you) 

4 Before reinstalling the drum, inspect it 
for cracks, score marks, deep scratches and 
hard spots, which will appear as small discal- 
ored areas. Remove hard spots with fine 
emery cloth. If that doesn't do it, or if any of 
the other conditions described above am evi- 
dent, have the drum turned by an automotlve 
rnachqne shop. Note: Professfonals recorn- 
mend resurfacing the drums every tlme you 
do a brake job. Resurfac/ng eliminates the 
possfbility of out-of-round drums. I f  the 
drums are worn so much that they can't be 
resurfaced without exceed~ng the manmum 
allowable diameter (stamped or cast into the 
drum), replace them. I f  you decrde to skip 
resurfacing, remove the glaung from the sur- 
face wrth emery cloth or sandpaper, using 8 
sw~rling motion. 
5 Install the brake drum. On front wheels, 
install the bearing, the thrust washer and the 
axle nut and adjust the bearing (see Chap- 
ter 1. Section 32). 

6 Mount the wheel, hand t~ghten the lug 
bolts and lower the vehicle. Tighten the wheel 
lug bolts to the torque llsted in the Chapter 1 
Specifications. On rear wheels, tighten the 
axle nut to the torque listed in this Chaptw's 
Specifications. 

while rotating the wheel, until the brake shoe 
slightly drags on the drum (see Illustration). 
Note: If the brakes &re way out of adlustment, 
jt may be necessmy to press on the brake 
pedal to center the shoes once or tw~ce dur- 
mg the adjustment procedure. Now, turn the 
star wheel in the opposite direction three or 
four clicks so the wheel can rum freely. 
10 Repeat Step 9 on the star wheel of the 
other brake shoe, then perform the adjust- 
ment procedure to the remaining wheels. 
11 Check brake operatlon before driving 
the veh~cle in traffic. 

Adjustment 
Refer to iflustration 2.9 
7 Raise the vehicle and support it securely 
on jackstands. If you're adjusting the rear 
brakes, release the parking brake. 
8 Depress the brake pedal several ttmes, 
using f~ rm pressure, to  center the brake 
shoes In the drum. On 1969 and earlier mod- 
els, rotate the wheel unt~l  the hole in the 
brake drum is aligned with one of the star 
wheel adjusters. On 1970 and later models, 
remove the rubber plugs from the brake 
backing plate. 
9 Using a brake adjusting tool or a scmw- 
driver, turn the star wheel of the adjuster. 

2.3~ Pry apart the ends of the retaining 
clip and transfer the parking brake lever 
ta the new rear brake shoe - t o  install tha 
new shoes, reverse Steps 2.k through 2.3 

I- - -- < 1 - - * p : j  . - 
2.3 Remove the brake shoes, connecting 

link and upper return spring 
2.3s Remove the brake shoe hold-down 

cups and springs - a speclal tool 
(available at most auto part stores) can be 
used to push down on the cups and turn 

them to align the slot in the cup with 
the blade on the pin, but a pair of 

pliers can be used also 

1 Retaining clrp 
2 Brakeshoe 
3 Parking brake !ever 
4 Spring washer 
5 Pin 
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ove the s11 
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1 A 

2.9 Rotate the wheel and turn 
the adjuster nut (star wheel) 
until the brake shoe drags on 
the drum slightly, then turn 

the star wheel in the opposite 
direction three or four clicks 

the defects can't be removed easily, or ~f the - 
3 Wheel cylinder - removal, bore IS scored. 3.5a TQ remove a f 

overhaul and installation 11 Lubricate the new cups with brake fluid. disconnect the brake line fitting and 
72 Assemble the wheel cylinder cornpo- rem ~ g l e  mounting bob 

Note: I f  an overhaul rs rndicated (usually mnts. Make sum the cup lips face in. 
because of fluid leakage or st~cky operation) 
explore aM optrons before beginnlng the lob. Instalfation r New wheel cylinders are avallable, @hich 13 Place the whml cyl~nder in position and 6; 

makes ihls lob quite easy. I f  it's decided to Install the bolt(s) loosely. ' Pd 

* '  
rebuild the wheel cylmder, make sure that a 14 Connect the brake line. but don't trghtsn 7 
rebuild kri rs available before proceeding. it yet. Tighten the wheel cylinder bolt($) '1, / FL - 

Never ovefhaui or replace only one wheel securely, then tighten the brake line fitting. 
cylinder - always rebu~ld or replace them in Install the brake shoes and the brake drum 
pars (front or rear). (see Sectlon 2). 

15 Bleed the brakes (see Sectron 9). 
Removal 

3 
16 Check brake operation before driving 

Refer to ilIusfratrons 3.5a and 3.56 the vehicle In traff~c. 
1 Loosen the wheel lugs nuts. Ra~se the 
front, or rear, of the vehicle and support ~t I w 
securely on jackstands. Block the wheels still 4 Disc brake pads - replacement 
on the ground to keep the vehicle from 
rolling. Remove the wheel(s). Refer to illustratloon 4.4 

I 
3.5b To remove a rear wheel cylinder, 

the brake drum and the brake Warning: DFSC brake pads must be replaced disconnect the brake line and remove 
shoes (see Sectlon 2). on both front wheels at the same trme - never the two mounting bolts 

dlrt and foreign replace the pads on only one wheel. Also, the 
from around the wheel cyl~nder. dust created by the brake system may con- parts. Use brake cleaner or denatured alcohoE 

Unscrew the bake line Don't pull tain asbestos, which is harmful to yourhealth. only1 
the hake line away the wheel cylinder. Never blow it out wrth compressed air and Note: When servicing the disc brakes, use 

the Wlinder mounting don't inhale any of it. An approved filtering only high qualiiy, nationslly recognized name 
bolt(s) (see illustrations). mask should be worn when working on the brand pads. 

Mach the wheel Wlinder the bake brakes. Do not, underany cimumslances, use 1 Rernave the cover from the brake fluid 
backing plate and place it On a =lean work- petroleum-based solvents to clean brake reservoir. When you push the caliper prstons 
bench, lrnrnedlately plug the brake line to pre- 
vent fluld loss and contammation. Note: If the 
brake shoe bnings are contamtnated wtth brake 
flurd, install new brake shoes. 

Overhaul 
Refer to rllustration 3 7 
7 Remove the bleeder vafve, cups, pis- 
tons, boots and spring assembly from the 

9 
wheel cyl~nder body (see illustration). 
8 Clean the wheel cylinder wnth brake 
Iluld, denatured alcohol or brake system 
cleaner. Warning: Do not, under any mrcum- 
stances, use petroleum-based solvents to 
clean brake parts! 
9 Use compressed arr to remove excess 
fluid from the wheel cyl~nder and to blow out 1 2 3 4 5 6 7 8 7 3 2 t 
the passages. 3.7 Exploded view of a typical wheel cylinder 
10 Check the cyl~nder bore for corrosion 
and score marks. Crocus cloth can be used 'Oat 4 Cylinder 7 Cup expander 

to remove light corrosion and stains, but the 5 Dust cap 8 Spring 
cyl~nder must be replaced with a new one if 3 Cup 6 Bleeder valve 



9-8 Chapter 9 Brakes 

1971 and earlier models (Am 

4.5 Knock the pad retalnlng pin@) out 
with a hammer and drift, then pull them 

out of the caliper housing - be careful not 
ta let the pad spreader spring fly out 

back into their bores, the fluid in the Ilnes will 
back up into the reservoir and overflow, so 
remove some fluid with a syringe. 
2 Loosen the wheel lug bolts, raise the 
front of the vehicle and support ~t securely on 
jackstands. Remove the front wheels. 
3 Inspect the brake disc carefully as out- 
lined in Sectiofl 6. If machining is necessary. 
follow the information in that Section to 
remove the disc, at which time the pads can 
be removed from the calipers as well. 
4 Work on one brake assembly at a time, 
using the assembled brake for reference if 
necessav. Refer to the accompanying illus- 
tratlon to determine which kind of callper the 
vehicle you are working on has [see illustra- 
tion). 

ATE calipers 
Refer to illustrations 4-5, 4.6, 4.8. 4.13 and 
4.15 
Note: 1977 and mrlier ATE calipers have only 
one retaining pin; 1972 and 1973 units, which 
were redesigned to offer greafer brake pad 
area, use two pins. The hva versions are oth- 
erwise virtually iden fical. 

1972 and 7973 models (ATE) 

The three d ierent  calipers used on Karmann Gh 

I !  

ias 

973 and later models Firling) 

4.6 Before you remove the pad spreader 4.8 Note how the brake pads are oril 
spring, make sure you note how in the caliper, then as you remove ea 

it's installed them, depress its respective piston 
into the caliper to make room for 

the new pad 

. .i 

ented 
lch of 
back 

5 Knoch the pad retaining pin($ out of the 
caliper housing with a hammer and drift 
punch [see illustration). D~scard them and 
buy new plns. 
6 Note the orientation of the pad spreader 
sprlng in the calipw hous~ng, then remove it 
(see Illustration). Discard the spring and buy 
a new one (see Note in Step 15). 
7 Using a pair of adjustable pliers, grip the 
upper edge of each brake pad backing plate 
and the callper housing and squeeze the pis- 
tons back into their bores. If you don't do this 
now, there won't be enough room between 
the pistons and the brake disc to install new 
pads. If you can't push the piston back into 
its bore with both pads in place, go to the 
next Step. Caution: If you intend to re-use 
the same pads - for instance, if you're srmply 
removing the pads so you can remove the 
caliper - be sure to msrk the pads now. If you 
reverse them during iflstallation, uneven bmk- 
ing will result. 
8 If you had trouble depressing either or 
both pistons rn the last Step, pull one brake 
pad out of the brake caliper (see illustration) 
and try to depress the prston for that pad with 

adjustable pliers, a large screwdriver or a pry 
bar. Don't pull out both pads at once. One 
pad must remaln ~nstatled while you depress 
the piston on the opposite s~de, or else one 
piston will protrude from its bore when you 
depress the other piston. After you've 
depressed one piston all the way into the 
calrper, install a new pad on that s~de, pull out 
the other old pad and repeat the above pro- 
cess. 
9 Inspect the brake pads for cracks, 
chunking, oily film depos~ts and separation 
from thew backing plates. If any of these con- 
dit~ons are evident, replace them. Measure 
the pads for wear (see Chapter 1). Replace 
them if they're at or below the rnlntmum 
allowable thckness. 
10 Inspect the brake d~sc for wear. If ~ t ' s  
worn or damaged, have it mach~ned or 
replace it (see Sect~on 6).  
11 Remove the piston retaining plates from 
the pistons (see exploded view In Sect~on 5). 
Inspect the cavity for hard accumulations of 
dirt and rust. Clean the seating and slidlng 
surfaces of the brake pads In the caliper w~th 
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4,13 After the brake pad cavity ~n the 4.15 The pad spreader aprlng on 19' 
caliper housinq is cleaned. install the later ATE cellaers is wlder at the bc 

I 
71 and 
ltt om 
L..- -- 

4.1 73 Remove this locklng clip from the 
U-shawd r ta ln lnq  pln . . . 

retalning plate bipushing the c~rcular pert 
(a) Into the piston crown - make sure the 

grate is situated below the rellevsd 
portion of the crown (b) 

to reduce rattling caused by play berween 
the pads and the callper housing - you 
can also rstroflt thls spreader sprlng 
onto older calipers - just make sure 
you install it with the wide part at 

the bottom as shown brake system cleaner (the seatlng surface Is 
the end of the plston which pushes against 
the brake pad backing plate; the slidtng sur- 
faces are the upper and lower ends of the 
brake pad cavity agafnst which the edges of 
the pads silda during operation). 
12 lnspect the rubber plstnn seals. If elther 
of them IS cracked, hard or swollen, remove 
the caliper and replace it (see Section 5). 
13 Note how the crown of each piston rs 
relleved {cut out). Make sure this relieved por- 
tlon is aligned correctly to recelve the retain- 
Ing plate. If ~t Isn't, rotate the piston a little 
with a pair of pllsrs. TO install the retaining 
plate, press the circular part (a) flrmly Into the 
piston crown (see illustratlon). When 
Installed properly, the retaintng plate lies 
below the relieved port~an of the piston 1 crown (b) as shown. 
14 lnstall the pads. If you're re-using the 
old pads, make! sure you lnstall them In their 
original locations to prevent uneven braking. 
15 On single-pin calipers, lnstall the pad 
retainer spring, depress the spring with your 
thumb and Insert a new pad reralnlng pin. On 
later two-pin units, insert the new rower 
retaining pin, Install a new pad relamer 
sprlng, depress the top of the spreader 
spring with your thumb and insert the new 
upper pin. Push the new pin@) into place by 

] hand as far as possible, then use a small 
hammer to tap the pin($ the rest of the way. 
DON'T use a punch - It could shear off the I shoulder(s) of the pin(=/. Warning: DO NOT 
grease the wtalning pms. Heat produced by 

I braking can melt the lubrjcsnt and cause it to 
flow onto the pads or d m .  Note: Later sln- 
gle-pin calipers have better spresder springs 
than earlier units. The bottom half of the 
spring Is wider to prowde more support, 
which reduces rattlmg noises caused by the 

I 
play befween the brake pads and callper 
housing. You can use this sprlng on older 
calipers. Just be sure you instal/ it with the 
wtderpart at the bottom (see Ellustratkn). 
16 The remalnder of installation IS other- 
wise the reverse of removal P u v q  the brake 

pedal several times to bring the pads Into 
contact with the dlsc. Check the operatton of 
the brakes before driving the vehicle In traffic. 

Girling calipers 
Refer ta ~Nustrations 4.778, 4.17b, 4.2 1 and 
4.24 
17 Remove the locking clip (see lllustratlon) 
from the upper leg of the U-shaped retaming 
pin. then pull out the pin (sea Illustration). 
Make sure the spreader apnng doesn't fly out. 
18 Remove the ped spreader spring. 
19 Remove the caliper (see Section 5) and 
hang it from the steering t~e-rod wlth a piece 
of wire. 
20 Depress the pistons into their bores (see 
Steps 7 and 8 above). 
21 Rotate the brake pads 90-degrees in the 
callper and remove them (see illustratlon). 
Warnlng: lf you plan lo reuse the same pads, 
be sure to mark them to ensure that they're 
installed on the same sides sgaln. Changing 
therr locatlon wlll cause uneven braking. 
22 Remove the anti-squeal shims (thin 
plates that go between the pads and the pis- 
tons). 

4.17b . . . and pull the retalning pin out of 
the caliper housing 

23 Inspect the brake pads, brake disc, disc 
pad cavity in the caliper and pFston saals (see 
Steps 9 thmugh 12 above). 
24 Install the antl-squeal shlrns In the callper 
wlth their a m s  pointing in the same direction 
as forward wheel rotatlon (sea Illusttation). 
25 lnstall the brake pads with the grooved 
surface facing the disc. If youve re-using the 
old pads, make sure you install them on the 
same sides as before. 

4.24 Install h e  anti-squeal shlms In the 
callper wlth thelr arrows polntlng in the 

same dlrectton as forward wheel rotation 4.?1 Rotate the pads 90-degrws in the 
r oer 2nd remove them 
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5.5 To m o r e  the 
caliper, disconnect the 

hraka line fitting 
(arrow) and the 

mounting bolts of 
you're only removing 

the caliper to get at the 
brake disc or some 

other component, it's 
not necessary to 

disconnect the brake 
IFne - just remove the 

, caliper and hang it with 
a piece of wire) d 

5.9a Pry out each boot retaining ring w~th 
a small screwdriver 

26 Install the callper (see Sect~on 5). 
27 lnstall a new pad spreader spring, the 
U-shaped retaining pin and a new locking 
clip. Bend the straight side of the lmkrng cllp 
so that it looks like the clip rn illustration 
4.1 7a. 
28 Installation Is othsrwlse the reverse of 
removal. Pump the brake pedal several tlmes 
to bring the pads mto contact with the disc. 
Check the operation of the brakes before 
dnv~ng the vehicle In traffic. 

rebuild krt I S  available before proceeding. 
Always rebuild the calipers m paws - never 
reburld just one of them. 

other components. Remove the caliper and 
hang it from the undehdy by a piece of wrm. 
Don't let the cetiper hang by the brake hose' 
6 Remove the two mounting bolts and 
detach the caliper from the vehicle. 
7 If the caliper Is a Girling unit, remove the 
brake pads (see Section 4). 

Removal 
Refer to illustration 5.5 
1 Remove the cover from the brake fluid 
resenrolr, slphon off two-thirds of the fluid 
into a container and discard it. 
2 Loosen t h e  wheel lug bolts, raise the 
front of the vehicle and support it securely on 
jackstands. Remove the front wheels. 
3 Inspect the calbper housing halves. If 
there are leaks along t h e  seam, the O-rings 
surrounding the flu~d pathways are leaking. If 
the call per is an ATE unit (see illustration 
4.4), you can separate it into two halves and 
replace the O-rings after you take it off the 
veh~cle. If the caliper is a Girling unit, no O- 
rings are available, so you'll have to 
exchange the damaged caliper for a rebuilt 
unit or buy a new caliper. 
4 If ths caliper is an ATE unlt, remove the 
brake pads (see Sect~on 4). 
5 Disconnect the brake hose fitting from 
the caliper (see illustration). Have a rag handy 
to catch spilled fluid and wrap a plastic bag 
tightly around the  end of the hose to prevent 
fluid loss and contarn~nation. Note: Don't 
detach the brake hose from the cafiper if you 
are only remonng the caljper for access to 

Overhaul 
Refer to rl/ustrations 5. ga, 5. gb, 5.7 0, 5.1 1,  
5.18 and 5.23 
Note: She i/lustrat!ons for the follow~ng ovef- 
haul procedure depict an ATE calrpr. Basi- 
cally. overhaul of a Girlrng callper is sirnjlar, 
with one impoltant difference: You can sepa- 
rate an ATE unrt Into two halves lo replace 
leaking 0-ffngs, but DO NOT separate a 
G~rling caltper. O-rings for the fluid pathways 
between the housrng helves aren't available 
as spare parts. l f  flum cs leaking out the seams 
(see Step 3), r~place the caliper with a new or 
rebuilt unit. 
B Clean the exterior of the callper with 
brake cleaner or denatured alcohol. Never 
use gasoline, kerosene or petroleum-basd 
ctean~ng solvents. Place the mounting flange 
of the callper in a bench vlse. Use soft-jaws 
or clamp the flange between two pteces of 
wood to protect tt from damage and prevent 
misalignment of the installed caltper. 

5 Disc brake caliper - removal, 
overhaul and instaftation 

Warning: Dust created by the brake system 
may contain asbestos, which is harmful to 
your health. Never blow it out with com- 
pressed air and don't m h ~ l e  any of It. An 
approved filtering mssk should be worn when 
w o r m  on the brakes, Do not, under any crr- 
cumstances, use petroleum-based solvents 
to clean brake parts. Use brake cleaner or 
denatured alcohol only! 
Note: I f  sn overhaul is Indicated (usually 
because of fluid leakage) explore aN options 
before beginning the lob. New and Sactoty 
rebuilt cslrpers are avaliable on an exchange 
basrs, whrch makes this job quite easy. If ~t's 
decided te rebu~ld the caltpers, make sure a 

5.9b Carefully pry out each piston boot 5.10 Lock one piston indo place with a 5.1 1 Using a non-metallic tool, carefully 
with a pick or small screwdriver - be pair of adjustable or lock~ng pliers, pry the piston seal from its groove in the 

careful not to scratch the piston position a strip of wood (or several rags) caliper bore - make sure you don't 
or the bore beiween the two pistons, then apply scratch the surface of the bore 

compressed air to the inlet fnting 
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I 5.18 Exploded vlew of a iyplcal callper assembly (latar style ATE callper shown, others similar) 

1 Bmke disc 5 Pad spreader sprlng 9 Piston 13 Nut 
2 Alien bolt 6 Prston retarning plate I IF Rubber seal 74 Brake pad retaming pin 
3 Caliper outer housrng 7 Dust boot mtaning ring I 1  O-ring 7 5 Bteeder valve 
4 Brake pad 8 PtsXon dust boot 12 Caliper inner housing 16 Bleeder v8lv.e dust cap 

9 Pry out the dust h o t  retain~ng rlngs and 
the dust boots with a small screwdriver (see 
illwtrations). 
10 Lock one plston Into place with a pair of 
adjustable or locking pliers, position a 1/4 to 
318-Inch thick wood block or several rags in 
the caliper as a cushion, then use com- 
pressed air to remove the piston from the 
caliper (see illustration). Use only enough alr 
pressure to ease the piston out of the bore. rf 
the piston is blown out, even with the ~ushlon 
In place, It may be damaged. Warning: Never 
place your frngers in front of the piston rn an 
ettempi to catch or protect it when applying 
compressed air, as serious injury could occur. 
Note: Once a piston is removed, no elr pres- 
sum can build up fo remove the other piston, 
so sewice one pisten, seal and bore at a time. 
11 Ustng a wood or plastic tool, remove the 
plston seal from the groove in the caliper 
bore (see illustration). Metal tools may 
cause bore damage. 
72 Clean the plston and the bore with brake 
system cleaner or denatured alcohol. Inspect 
the plston and bore for nicks, rust, loss of 
plating or other damage. If the piston is dam- 
aged. replace It. If the bore is sllghtly cor- 
roded or stained, llghtly polish it w~th crocus 
cloth. If that doesn't clean it up, replace the 
caliper - the bore can't be honed. 
13 Coat the plston bore and the new seal 
with clean brake fluid. 
14 lnstall the new seal. 
15 Lubrrcate the ptston with clean brake 
fluld. Place the piston in position so it's 
square w~th the bore and try to push it Into 

the bore with your thumbs. If it's drfficult to 
depress, you can use a pair af adjustable pli- 
ers ar a large screwdriver to depress nt. Just 
be SURE you don't cock the piston in its 
bore. Push it all the way in until it stops. 
16 Repeat Steps 10 through 15 for the 
ather piston, seal and bore. 
17 If the callper Is an ATE unit and was 
leaking along its seam when you inspected it, 
the folkowing sequence describes how to  
separate the two caliper halves and replace 
the O-rings. If the callper Is a Gihlng unit, sk~p 
this part and proceed to Step 25. 
18 Remove the four Allen bolts which hold 
the two halves of the housing together and 
pull the two halves apart {sea Ellustmtlon). 
19 Remove the old O-rfnqs. 

5.23 When you tighten 
the four Allen bolts for 

the ATE caliper 
halves, tighten them 
evenly and gradually 

In this order, then 
check the alignment 

of the halves 

20 Clean the caliper halves In brake system 
cleaner or denatured alcohol. 
21 Install the new O-r~ngs. 
22 Uslng NEW Allen bolts and nuts, reat- 
tach the two caliper halves together. There 
are two long bolts and two short ones - the 
short ones go in the outer holes. 
23 Check the atignrnent of the two halves, 
then tighten the four bolts, in the sequence 
shown (see illustration), to the torque l~sted 
in this Chapter's Specif~cat~ons. 
24 Check the alignment of the two caliper 
halves again. If ~ t ' s  off, loosen the bolts, 
real~gn the two halves and retighten the bolts 
In the specified sequence. 
25 Install a new dust boot and retalnlng ring 
on each piston. 
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6,2 After detaching the calipr, hang It fmm the tle-rod wlth a 
piace of wire - don't ever hang the caliper by the brake hose! 

6.3 The brake pads hicle were obviousjy neglected, as 
they wore deep g D the disc - wear thrs severe wBI 

requlre replacement of the disc 

Installation 
8 Brake disc - inspection, removal 

and Installation 

remove the dlsc and have tt reflnlshed by an 
automotive machlne shop. Be sure to check 
both srdes of the disc. If you've noticed pul- 
sating when applying the brakes, suspect 
disc runout. Be sure ta check the wheel beer- 
lngs to make sure they're properly adlusted 
(see Chapter 1). 
4 To check disc runout, place a dlal indl- 
catw at a pant about 112-Inch from the outer 
edge ~f the disc (see illustration). Set the 
indicator to zero and turn the disc. The Indl- 
cator reading should not exceed the runout 
Ilmlt listed In this Chapter's Specifications. If 
It does, the disc needs refin~shing (can be 
done by an automotive machine shop) or the 
wheel bearing is damaged or out of adjust- 
ment. Note: Professionals recommend msur- 
facing of  brake d~scs regardless of the dial 
indicator reading (to produce a smooth, flat 
surface that will eliminate brake pedal pulsa- 
tions and other undesjrable symptoms related 
to questionable discs). At the very Eeast, if you 
ebct not to have the d~scs resurfaced, 
deglaze them with Sandpaper or emery cloth 

26 If the caliper I3 a Girling unlt, Install the 
brake pads (see Section 4). 
27 Install the caliper, a new lock prate and 
new caliper mountkng bolts. 
Tighten the bolts to the torque listed In this 
Chapter" Specificat~ons. Bend t h e  tabs on 
the lock plate up to prevent the bolts from 
backlng out. 
28 If the caliper is an ATE unlt, Install the 
brake pads (see Section 4). 
29 Reattach the brake line threaded ftltlng 
and tighten it securely. 
30 lnstall the wheels and lower the vehicle. 
T~ghten the lug bolts to the torque listed in 
the Chapter 1 Specif~cations. 
31 Add brake fluld to the reservoir and 
bleed the brake system (see Section 9). 
32 After the job has been completed, fjrmly 
depress the brake pedal a few t~mes to bring 
the pads Into contact with the disc. 
33 Check the operation of the brakes 
before driving the vetlicle in trafftc. 

Inspection 
Refer to iliustrations 6.2, 6.3, 6.4a. 6.4b and 
6.5 
1 Loosen the wheel lug bolts. raise the 
vehicle and support it securely on jackstands 
Remove the  wheel. 
2 Remove the brake caliper (see Saction 5). 
It's not necessary to d~sconnect the brake 
hose, After removing the caliper bolts, sus- 
pend the callper out of the way wlth a plece of 
wire (see fllustratlon). Don't let the caliper 
hang by the hose and don7 stretch or twist the 
hose. 
3 Inspect the disc surface for score marks 
and other damage (see Illustration). Light 
scratches and shallow grooves ~ndicate nor- 
mal wear and aren't necessarily detrimental 
to brake operation. But ~f the; d~sc has deep 
score marks - over O.DI5-inch (0.38 mm) - 

6.4a Use a dial lnd~cator to check disc runout (this IS tfie rectory 6.4b If you decide to sklp machining, be sure to break the glaze 
setup from ATE - an Indicator with a magnetlo base on the disc surface with emery cloth or sandpaper 

wlll work just as well) 
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- 

6.5 Check the thickness of the disc with a micrometer 7.3 The master cylinder is  located on the left s~de oF the pan, 

I 
at several points bolted to  the firewall 

(use a swirling motion to ensure e nondirec- 
tional finish) {see illustration). 
5 The disc must not be machlned to a 
thickness less than the minimum thickness 
listed rn this Chapter's Specifications. The 
mrnimum thickness is also cast or stamped 
into the disc. The disc thickness can be 
checked wrth a micrometer (see illustration). 

Removal 
6 See Chapter 1, Sect~on 32, for the 
hub/d~sc removal procedure. 

lns faila tion 
7 Install the disclhub assembly and adjust 
the wheel bearing (see Chapter 1). 
8 Install the caliper (see Section 5) and 
brake pad assembly (see Section 4). 
9 Install the wheel, then lower the vehicle 
to the ground. T~ghten the lug bolts to the 
torque Itsted In the Chapter 7 Specrfications. 
Depress the brake pedal a few times to bring 
the brake pads into contact with the disc. 
Bleedlng the system isn't necessary unless 
the brake hose was disconnected from the 
caliper. Check the operation of the brakes 
carefully before dnving. 

7 Master cylinder - removal, 
overhaul and instalfation 

-- - 

Note: Several d~fferent master cylinders have 
been used on the vehicles covered by this 
manual, Earlier versions are stngle-circuit 
desrgns; later unrts are dual-crrcvit types. !f 
you're buyrng a rebuild kit, or a rebuiit masW 
cylinder, make sure you get the right compo- 
nents, It's a good rdea to take your master 
cylinder wrth you to the auto parts store to 
prevent confusion. Also, if you 're rebuilding 
the master cylmder, don't discard the internal 
parts nght away. Instead, lay them out in the 
exact o& m which you remove them. Even 
though you're going to replace them with the 
parts in the rebuild kit, this will help you instali 
everything In the correct sequence. And if  - 
affer comparing the old parts with the parts In 
the rebuild kit - anythng from the rebu~ld kit is 

missing. you'li know you have the wrong kit. 
Finally, be aware that more than one vendor 
manufact~res master cylinders for these vehr- 
cles. It's okay to swap entire master cylinders, 
but don't try So swap the internals o f  one 
brand for another - they won Y fit 

Removal 
Refer to illustration 7.3 
1 Remove the fluid from the master cyfin- 
der reservoir with a synnge. 
2 Loosen the left front wheel lug bolts, 
raise the vehlcle and place ~t securely on 
jackstands. Remove the left front wheel. 
3 You'll find the master cyl~nder on the 
pan, immediately in front of the flrewall 
between the passenger compartment and 
the luggage compartment (me illustration). 
4 Clearly label the wires from the brake 
light and fluid warnlng switches, then discon- 
nect them. 
5 Have some rags handy. Pull out the rub- 
ber plug(s) and elbow(s) for the lines between 
the reservoir and the master cylinder (in the 
top of the master cylinder) and place rags 
under them to soak up the brake fluid in the 
Hnes. 
6 Using a flare nut wrench, disconnect the 
threaded f~ttings for the brake lines. Plug the 
ends of the lines to prevent contamination 

from dirt or water. 
7 Inside the passenger compartment, 
locate the master cylinder pushrod pin that 
connects the master cykinder pushrod to the 
brake pedal. Bend the clip up and remove 
this pin (see Chapter 8. Section 3). 
8 Remove the brake pedal stop plate (see 
Chapter 8, Section 3). 
9 Remove the pushrod (see Illustra- 
tion 7.13). Warning: Don't loosen the locknut 
on the pushrod The factory has set Me over- 
all length of the pushrod and / t  must not be 
changed. 
10 Remove the master cylinder mounting 
bolt?.. 
11 Remove the master cylinder. 

Single-circuit master cylinder 
Refer to ilEustration 7.13 
12 Clean the master cyllnder with dena- 
tured alcohol. 
13 Remove the rubber boot, the lock ring 
and the stop washer (see illustration). 
14 Remove the piston. If ~t 's stuck, plug all 

7.13 Exploded view of a Zyptcal single-circuit master cylinder 

I Pushrod 6 Piston 1 7  Washer for plug 
2 Boot 7 Piston washer 12 Sealing plug 
3 Lockdhg 8 Primary cup 13 Cylrnder housing 
4 Stop washer 9 Return spring 14 Brake lrght swltch 
5 Secondary cup 10 Checkvalve 
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7.18 Exploded view of a typical dual-circuit master eyllnder 

1 Boot 8 Washer 15 CUP 22 Spring 
2 Lock nng S Cup 76 Cup 23 Plug 
3 Stop washer 10 Spring seat 17 Primary plston 24 Seal 
4 Stop screw I 7 Sprhg support r h g  78 Washer 25 Spring 
5 Stop screw seal 12 Spnng 79 Cup 26 Cup seal 
6 Secondary p~ston cup 13 Stop sleeve 20 Spring seat 27 Piston 
7 Secondary prston 14 Stroke lrmrt/ng screw 2 1 Spring supporl ring 

holes and force the plston out with com- 
pressed air (point the end of the master cylin- 
der into a pile of rags, lust in case rt comes 
out w~th force). It doesn't take much pressure 
- even a hand pump will do the trick. Wear 
safety goggles to protect your eyes just In 
case any residual brake fluid inside the mas- 
ter cylinder squirts out. Note: If the piston is 
stuck, pay parfrcular attent~on to the bore of 
the master cylfnder upon disassembly - it may 
be pitted or rusty (see Step 23). 
75 Remove the plston washer, primary cup. 
return spring and check valve. 
76 Remove the brake ijght switch. 

Dual-circuit master cylinder 
Refer  to iflustration 7.1 8 
17 Clean the master cy4Fnder with dena- 
tured alcohol. 
78 Remove the rubber boot, the lock ring 
and the stop washer (see Il!ushation). f.24a Cutaway of a typFcal single-port master cylinder 
19 Remove the stop screw and the stop 
screw seal. 
20 Remove the secondary [rear) piston cup, 
the piston, the washer, the cup, the spring 
seat, the spring support ring, the rear piston 
spring, the stop sleeve, the stroke limiting 
screw and the other cup. If the piston is 

7 Piston 
2 Intake port (fluid from reservoir) 
3 Piston washer 
4 Primary cup seal 
5 Checkvalve 
6 Check valve spring 

7 Compensating port (excess fluid back 
to reservoir) 

8 Secondary cup seal 
9 Stop plate 

10 Lock ring 
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7.24b Cutaway of a typlcal dual-port master cylinder 

I Secondary compensating port 8 Cup seal 
2 Primary compensating port 9 Secondary pressure chamber 
3 Pushrod 70 Rubberboot 
4 Prirnaty piston I I Cylinder body 
5 CUP seal 12 Secondary p~ston return spring 
6 Primary pressure chamber 13 Primary piston return spring 
7 Secondary piston (front bmke system) 14 Stopscrew 

7.28a f he clearance 
between the pushrod and 

the piston recess 
(dimension "s") is set at 

the factory by the overall 
length of the pushrod SJL 

stuck, see Step 14 above. 
21 Remove the prlmaty (front) plston cup, 
the p~ston, the washer, the other cup, the 
spring seat, the spring support rtng and the 
spring. If the piston is stuck, see Step 1 5  
above. 
22 On some master cyltnders (late 1967 
through 1971). there's an auxillary chamber 
with two small pistons which operate a 
switch controlling a warning llght on the 
instrument cluster. To disassemble thls part 

7.2Bb To set dimension "s" in Fig. 7.28a, 
move the brake pedal stop plate 

backward or forward to produce a 
freeplay of 3/16 ta 9132-inch (5 to 7 mm) at 
the top of the brake pedal (dimension "x") 

- 

of the master cylinder, unscrew the plug and 
remove the seal, spring, cup seal, the two 
pistons, the other cup seal and the other 
sprlng. 

All master cylinders 
Refer to rliustrations 7.24a and 7.24b 
23 Clean the master cylinder with dena- 
tured alcohol or brake system cleaner. Don't 
use gasoline. kerosene or any petroleum- 
based solvent. Inspect the cyllnder &re for 
corrosion, pitting and scoring. Remove light 
scratches and corrosion with crocus cloth. If 
that doesn't clean up the bore, replace the 

I 
I - .  
' -- - -- -. -. 

8.1 If you frnd a brake hose that looks 
l ~ k e  this -dried and cracked - 

replace it immediately! 

master cylinder. 
24 Insert a small coprJer - not steel - wire 
through the compensating ports and intake 
ports [see Illustrations) Sleel wire might 
damage the walls of the ports. Make sure 
there are no burrs at the bottom ot these 
ports which might damage the cup($. 
25 Lubricate the master cylinder walk with 
brake fluid. Do NOT use mineral oil or grease. 
They'll attack rubber brake parts. 
26 Reassembly is the reverse of dis;rssern- 
bly. Make sure you reassemble the master 
cyl~nder in the exact reverse order In whtch ~t 
was dtsassembled. 

Installation 
Refer to illustrations 7.28a and 7.28b 
27 lnstallatlon is the reverse of removal. 
Use a new ctip to securs the pushrod-to- 
brake pedal clevis pin. 
28 Volkswagen has set the length of the 
pushrod so there's 0.04 inch (1 mm) clearance 
between the tip of the rod and the recess in 
the rear of the piston (see illustration). This 
clearance is adequate to keep the compensal- 
ing port open between brake appl~cations, to 
bleed off hot (expanding) brake fluid which 
could othewise cause the brakes to drag. As 
long as you're not pushing on the brake pedal, 
the piston won't move forward and close the 
port. Obviously, the pushrod-to-piston recess 
clearance IS critical. Anytime you remove the 
master cylinder, you should check and, if nec- 
essary, adjust it. But don't adjust It by Iwsen- 
n g  the locknut on the pushmd. Reposition the 
brake pedal stop plate so that the brake pedai 
has 311 6 to 9132-inch (5 to 7 mm) heplay (see 
illustration). This wlll produce the specified 
clearance between the pushrod and the piston 
recess. 

8 Brake hoses and lines - 
inspection and replacement 

Inspection 
Refer to illusfratlon 8.1 
1 About every six months, or whenever 
there" brake trouble or you're servicing the 
brakes, raise the vehfcle, place it on jack- 
stands and inspect the rubber hoses which 
connect the s te l  breke lines with the front and 
rear brake assemblies. These are important 
and vulnerable parts of the brake system, so 
conduct a thorough inspection (a light and 9 
mlnor are helpful). Look for cracks, chafing of 
the outer cover, leaks, blisters and other dam- 
age (see il~ustration). If a hose exhiblts any of 
the above condbt~ons, replace it. 

Replacement 
Brake hoses 
Refer to rllustmtrons 8.3a and 8.3b 
2 Loosen the wheel lug bolts. Ralse the 
end of the veh~cle you're working on and 
place ~t securely on jackslands. Remove the 
wheel. 
3 Using a flare nut wrench, disconnect the 
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8.3a To disconnect the front brake hose 
from the metal line, loosen the fitt~ng with 
a flare nut wrench, pry off the tl-clip that 

secures the female hose fitting to the 
bracket and slide the connection 

out of the bracket 

metal brake line from the hose fitting Isee 
Illustrations). Don? bend the frame bracket 
or the metal brake line. If the fitt~ng is very 
tight and the h c k e t  starts to bend, place an 
open end wrench on the hose fitting. 
4 Pry the U-clip from the female fitting at 
the bracket, then detach the hose from the 
bracket. 
5 Unscrew the brake hose from the wheel 
cylinder or (on soma Karmann Ghlas) the disc 
brake caliper. 
6 To install the hose, screw the threaded 
fitting Into the wheel cylinder or caliper and 
tighten it securely. 
7 Without twisting the hose, install the 
female fitting in the hose bracket. It will fit the 
bracket in only one positlon. 
8 Install the V-clip retaining the female fit- 
ting to the frame bracket. 
9 Using a flare nut wrench, attach the 
metal brake line to the hose fithng. 
10 When the brake hose installation is 
complete, there should be no ktnks in the 
hose. Make sure the hose doesn't contact 
any part of the suspensron. Check this by 
turning the wheels to the extreme left and 
right pos~tions. If the hose makes contact, 
remove ~t and correct the installation as nec- 
essary. 
I t  Fill the master cylinder reservorr and 
bleed the system (see Sect- ton 9). 

Metal brake lines. 
12 When replacing brake llnes be sure to 
use the correct parts. Oon't use copper tub- 
Ing for any brake system components. Pur- 
chase steel brake llnes from a dealer or auto 
Darts store. 

8.3b Disconnect the rear brake I~ose and 
metal brake line the same way as the front 

hot components. 
15 Afier installallon, check the fluid level In 
the master cylinder and add fluid as neces- 
sary. Bleed the brake system as outlined m 
the next Section and test the brakes carefully 
before dnvlng the vehicle In traffic. 

9 Brake system bleeding 

Refer to illustration 9.7 
Wamlng: Wear eye protection when bleedlng 
the brake system. If the fluEd comes in con- 
tact with your eyes, immediately rinse them 
with water and seek rnedjcal attention. 
Note: Bleeding the hydraulic sysfem is nec- 
essary to remove any arr that manages to find 
rts way into the system when it's been 
opened during removal and lnstallatlon of a 
hose, /me, calrper ar master cylinder. 
1 It will probably be necessary to bleed 
the system at all four brakes if air has entered 
the system due to low fluid level, or if the 
brake lines have been disconnected at the 
master cylinder. 
2 If a brake l~ne was disconnected at only 
one wheel, then only that callper or wheel 
cylfndet must be bled. 
3 A a brake line is disconnected at a fitting 
located between the master cylinder and any 
of the brakes, that part of the system sewed 
by the disconnected line must be bled. 
4 Remove the master cylinder reservoir 
cover and flll the reservoir with the recorn- 
mended brake fluid (see Chapter I). Reinstall 
the cover. Note: Check the fluid level often 
during the bleeding operation and add fluid 

9.7 When hleecltng the brakes, a hose IS 

connected to the bleeder valve at the 
wheel cylinder (or caliper) and then 

submerged in brake fluid - air will be seen 
as bubbles in the hose and container 

when the pedal is depressed and 
the bleeder valve is opened I 

open and close the bleeder valve. 
6 Beginning at the rtght rear wheel, loosen 
the bleeder valve sl~ghtly, then tighten it to a 
point where it's snug but can be loosened 
quickly and easily. 
7 Place one end of the tubing over the 
bleeder valve and submerge the other md In 
brake fluid In the container (see illustrtretlm]. 
8 Have the assistant pump the brakes 
slowly a few times to get pressure in the sys- 
tem, then depress the pedal f~rrnly and hold it 
down. 
9 While the pedal IS depressed, open the 
bleeder valve just enough ta allow a flow of 
fluid to leave the valve. Watch for air bubbles 
to axit the submerged end of the tube. When 
the fluid flow slows after a couple of seconds: 
close the valve and have your assistant 
release the pedal. 
10 Repeat Steps 8 and 9 unt~l no more air 
bubbles appear In the tube, then tighten the 
bleeder valve and proceed ta the left rear 
wheel, the nqht front wheel and the left front 
wheel, In that order, and perform the same 
procedure. Be sure to check the flu~d in the 
master cylinder reservoir frequently. 
11 Never use old brake fluid. It contains 
moisture whrch will deteriorate the brake sys- 
tem components 
12 Refill the master cylinder with fluid at the 
end of the operation. 
13 Check the operation of the brakes. The 
pedal should feel solid when depressed, with 
no sponglness. If necessary, repeat the entire 
process. Warning: Do not opemfe the vehicle 
if you are ~n doubt about the effectiveness of 
the brake system. 

i 3  Prefabricated brake Tins, with the tube 8s necessary to the fluid /eve1 from 
ends already flared and fittings Installed, is fafling low enough to al!ow air bubbles into 
available at auto parts stores and dealers. the master cyl~nder. 30 Brake pedal - removal and 

These lines are also bent to the orooer 5 Have an assistant on hand, as well as a installation 
. . .  r - r -  

shapes. supply of new brake fluid, a clear contamer 
14 When instalung the new Ilne make sure partially filled w~th clean brake fluld, a length See Chapter B, Section 3, forthe brake pedal 
it's securely supported in the brackets and of 3116-inch plast~c, rubber or vrnyl tubing to removal and ~nstallation procedure. 
has plenty of clearance between moving or fit over the bleeder valve and a wrench to 
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17.3 Remove the locknuts and adjusting 
nuts from the perking brake cables and 
remove the compensating lever (arrow) 

I? Parklng brake lever - removal 
and installation 

Removal 
1 On 1967 and earlier models, rerfiove the 
front seats (see Chapter I t )  and the rear Roar 
covering. 
2 Remove the rubber dust boot from the 
parking brake laver. 
3 Remove the locknut and adlustlng nut 
from each cable (see Illustration). 
4 Remove the compensating lever. 
5 Remove the snap-ring from the levar 
plvot pln and take out the pin (see illustra- 
tlwr). 
6 Push the lever to the rear and lift it out 
(see Illustration). Cautlon: Don't press the 
release button as you're lifting the Sever out, 
or the ratchet segment inside the bottom of 
the lever assembly will fall into the tunnel. 
7 Place one hand under the ratchet seg- 
ment, press the release button and remove 
the ratchet segment. 
8 Disassemble the lever and clean the pawl 
rod, release button, pawl spring and ratchet 
segment. Grease all parts and reassemble. 

Install. tion 
9 Insert the ratchet segment so that the 
recess flts over the tube in the lever (see illue- 
tratlon, point A) and the teeth engage In the 
pawl. Make sure the rounded end of the pawl 
Is posit~oned correctly (point B In Illustration). 
10 Reposition the lever and insert the 
threaded ends of the cables through the 
cable guides. As you insert the lever, make 
sure the slot in the front of the ratchet seg- 
ment engages the frame edge (point C in 
IHustrat~on 1 f -9). 
11 Grease the laver pin, Install It and secure 
It with the snap-ring. 
12 Tnstall the compensating lever. 
13 Install the cabre adjusting nuts and lock- 
nuts !oosely. 
14 Adjust the cables (see Section 12). 
75 Install the lever dust boot. 

11.5 Remove the snap-rtng from the 
parking brake lever pivot pin 

and remove the pin 

16 On 1967 and earllot models, install the 
rear floor covering and the front seats. 
17 Check the operstlon of the parklng 
brake. 

12 Parking brake cable - 
replacement and adlustment 

Note: The parking bmke should be adjusted 
whenever the sear brake shoes have worn 
enough to allow you to raise the lever five 
clicks without notleeable brakrng action. 
Although the compensating lever on top of 
the parking brake lever makes up for some of 
the difference in adjustment between the le f t  

and nght cables, It's essential that the cables 
be adlusted so thet the compensating lever ~s 

11.6 Without depress~ng the release 
button, tiH out the parking brake lever (H 

you depress the button before you get the 
lever out, the ratchet segment will fall Into 
the tunnel!) - attar you've got the lever out 

far enough, put your hand under the 
ratchet segment, push the release 
button and the ratchet segment 

wlll fall out of the laver 

horlzontal when the parking brake lever is 
wplied. If the rear breke shoes am edjustd 
pmper(y but the compnsating lever isn 't hor- 
izontal after adjustment of  the parking brake 
cables, one cable may be stretching and - if 
left in sewice - wiil eventuelly breek. If only 
one of the csbles is broken or damaged, you 
don't have to replace the other one, but one 
cable will be mow stmtehed than the other. 
It's easier to adjust two cables of the same 
age, so we recommend replacing both cables 
when one breaks. 

11.9 InrrZallatlon datals of a typlcal patklng brake lever 

I Parking brake lever 6 Frame 
2 Pawlrod 7 Pawl pln 
3 Bake cable 8 Pawl 
4 Compensatlng lever 9 Lewerpln 
5 Rmtchet segment $0 Cable guide tube 
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f 3.2 Electrical schematlc for 
early dual-circuit type brake 

llght wRches - wjre "a" goes 
to termlnal f 5, wlre "b" goes to 
the brake ligMs; switch at left 
is for Irant wheels, switch at 

right is for rear wheels 

I 

I I 13.7 Electrical schematic for early 
dual-circuit type brake light 

switches and warning light switch - 
a b 

wlre "a" goes to terminal 15, wire 
"b'90 brake lights 

Replacement 18 On 1973 and later models, raise the 5 If either switch fails to turn on the brake 

1 Detach the cabfe(s) from the parking parklng brake lever three clicks, hold the lights, replace ~ t .  

brake lever (see Section 11). cable end with a screwdriver and tighten the 6 Bleed the brake system (see Section 9). 

2 Loosen the rear wheel lug bolts, raise adlusting nuts until you can just turn each 
rear wheel by hand. Braking effort must be Warning Ilght 

the vehicle, place it securely on jackstands 
equal on both sides. Refer to tilustration 13.7 

and mmove the rear wheel(s). 79 The compensating lever should hori- ? Turn the lgnition switch to On and test 
Remove the drum(s) and shoes zontal. If ,t isn't, replace the cables {see the wmlng light by pressing the pushbuttan 

(see Section 2). on the warning light lens (see illustration). 
4 Detach the cable clip fmtn the backing irtghten the locknuts secure,y, The, warning lrght should come an. If it does- 
plate' '''': If replschg both 21 the cover flaps for the adjusting n't, replace the bulb and retest. 
do one cable at a time so you'll have the other 

slots forward and install the rubber boat. 8 Remove the warning l~ght switch from 
cable as a reassembly guide. the master cylinder (see Section 7). Cavtlon: 
5 Pull the rear end of the cable and guide Make sure you don't remove one of the brake 
hose out of the backing plate and pull the 13 Brake IigWwarning light switch - light switches by rnfst~ke. 
front end of the cable out of the guide tube, check and replacement 9 Depress the plunger on the warning light 
6 Clean the cable and guide tube. swItch and note whether the light comes on. 
7 On models manufactured since Aug- If ~t doesn't, replace the switch. It isn't neces- 
ust 1. 1966, the rear wheel track is wider. Single-cirwit and early due/- to the aner replacing 
These models have longer parktng brake c j n ~ j f  systems warning light swltch. 
cables. Compare the lengths of the new 
cable and the old cable to make sure you Brake light switch Later model dual-circuit 
have the right replacement cable. Refer to ~llustmtion 13.2 
8 Lubricate the cable wlth multi-purpose 1 Ralse the front of the vehicle and place it systems 
grease. securely on jackstands. Remove the left fmnt to I3-?I  
9 Thread the front end of the cable wheel. 10 On 1972 and later models, the  warning 
through the gu~de tubs and the rear end of 2 Locate the master cylinder {see Set- flght switch is alimlnated and its functlon Is 
the cable through the brake backlng plate. tion 7) and disconnect the brake llght swltch Integrated Into the cfrcuit for the brake Ibht 
10 Install the brake shoes and attach the wires from the front swltch (single-circuit sys- switches. On these models, it ~sn't necessary 
park~ng brake cable to the lever on the rear tern) or for the front brake circuit (dual-circuit to functionally check the warning light by 
shoe (see Section 2). system) (see illustmtlon). pushrng the pushbutton en the lens. The 
11 Loosely install the cabfe adlusting nut 3 Turn the ignition switch to On and oper- warning I~ght comes on when the ignitlon is 

and locknut at the parking brake lever. ate the brake pedal. The brake llghts should turned to On and, just like the alternator and 
12 If you're replactng both cables, repeat come on. oil pressure warning lights, goes out once the 
Steps 4 through 11 for the other cable. 4 Reconnect the wlres. Disconnect the engine has started. 
13 Adjust the parking brake cable (see wires from the rear switch and repeat the test 11 The test for the circuit (see i l l ~ s t d i o n )  
below). in step 3. The brake lights should come on is essentially the same as for the earlier type 

agaln. (see Steps 1 through 5 above). 
Adjustment 
14 Adjust the rear brakes (see Section 2). 
15 Fold back the slots in the rubber dust 
boot on the parking brake lever ta get at the 
cable locknuts and adjusting nuts. 
16 Insert a screwdriver In the slotted end of 
the cable and loosen tho cable locknuts (see 
Section 11). 
17 On 1972 and earlier models, tlghten the 
adjusting nuts on both cables until the rear 
brake shoes stop the rear wheels fmm turning, 
then back off the adjusting nuts half a tum, or 
unt~l the wheels turn freely. Rarse the parking 
brake Fever two clicks and verify that braking 
effort is the same on both rear wheels. Pull the 
lever up two or three more clicks - you should 
no longw be able to turn the wheels by hand. 

t3.11 Elnctrlcal schematic 
for later dual-circuit types 

combination brake 
IigMlwarning light switches 

A Brake light switches 
3 Dual-cjrcuit brake 

warning light 
C Electronic swltch 
a To terminal 75 
b To brake Irgh fs 
c From regulator switch 

(temina! 6 I) 
d To ground 
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Specifications 

General 
Offset between upper and lower torsion arms ........................................ 
Balljoint play 

.................................................................................... Upper balfloint 
Lower balljoint .................................................................................... 

Spring plats setting angles 
Swing axle models 

Without equalizer sprlng ............................................................... 
With equalizer sprlng .................................................................... 

Drivemle models ..................................................................................... 

I Toque specifications 
I Front suspension 

Balljoint nuts/bolts 
Torsion bar models 

10 mrn nuts ................................................................................... 
12 mm nuts ........................ .. ...................................................... 

MacPherson strut models 
Strut-to-balljoint bolts ................................................................... 
Self-locking nut on balljoint stud (pre-7974) ................................. 
Clamp bolt for batljoint stud (1 974 on] .......................................... 

Strut-to-steering knuckle bolts (1 974 on) ................................................ 
Strut-to-body nuts ................................................................................... 
Strut piston rod nut 

1973 and earlfer ............. ., ................................................................... 
1974 on .............................................................................................. 

Fron? axle beam mounting bolts 
Axle-to-frame head bolts .................................................................. 

............................................................................. Body-to-axle bolts 
Control arm 

Castellated nut for stabilizer bar ........................................................ 
Self-locking nut on eccentric bolt ...................................................... 

Rear suspension 
.................................................................................... Spring plate bolts 

Diagonal arm pivot bolt ........................................................................... 

0.08 in (2.0 rnm) 
0.04 in (1.0 mm) 
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Steering 
... Worm-and-roller steeri , = 

....................................... Steering worm adjustment screw locknut 
............................................... Roller shaft adjustment screw locknut 

................................ Steering gear clamp harts (torsion bar models) 
Steering gear rnount~ng bolts (MacPherson 

................................................................................. strut models) 
................................................................ Universal joint self-locking nut 

Rack-and-pinion steering gear 
.............................. Side member bracket bolts ..... 

......................... .......................... Steering gear-to-bracket bolts .. 
............................ ........................ Tie-rod-to-steering rack bolts .. 

................................................................................... Steering wheel nut 
........................................................ Castellated tie-rod nuts (all models) 

Pitman arm nut ....................................................................................... 
..................................................................... Idler arm self-locking nut 

with torsion bar front ends. A MacPherson 
1 General information stmt front end was introduced ~n 2968 on the 

Supsr Beetle with Automatic Stick Shift, but 

Front suspension 1968 Super Beetles wrth manual transaxles 
and some 1969 and t 870 Super Beetles have 

Refer to illustrations 1.2 and 1.5 the torsion bar front end. All 1971 and later 
,411 pre-7 968 and many -7968 and later Super Beetles and convertibles have 

Beetles and Karrnann Ghias are equipped MacPherson struts. 

On torsion bar models, the front axle is a I 
rigid beam with pivoting members (see Illus- 
trztlons). The beam is constnrcted from two 
steel tubes. one above the other. welded into 
a rectangular assembly with four stamped , 

steel crossmembers. The outer crossmem- 
bers between the tubes, known as side 
plates /or shack towers), also serve as the ( 

1.2 h t a l l s  of the torslon bar front suspenston system wkh balljolnts 

Fmnt ~ 1 8  beam 9 Torsion bar 16 Speedometer ceble .22 Pitmen am 
Stabillrer bar 10 Shack ebsorber 17 Dustcsp 23 Dampenlng rlng 
Steering gear 1 7  Steering knu~kle 18 Upper bai(lo1nt 24 Rubber stop 
Tie-mds 12 Inner wheef beadng 19 Lower belljoint 25 Wheal lock stop 
Steenng damper 13 Outer wheel bearing 20 Eccentrrc bushing for 26 Plastic sealing and metal 
Tomon arm 14 Torslon a m  sea! camber adjustment bushing 
Brake drum 15 Torsion arm needle 21 Clamp nuf for wheel 
Brake backlng plate bearing h r l n g  adjustment 
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upper mounting points for tha shock 
absorbers. Inside each axle tube 1s a torsion 
bar, consist~ng of 10 spring steel leavas. 

A torsion a m  is attached to each end nf 
the axle tube The Inner ends of the torsion 
arms have square holes cut Into them to f ~ t  
onto the outer ends of the torsidn bars. Set 
screws secure the arms to the bars. On pre- 
1966 models, the outer ends of the torsion 
arms are attached to the steering knuckle 
with a paw of Itnkpins: on 1966 and dater rnod- 
el$, theyke attached with balljoints. The lower 
torslon arms are linked by a stabilizer bar. 
The shock absorbers are mounted between 
the lower torsion arms and the upper shock 
mounts, or sideplates. 

If the axle, body or frame are bent or 

damaged in an accident. you can unbolt the 
entire front end from the frame head and 
remove it as a s~ngle unit for replacement, or 
for repairs to the front of the vehtcle (see Sec- 
tion 9). 

On MacPherson strut models, the tor- 
sion bar front end, and the frame head to 
which it's attached, are replaced by a new 
frame head which provldes the inner mount- 
ing points for a palr of control arms [see 
illustration). The outer ends of thsse controt 
arms are attached to the lower ends of the 
steering knuckles with balljoints. The steering 
knuckles are bolted to the leww ends of the 
MacPherson struts. The upper ends of the 
struts are bolted to the vehicle body, The 
control arms ave linked by a stabifizer bar. 

Rear sus 
Refer to iNus 

lpensior 
tmtion 1.8 

, All pre-IYPY models, except the 7968 
Super Beetle w~th Automatic Stick Shift, are 
squipped with swing axles at the rear. The 
1968 Super Beetle w~th Automat~c Stick Shift 
and all 1969 and later models are equipped 
with driveaxles w ~ t h  constant veloc~ty (CV) 
joints. 

Regardless of axle type, the rear wheds 
are Independently sprung on all models. A 
splined tube welded to the rear crcrssrnembw 
of the frame anchors transverse torsion bars 
at their lnner ends. The splined outer ends of 
the torsion bars carry hubbed sprlng plates, 
to which the axle tube (swing axle models) or 
dlagonaf arm (driveaxle models) is attached. 

1.5 Details of the ear l i~ r  strut-type front suspenslan with worm-and-roller steering 

I Ball thrust bearing 7 Idler arm 
2 Rubber bump stop & Tie-rod 
3 Strut assembly 9 Stabilizer bar 
4 Balljotnt 10 Frame head 
5 Steenng knuckle 7 1 Center tie-rod 
6 Idler arm bracket 12 Steering damper 

13 Camber adjustment 7 7 Steerlng column switch 
eccentric bolt houslng 

14 Controlam 7 8 Steering column tube 
75 Pitman arm 79 Universal joint 
18 Steering gear 20 Intermediate shaft 
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The splined hubs at mds of the 
spring plates also allc s~on adiust- 
ment. Shock absorber, bL.l r 9 8  -amping. 

On 1967 and 1968 swlnq axle models. 
an equalizer sprlna {see illustration) pro- 
vides additional prouresslve sarrng act~on to 
assist the  torsion bars when the vehicle is 
loaded down. Recavse rts operating levers 
slant in opposifp dlrectrons, the action of the 
equalizer sprlnq doesn't affect body roll, so 
the front end 0' the vehicle is able to absorb 
more roll to provide improved cornering. 

On later models with driveaxles and CV 
joints, a par of large trailing arms, known as 
diagonal arms, absorb lateral forces gener- 
ated by the outer ends of the driveaxles and 
transfer them to the frame. The rear suspen- 
sions on early and later models are othetwise 
fa~rly s~m~lar 

Steering 
All 1954 through 1974 Beetles and 

Super Beetles are equ~pped with a wom- 
and-roller steering gear. The Pitman a m  
moves the steering knuckles through 
adjustable tie-rods. A steerlng damper 
reduces road shock tn the steering wheel. 

1971 through I975 Super Beetle models 
also use a won-and-roller steer~ng gear, but 
the linkage IS different from the Beetle unit. 
me Pitman arm moves a center he-rod, sup- 
ported at the other end by an idler arm. The 
center tie-rod moves the steering knuckles 
through adlustable outer t~e-rods. A steering 
damper reduces road shock to the steering 
wheel. 

All 1975 and later Super Beetles have 
rack-and-ptnion stwnng. Outer tie-rods relay 
the movement of the rack to the steermg 
knuckles. 

2 Front shock absorbers - removal 
and instal lat ion 

1 Loosen the wheel lug bolts, raise the 
front of the vehicle, place rt securely on jack- 
stands and block the rear wheels. 
2 Remove the front wheels. 

1965 and earlier models 
(kingpin fype fmnt end) 
Refer to ~/Iustratrons 2 .3  and 2.36 
3 Remove the upper and lower shock 
rnountlng bolts [see ilrustratlans) and 
remove the shock. InstalCation is the reverse 
of removal. 

1966 and later models 
(bailjoint type front end) 
Refer to 11Eustrattons 2.4a, 2.46, 2.7a, 2.7b 
and 2.12 
4 Place a floor jack under the torsion arm 
and raise the arm just enough to release ten- 
slon from the torslon bar. Remove the nut 
that attaches the shock absorber to the 
shock tower. If you" not using an air tool to 
break the nut loose. you'll probably need to 
use a back-up wrench (42 mm) on the buffer 

1.8 On 1967 and 1988 
swing axle models, an 

equalizer spring assists 
the rear torsion bars when 
the vehlele is under load 

I . .  .- I I -- -- 
2.3a To replace a front shock abso-r an 2.3h . . . and +LP lower rnountmq bolfbL' 1 

a l ~ n k p ~ n  type front end, remove the and remove the shock 
upper mounting bolt.. . 1 

*% 

2.4a Place a backup wrench on the buffer 
stud and remove the nut on top 

stud screwed Into the end of the damper rod 
(see illustration). If you can't loosen the 
upper nut, sltde the plastic cover and rubber 
buffer down the shaft. grasp the lower end of 
the buffer stud with a pair of pliea and, ustng 
an open end wrench, screw the damper rod 
out of the buffer stud (see illustration). 
5 Remove the nut from the rnount~ng pin 
on the lower torsion am.  
6 Remove the shock absorber. 
7 If you're installtng a new shock, remove 
the buffer and buffer stud from the old shock 
(see Itlustration) and Install them an the new 
shock (see illustration). If either part IS worn. 
replace ~ t .  
8 If you're going to reuse the old shock, 
inspect the upper and lower mount~ng bush- 
ings and, if necessary, replace them. 
9 Inspect the mounting pin on the lower 
torsion arm. Replace tt if damaged. 

2.4b If you can't get the nut on top loose, 
slide the plastic cover and buffer down 

the damper rod, put a pair of pliers on the 
buffer stud and a wrench on the damper 
rod and unscrew the rod from the stud 

2.7a You'll need ta use a backup wrc 
to get the buffer stud aff the old shc 
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10 Apply a fight coat of multi-purpose 
grease to the mounting pin on the lower tor- 
sion arm. 
11 Slide the lower end of the shock 
absorber onto fhe mounting pin and install 
the nut, but don't tighten it completety yet. 
12 InstalF the damping ring (birshmg) on the 
buffer stud wrth the shoulder facing up [see 
illustration). 
13 Extend the piston damper rod up and 
push it through the hole in the shock tower. 
Install the second damping ring plate and the 
upper mounting nut. 
14 Raise the floor jack until the shock 
bump stop is firmly pressing agalnst the 
underside of the shock tower. Tighten the 
upper and lower mountlng nuts securely. 

Aft models 
15 Lower the floor jack and remove it, Install 
the wheel and tighten the wheel lug bolts 
snugly. Remove the jackstands and lower the 
vehicle. Tlghten the wheel lug bolts to the 
toque listed in the Chapter 1 Specifications. 

3 Struts - removal and installation 

Refer to illustrations 3.4, 3.5, 3.6 and 3. T 

Removal 
1 Loosen the wheel lug bolts, ralse the 
front of the veh~cle, place it securely on jack- 
stands and remove the wheels. 
2 P y  off the speedometer cable clrp from 
the left brake drum and pull out the 
speedometer cable through the back of the 
steering knuckle. 
3 Pry off the U-cllp from the threaded fit- 
tlng between the brake hose and the metal 
brake line and pull the fitting out of its bracket 
on the strut. Don't discannwt the fittlng or 
yau'll have to bleed the brakes? 
4 On 1968 through 1973 models, bend 
down the lockplates and remove the three 
bolts that hold the balljoint and steering 
knuckle on the strut {see illustmtion). 
5 On 1974 and later models, remove the 

2.7b Explod& view of a typical shock 
absorber for balljoint models 1 2 3 4 5 5 6 7  

I Shock absothr 
2 Oufertube 5 Bushlngs or damping rings tor pin 
3 Buffer 6 PFate for bushrngs 
4 Buffer stud or pin 7 Upper mounting nut 

2.12 Install t b  damplng rlng on the shock 
absorber before you sl~p the damper rod 
through the upper mounting hole in the 

shock tower 

two bolts and nuts that attach the strut to the 
steer~ng knuckle (see Hlustration). 
6 Pull the strut off the steertng knuckle. 
On 1968 through 1973 models, install one 
bolt to support the knuckle whlle the strut's 
out (see Illustration). 
7 Working from inside the luggage com- 
partment, remove the three upper mounting 
nuts (see illustration). When you get to the 
th~rd nut, reach under the fender and hold the 
strut to prevent it from falling. 

8 Installation Is the raverse of removal. 'Use 
new lock plates for the three lower mounting 
bolts on 1968 through 1973 models. Tighten 

3.4 Exploded view of 1 W thmugh 1973 
MacPhemon &tnR and steering 

knuckle assembly 

I Stnrt 
2 Strut-to-knuckle bott 
3 L0~kp!8fe  
4 Steeting knuckle 
5 Balooint 
6 Contmt arm 
7 Self-locking nut 

I 

10 

3.6 On 1988 through 1973 models, put 3.7 Working from inside the luggage 

3.5 Remove the strut-to-steer~ng one of the strut-to-knuckle bolts back compartment, remove these t h r e ~  uwper 
knuckle bolts (arrows) through the knuckle mounting flange and mounting nuts - when you get to the th~rd  

screw it into the balljoint flange to support nut, reach under the fender and hold 
Zhe knuckle while the strut's removed the strut so it doesn't fall when you 

remove the nut 
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4.4 Install the spring c m p m  
according to the tool manufacturer's 

instrudons and compress the spring until 
all pressure Is relieved from the upper seat 

the three upper mounting nuts and the three, 
or two, lower mounting bolts to the torque 
listed in this Chapter's Spmrf~wt~ons. 
9 Repeat Steps 2 through 8 for the other 
side. 
10 Have the wheel alignment checked and, 
if necessary, adjusted after ~nstalllng the 
struts. 

4 Stms - replacement 

Refer to illustrations 4.4, 4.6, 4.7, 4.13 and 
4.16 
1 Remove the strut {see Section 3). 
2 Check the strut assembly for leaking 
fluid, dents, cracks or other obvious damage. 
Check the co~ l  spring for chips or cracks 
which could cause premature failure, and 
inspect the rubber components for hardness 
or general dsterioration. Complete strut 
assemblies are available on an exchange 
basis. This ellminates much time and wark. 
So. before disassembling the strut to replace 
indlvidual components, check on the avail- 
abhity of parts and the prrcs of a complete 
rebuilt unit. Warning: Disassembling a strut 
assembly rs a potentially dangerous undertak- 
mg. Utmost attention must be directed to the 
job, or serious lniury may result. Use only a 
high qual~ty spring compressor end carefully 
follow the manufacturer's instnrctions fur- 
nrshed with the tool. After removing the coil 
spring from the strut, set if aside in a safe, 
rsolated area (a ski cabinet is pmfemd). 
3 Place the strut In a bench vise. Be sure 
to line the jaws of the vise with wood, and 
don't tlghten the vlse excessively, or the strut 
tube could be damaged. Pry off the dust cap 
from the top of the strut. 
4 Install a spring compressor in accor- 

4.6 Using an offset box wrench and an 
Allen wrench as shown, remove the 

nut from the piston rod 

dance wrth the manufacturer's instructions 
(see illustration). 
5 If you're using the type of sprlng corn- 
pressor with two separate threaded rods, 
tighten them a few turns at a time, alternating 
back and forth. Continue to tighten the corn- 
pressor until there is no more spring tension 
on the sprrng seat (you'll be able to wiggle 
the spring). 
6 Using an offset box end wrench and an 
Allen wrench as shown, remove the mlf-lock- 
ing nut from the strut piston rod (see IllusIra- 
tion). 
7 Remove the components fmm the strut 
(see illustration). If the coil spring is to be 
replaced, gradually 100sen the CompESSQr, 
alternating back and forth, untll all tension Is 
removed from the spring. Remove the spring 
compressor. 
8 Inspect the rubber bump stop for cracks 
or deterioration. If It" sworn, replace It. 

4.1 3 Gradually compress the spring until 
the unthraaded portion of the piston rod 

projects about 5/16 to 318-inch above 
the spring seat [dimension "a") 

?=" 1 Strut cartridge 
2 Coilspnng 8 I 

I ,  

3 Sphgseat 
4 Ball thrust bearing 1': 1 

assembly I I , ' 9 1 1  I 

5 Rubber bump stop !I,;- .: 
% .  .-,< - 6 Protective sleeve 

4.7 An exploded view of a typical 
strut assembly 

9 lnspect the strut. Try extending and 
compressing it. It should operate smoothly. 
with uniform resistance throughout the rany 
of Its stroke. 
10 If the strut doesn't work properly, 
replace It. 
11 Install the rubber bump stop and pro- 
tective sleeve on the piston rod. 
12 fnstall the sprmg. 
13 Gradually compress the spring untll the 

4.16 To ensure adequate lubrication for 
the ball thrust bearing assembly, fill Me r 

cavlty around the top of the stnrt (area A) 
with lithium grease 
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unthreaded portion of the piston rod projects 
about 5/76 to 318-inches above the sprlng 
seat (see Illustration). 
14 Install the ball thrust bearing assembly. 
15 Install a new self-tmking nut on the pis- 
tan rod and tighten ~t to the torque listed in 
this Chapter's Speciflcations. . 
16 Fill the indicated spaces of the ball 
thrust bearing with lith~um grease [see illus- 
tration). 
17 lnstall the strut on the vehicle (see Sec- 
tion 3). 

2 Disconnect the spaecfornetsr cable from 
the left dust cap and pull the cable out of the 
steering knuckle. 
3 Disconnect the brake hoseto-metal line 
fitting at the bracket (see Chapter 9). Plug 
both the hose and the I~ne to prevent con- 
tamination. 
4 D~scannect the tie-rod end from the 
steering knuckle (see Sectton 17). 
5 Remove the brake drum, the brake 
shoes - or the brake callper and disc - and 
the backing plate (see Chapter 9). 

1965 and earlier models I 
5 Steering knuckles - removal, Refer to illustmtions 5.6 and 5.7 I . f  - I 

overhaul and installation 6 Remove tfie clamp bolts and nuts fnr 5.6 Before you can remove the lirtk~lns 

the linkpin bolts (sw Illustration). from the steering knuckle, you have to 

7' Remove the linkpin bolts that wcur remove these clamp bolts and nuts 
Removal steering knuckle to the torsion arms. C 
1 Loosen the front wheel lug bolts, raise the number of camber shims and note tnelr while the llnkpins are out. On pre-1960 mod- 
the front of the vehicle, place it securely on location on each linkpin (see illustration) - els, each hnkpin has ten shims; on 1960 and 
jackstands and remove the wheel. just tn case yau mix up some of the shims later models, each has e~ght (the number of 

5.7 Exploded view of a 1965 
and earlier steering knuckle 
and torsion arm assembly 

1 Body mounting bolt 
2 Washer 
3 Plate 
4 Rubber packing 
5 Rubber packjng 
6 Axle assembly mountrng 

nut 
7 Spring washer 
B Bearing dust cover 
9 Tab washer 

10 Adjustment nut 
I I Thrust wesher 
12 Bearing 
13 Brake drum 
14 Backing plate bolt 
15 Washer 
16 Backtng plate 
7 7 Bearing 
18 Seal 
I9 Spacer 
20 Steenng knuckle 
21 Link~in 

Bushing 
Shim 
Seal 
Seat retamer 
Kingpin 
Bushing 
Grease fitting 
Kingpin carner (link) 
Cover for thrust washer 
Plastic t h m t  washer 
Steel thrust washer 
Dowel pin 
C l r~  

7 

Plate 
Rubber bushing 
Clernp 
Clip 
Plate 
Rubber bushlng 
StabWrer bar 
Clemp 

e the 
:aunt . . 

w-!" l l  i 1 Ill,' 1 , \ 1 1 . 11 

43 Linkpin pinch bolt nut 
44 Washer 
45 Linkpln pinch bolt 
46 Shock aborbsr mounting 

bolt 
4 7 Lock washer 
48 Nut 
49 Lock wssher 

Sleeve 
Rubber bushlng 
Shock ebsoder 
Lmknu t 
Torslon a m  set screw 
Upper torsion a m  
Lower tomron s m  
Seels 

58 Dowel pin 
59 Shock absorber rnount/ng 

Pin 
60 Bump stop 
$1 Needle beanng 
62 Torsion bar 
63 Bushrng 
64 Rwle besm (tube) 
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5.8 Exploded view of a 968 and later tomlon bar front end assembly 
23 

1 Steerlng knuckle 72 Rate 23 Grease fitting 
2 Camber adjuster 13 Nut 24 Torsion bar 
3 Retarnrng screw 14 Bolt 25 Outer hrbe 
4 Retaming screw locknut 15 Bolt 26 Damper 
5 Upper torston a n  16 Spring washer 27 Nut 
6 Seal 17 Plate 28 Sleeve 
7 Bearing 18 Rubber packing 29 Bushing 
8 Bushing 19 Rubber packing 30 Seal 
9 Buffer 20 Locknut 31 Lower torsion arm 

10 Pjn 21 Axle beam 32 Stabilizer bar 
I 1  Damper ring 22 Steenng stop screw 33 Pin 

shlrns on the vehicle you are working on may 
ba different, however, depending on prior 
service). Caution: Don't lose any shims or 
insfall them m the wrong location. If you 
rnstall the linkpins wkh shims m~ssing or out 
of pjece, the camber wrll be altered and will 
have to be adjusted by an alrgnment shop. 
Tap the knuckle off the torsion arms with a 
rubber hammer. 

1966 and later torsion bar models 
Refer to jllustrations 5.8 and 5.10 
8 Remove the Fower balljoint nut (see 
Illustration), Install a balljoint separation tool. 
W ~ t h  the ballloint tool exerhg pressura on 
the stud, tap the side of the steering knuckle 
boss with a hammer and the joint will pop 
loose. 
9 Remove the upper balljoint nut and 
loosen the eccentric bushrng for camber 

adlustment. Press out the upper balljoint stud 
the same way you did the Vower one in Step 8. 
10 Raise the upper torsion a m  and remove 
the steering knuckle. Note: A special tool js 
available fur lifting the upper torsion a n  (see 
Hlustratlon). W thls fool isn't available, sup- 
port the lower torsion arm with a jack, unbolt 
the lower end of the shock absorber and 
allow the torsion em to extend down as far as 
possible. Position e prybar between the fop 
of the steenng knuckle and the upper torsron 
a m  and pry the tQrSl0n arm up until the cam- 
ber adjuster is free of the knuckle. 

MacPherson strut models 
11 Remove the stabilizer bar (see Section 6). 
12 On 1968 through 1973 models, remove 
the three bolts connecting the strut, steering 
knuckle and balljoint (see Sect~on 3). Push 
the control arm down and remove the steer- 

Damper lower mounting 
stud I 
Rubber block I 

Clip 
Washer 
Bafloinr 
Self-locking nut 
Washer 
Clamp 
Needle bearing 

ing knuckle (It's not necessary to d~sconnect 
the ballpint from the control arm). 
13 On 1974 and later models, loosen the 
balljoint stud pmch boEt and drsconnect the 
batllolnt from the steerlng knuckle. Remove 
the two bolts securlng the steenng knuckle to 
the strut (see Section 3). Remove the 
knuckle. 

Inspection 
14 Inspect the steering knuckle for bends, 
cracks or other damage. If it's bent or 
cracked, replace ~ t .  Don't try to straighten a 
bent steenng knuckle or repair a cracked 
unit. If you're in any doubt as to the condition 
of the knuckle, take it to a dealer service 
departmen? or other repair shop and have ~t 
checked. Inspect the bearing surfaces - if 
they're rusted, pitted, scored or otherwise 
damaged, replace the knuckle. 
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- - -  

.I0 You'll need to raise the upper torsion arm to remove the 

t 
iteerlng knuckle - the tool In this photo is a specla1 V W tool 

5.15 Orlve the old lrnkprn bushrngs out of the  carrier 

1.1 6 Drlve the old kingpin out of the 
carrier and knuckle w ~ t h  a hammer 
and punch (if you can't drive them 

out, they'll have to be removed 
with a hydraulic press) 

I Overhaul (1965 and earlier 
( models only) 
I Refer to illustrations 5.15, 5.16, 5.18, 5.19a, 

5.796, 5.20a, 5.20b, 5,21a, 5.21band5.21~ 
15 Support the knuckle in a vise. Udng a 
socket or a section of pipe with an outside 
d~ameter slightly smaller than the outsfde 
diameter of the l~nkpin bushings, drlve the old 
bushings o~rt of the linkpin carder (see illus- 
tration). 

1 16 Drive the old krngpin out of the llnkpin 
carrier and the steering knuckle with a ham- 
mer and a large drift punch (see IIlustratFon). 
Discard the thrust washer cover, plastrc 
thrust washer and steel thrust washer. Note: 
lf you can't dnve out the kingpin, the bwshmg 
and the pin have fused together and are 
stuck You'# need a hydraulic press to remove 
them. If you don't have a press, take the 

I knuckla and camar assembly to a dealer ser- 
vice deparfment, automotive machine shop 
or other repair shop, and have the kingpin 

5.18 Drive in the naw kingptn bushing 
with the same bushlng tool, socket or pipe 

YOU used to remove It - make sure the 
&tches in the bushing ere aligned with 

the notches in the urr~er Dart of the .. . 
carriyr (if the bushing doesn't have 
any notches, you'll have to make 

'\- some with a file) 

and bush~ng pressed out. Also, be sure to 
take your repair kits with you. As long as 
you're there, you mfght as well have them 
press in the new kingpin bushing, kingpin and 
(mkpin bushings. 
17 If you did manage to get the old kingpin 
out, drive the kingprn bushtng o h  of the car- 
rier with a socket or a section of pipe with an 
outside dlarneter slightly smaller than the out- 
side dlarneter of the bushing. 
18 Drrve in the new kingpin bushing with 
the same socket or pipe, Make sure the 
notches in the bushing are aligned with the 
notches In the upper part of the carrier (see 
illustr;rtlonf. If the bush~ng has no notches, 
make sons w~th  a small fite. Note: A t  this 
point, the kingpin cam'er must be taken to a 
machine shop to ream the kingp~n bushing to 
size. 
19 Install a new steel thrust washer, plastic 

5.19a When you Install the new steel 
thrust washer, plastic thrust washer 

and thrust washer cover. . . 

5.1% . . . make sure the dimples In the 
cover and washers are aligned with 

the dowel in the knuckle 

thrust washer and thrust washer cover (see 
illustration). Make sure the washers and 
cover are aligned with thet dowel In the 
knuckle (see Itlustration). 
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5.21a Install ?he new linkpln bush~rigs with the Iubr~caElon hole 5.21b You can tan !he new 141.1s 11!~c:s ;o~!o place wfth a bush~ng 
adjacent to the grease fitting to ensure that lubr~cant installer, socket or plpe, or you can press them Into 

gets to the linkpln and bushing place w ~ t h  a vise, like this 

20 Place the klngpin carrier (link) and steer- 
ing knuckle in pos~tion and drive the new 
kingpln through the u p p e ~  part of the carrler, 
through the knuckle and into the bottom pert 
of the carrier [we l~lustraf on). Make sure it's 
fully seated (see Illustratlon). 
21 Place the new lrnkpln bushings In posl- 
tion, Make sure the lubrication holes in the 
bushlngs are faelng toward the cavlty for the 
grease fitting, so lubricant can reach the 
clearance between the Hnkpins and tho bush- 
lngs (sea Illustratlon). Install the Ilnkpin 
bushlngs wlth a socket (the same way you 
removed the old bushlngs) or use the vise to 
press them Into place (sag Ilfustratlon). If 
they're Installed properly. the bush~ngs wl!l 
be flush with the ends of tha carrier (see 
fllustrmtion). 

tions. If your measurement Is wlthln the 
acceptable range, record the exact figure and 
save it. You'll need It later. If it isn't, suspect 
bent torsion arms or defective axle tube noe- 

dle bearings (sea Sect~on 7). 
23 Compare the number of shims requlred 
for the offset measured In the previous Step 
to the number you removed In Step 6 

" " 

Installation 

i the 

J 
3 

1965 and earlier models 
Refer to rllustrations 5.22 and 5.23 
22 Measure the offset between the ends of 
the torslon arms (sm Illustration) and com- 
pare your measurement to the acceptable 
offset range listed In this Chapter's Speafica- 

5 . 2 1 ~  The linkpin bush~ngs should be 
flush with the end of the carrier 

when installed 

5.22 To measure ttic olfsct betweer 
ends of the tors~on arms, place ; 

straightedge vertically between the m o  
arms (a level works great), then maasure 
the distance from the straightedge to the 

end of the upper arm with a vernier callper 
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1959 and earlier models (1 0 shims) 
Washers Inslafled on linkpins at: 

d B C D 

1960 end later models (8 shims) 
Washers installed on linkpins at: 

A B C D 

Offset Imm) * .  

5.5 2 6 5 3 
5.28 This chart shows how much off& between the torsian 6 2 6 4 4 

arms can be created with various shim combinations: The letters 6.5 3 5 4 4 
"Am, "B", " C  and "D" above each column on the chart refer to  7 3 5 3 5 
the four points - two inner and two outer - at which the linkpins 7.5 4 4 3 5 

can be shimmed (a you haven't lost any shims, and you put them 8 4 4 2 6 
all back on at the same iocatlons, the camber should be the 8.5 5 3 2 6 

same as it was before you removed the stewing knuckle) 

numbers don't agre,  use the numbers in the 
accompanying chart to produce the correct 
offset {see illustration). 
24 lnstall the sh~ms and linkpins on the 
steering knuckle. 
25 lnstall the steering knuckle an the tor- 
sion arms. 
26 Insert the linkpin damp bolts into thew 
holes. k groove for the cramp bolt IS 

machined into each linkpin. Turn the llnkplns 
until the bolts slide all the way in. 
27 Adlust each I~nkpln by tightening it (turn- 
Ing ~t against the clamp bolt). then loosen it 
about 118-turn. Retighten the pin to the point 
at which you can feel resistance. Tap the end 
of the pin lightly and tighten the clamp bolt. 
Repeat this procedure for each linkpin. 

steering knuckle in position on the strut, 
install the strut-to-knuckle bolts, raise the 
control arm into position, push the balljoint 
stud into the knuckle and Install the pinch 
bolt. Tighten the bolts to the torque Csted in 
th~s Chapter's Spec~ficat!ons. 

All models 
33 Connect the tie-rod to the steerlng 
knuckle (see Sectlon 17). 
34 lnstall the brake backing plate and brake 
shoes and connect the brake hose (see 
Chapter 9). 
35 Install the brake drum (or disc and 
caliper) and adjust the front wheel bearings 
(see Chapter 1). 
36 Bleed and adjust the brakes (see Chap- 

38 Install the wheel and lug bolts, lower the 
vehicle and tighten the lug bolts to the torque 
Ilsted in the Chapter 1 Specifications. 

8 Stablllzer bar - removal and 
installation 

Torsion bar models 
Refer to illustrations 6.2, 6.6 and 6.7 
1 Loosen the front wheel lug bolts. Apply 
the parking brake. Raise the front of the vehi- 
cle and support It securely on jackstands. 
Remove the front wheels. 
2 Bend up the lugs on the stabilizer bar 
clips (see Itlustration) and remove them from 

ter 9). the clamps on both sides. 1 1966 and later torsion bar models 37 Connect the s~eedometer cable 3 Oaen the clarn~s and remove the metal 
1 28 Lift the upper torsion arm as described (driver's slde onlv). , , 

in Step 10. 
29 lnstall the steering knuckle and lower 
the torsion am.  Make sure the notch in the 
camber adjuster points forward. 
30 Install the balljo~nt nuts and tighten them 
to the torque lfsted in this Chapter's Specifi- 
cations. 6.2 To remove the 

cliw which hold the 
MacPherson strut models clamps together, bend 
31 On 7968 through 1973 models, place up the lugs and slide 
the steering knuckle In pos~tion on the bot- the clips off 
tom of t h e  strut, ralse the control arm and . 
balljoint into position and Install the three 
bolts which attach the strut, knuckle and 
balljoint. Tighten the bolts to the torque listed 
in this Chapter's Specifications. 
32 On 1974 and later models, place the 
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6.6 Install the new clamps w ~ t h  the slot taper~ng toward the 
clips with the lugs facing toward axle beam 

6.7 Compress the clamps wlth adlustable plFers and slide on the 
steering knuckle 

4 Remove the  stabllirer bar. Discard the 6 Using new cl~ps, plates and clamps, pllers and slide on the cllps. 
chps, plates and clamps. Install the clamps with the slot tapering The lugs an the clips must face the amla 
5 Inspect the rubber bushings for cracks, toward the steering knuckle (see beam (see illustration). 
hardness and other slgns of deterioration. If illustration), 8 Installation is othsrw~se the reverse of 
the bushings are damaged, replace them. 7 Compress the clamps with adjustable removal. 

8.10 Exploded view of the stabilizer bar and control ann assemblies on a MacPherson strut model 

I Stabilizer bar mounting 6 Balmint ( 1  968 through I0 Casteliated nut 14 Bonded rubber bush~ng 
bolts 7973 models) I 1 Cotter pin for control a m  

2 Mounting clamp 7 Self-IcckEng nut 72 Confrolarm 15 Eccentric camber 
3 Rubber bushing 8 Bushing washer 73 Eccentsic camber adjusfmg washer 
4 Spring washer 9 Bonded rubber bushmng adlusf~ng bolt 16 Self-locking nut 
5 Stebllrzer bar for stabilizer bar 17 Frame head 
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9 On later models with balljoints, rnspect 
the balljoints carefully. If the balljoints are 
worn or damaged, replace them {see Sectron 
11). 
10 lnspect the lower shock mounting pin. If 
it's pitted, rusted or worn, take the torsion 
arm to a dealer service depament, automo- 
tive machine shop or other repalr shop and 
have a new pln installed. 
11 If you're planning to reinstall an old tor- 
sion arm, but you're in doubt about its condi- 
tion, take ~t to a dealer service department or 
other repair shop and have it inspacted. A 
number of special tools are needed to prop 
wly check a toffi~on arm. 
12 Vnstallation 1s the reverse of removal. 

3.5b . . . loosen the set screw wrth an 
Allen wrench and pull the arm oft 

.5a To detach a torston arm from the 
-sion bar, loosen the locknut on the set 
screw on the Inner end of the arm . . . 8 Front torsion bars - removal and 

installation 

Refer to illustrations 8.5, 8.6 and 8.10 
I MacPherson strut models 7 Torsion arms - removal and 

installation Refer to rllustrat~on 6.7 0 
Note: The stabilizer bar on these models 
influences front wheel akgnment. I f  it's bent, rt 
must be replaced. 
9 Loosen the front wheel lug bolts. Apply 
the parking brake. Ralsa the front of the vehl- 
cle and support It securely on lackstands. 
Remove the front wheels. 
10 Remove the cotter plns from the castel- 
lated nuts on the control arms, then remove 
the nuts (see irlustration). 
11 Remove the bolts that attach the two 
stabilizer clamps to the underside of the 
frame head, remove the clamps and lower 
the center part of the stabilizer. 
12 Pull the two ends of the stabilizer out of 
the rubber bushings In the control arms. 
13 lnspect the stabilizer bar bushings for 
hardness and other signs of deterioratton If 
they're damaged, replace them. 
14 Installation IS the reverse of removal. 

Removal 
1 Loosen the wheel lug bolts, raise the 
front of the vehicle, place It securely on jack- 
stands and remove the front wheels. 
2 Remove the brake drums, brake shoes 
and backing plates, or the caltpers and discs 
(see Chapter 9). 
3 Remove the steering knuckles (see S ~ C -  
tlon 5). 
4 Remove a torsion arm on one end of the 
torsion bars you intend to remove (see Sec- 
tlon 7). 
5 Remove the torsion bar retaining bolt 
locknut and remove the retaining bolt {see 
illustration). 
6 Pull the torsion bar out with the torsion 
arm on the other end of the torsron bars (see 
illustration). 
7 Clean the torsion bars with solvent. 
Inspect them for rust, cracks and fractures. If 
any damage IS evident, replace the torslon 

Refer to lNustrations 7.5a and 7.5b 
1 Loosen the wheel lug bolts, ralse the 
front of the vehicle, place it securely on lack- 
stands and remove the front wheel. 
2 Remove the brake drum, brake shoes 
and backing plate, or the caliper and d ~ s c  
(see Chapter 9). 
3 Remove the steering knuckle (see Sec- 
tion 5). 
4 If you're removing a lower torsion arm, 
remove the shock absorber (see Sectlon 2) 
and the stabilizer bar (see Section 6). 
5 Loosen the locknuts on the Allen head 
set screw for the tors~on arm and back out 
the screw (see illustrations). 
6 Pull the torston arm off the end of the 
axle tube. 
7 Clean the torsion arm and I~nkpins, or 
balljoints, thoroughly, lnspect the bearing 
surfaces of the torsion arm for rust, pitt~ng or bar($). 
scoring. If it's worn or damaged, replace it. 8 Inspect the torsion arms (see Section 7). 
8 On early models with linkpins, lnspect Inspect the needle bearings and bushings In 
the linkpins carefurly. If they're pitted, rusted the axle tubes. If they're rusted, pitted or 
or worn, examine the Ifnkpin bushtngs In the worn, remove the front axle assembly (see 

1 kingp~n carrier for the same k~nd of wear. If Section 9) and have them replaced by a 
they're damaged, replace them (see Sec- dealer service department or other repair 
Zion 5). shop. 

8.6 Use one of the 
torsion arms to pull 
the torsion bars out 

of the axle tube 8.5 Remove the locknut which secures 
the torsion bar retaining boR and remove 

the (8mm Allen) fetaining bolt (if you're 
removing the upper bolt, you may find it 
necessary to grind down the short part 
of an L-shaped Allen wrench in order to 
get the wrench into the recessed head 

of the retaining bolt) 
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P . ' t  C ' P : ? ~ ~  you Insert the torsron bars through the axle tube, 
make sure they're aligned llke thls so that the recessed dimple is 
or~ented toward the hoke for the retaining bolt - when the bars are 
installed in the tube, the retaining bolt must seat into this dlmple 

9.10 Remove the two bolts {arrows) that attach the bocly 
to the upper axle tube 

9-16 Cutaway view of axle attachment to body 

5 Threaded bushing 
I. - 2 Lock washer 

9-1 I Remove the four bob (arrows) that attach the axle 3 Washer for spacer 
assembly to the frame head 4 Rubber spacer 

6 Axle 
7 Vehicle body 

Ins tat ation 
9 Coat the bars liberally with rnulti-pur- 
pose grease. Make sure the grease gets in 
between the indivwldual leaves. 
10 Insert the torsion bars back into the axle 
tube. Align the countersunk recess [see illus- 
tration) with the torsion arm retaining bolt. 
Make sure you install the same number of 
leaves that you removed. If the torslon ban 
prove d~fftcult to Insert through the axle tube, 
wrap a pteca of rnechanwlck wwlre around the 
leaves to keep them together. If that doesn't 
work, try installing them a layer at a time - 
two thln strhps - side-by-side - on bottom, 
four th~ck strlps - one on top of the next - 
and, f~nally, two more thin strips on top - 
slde- by-side. 
1 1 Wlth the recess In the center of the bar 
al~gned w ~ t h  the hole for the retaining bolt, 
tnstall the retaining bolt and secure it with the 
locknut 
12 The rerna~nder of installation is the 
reverse of removal. 

jackstands and rembve the front wheels. 
2 Disconnect the cable from the negative 
battery terminal. 
3 Dwlsconnect the fuel tank feed and venl 
lines and remove the Fuel tank (see Ghap- 
ter 4). 
4 Disconnect the steering column from 
the flexrble couplwlng flange (see Section 18). 
5 Disconnect the horn wire near the flexi- 
ble coupling (see Chapter 12). 
6 Remove the retainwlng clip from the 
speedometer cable at the dust cap of the left 
front wheel and pull the cable out of the 
steering knuckle. 
7 Disconnect the brake hoses from tha 
metal lines at the brackets and plug the 
hoses and-lwlnes to prevent contaminatwlon 
(see Chapter 9). 
8 Bend down the lockplate that secures 
the bolt for the steertng damper at ~ t s  mount- 
Ing bracket on the  axle. Detach the steering 
damper bolts from the axle bracket and from 
the long tie-rod and remove the damper (see 
Sectlon 17) 

9 Front axle beam assembly - 
removal and installation 

Warning: Gasoline is extmmly flammable, so 
take extra precautions when you work on any 
p8ft of the fuel system. Don't smoke or alEow 
open flames or bare light bulbs near the work 
em. Also, don't work h a garage where a fiat- 
ural gas type applrance with a pilot light is pre- 
sent. Finally, when you perform any krnd of 
work around tha fuel tank, wear safety glasses 
and have a Class B type fire extinguisher on 
hand. If you spill any fuel on your skm, cEean it 
off immedrately with soap and water. 
Note: Have an assistant handy to help you 
balance the sxle assembly on the floor jack 
during removal. 

Removal 
Refer fo i!lustraiions 9.10 and 9.1 I 
1 Loosen the front wheel lug bolts, raise 
the front of the vehicle, place it securely on 
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9 Disconnect the long tie-rod from the 21 Connect the brake hoses to the metal 9 Make SUM the hole m the control arm for 
steering knuckle and from the Pitman arm llnes (see Chapter 4). the balljolnt stud and the stud itsef am clean 
and m o v e  it (see Section 17). (Remove the 22 Install the wheels, loosely install the and d v  (no lubricant). Push the outer end of 
short t~e-rod too. if you wish, but its removal wheel lug bolts, lower the vehicfe and tighten the arm up onto the stud and lnstatl the 

isn't necessary for axle removal). the wheei lug bolts to the toque listed ~n the castellated nut. 
10 Remove the two bolts that attach the Chapter 1 Specifications. I0 Push the inner end of the control a m  up 
vehlcle body to the top of the axle beam (see 23 Have the wheel alignment checked and, Into Its mounting bracket on the ham% head 
Illustretion). Discard the rubber spacers, ~f necessary, adjusted. and insert the camber adjusting bolt through 
washers and spring washers. the bracket and the control arm. Install the 

1 11 Loosen the four bolts that attach the eccentric washer and a new self-locking nut. 
axle beam to the frame head (see illustra- 10 Control ams (strut-type front 11 T~ghten the castellated nut on the 

I tlon). end only) - removal and balljoint stud to the torque listed in this Chap- 
I 12 Position a tloor jack under the axle installation ter's Specrficatlons. If necessary, turn the nut 

ham, remove the four axle beam reta~n~ng a llttle further to expose a hole for the cotter 
bolts and remove the axle beam assembly. pln. Install a new cotter pin. 
The axle beam Is heavy, so ~t 's  a good idea ta Removal 12 Tighten the self-locking nut on the cam- 
have an assistant help balance the axle on the wheel lug bolts, the ber adjusting bolt to the torque listed In this 
the Roor jack until It's safely iewered. front of the vehicle, place it secur6ly on jack- Chapter's Specifications. 
13 Remove the front axle bolts and lower it and remove the front wheel, 13 On 1973 and earlier models, install a 
on the floor jack. Keep it balanced on the floor 1973 and earlier models, remove the 

new self-locking nut on the balljoint stud and 
I jack head. Remove the rubber spacers from self+,ocking nut from the balljoint stud. On tighten it to the torque listed in this Chaptw's 

the threaded bushings and dlscard them. 1974 and later models, loosen the pinch bolt Specificatlons. You may need to hold the flat 

for the ball~oint stud. sides of the balljolnt stud with a wrench to 

3 On 1973 and earller models, pull the prevent the stud from turning as you tighten 

Refer to //lustration 9.16 contml am off the balljoint dd Ism Section the nut, On 1974 and later models, tighten 

Note: You'll need en assistant to help you 11). On 1974 and later models, pull the con- the clamp bolt to the torque listed in this 

mnstall the axle assembly. trol arm down and out of the steering Chapter's Specifications. 

14 Install a new rubber spacer on each knuckle. 14 Install the wheel and lug bolts. Lower 

threaded bushing on the front axle. Disconnect the stabilizer bar from the "0 vehicle and tighten the wheel lug bolk to 

15 Place the axle assembly on a floor jack, control arm (sm Section 6). the torque Ilsted in the Chapter 1 Spscifrca- 

guide it under the front Of the vehicle and, 5 Remove the self-locklng nut and the tion% 
with your as~istant he'lping you balance the camber adjusting nut at the frame head {see l 5  Have the a'ignment and' 

axle on the floor jack, raise the axle into ~ o s i -  illustration 6.101. if necessary, adjustd. 

tion and install the mounting bolts. Use new 
spring washers on the bolts. Tighten the bolts 

1 to the torque listed in this Chapter's Spxifl- 
cations. 
16 Install new rubber spacers, washers and 
sprlng washers on the upper axle retaining 
bolts that attach the body lo the axle (see 
Illusmtlon). Tlghten the bolts to the torque 
listed In this Chapter's SpecMcations. 
17 Install the tie-rod(s) and the steering 
damper (see Seetion 17). 
18 Reattach the steering coFumn to the 
flexlble coupllng flange (see Sectlon 18). 

, 19 Reconnect the horn wire. 
' 20 Reattach the fuel tank feed line and the 
I return Ilne and lnstall the fuel tank (see Chap- 

tar 4). 

6 Pull the control down and remove ft. 
7 Inspect the control arm. Make sure it's 
not cracked or bent. lnspect the bonded rub- 
ber bush~ngs - at the inner end of the arm and 
for the stabilfzer bar - for cracks and deterio- 
ration. If they're damaged or worn, take the 
control arm to a dealer sewlce department or 
other repair shop and have them replaced. 
Note: When installed, the rubber lugs on the 
bushing for the stabilizer bar must be in a hor- 
rmntal position (see illustration 6.1 0). 

Installation 
8 Insert the stabilizer bar through Rs bush- 
[ng in the control arm and Install the castel- 
lated nut finger tight. 

i - 
1 q.3 To check the play 
of a balljolnt In a torslon 
arm, place the torslon 
a m  in a bench vlss, 

a, push the baEljolnt stud 
811 the way in, rnsasum 

, It, pull It all the way out, 
measure If calculate thm 
dltferenee end compare 

.. , your measurement to 
the play llsted In this 

Chaptsr's SpecHleations 

-. . 
L'** 4 

- I- - -/ -. 

I ;1 Balljolnts - check and 
replacement 

Torsion bar modefs 
Refer to illrrstration 1 1.3 
Note: A special tool Is required to measurn 
balljolnt play with the torsion am Installed. 
However, you can eheck belvolnt play w/th 
the torsion am removed. 
1 Remove the torsion arm (see Sectlon 7) .  
2 Carefully clean the torslon arm and 
balqoint. 
3 Move the balljolnt stud in and out and 
measure the difference between the llmns of 
travel wfh a vernier callper {sea Illustration). 
Compare your measurements to the wear 
llmlts listed In Zhls Chaptnr's Speciffcatlons. If 
the lnd~cated play exceeds the wear limlts, 
take the torsion arm to a dealer servlce 
department or other repalr shop and have a 
new balljolnt installed. 

MacPherson strut models do 
1970 through 1973 models 
Refer to Illustration f 1.5 
4 Remove the self-loeklng nut from the 
balljoint stud at the outer and of the control 
arm (sea IIHustratlon 3.4). 
5 Using balljoint separator tool (or a two- 
jaw puller), push the balljoint stud out of the 
control arm (see Illlu8tration). 
6 Bend down the lockplates and remove 
the bolts that attach the balljoint, steerlng 
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together ( 

. .  . 

knuckle and strut , 

tlon 3.4). 
see Ifluatra- 

11.5 To detach the balljoint 
from the control arm, press It 
out wlth a balfjclnt separator 

or a two-jaw puller 

7 Hang the steering knuckle and brake 
assembly from the brake hose bracket or the 
strut with a piece of wrre, Don'! d~sconnect 
the brake hose. 
8 Remove the balljoint. 
9 Installation is the reverse of removal. Be 
sure to use new lock plates and a new self- 
locking nut on the balljolnt stud. To lrnrnobi- 
llze the balljo~nt stud whrle fightenfng the self- 
locklng nun, grdp the flat s~des of the lower 
end ot the stud w~th an open end wrench. 
Tighten the nut ta the torque listed in this 
Chapter's Specrficat~ons. 
10 Have the camber and toe checked and 
adjusted when you're done, 

1974 and later models 
11 Remove the control arm (see Sec- 
tion 70). 
f 2 Take the control arm to a dealer service 
department or other repalr shop and have the 
balljoint pressed out and a new balljoint 
pressed in. 
13 lnstalt the control arm (see Sectlon 10). 

12.2a Upper shock mounting bolt and nut 12.2b Lower shock mounting bolt and nut 

13.4 On swing axle models, mark the sprlng plate posrtion in 
relation to the hous~ng lor the rear axle bear~ng 

13.5 On drfveaxle models, mark the sprlig plate positian In 
relation to the diagonal arm 
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12 Rear shock absorbers - removal 
and installation 

Refer to jllustrations 12.2a and 12.2b 
i Loosen the tear wheel log bolts, raise 
the rear of the vehicle, place it securely on 
jackstands and remove the wheels. 
2 Remove the upper and lower shock 
absorber mounting nuts and bolts [see illus- 
tratfons). 
3 Remove the shock absorber. 
4 Installation rs the reverse of removal. 

13 Spring plates and rear torsion 
bars - removal, installation and 
adjustment 

Removal 
Refer to illustrations 13.4, 73.5, 13.7, 13.8, 
13.9a, 13.9b and 13.70 
1 Loosen the rear wheel lug bolts, ralse 
the rear of the vehicle, place it securely on 
jackstands and remove the wheels. 
2 On dnveaxle models, remove the 
driveaxle (see Chapter 8). 
3 Disconnect the parking brake cables at 

7 Bearing housing 
2 Nuts 
3 Spnng washers 
4 Bump stop seat 
5 Bump stop 
6 Cover for hub 

the parking brake lever (see Chapter 9). 
4 On swing axle models, mark the rela- 
tionsh~p of the spring plate to the axle bear- 
ing housing with a chisel (see Illustration). 
5 On driveaxle models, mark the relat~on- 
shlp of the spring plate to the dlagonal arm 
with a chisel (see illustration). 
6 Disconnect the lower end of the shock 
absorber (see Section 12). 
7 On swing axle models, remove the bolts 
securing the spring plate to the axle tube 
(see Illustration). Pull the axle tube to the 
rear, out of the spring plate. Suspend the axle 
tube with a piece of wire or support it on a 
jackstand. 

13,7 An exploded view of the rear auspenslon on a swing axle model 

7 Bolt 
8 Outer rubber bushing 
9 Torsion bar 

10 Nut and washer 
I I  Washer 
12 Shock absorber mountrng bolt 

13 Shock absorber 
14 Inner rubber bushfng 
15 Rubber bushing 
16 Spnng plate 
1 7 Shock absorber mounting boll 
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I 

I 

I 

I 
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13.8 An axplodsd view of the rear suspension on a driveaxle model 

I Sorslon housing 9 Lock washer 17 Shock absorber 
2 Dlegonalarrn 10 Dlagonel arm pivot bolt I8 Rubber bump stop 
3 h u b l e  spring plate 11 Spacer 79 Shock absorber mounting bolt 
4 Torsron bar 12 Spnng plate-to-dlagonal s m  bolt 20 Shock absorber mount~ng bolt 
5 Inner rubbr  bushing 13 Washer 21 Lock washer 
6 Outer mbber bushing 14 Lock wesher 22 Nut 
7 Cover far spring plate hub 15 Spring plate-to-disgonal arm bolt 
8 Hub C Q V ~ ~  bolt 16 Nut 

8 On driveaxle models, remove the bolts place any part of your body under fhe spring its travel and the torsion bar is relaxed. Pull 
sacurhg the spring plate to the diagonal arm plate while perfomring the next step, ar any- the spring plate off the torsion bar. I 

(see Illustration). Remove the diagonal arm trme the spring plate hub cover is removed and 1 1 Remove the fender (see Chapter 11). 
pivot bolt and the diagonal arm (see Sec- the spring plate IS restrng on its stop. 12 Carefully sl~de the torsion bar out. 
tisn 15). 10 Place a floor jack under the end of the Check it for nicks or cracks. Sometimes 
9 Remove the bolts securing the sprlng sprlng plate and raise it just until It comes off cracks may not be visible to the eye, sa it's a 
plate hub cover (see I l l u ~ o n l  and remove the sfop. Lever the spring plate out away good rdea to have tham checked by a dealer 
the cover. Also remove the rubber bushlng from the vehlcle ustng a prybar (see illustra- service department, automotive rnach~ne 
(see I l lu sb th ) .  Warning: spring plate IS tion), whlle simultaneously lawenng the jack shop or other repair shop that is equipped to 
under tremendous spring pressure. DO NOT until the spring plate has reached the snd of do the work. 
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13.9, Rpmovf: :he caver 'or the spring plate hub 33.9b Remove the rubbe !r bushing from the hub 

! 

I 

;:<. 

7 3.10 Carefulty pry the spring plate off the stop 13.19 Place a protractor (angle finder) on the tunnel to measure 
the angle at whlch the vehicle IS setting 

Installation and adjustment spring plate at any multiple of 50-minutes by 
rotat~ng the splines in opposlte direct~ons. 

Refer to rllus tmtions 13+19 and 13.20 
VW has a specral tool for this job, but it's 

Grease the On the torsion bar expenswe and hard to find. Using the follow- 

/--"=a 

and carefully guide it into the torston housing ing procedure, you can adjust the spring 
unt'l you feel 'PElnes engage* Note: Tor- plat= easEly obtainable tools+ Note: Be 

bars are and (r'ghtJh If sure to adjust both spring plates, even ~f only 
you removed both make has been removed, on a high 
sure you install them on the c o m t  side. mileage vehicle. 
l4 'Oat Inner and Outer rubber 'IJsh- 78 Measure the spring p,ae angle 1" rela- 
lngs w'th powder to prevent the tion to the bottom of the door opentng or the 1 
spring plate from turn~ng them. frame tunnel. Of course. it's unlikely that 
l 5  install the inner bushrng with word ,mitither the door opening or the frame tunnel 
"Qben" at the top. Note that the inner bush- ,, level, since the rear of the vehicle Is ele- 
ing is different from the outer bushing - don't vated, Fl rst, you need to determFne the 
mix them up. 

/ 

- 
at whtch the vehicle IS inched from the hon- -- -- - 

16 Install the spring plate. mntal. 13.20 Lift the spring plate slightly to 
' 10 

17 1-0 eenure proper wheel alignment and 19 Place a protractor (angle finder) on the remove any freeplay, place the protractor 
suficlent Spring under loads, frame tunnel tsee illustration)+ prop up the  (angle finder) on top of the spring plate 
the spring be On tor- opposite end of the level unt~l its bubbta is and record the indicated angle 
"On bar. There are 40 spllnes On the Inner centered. Note the angle of the tunnel and 
end and 44 splines on the outer end of the record this measurement, 21 Subtract the angle you measured In 

bar' If you the Inner end Of the 20 Now place the protractor (angle finder) Step 19 from the angle you measured In 
bar One it alters the Spring on top of the sprlng plate, lift the sprrng plate Step 20. The difference should equal the 
g-degrRes. O-mlnutes; if you the 'pnng by hand slightly to remove any play, then spring plate angle listed ~n th!s Chapter's 

One On the bar, it a'ters the measure the sprlng plate angle (see illustra- Specificatrons for r n d e l  and year of the vehl- 
8-degrees, lo-minutes. So, you can set the tion,. Again, record your cle. If ~t doesn't, rotate the inner end af the 
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14.2 Rentov- the nuts from the lower ends of the operating rods 

from the upper ends of the operating rods 
14.3 Remove the protective rubber caps and remove the nuts 

torsion bar on its splines, or rotate the spring 
plate on the torsion bar, or both, until the cor- 
rect angle is attalnd. 
22 Coat the outer rubber bushing with tal- 
cum powder and install 12 with the word 
"oben" at the top. 
23 Install the spring plate hub cover and 
loosely Install the bolts. 
24 Using a foor lack, lift the spring plate 
until its lower edge clears the lower stop. 
25 Tghten the sprrng plate hub cover bolts 
securely. 
26 Ctean the rnat~ng surfaces between the 
spring plate and the axle bsarlng housing or 
dragonal arm. 
27 install the spring plate-to-bearing hous- 
ing or spnng plate-to-diagonal arm bolts (and 
the diagonal arm pivot bolt), make sure the 
ch~sel marks on the spring plate and bearing 
hous~ng or d~agonal arm are allgned and 
tighten the bolts to the torque listed In this 
Chapter's SpecAcaf~ons. 
28 On driveaxle models, install the 
drivemle (see Chapter 8). 
29 Reattach the park~ng brake cable and 
adjust it (see Chapter 9). 
30 tnstall the fender. 
31 Install the wheel(s), lower the vehicle 
and tighten the wheel lug bolts to the torque 
listed In the Chapter 1 Specifications. 
32 ff you installed a new spring plate, have 
the wheel alignment checked and, if neces- 
say, adjusted. 

14 Equalizer spring - removal, 
inspection and installation 

Removal 
Refer to illustrations 74.2 and i 4  3 
1 Loosen the rear wheel lug bolts, rase 
the rear of the veh~cle, place it securely on 
jackstands and remove the rear wheels. 
2 Remove the  nuts from the operating rod 
guides [see illustration). 

3 Remove the protective rubber caps from 
the upper ends sf the operat~ng rods and 
remove the nuts (see illustration). 
4 Remove the operatmg rods and rubber 
damper rings. 
5 Remove the nuts securing the outer and 
Inner supports. Remove the supports and the 
bushings. 
6 Loosen the locknut and remove the 
Allen screw securlng the left spring lever. 
Remove the lever. 
7 Remove the rlght spring lever and 
equalizer spring as a single assembly. 

Inspection 
8 Inspect the operatrng rod guide rings. 
Replace them if they're damaged or worn. To 
replace a ring, p y  ~t out w~th a screwdnver. 
9 Inspect the equal~zer spring, bushings 
and rubber stops for wear and other deteno- 
ration. Replace as necessary. 

Instalfation 
Refer ta illustration 14.14 
10 Install the left spnng lever on the equal- 
izer sprlng. T~ghten the Allen screw and 

locknut. Note: The leff sprrng lever rs marked 
with an "L" and the nght lever is unmarked, ; 
Make sure the left sprrng lever points down 1 
and toward the rear, wrth the cEamprng screw 
facrng the fmnt of the vehtcle. 
11 Tighten the clamping screw and locknut 
securely. 
12 install the equalizer spring rod and left 
spring lever from the right s~de of the vehicle. 
13 Install the nght spring lever. Make sure 
the Hght spring lever pornts down and toward 
the front of the vehicle when installed. 
14 Install the  rubber washers, the supports 
and the rubber bushlngs (see illustration). 
15 instalb the aperatlng rods Into the sprlng I 
levers (the longer rod goes on the right side). ' 

Don't forget the darnprng rings above and 
below the spring levers. mghten the nuts and 
install the rubber caps. 
16 Insert the operating rods ~ n t o  the guides, I 

install the washers and t~ghten the nuts. 
17 Install the wheels and lug bolts. Lower 
the veh~cle and tighten the wheel lug bolts to 
the torque listed In the Chapter I Specifica- 
tions 

w 
$4.14 Reassemble the '-. 

L- ,. inner and outer supports 
and rubber bushing like 

this (the support with flat 
I flange should be 

positioned on the outside, 
' and the support with the 

rolled flange should be 
on the inside) 
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15.1 1 a Make sum bath 
of the spacer washers 

are on the outside ol the 
bushing as shown on the 
left, not on either side as 

shown on the right 

15.9 Remove the Allen p~vot bolt from the 
front end of the diagonal arm 

15 Diagonal arms - removal and 
installation 

Removal 
Refer to rllustration 15.9 
1 Loosen the rear wheel lug bolts, ralse 
the rear of the vehicle, place ~t securely on 
lackstands and remove the rear wheel(s). 
2 Remove the brake drum (see Chapter 9). 
3 Remove the dr~veaxle [see Chapter 8). 
4 Drsconnect the brake hose and parking 
brake cable from the brake backtng plate (see 
Chapter 9). 
5 Remove the bearing cover and backrng 
plate (see Chapter 8). 
6 Mark the positron of the spring plate in 
relation to the diagonal arm with a ch~sel [see 
ilEustration 13.5). 
7 Disconnect the lower end of the shock 
absorber (see illustration 13.8). 
& Remove the bolts securlng the sprung 
plate to the diagonal arm {see illustration 
13.81. 
9 Remove the Allen pivot bolt wh~ch 
attaches the front end of the d~agonal arm to 
its mounting bracket on the torsron bar tube 
(see Illustration). Remove the diagonal arm. 
10 Inspect the rubber bushing at €ha front 
of the dragonal arm. If it's dried or cracked, it 
must be replaced. Inspect the bearings. If 
they're scored, pitted or worn, they must be 
replaced. Take the diagonal arm to a dealer 
senrlce department or other repair shop. 

Refer to ~Jfustratlons 15.1 la and 15. 1 lb 
11 Attach the diagonal arm to ~ t s  mounting 
bracket on the tors~on bar tube with the Allen 
prvot bolt Make sure the spacer washers are 
both on the outside of the rubber bushing 
[see illustrationl. Ttghten the bolt to the 
torque listed An this Chapter's Specifications. 
To prevent tenslon in the bonded rubber 
bushing, pull the diagonal arm down to its 
fully extended posit~on when you tighten the 
bolt. Lock the bolt b~ peenlng the bracket 
collar into a bolt head groove with a dull 
chisel (see illustration) 

12 Align the ch~sel marks, install the sprlng 
plate-to-diagonal arm bolts and tiqhten them 
to the torque ltsted ~n thls chapter's Specifi- 
cat~ons. 
13 Attach the lower end of the shock 
absorber to the dragonal arm (see Sectron 12). 
14 Install the bear~ng cover (see Chapter 8). 
15 Connect the brake hose and parkfng 
brake cable (see Chapter 9). 
16 Install the driveaxle (see Chapter 8). 
17 Install the brake drum (see Chapter 9). I 

18 Install the wheel and lug belts, lower the 
vehicle and tighten the lug bolts to the torque 
Ilsted in the Chapter 1 Spectfications. Have '.- 

the rear wheel alignment checked and, ~f nec- !- 2. 
essay, adjusted. r d m ) - '  

I 

15.1 lb Peen the metal shoulder as 

16 Steering wheel - removal and 
installation 

shown to  prevent the pivot 
bolt from backing out 

Removal 2 Pry the horn rlng or horn pad (see illus- 
tration) from the steering wheel and discon- 

Refer to illustrations 16.2 and 7 6.3 nect the wtre to the horn switch. 
1 D~sconnect the cable from the negatilve 3 Remove the steering wheel nut (see 
term~nal of the battery. illustration) and the sprlng washer. 

16.2 Exploded view of a typical late 
model steerlng wheel assembly 

7 Padded horn ring 
I 

Steering wheel 
Trim 
Contact ring 
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16.6 On older 
models, the steering 
wheel is equipped 

with a brass washer 
- make sure the 

cutaway portion of 
this washer faces to 
the right when the 
wheels are pointed 

straight ahead 

4 Mark tho refetionshlp of the steer~ng 
shaft to the hub (rf marks don" already exlst 
or don't line up) to s~rnplrfy lnstallatlon and 
ensure steerlng wheel nl~onment 
5 Use a puller to d&ch the steering 
wheel from the shaft Don t hammer on the 
shaft to dislodge thp steer~ng wheel. 

Installation 3 16.3 Remove the sieering 

Refer to ilfuslrat~on 16.6 
1 wheel nut and the 

spring washer 
6 On older models with a brass washer 
under the steenng wheel nut. make sure the 
cutaway port~on of the washer Is facing to the 
rtght when the wheels are pointed strafght 
ahead [see illustration) 
7 To ~nstall the whee!, align the mark on 
the steerrng wheel hub with the mark on the 
shaft and sftp the wheal onto the shaft. Note: 
If the wheel was prevrous?y mstalled Incor- 
rect!v, the alrgnrnent marks won't ensure that 
it IS mnstalled w~th the spokes hotizontal. If thts 
a the case, make sure the wheels are pointed 
strsmght ahead and the steerrng gear is cen- 
tered, then slip the wheel onto the steering 
column shaft with €he spokes horizontal. The 
steeflng gear a centered when the split in the 
circlrp 1s altgned with the raised boss on the 
gearbox. 
8 Install the spring washer and nut. 
Tighten the nut to the torque listed in thrs 
Chapter's Spec~ficattons. 
9 Connect the horn wire and lnstall t h e  TO-n bar models Png damper to rts rnount~ng bracket on the 
horn ring or horn pad. upper axle tube (see illustrations). 
10 Conned the negative battery cable Steering damper 3 Remove the nut that attaches the . Refer to il!ustrafrons 1 7.2a, 1 7.2b and 17.3 damper p~ston rod to the long tie-rod (see 

2 Remove the bolt that attaches the steer- Illus2ration) and remove the steering damper. 
17 Steering gear linkage - removal 

and installation 
5 6 1 8 2  1 

1 For all of the fotlow~ng procedures. 
loosen the wheel lug bolts (where applrcabls). 
rase the front of the vehicle, support ~t 
securely, block the rear wheels and set the 
parkrng brake. Remove the front wheel(s) ~f 
necessary. 

172a Exploded vkew of the steering linkage on a torsion bar model 

I Steering damper-to- 8 Colter p~n 16 Long ire-rod 
bracket mounting bolt 9 Castellated nut 17 Short t~e-rod 

2 Lockplate 10 Nuf 18 Rtght outer f~e-rod end 
3 Self-tockmg nut I1  Spnng washer 19 Right rnner tre-md end 
4 Steering damper 72 Prnch bolt for outer tre- 20 Left rnner tre-rod end 
5 Sleeve for rubber bushing rod clamp 2 1 Left outer tre-rod end 
6 Bushrng for steering 13 Outer fre-rod clamp 22 Lock plate 

damper 14 Nut for taper nng 23 Bolt 
7 Bushing for tle-rod end 75 Taper nng 24 Pitman arm 
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17.2b Remove the bolt [arrow) that attaches the steering damper 17.3 Remove the nut (arrow) that attaches the cllmnnr 
to its mountlng bracket on the upper axle tube piston rod to the long tie-rod 

4 To check the steering damper, extend 
and compress the piston rod by hand. It 
should move slowly and uniformly. If there's a 
slack or strff spot anywhere In the range of 
movement, replace the damper. Look for 
leaks too. If fluid Is leak~ng past the seal, 
replace the damper. It's not rebuildable. 
5 Inspect the rubber bushlng and sleeve 
In the bracket end of the damper and on the 
tle-sod for wear and damage. If &her needs 
to be replaced, take the damper and/or tle- 
rod to a dealer service department or other 
repair shop te have the old sleevs(s) and 
bushtng(s) pressed out and new one(s) 
pressed In. 
6 lnstallatlon 15 the reverse of removal. 
Tlghten the nut at the tie-rod end and the bolt 
at the bracket end of the damper securely. 

Tle-rods and tie-rod ends 
Refer to iflustratlon 1 7.9 
7 If you're rernovlng the rlght (long) tle- 
rod, detach the steerlng damper (see above). 
8 Remove the cotter pins and castellated 
nuts from the tie-rod ends. 

9 Press the tle-rod ends out of the Pltman 
arm and steerlng knuckle with a balljolnt sep- 
arator or a two-jaw puller (see Illustration). 
10 Inspect the tle-rod(s) for damage and 
wear. If a tie-rod Is Wnt, replace ~t - don't try 
to straighten It. If there's any play In the 
balllolnts or If you can't move either ballloint 
stud by hand, replace the Zle-rod end (see 
next Step). 
Inspect the rubber boots for team. If a tie-rod 
boot has been tom or punctured, replace the 
t~e-rod end. Dirt has probably contaminated 
the ball]olnt. If you've removed the long tle- 
rod, inspect the bushlng for the steerlng 
damper (see above). 
11 If you're raplacing the tle-rod Itself, mark 
the Inner and autor tie-rod ends wlth a palnt 
stripe to ensure proper reassembly. If you're 
replacfng one of the tle-rod ends, that won't 
work - Instead, count the number of thmads 
exposed on the old tle-rod end. Loosen the 
clamp bolt, slide the Clamp out of the way 
and unscrew the old tle-rod and. 
12 If you're installing the old t~e-rod end, 
screw It Into the tie-rod untll the paint strlpa Is 

17.9 Press the t~e-roc! end? cut of the steering knuckle and 
Pitman ?rm witk a two-jaw -.bllor 

touching the tie-rod. If you're Instatllng a new 
tie-rod end, screw R Into the tle-rod until the 
same number of threads are exposed es on 
the old tle-rod. Place the clamp in posltlon 
and t~ghten the clamp bolt securely. 
13 lnstallatlon Is zhs reverse of removal. Ee 
sure to tlghten the balljoint stud nuts t o  the 
torque llsted in thls Chapter's Speciflcations. 
14 Take the vohlcle to a dealer servlce 
department or alignment shop and have the 
front and allgnment checked and, If necss- 
sary, adjusted. 

MacPherson strut models with 
worn-and-roller steering 
Steering damper 
Refer to iflustratlons l7.'.f5 and 17.17 
15 Remove the Pltrnan arm-to-steerlng 
6amper bolt (see Illuatr~tion). 
16 Te get at the bott that attaches the 
stserlng damper to the frame head, remove 
the spare wheel from the front luggage com- 
partment and pry the cover out of the access 
hole. 

17.15 Remove the steerlng damper-to-Pktma:~ arm bolt 
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17.17 An exploded view of the steertng linkage on 1970 through 1974 MacPherson strut models ' I 
Boot 0-dng 
Tie-md end 
Boat 
Boot retainjng ring 
Nut 
Spring washer 
Tie-rod clamp 
Tie-rod clamp bolt 
Left tie-md 
Tapered ring 

Nut 
Tie-rod end 
Rjght tie-rod assembly 
Adjusting bolt 
Locknut 
idler arm shaft 
Flat washer 
Bolt 
Center tie-md 
Bolt 

Flat washer 
Spacer 
Sealing n'ng 
Rubber bushing 
Bushrng sleeve 
Bolt 
Lock washer 
Nut 
Pitman arm 
Steering gearbox 

Castellated nut 
Corter pin 
Steenng damper 
Lock Washer 
Boll 
Idler a m  
Washer 
Self-locking nut 
idler a m  bracket bushing 
ldEer arm bracket 

17 Remove the steering damper-to-frame 
head bolt (see lllustratlon) and remove the 
steedng damper. 
18 To check the steering damper, extend 
and compress the piston rod by hand. It 
should move through its strake slowly and 
uniformly. If there's a slack or stiff spot any- 
where En the range of movement, replace the 
damper. Look for leaks too. A small amount 
of fluld leaking past the seal Is acceptable. 
But ~f the damper is empty. repiace it. It's not 
rebuildable. 
19 lnstallat~on is the reverse of removal. 
Tighten the damper-to-frame head bolt and 
the damper-to-Pitman arm bolt securely. 
Apply caulking compound around the access 
cover. 

Tie-rods 
Refer to jIEustration 1 7.22 
20 Because models with worm-and-roller 
steering have a center tie-rod, it's easier to 
remove the center tie-rod and left and rlght 
tie-rods as a single unit, then separate them 
once the assembly is off the veh~cle. But you 
can, i f  you wish, remove either tie-rod by 
itself. 
21 Remove the cotter plns and castellated 
nuts from the outer ends of both tie-rods (see 
illustration 17.17). 
22 Press tha left and right tie-rod ends out 
of the steering knuckles with a balljoint sepa- 
rator or a two-jaw puller (sea illustration). 
Don't hammer on the tie-rod ends or you7ll 
ruin the threads. 

23 Press the center tie-rod ends out of the 
Pitman arm and idler arm (see ilfustration 
17.17). 
24 Remove the tie-rod assembly as a single 
un~ t  and clamp the center tle-rod In a vise. 
Remove the cotter pins and castellated nuts 
from the Inner t~e-rod ends. Press the inner 
ends of the tie-rods out of the center tie-rod. 
25 Clean the tie-rods w~ th  a wlre brush, 
then tnspect'them for cracks. Check for dis- 
tortion by rolling the tie-rods over a flat sur- 
face. Inspect the tie-rod end boots for 
cracks. If a boot 1s damaged. ~t can be 
replaced, but be sure to inspect the tie-rod 
itself for contamination, Once dirt gets Into a 
tie-rod end through a tear in the boot, replace 
the tie-rod end. If any of the tie-rod ends are 
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17.22 Press the tie-rod ends out of the steering knuckles wlth a f7.32 After installing the nut thal then P i a n  arm to the 
two-jaw puller - don't hammer on the tie-rod end or you'll ruin the roller shaft, peen the lower part of the nut (arrows) until it 

threads engages the slots in the roller shaft 

17.34 To remove the idler arm and 
bracket assembly, remove these three 
bolts from the body - support the idler 
arm as you remove the last bolt (arrow) 

worn, replace them. Before removing a tie- 
rod end from a trs-rod, mark the threads wrth 
paint to ensure proper relnstallatlon. 
26 Installation is the reverse of removal. 

Pitrnan arm 
Refer to rllusfmtion 17.32 
27 D~sconnecl the steering damper's pis- 
ton rod from the Pitman arm (see Steps 15 
through 19). 
28 Remove the cotter pln and castellated 
nut. 
29 Press the center tle-rod end out of the 
P~trnan arm. Don't hammer out the tle-rod 
end or you may damage the threads. 
30 Remove the nut that attaches the Pft- 
man arm to the roller shaft of the steering box 
and pull the Pitrnan arm off the shaft. 
31 Inspect the rubber bushlng and metal 
sleeve for the bolt that attaches the steering 
damper to the Pitman am,  If either IS worn. 
press rt out, lubricate the new bushing with 
s~lrcone spray and press It in. If you don't 
have a hydraulic press, take the Pitman arm 
and new parts to a dealer service department 

: attaches 

onto the shaft, make sure the wide 
spllnes Insfds the shaft bore are aligned 

with the wide spllngrs on the shaft 

or other repafr shop to have this dona. 
32 Installation Is the reverse of removal. 
Note that same of the spl~nes on the roller 
shafl are wider than others to ensure proper 
realignment. If you're replacing the Pitman 
arm, make surs it's got the same size splines 
as the old arm. Tighten all fasteners to the 
torque listed in Zhls Chapter's Specifications. 
After you've tightened the nut that attaches 
the Pitrnan arm to the roller shaft, peen the 
nut as shown (see Illustration). 

Idler arm 
Refer to iNustmtions 17.34 and 17.38 
33 Disconnect the tie-rod end from the ~dler 
am. 
34 Remove the three bolts that attach the 
idler arm to the body [sw illustration). 
35 Remove the idler arm and bracket as a 
single unit. 
36 To remove the idler arm from the 
bracket, simply remove the self-locking nut 
and washer and pull the arm off the splined 
shaft. 
37 Inspect the bonded rubber bushing 
inside the bracket. If it" worn, press It out 
along with the inner metal bushing, then 
press out the outer metal bushing. Press the 
new inner metal bushrng, bonded rubber 
bushing and outer metal bushing into the 
bwcket together. If you don't have a 
hydraulic press, take the bracket and new 

parts to a dealer service department or other 
repair shop to have this done. 
38 lnstallat~on is the reverse of removal. 
Make sure the splines are aligned as shown 
(see illustratlon). T~ghten the new self-luck- 
ing nut and all other fasteners to the torque 
listed in this Chapter's Specifications. 

MacPherson strut models with 
rack-and-pinion steering 
Tie-rods and tie-rod ends 
39 Remove the cotter pins and castellated 
nuts from the outer ends of both tiexods. 
40 Press the tie-rod end out of the steering 
knuckle with a two-jaw puller. Don't hammer 
on the tie-rod end or you'll ruin the threads. 
41 To remove an outer tie-rod end, loosen 
the locknut, paint an alignment mark where 
the threads meet the tie-rcd and unscrew the 
tie-rod end. 
42 To remove a tie-rod, bend up the lock- 10 
plate and remove the bolt that attaches the 
Inner tie-rod end to the steering rack. 
43 To remove an inner tie-rod end, loosen 
the locknut, paint an at~gnrnent mark where 
the threads meet the tie-rod and unscrew the 
tie-rod end. 
44 Installation is the reverse of removal. 
Tighten the bolts at the  Inner tie-rod ends 
to the torque listed in this Chapter's Spxifi- 
cattons. 
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1A.5 Loosen the clamp (arrow) below the universal joint 
at the lower end of the steering column 

78 Steering gear - removal and 
installation 

Torsion bar models 
Refer to iltustmtlons 18.5, 18.9 and 78.10 
1 Rernave the fuel tank (sw Chapter 4). 
2 Loosen the front wheal lug bolts, ralse 
the front of tha vehicle, support tt securely on 
jackstands, apply the parklng brake and 
remove the front wheels. 
3 Separate the tie-rod ends from the Plt- 
man arm (see SectIan 17) .  
4 f f  youye planning to Install a new steer- 
lng gear, remove the Pltman arm (see Sec- 
tlon 17). 
5 Loosen the clamp below the unlversaF 
jolnt at the bottom of the steerlng column 
(sae Illustretlon). 
6 Dlsconnect the horn wire from the steer- 
ing coupllng contact. 
7 Pull up on the steerlng column until the 

18.9 Remove the mounting clamp bolts, the clamp 
and the steering gear 

coupllng flange clears the steering gear pln- 
ion, 
8 Mark the position of the steerlng gear 
mounting clamp on the upper axle tube to 
ensure proper reinstallation. 
9 Rsmove the mountlng clamp bolts (see 
Illustretlon), the clamp and the stwrlng gear. 
10 Positlon the steerlng gear between the 
two welded-on stops on the upper axle tube. 
Use mew lock plates under the mountlng 
clamp bofts but don't fully tlghten the bofts, 
Note the dlfterent cutouts on the edges of ?ha 
clamp - make sure you orient the clamp cor- 
rectly {sea Illuatretlcn). 
1 1 Set the steerlng to the center posltlon 
and - wlth the spokes of the steerlng wheel 
horizontal - push the steerlng column cou- 
pllng onto the steerlng gear plnlon. 
'12 Reattach the tie-rods to the P h a n  arm 
(988 Sect Ion 1 7). 
13 Wlth the steerlng wheel centered and 
the brake drums (or discs) polntlng atralght 
ahead, tlghten the steerkng column clamp 

f 8.10 The steering gear mountlng clamp has two ~utouta - one for 
the Beetle and one for tha Karrnann Ghia - if you're installing the 
clamp on a Beetle axle tube, maker sure the arrow at 93'' points 
forwardf on a Karmann Ghia, the "14" avow must polnt forward 

bolt securely. Use a new lockplata for the 
bolt. 
14 Tighten the steering gear clamp bolts to 
the torque listed In thls Chapter's Specifica- 
tlons. 
15 Install the wheels. lower the vehicle and 
tlghten the wheel lug bolts to the terqua listed 
In the Chapter 1 Speclfieatlons. 
7 %  Test the steering. Make sure there's no 
blndlng anywhere in the ranga. If there Is, you 
haven't allgned the steering gear correctly, 

MacPherson strut models 
Worm-and-roller steerfng gear 
Refer to iliustmtions 18.20, 18.21, 18.23 and 
18.24 
17 Loosen ths front wheel lug bolts, talse 
thefront of the vehlcle, support it securely on 
lackstands, apply the parking brake and 
remove the front wheels. 
10 Dlsconnect the steerlng damper from 
the Pltman arm (see Sect~on 17). Push the 

t8.20 Push the protective boot up and over the U-joint at the 
lower end of the ste-ering column and loosen the clamp 

bolt (arrow) that attaches the steering column to the 
steering gear pinion 
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18.21 Remove the three bob that attach the 
steering gear to the body 

78.24 If you're rnstalling a new boot 
retaining ring, center the steering and 

align the lug with the mark (arrow) 

p~ston rod all the way Into the damper to glve 
yourself plenty of room, or swing the damper 
toward the front of the vehicle where It will be 
olrt of the way. 
19 Drsconnect the center tle-rod from the 
Pitman a n  (see Section 77). 

18.23 When you reattach the steerwry bulumn to the steerlng 
gear, make sure the groove in the steering gear pinion (r~ght  

arrow) is aligned with the hole En the lower Y-loint (upper arrow) 

20 Push the lower boot up over the inter- 
mediate shaft U-joint to uncover the lower 
universal IoEnt and remove the bolt that 
attaches the universal joint to the steering 
gear pinion shaft (see illustration). 
21 Remove the three bolts that attach the 
steerlng gear to the body {see iltustration). 
22 Pull down on the steer~ng gear, sl~de the 
pinion shaft out of the universal joint and 
remove the gear from the vehicle. 
23 To install the steer~ng gear, push the 
pinion shaft into the lower universal joint. 
Make sure the groove in the pinion is aligned 
w~ th  the bolt hole in the universal joint (see 
illustration). 
24 If you're Installing a new boot retaining 
rlng on the worm pinion, center the steering 
and align the lug with the mark as shown 
(see illustration). 
25 Install the three bolts that attach the 
steering gear to the body. T~ghten the bolts to 
the torque listed In this Chapter's Specifica- 
tions. 
26 Install the bolt In the universal joint with 
a new self-Iocklng nut and tighten it to the 
tarque listed In this Chapter's Specif~cat~ons. 

27 Pull down the boot and engage it in the 
groove In the retaining ring, 
28 Reattach the center tie-rod to  the Pit- 
man arm (see Section 17). 
29 Install the wheels, lower the vehicle and 
tighten the wheel lug bolts to the torque listed 
in the Chapter 1 Specifications. 

Rack-and-pinion steering gear 
Refer to Illusfration 18.34 
30 Push the lower boot up over the untver- 
sal shaft to  uncover the lower 
universal joint, 
31 Remove the bolt that attaches the lower 
universal joint to the steering gear pinion. 
32 Pry the universal joint off the steering 
gear pinion. 
33 Bend up the lockplate, remove the bolts 
that attach the Inner tie-rod ends to the steer- 
ing rack and disconnect them from the rack 
{sea Section 17). 
34 Remove the nuts and bolts that attach 
the ends of the steering rack to the brackets 
an the body side members (see illustration). 
35 Remove the steering gear from the 
veh~cle. 

18.34 Installation details of 
the rackand-ptnion 
steering gear on late 
model MacPherson 

strut models 

7 Body side member 
2 Mounting bracket-to- 

side member bolt 
3 Steering rack-to- 

rnountlng bracket bolt 
4 Adlusttng screw 



10-28 ~napter  10 Suspension and steering systems 

19.3 f hers am three areas where excessbe play develops 
in the steering gear 

19.2 To clrrck steerlng play, turn the steering wheel until the 
wheels are pointed stra~ght ahead, then turn the wheeE back and 
forth with your fingers as shown -the range in whlch you feel no 

resistance (distance "a") should be about one inch 

a) Axial play of the worm 
b) Play between the roller and the worm 
c) Axial play of the roller 

36 lnstallat~on is the reverse of removal. 
Trghten the two bolts that attach each 
bracket, the bolts that attach the rack to the 

1 With the vehicle on the ground, turn the 
front whaels to the straight-ahead position. 
2 With the front wheels in the straight- 
ahead position, move the steerlng wheel 
l~ghtly back and forth w ~ t h  your fingers as 
shown {see illustratlon). The steering 
freeplay IS that range of motion between the 
two points at whlch you feel resistance in 
each direction. Up to an inch of movement Is 
acceptable. 
3 If the steering play at the center posltlon 
is excessive, vertfy that it's not caused by 
worn tie-rod ends (see Sectlon 17) or a loose 
Prtman arm (see Section 18). Alsa, make sure 
the steering gear mounting bolts are tight. If 
these possible causes are eliminated, too 

To adjust axial play of the 
worm 
Refer to illustrations 19.4, 7 9.5 and 19.6 
4 From underneath the front of the vehl- 
cle, turn the steering column U-joint coupling 
back and forth from lefi to right and watch 
the section of the pin~on between the U-jornt 
flange and the steering gear (see Illustra- 
tion). 
5 Loosen the locknut for the steerlng 
worm adluster (see illustration). 
6 Turn the stewrlng worm back and forth 
at the steerlng coupllng while simultaneously , 
tightening the adjuster (see illustration) until 
all play in the worm is removed. 
7 Hold the adjuster and tighten the lock- 
nut to the torque listed in this Chapter's 
Spec~ficat~ons. 
8 Turn the steering worm from lock to 

I 

brackets and the bolts that attach the tie- 
rods to the rack to the torque listed In t h ~ s  
Chapter's Specifications. 
37 Install the wheels, lower the vehicle and 
tighten the w.h-l lug bolts to the torque listed 
In the Chapter 1 Specrflcations. 
38 Have the wheel alrgnment checked and, 
d necessary, adjusted. 

79 Steering gear - adjustment 

Refer to illustratrons 19.2 and 19.3 
Note: The followmg procedure applies to aE1 
worm-and-roller steesing gears, whether on 
torsion bar or MacPherson strut models. 

much freeplay is caused by excessive axla! 
play of the worm, play between the roller and 
the worm or ax~al play of the roller (see Hlus- 
tratlon). 

_I 
d0..1 T ~ l m  ?l ie  steering wheel column U-joint Range back and 19.5 Loosen the locknut for the steer~ng worm adjuster 

I 
forth, from left to right, and watch the ssctkon of the pinion 
between the U-joint and the steering gear - If it moves up 

and down (arrow). adjust the axial play of the worm 
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19.6 Tighten the adjuster whlle turning the Steering worm back 19.1 1 Loosen the loc knud for the roller shaft adjustment screw 
and forth at the steering coupling until all play is removed (arrow) and turn the screw out about one turn, then tighten the 

from the worm screw until you feel the roller touchtng the worm 

lock. It should rotate smoothly, with no "tight 
spots." If there are, the adjuster 1s too tight. 
Loosen it a lrttle and check agaln. If you can't 
el~m~nate play by adjusting the worm, try 
adjust~ng the play between the roller and the 
worm. 

To adjust play between the 
roller and the worn 
Refer to illustration 19. I I 
9 Turn the steering wheel 90-degrees to 
the left or rrght of ~ t s  centered position. 
10 Raise the luggage compartment hood, 
remove the spare tlre and remove the access 
panel for the steering gear. 
11 Loosen the locknut for the roller shaft 
adiustment screw (see Illustration). Loosen 

the adjustment screw about one turn. 
12 Tighten the adlustrnent screw until you 
feel the roller touchtng the steerlng worm. 
13 Hold the adjustment screw and tighten 
the locknut securely. 
74 With the vehlcle on the ground, check 
the adjustment with the wheel turned 90- 
degrees to each side. Play must no2 exceed 
one inch at the circumference of the steerlng 
wheel. If there's more play on one side than 
the other, readlust the roller to worm play for 
that slde. 
15 Road test the vehcle. Carefully negotl- 
ate a corner at 10 to 12 mph. The steerlng 
should return to within 45-degrees of ~ t s  cen- 
tered position after you exit the corner. If I? 
doesn't, the rnller is still too tight. Repeat the 
adjustment procedure or the worm and roller 

METRIC TIRE SIZES 
P I 8 5  / 80313 - -  

P-PAPASSENGER TIRE WPE // ASPECT To/ RATIO \\ RIM (INCHES) QFAMFER 

T-TEMPORARY [SECTlON HEIGHT) 73 
C-COMMERCIAL 1 4  

(SECTION WIDTH) 15 

SECnON WIDTH i: CONSTRUCTION TYPE 
(MtLLIMET ERS) R-RADIAL 

185 B-BIAS - BELTED 
195 D-DIAGONAL (BIAS) 

20.1 Metric tire 
size code 

will be damaged. 
16 If you can't get the steerlng to perfom 
as specifled after several attempts to readjust 
the play between the worm and roller, the 
axial play of the steering roller must be 
checked. This is a job for the dealer service 
department or other repalr shop, because 
adjustment requires specla! tools and disas- 
sembly of the steerlng gear. 

20 Wheels and tires - general 
information 

Refer to illustration 20.1 
Most veh~cles covered by this manual 

are equipped with metrbc-sired fiberglass or 
steel belted radial tires (see illustration). Use 
ot other sizes or types of tlres may affect the 
ride and handl~ng of the  vehlcle. Don't mtx 
different types of tires, such as rad~als and 
bias belted, on the same vehlcle, or handling 
may be seriously affected. We recommend 
that tlres be replaced In pairs on the same 
axle, but if only one tire is being replaced, 
make sure ~ t " s  the same slze, structure and 
tread design as the other. 

Because tire pressure has a substantial 
effect on handling and wear, the pressure on 
all tires should be checked at least once a 
month or before any extended trlps (see 
Chapter 1). 

Wheels must be replaced if they are 
bent, dented, leak alr, have elongated bolt 
holes. are heavily rusted. out of vert~cal sym- f 0 
metry or ~f the lug bolts won't stay t~ght. We 
don" recommend wheel repalrs that use 
welding or peenlng. 

Tire and wheel balance is important to 
the overall handling, braking and perfor- 
mance of the vehicte. Unbalanced wheels 
can adversely affect handl~ng and ride char- 
acteristics as well as tire I~fe. When a tire is 
lnstalted on a wheel, the t~re  and wheel 
should be balanced by a shop wlth the 
proper equipment. 



Alianrng the wheels is an exacting pro- 
cess wh~ch requires complicated and expen- 
sive equrprnent. Have an al~gnment shop wfth 
the proper equipment perform this job. The 
boltowmg brief description of the mechanics 
of wheel alignment wilT provide you with 
enough ~nformation to deal intelligently with 
the shop that d m  the work. 

Toe-in is the turning fn of the wheels. 
The purpose of a toe specification is to 
ensure parallel rolling of the front wheels. In a 
vehicle with zero toe-in. the distance 
between the front edges of the wheels wjll be 
the same as the distance between the rear 
edges of the wheels. The actual amount of 
toe-in is normally only a fraction of an inch. 
Toe-~n adjustment of the front wheels is con- 
trolled by the tie-rod end position on the tie- 
rod; toe-in of the rear wheels is adjusted by 
altering the relationshtp of the beanng hous- 
ings - or, on later models, the diagonal a m s  - 
and the spring plates. Fncarrect toe-in will 
cause the tires to wear improperly by making 
them scrub against the road surface. 

Camber is the tilting of the wheels from 
the vertical when viewed from the end of the 
vehicle. When the wheels tilt out at the top, 
the camber is sard fo be positive (+). When 
the wheels t~ l t  In at the top the camber Is neg- 
ative (-1. The amount of tilt is measured in 
degrees from the vertical and this measure- 
ment is called the camber angle. This angle 
affects the amount of tire tread which con- 
tacts the road and compensates far changes 
in the suspensron geometry when the vefircfe 
is cornering or travelling over an undulating 
surface. 

Caster is the tilting af the top of the 
steering axis from the vertical. A tilt toward 
the rear is positive caster and a tilt toward the 
front is negative caster. 
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21 Wheel algnm~ sral 
infor1 Vertical 

Refer to  ill^ 

I 
CAMBER ANGLE (FRONT VIEW) 

Wheel allgnrnent refers to  the sdjust- 
rnents made to the wheels so they're in 
proper angular relnt~onshlp to the suspension 
and the ground. Fronl wheels that are out of Centerline 
alignment not onlv affect steering control. but 0f 
also increase t ~ r e  wear. The front end adjust- Vehicle 
rnents normally requrred on most models are 
camber, caster and toe-in {see Illustration). 
The rear wheels can also be adjusted for 
camber and toe-m 
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27.1 Front end alignment details 

1 A mlnus B = C (degrees camber] 
2 E mnus F = toe-m (measured In inches) 
3 G = toe-in (expressed in degrees) 
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1 General information 

Refer to illus fration I. I 
' The body is made of many indlvldual 
parts welded into a srngle structure, which Is 
bolted onto a platform frame (floorpan), an 
assembly of welded sheet metal stamplngs 
consisting of a backbone (central) tunnel, a 
floor pan, cross bracing at the front and rear 
ends and a frame fork whlch supports the 
engine. The floor pan and central tunnel of 
the platform pmvide the rnajor~ty of the load- 
carrying structure. Torsion bar axle beams - 
or, on Super Beetle models, a MacPherson 
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strut front end - are botlsd to a frame head at 
the front of the platform. At the rear. another 
torsion bar beam Is welded to the frame fork 
(see illustration). The platform itself is quite 
strong, put galns even further rig~dlty when 
the body is bolted onto It. 

Some body parts - such as the 
'bumpers, the front and rear hoods, the doom, 
the fenders and the running boards - can be 
removed for repalr or rnplacement. 

Only general body maintenance prac- 
tices, body panel repair and simple compo- 
nent replacement procedures within the 
scope of the do-~t-yourselfer are Included in 
this Chapter. 

2 Body - maintenance 

1 The condition of your vehicle's body Is 
very Important, because the resale value 
depends a great deal on It, It's much more 

:r 

dtffbcult to repalr a neglected or damaged 
body than it 1s to repalr mechanical cornpo- d 1 
nants. The hidden areas of the body, such as 
the wheel wells, the frame and the  englne 
campadment, am equally Important, 
although they don't require as frequent atten- 
tion as the rest of the body. 
2 Once a year, or every 12,000 rnlles, rt's a 
g o d  idea to have the underside of the b d y  
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1.1 Typlcsl Super Beetle floorpan wlth frame head for MacPherrwn strubtype front suspension 

I Framehead 
2 Floorpan 
3 Front cross bracing 
4 Pedal cluster shafl aperture 
5 Accelerator pedal mounting 

6 Seat runners 7 1 Sprrng plate brackets 
7 Shift lever hole 12 Seat belt anchoring pornts 
8 Jackingpoinfs 13 Rear cross bracing 
9 Parking brake mounting brecket f4  Frame fork 

I0 Heater control cable tube 

Steam cteaned. All traces of dlrt and oll wlll be 
removed and the area can than be rnspectad 
carefully for rust, damaged brake lines, 
frayed electrlcal wires, damaged cables and 
other problems. The front suspsnslon com- 
ponents should be greased after completion 
of this lob. 
3 At the same time, clean the engine and 
the engine compartment with a steam 
cleaner or water soluble degreaser. 
4 The wheel wells should be given close 
attentjon, stnce undercoating can pael away 
and stones and dlrt thrown up by the tltes 
can cause the paint to chjp and flake, allow- 
Ing rust to set in. If rust is found, clean down 
to the bare metal and apply an anti-rust paint. 
5 The body should be washed about once 
a week. Wet the veh~cle thoroughly to soften 
the dirt, then wash it down with a soft sponge 
and plenty of clean soapy water. If the sur- 
plus dirt is not washed off very carefully, It 
can wear down the palnt. 
6 Spots of tar or asphalt thrown up from 
the road should be removed with a cloth 

soaked in solvent. 
7 Once every six months, wax the body 
and chrome ttim. If a chrome cleaner is used 
to remove rust from any of the vehicle's 
plated parts, rememkr that the cleaner also 
removes part of the chrome, so use ~t spar- 
ingly. 

3 Vlnyl trim - maintenance 

Don" clean vlnyl trim wtth detergents, 
caustic soap or petroleum-based cleaners. 
Plain soap and water works just fine, w~th a 
soft brush to clean dirt that may be ingrained. 
Wash the vinyl as frequently as the rest of the 
vehicle. 

After cleaning, application of a h~gh 
quality rubber and vinyl protectant w~l l  help 
prevent oxidatian and ctacks, The protectant 
can also be applied to weatherstrlpping, wac- 
uum llnes and rubber hoses, which often fall 
as a result of chemical degradat~on, and to 
the tires. 

4 Uphotstery and carpets - 
maintenance 

1 Every three months remove the carpets 
or mats and clean the rnterior of the vehicle 
(more frequently If necessary). Vacuum the 
upholstery and carpets to remove loose dirt 
and dust. 
2 Leather upholstery requires special 
care. Stains should be removed with warm 
water and a very m~ ld  soap solution. Use a 
clean, damp cloth to remove the soap, then 
wipe again with a dv cloth. Never use alco- 
hol, gasoline, nail polish remover or thrnnsr to 
clean leather upholstery. 
3 After cleaning, regularly treat leather 
upholstery with a leather wax. Never use car 
wax on leather upholstery, 
4 In areas where the rnterior of the vehicle 
is subject to br~ght sunlight, cover leather 
seats with a sheet if the vehcle 4s to be left 
out for any length of time. 
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5 Body repair - minor damage 

See photo sequence 

Repair of minor scratches 
I If the scratch Is superficial and does not 
penetrate to the metal of the body. repalr Is 
very s~mpln. Llghtly rub the scratched area 
with a fine rubblng compound to remove 
loose paint snd built up wax. Rlnse the area 
wkh clean water. 
2 Apply touch-up palnt to the scratch, 
using a small brush. Contlnua to apply thTn 
layen oi pant until the surface of the palnt in 
the scratch is level with the surrounding 
palnt. Allow the new paint at least two weeks 
to harden. then blend it lnto the surrounding 
palnt by rubbing with a very fine rubbing 
compound. Finally, apply a coat of wax to the 
scratch area. 
3 If the scratch has penetrated the paint 
and exposed the metal of the body, causlng 
the metal to rust, a dlffersnt repair technique 
Is required. Remove all loose rust from the 
bottom of the scratch with a pocket knife, 
then apply rust lnhlbitlng paint to prevent the 
formation of rust In the future. Using a rubber 
or nylon appllcator, coat the scratched area 
with glaze-type filler. If required, the filler can 
be mixed wlth thinner to provide a very thin 
paste, which is ideal for f~ l l~ng narrow 
scratches. Before the glaze filler In the 
scratch hardens, wrap a piece of smooth cot- 
ton cloth around the tip of a finger. DIP the 
cloth in thinner and then quickly wlpe ~t along 
the surface of the scratch. Thls w~l l  ensure 
that the surface of the filler is slightly hollow. 
the  scratch can now be painted over as 
described earlier in this Section. 

Repair of dents 
4 When repair~ng dents, the first job is to 
pull the dent out until the affectsd area is as 
close as possible to Its orlglnal shape, There 
Is no point in trying to restore the orlginal 
shape completely as the metal in the dam- 
aged area w~l l  have stretched on impact and 
cannot be restored to its or~ginal contours. It 
is batter to bring the level of the dent up to a 
polnt which is about 1/8-inch below the level 
of the surrounding metal. In cases where the 
dent is very shallow, it is not worth tving to 
pull it out at all. 
5 If the back slde of the dent is accessible, 
it can be hammered out gently from behind 
uslng a soft-face hammer. While doing thls, 
hold a block of wood firmly against the oppo- 
site side of the metal to absofb the hammer 
blows and prevent the metal from being 
stratchd. 
6 If the dent is in a section of the body 
wWch has double layers, or some other factor 
makes it inaccessible from behind, a different 
technique is required. Drill several small holes 
through the metal lnslde the damaged area. 
particularly in the deeper sections. Screw 
long, self Zapping screws into the holes just 
enough for them to get a good grip in the 
metal. Now the dent can be pulled out by 

pulling on tha protruding heads of the screws 
wlth locking pliers. 
7 The next stage of repair Is the removal 
of paint from the damaged area and from an 
Inch or so of the surrovndlng metal. Thls is 
easily done with a wire brush or sand~ng disk 
in a drill motor, although it can be done just 
as effecttvely by hand with sandpaper. To 
complete the preparation for filllng, score the 
surface of the bare metal with a screwdriver 
or the tang of a file or dr~ll small holes in the 
affected area. This will provide a good grip 
for the frller material. To complete the repair, 
see the Section on filling and painting. 

Repair of rust holes or gashes 
8 Remove all palnt from the affected area 
and from an Inch or so of the surrounding 
metal uslng a sandlng disk or wlre brush 
mounted in a drHI motor. if these ate not 
avalable, a few sheets af sandpaper will do 
the job just as effectively. 
9 With the palnt rernovd, you will be able 
to detemlne the severity of tho corrosion and 
declde whether to raplaca the whole panel, if 
possible, or repalr the affected area. New 
body panels are not as expensive as most 
people think and It Is often quicker to Install s 
new panel than to repalr large areas of rust. 
10 Remove all trim pieces from the affected 
area except those whlch will act as a guide to 
the origlnal shape of the damaged body. 
such as headlight shells, etc. Using metal 
snips or a hacksaw blade, remove all loose 
metal and any other metal that IS badly 
affected by rust. Hammer the edges of the 
hole in to create a slight depression for the 
filter material. 
11 Wlre brush the affected area to remove 
the powdery rust from the surface of the 
metal. If the back of the rusted area is aeces- 
sible, treat it with rust inhib~t~ng paint. 
12 Before filling Is done, block the hole in 
some way. This can be done with sheet metal 
riveted or screwed lnto place, or by stuffing 
the hole with wire mesh. 
13 Once the hole Is blocked off, the 
affected area can be filled and painted. See 
the following subsection on filling and pant- 
Ing. 

Fjiling and painting 
14 Many types of body ftllers are available, 
but generally speaking, body repalr k ~ t s  
which contaln filler paste and a tube of resin 
hardener are best for this type of repair work. 
A wide, flexible plastic or nylon applicator will 
be necessary for Imparting a smooth and 
contoured finish to the surface of the f~ller 
material. Mix up a small amount of flller on a 
cfean plece of wood or cardboard (use the 
hardener sparingly). Follow the manufac- 
turer's instructions on the package, other- 
wise the f~ller will set incorrectly. 
15 Using the applicator, apply the filler 
paste to the prepared area. Draw the appltca- 
tor across the surface of the filler to achieve 
the desired contour and to levet the filler sur- 
face. As soon as a contour that approxlrnates 
the original one is achieved, svop working the 

paste. C you continue, the paste wlll begin to 
stick to the appllcstor. Cont~nue to add thln 
layers of paste at 20-mlnute intervals until the 
level of the filler is just above the surrounding 
metal. 
16 Once the filler has hardened, the excess 
can be removed wlth a body file. From then 
on, progressively f~ner grades of sandpaper 
should be used, start~ng with a 1 BOgrlt paper 
and finishing wlth 600-grit wet-or-dv paper. 
Always wrap the sandpaper around a fiat rub- 
ber or wooden block, otherwise the surface 
of the filler will not h+ completely flat. During 
the sanding of the filler surface, the wet-or- 
dry paper should bs periodrcally rinsed In 
water. Th~s  wlll ensure that a very smooth Rn- 
ish Is prcduc6d In the final stage. 
17 At thls point, the repair area should be 
surrounded by a ring of bare metal, which in 
turn should be encircled by the finely feath- 
ered edge of good palnt. Rinse the repakr 
area w~th clean water until all of the dust pro- 
duced by the sandtng operation Is gone. 
18 Spray the entlre area with a Hght coat of 
prlmer. Thls wlll reveal any ~mpsrfectlons in 
the surface of the fillsr. Repair the impeflec- 
tions with fresh filler paste or glaze flller and 
once more smooth the surface w~th sandpa- 
per. Repeat thts spray-and-repair procedure 
until you are satisfied that the surface of the 
filler and the featherd edge of the paint are 
perfect. Rinse the area w~th clean water and 
allow it to dry completely. 
19 The repair area IS now ready tor paint- 
ing. Spray painting must be carr~ed out in a 
warm, dry, windless and dust free atmo- 
sphere. These conditions can be created if 
you have access to a large Indoor work area, 
but if you are forced to work in the open, you 
will have to plck the day very carefully. If you 
are working indoors, dousing the floor in the 
work area with water wlll help settte the dust 
which would otherwise be in the air. If the 
repair area Is confined to one body panel, 
mask off the surrounding panels. This will 
help minimize the effects of a slight mismatch 
in palnt color. Trim pieces such as chrome 
strips, dmr  handles, etc.. wlli also need to be 
masked off or removed. Use masking tape 
and several thicknesses of newspaper for the 
masking operations. 
20 Before spraying. shake the palnt can 
thoroughly, then spray a test area until the 
spray painting technique Is mastered. Cover 
the repair area with a thick coat of primer. 
The thickness should be built up uslng sav- 
erat thln layers of primer rather than one thick 
one, Using 600-grit wet-or-dry sandpaper, 
rub down the surface of the primer until it is 
very smooth. While doing this. the work area 
should be thoroughly rinsed with water and 
the wet-or-drj sandpaper periodrcally rinsed 
as well. Allow the primer to dry before spray- If 
Ing additional coats. 
21 Spray on the top coat, again buiidlng up 
the thickness by uslng several thin layers of 
palnt. Begin spraying in the center of the 
repair area and then, using a circular motion, 
work out untll the whole repair area and 
about two inches of the surrounding original 
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5 method of repalring simple dents. They are intended to supplement Body repair - minor 
and should not be used as the sole instructions for body repair on these vehicles. 

1 If you can't access the backs~de of the body panel to  hammer 2 . . .then screw the sF~de-hammer bnto the hole and opera! 
out the dent, pull ~t out with a slide-hammer-rtype dent puller. In Tap with a hammer near the edge of the dent to help 'pop" 
the deepest partion of the dent or along the crease line, d r~ l l  or metal back to tts original shape. When you're finished, the d 

punch hole(s1 at least one inch apart. . . area should be dose to  its original contour and about l/B-ir 
below the surface of the surrounding metal 

em 
rch 

3 Using coarse-gr~t sandpaper, remove the paint down to the 4 When the paint ts removed, touch will probably be more 

bare metal. Hand sanding works fine, but the disc sander shown helpful than sight for telilng rl the metal IS straight. Hammer 

here makes the job faster. Use flner (about 320-grit) sandpaper to  down the high spots or raise the low spots as necessary. 
leather-edge the paint at least one inch around the dent area Clean the repair area with wadsilicone remover 

5 Following label tnslructions, mix up a batch of plastic filler and 6 Working quickly so the filler doesn't tmrden, use a plas!rc 1 1 
hardener. The ratio of filler to  hardener Is critical, and, if you mix it applicator to press the body filler firmly into the metal, assuring It 
In~orrectb, it will elther not cure properly or cure too qulckly (you bonds completely. Work the filler untll it matches the orig~nal 

won't have time to file and sand It Into shape) contour and is slightly above the surrounding metal 1 



7 Let ?he  f ~ l l ~ r  harden until you can just dent r t  with your 8 Use coarse-grit sandpaper and a sanding board or block to 
fingernail. Use a body file or Surforrn tool (shown here) to rough- work the filler down until it's smooth and even. Work down to  

shape the filler finer grits of sandpaper - always using a board or block - ending 
up with 360 or 400 grit 

. . ' r - .. 
< . \  1 

-, =d& - -%;. 10 Apply several layers of primer to the area. Don't spray tlle 
9 You shouldn't be able to  feel any rrdge at the trans~tian from primer on too heavy, so it sags or runs, and make sure each coat 

the filler to the bare metal or from the bare metal to the old paint. is dry before you spray on the next one. A professional-type Spray 

As soon as the repair is  flat and uniform, remove the dust and gun is being used here, but aerosol spray primer is available 
mask of4 the adjacent panels or trim pieces inexpensively from auto parts stores 

11 The primer will help reveal imperfections or scratches. FqII 32 Finish sand the prlmer with very fine sandpaper (*OD or 600- 
these with gtazing compound. Follaw the label ~nstruct~ons and gm to remove the primer overspray. Clean the area with water 
sand it with 360 or 4M)-grit sandpaper until rt's smooth. Repeat and allow it to dry. Use a tack rag to remove any dust, then apply 
the glaring, sanding and respraying until the primer reveals a the finish coat. Don't attempt to rub out or wax the repair area 

perfectly smooth surface until the paint has dried completely (at least two weeks) 
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paint IS covered. Ren asking mate- 
nal 10 to 15 minutes lying on the 
final coat of paint. Allow the new paint at 
least two v arden, then use a very 
fine rubbin? ~d to blend the edges of 
the new pa ? existing pa~nt. Ftnally, 
apply a coat 07 wax. 
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6 Body repair - major damage 

1 Major damage must be repaired by an 
auto body shop specifically equipped to per- 
form unibodv repairs. These shops have the 
specralited equrpmant required to do the job 
properlv 
2 If the damage is extensive. the body 
must be cheked for proper alignment or the 
vehlcfek handllng characterfstlcs may be 
adversely affected and other components 
may wear at an accelerated rate. 
3 Due to the fact that all of the major body 
components (hood, fenders, stc.) are sepa- 
rate and replaceable units, any seriously 
damaged cornponenrs should be replaced 
rather than repaired. Sometimes the compo- 
nents can be found in a wrecking yard that 
specializes tn used veh~cle components, 
often at considerable savings over the cost of 
new parts. 

10.1 To remove the upper part of the 
old style lock, simply remove 

the mounting bolts 

9.2 Draw or sbl ,, ~ ~ r c l e  around each 
washer ta ensure correct hood alignment 
wrth the hinges during reattachment - to  
adjust the hood, make albgnment marks 
along the edge of each hinge so you can 

judge how much you're moving the 
hood relative to  each hinge 

the fenders (see Section 10). 
11 The hwcl hinges should be periodically 
lubricated with wh~te hth~um-base grease. 

head (see illustration) to Insure proper alfgn- 
men? dur~ng installatmn 
3 Disconnect any cables or wrre har- 
nesses which will Interfere with removal. 
4 Have an assistant support the weight of 
the hood. Remove the h~nge-to-hood nuts or 
bolts. 
5 Lift off the hood. 
6 Installation IS the reverse of removal. 

10 Front hood lock - removal, 
installation and adjustment 

1967 and earlier models 
Removal 
Refer to rtlustratrons 10.1, 10.2, 10.3 and 10.7 
Note: Older hood locks rely solely on a cable- 
actuated locking mechanism, so it's impera- 
tive that this cable be adlusted properly. I t  it 
isn't, you won't be able to open the front 
hood. 
I Open the hood. Remove the bolts from 
the upper part of the lock (see illustration] 
and remove the handre and the upper part of 
the lock. 
2 Remove the bolts securlng the lower 
part of the lock (see illustration). 
3 Remove the cover plate from the lower 
part of the lack, loosen the cable clamping 
screw (see illustration), detach the cable, 
pull ~t out of the cable gu~de and remove the 
lower patt of the lock. 

7 Hinges and locks - maintenance 

Once every 3000 miles. or every three 
months, the hinges and latch assemblies on 
the dmrs, hood and trunk should be given a 
few drops of lrght oil or lock lubricant. The 
door latch strikers should also be lubricated 
with a Zhln coat of grease to reduce wear and 
ensure free movement, bubncate the door and 
trunk Imks wrth spray-on graphite lubricant. 

Adjustment 
7 Fore-and-aft and side-to-side adjust- 
ment of the hood is done by moving the hood 
in relat~on to the hinge plats after loosen~ng 
the bolts. 
8 Scribe a line around the en8re hinge 
plate so you can judge the amount of move- 
ment (see illustmtion 9.2). 
9 Loosen the bolts and move the hood 
into correct alignment. Move it only a tittle at 
a time. Tighten the hinge bolts and carefully 
lower the hood to check the alignment. 
10 If necessary after installat~on, the hood 
lock assembly can be adjusted up-anddown 
so the hood closes securely and is flush with 

8 Fixed glass - replacement 

Replacement of the wlndshield and 
f i x d  glass requires the use of some special- 
ized toots and twhnlques. These operations 
should be left to a dealer service department 
or a shop speciafizing In glass work. 

9 Front hood - removat, installation 
and adjustment 

Refer to lllustration 9.2 
Note: The hood js heavy and somewhat awk- 
ward to remove and instal( - two people 
should perfom this procedure. 

Removaf and installation 
1 Open the hood. Use blankets or pads to 
cover the cowl area of the body and the fend- 
ers. This w~l l  protect the body and paint as 
the hood is lifted off. 
2 Scribe or draw alignment marks on the 
hood hlnges around the washer for each h l t  

10.2 To remove the lower part of the old 
style lock, remove the mounting bolts . . . 

10.3 . . . pull out the lock, loosen t 
clamping screw and detach the caL., 
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10.7 TO adjust the lock bolt on the old style lock, loosen the 10.70 To remove the upper part of the new style loc;i, remove the 
locknut and turn the bolt in (to lower the hood) or out bolts (outer arrows) - to adjust the lock bolt [center arrow), turn 

(to raise the hood) the bolt in (to lower the hood) or out (to raise the hood) 

Installation 
4 Thread the cable through the cable 
gulde, push the lever with the cable clamp~ng 
screw agarnst spring tension until the lever is 
below the opening for the lock bolt. Insert the 
cable in the lever and trghten the clamping 
screw securely. Note: Tensioning the Fever 
insures that it will automatrcally sprjng back r f  
fhe cable breaks, freeing the lock bolt so the 
hood can be opened. 
5 The remainder of lnstallat~on IS the 
reverse of removal. 

Adjustment 
6 Open and close the hood several times 
to verify that the lower part of the lock is cor- 
rectly centered. If it isn't, loosen the bolts and 
center the lock. 
7 Make sure the lock bolt In the upper part 
of the lock is long enough to catch the lever 
in the lower pat3 of the lock. If it ~sn"t, loosen 
the locknut above the bracket and screw the 
bolt In (b lower the hood) or back it out (to 
rase the hood) (see illustration), Be sure to 
tighten the locknut when you're finished. 
8 Make sure the cable locks and unlocks 

the hood properly. If necessay. remove the 
cover plate and readjust the cable. Bend 
back any excess cable. 
9 Lubricate the lock wlth white lithium 
basa grease. 

Removal 
Refer to illustrations 10.10. 7 0.1 1 and 10.12 
Note: The upper part of the Iock on later 
models b slmilar to older designs. It also uses 
an adjustable, cable-actuated lack bolt on the 
upper part of the hood lock, but there's also a 
pushbutton-actuated safety latch which you 
must release to open the hood. 
10 Open the hood. Remove the bolts from 
the upper part of the lock (see Il~ustrrltion). 
Remove the handle, the pkastlc grommets 
and the upper part of the lock. 
11 Loosen the  cable clamping screw (see 
illustration). 
12 Us~ng a chisel, cut off the pop rivets that 
secure the lower part of the lock to the body 
(see illustration). or drill them out. Remove 
the lower part of the lock from underneath 
the vehicle. 

Installation 
13 If you're re~nstalling the old lower part of 
the lock, lubrrcate rt w ~ t h  white lithium-base 
grease. 
14 Insert the lock cable through the guide 
on the lower part of the lock and temporarily 
attach it with the ctarnprng screw. 
15 Place the tower part of the lock In posl- 
tion and rivet it back In place If you don't 
have a pop rivet gun, attach the lower part of 
the lock with four paErs of nuts and bofts of a 
suitable diameter and length. 
16 Loosen the clamping screw slightly and 
pull all slack out of the cable. Retighten the 
clamping scraw. 
17 Install the ptastic grommets, the hood 
handle, the upper part of the lock and the 
bolts. flghten the bolts securely. 

Adjustment 
18 Open and close the hood several tlrnes 
to ensure that ttk working properly. If neces- 
say, adjust the length of the lock bolt by 
loosenrng the locknut and tumlng the bolt in 
or out (see illustration 10.10). 

-- - - -. -- - - _I 
10.11 Ta remove the lower part of the new style lock, loosen 10.12 Cut the r~vets with a chrse!, or drill them out. and 

the clamping screw to remove the cable remove the lock from underneath the vehicle 
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11.4 L ~ t t  the hood off rts hinge brackets so the spring 
can unhook from the bracket on the roof panel 

iS . ia  Older (pre-1968) rear ihood lacks use three 
Phillips head screws 1 

i i Rear hood - removal and 
installation 

and unhook the load spring from the bracket 
on the veh~cls's body (the spring remains 
w~th the hood when the hood 1s removed). 
6 If necessary, remove the curved hinge 
brackets from the vehlcle body by removing 
the three boRs at each bracket. 

12 Rear hood lock - removal. 
installation and adjustment I 

Refer to il/ustrstions 12.18, 12. Ib and 12.3 
1 Open the rear hood. Remove the Philllps 
head screws whlch attach the lock and han- I 

dle to the rear hood (see illustrations). I 

Remove the lock, handle and plastlc grorn- 

Removal 
Refer to iiiustration 1 1.4 
1 Open the hoad. Use blankets or pads to 
cover the firewall area of the body and the 
fenders. This will protect the body and paint 
as the hood IS lifted off. 
2 On some newer models, H may be nec- 
essary ta remove the air cleaner (see Chapter 
4). If you remove the air cleaner, be sure to 
cover the carburetor intake to protect the 
engine from contamlnat~on. 
3 Disconnect the wtre harness for the 
license plate I~ght, detach the harness clipls) 
from the hood and set the harness aside. 
4 Remove the four bolts that attach the 
hood hlnges to the curved hinge brackets on 
the body (see illustration). 
5 Pull the hood up against spring pressure 

Installation 
7 Check the condition of the rubber 
weatherstrip. If it's coming loose, re-glue it; it 
it's dried or cracked, repface it. Be sure to 
remove all of the old trim cement with solvent 
so the new weatherstrip adheres properly. 
8 Loosely Install one hood hinge on the 
c u w d  bracket on the vehicle body. 
9 Holding the hood at an angle so you can 
teach behind it, engage the spring in the 
bracket on the body. 
10 Push the hood up and toward the vehi- 
cle. Loosely install the remaining hinge. 
11 Move the hood in the elongated bolt 
holes untd it contacts the weathmtrip evenly 
all around. Tighten the bolts securely. 

mets. 
2 Installat~on is the reverse of removal. 
3 Open and close the hoad several times 
to verity that the lock is posltloned properly. If 
It isn't, move the striker plate on 1967 and 
earlier models (see illustration). or adlust the 
position of the upper lock on 1968 and later 1 
models. 

- 

13 Bumpers and bumper 
braeketdenergy absorbers - 
removal and installation 

Refer to illustrat~ons 73. la, 13. Ib, 13.3a, 
13.3b and 13.5 
Note: Several bumper and bumper bracket 
designs have been employed on Beetles and 
Kamann-Ghras, but - aside from drffemnces 
m the height of the bumper or the sire of the 
bumper bracket - they're all basically simrlsr, 
except for 1974 and later models, on whch 
bumpem with energy absohem were added 
to comply with Federal regwIations. 
1 Remove the bolts attaching the b u m w  
to the brackets or energy absorbers (see 
Illustrations) and remove the bumper. Mote: 
On I967 models, disconnect the leads to the 
back-up lights, whrch are attached to the rear 
bumper, and detach the lights from the 
bumper before removing tt. On 7968 through 
19 73 models, a mmforcement strap connects 
the two bumper brackets. Although you can 
remove the bumper from the strap wlth the 
straplbracket assembly still attached to the 
vehrcle on these models, it's easier ta remove 

I I 
123 On $967 and earlier moclels, move 
the striker plate to adjust the lock (the 
plate Is welded in place on 1968 and 
later models, so you'll have to move 

the upper lock instead) 

I I 

t2.1b Neww (1968 on) rear hood locks 
have a single Phillips head 

mounting screw 
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13.la Typical bumper assembly on a 1967 or earher Beetle - to 
remove the bumper, s~rnply unbolt it from the brackets [right 

bracket shown) - to remove the bracket itself, remove 
the spare tire and unbolt it from the body 

13.1 b Typical bumper on a late model Beetle wfth energy 
absorbers - to remove it, simply remove each 

clevis bolt and nut (arrow) 

7 - 
" .'$ 

13.3a To get at the bumper bracket bolts on 1907 and 13.3b Typical 1967 or earller rear bumper bracket Installation 
sarlier Beetles and pre-1972 Ksnnann-Ghias (sham), 

open the hood and remove the spare Zlre 

the en t l~  bumpet assembly first, then &tech 
the bumper from the strap (see Step 5). 
2 The bumpers on 1967 and eariler mod- 
els are reinforced with single or double 
"bows" (the thln horizontal tubing that looks 
Ilk8 a towel rack) and "overriders" (the stout 
vertical pleess whlch are bolted to the bowls) 
and the bumper). To remove the bow(s) and 
overriders, simply remove all bolts and nuts 
attach~ng them to each other, and to the old 
bumper, and reattach them to the new 
burnpw. 
3 To replace a front bumper brackat on 
1967 and earlier Beetle models, or pre-1972 
Kartwann-Ghla models, open the fmnt hood 
and remove the spare tka (see Illustration), 
The bolts for the rear bumper brackets on 
these models are Inside the rear wheel wells 
(see Illustratlan). On all other models. the 
bolrs for the front brackets, or energy 
absorbers, and the rear brackets, are lnside 
the wheel wells. Note: On 1968 through 1973 

models, the horn bracket Is attached to the 
left front bumpw bracket by two of the 
mountrng boffs, so unpfug the horn wlres and 
carefully set the horn eside - don't hang It By 
the wrres. Remove the bumper assembly. 
4 Once the bumper bracket or energy 
ebsorber Is unbolted, simply pull it out 
through the slot In the fender. 
5 Once the bumper assembly Is removed 
on 196B through 1973 models, remove the 
three nuts whlch attach each bracket to the 
strap, then remove the fasteners whlch 
attach the bumper to the strap and detach 
the bumper (see Illustration). 
6 Be sure to Inspect the rubber grommet 
In the fender. If It's cracked, dried or deterio- 
rated, replace It. 
7 lnstallatlon is the reverse of removal. 
The bumper bracket mounttng holes are slot- 
ted, so make sure there's a uniform gap 
between both ends of the bumper and the 
body before tightening the bracket bolts. 

\ 
Bumpsr 

13,6 Exploded wlew of a typlcal bumper 
f d 

ass*mbfy on t968 through 1973 Beetles 
(Kamtann-Qhles strnllar) - the easlest way 

to replace perts on these models Is to 
remove the entlre bumper/strap/bmckd 

assembly and disassemble it off 
the vehicle 



14.5 Remove the nut, washer, 'bolt and 
rubber spacer washer that attach the 

fender to the running boards 

Y4 Fenders - removal and 
installation 

Rekr to illustrations 14.5 and 14.6 
Note: The follawing procedum applies only to 
Beetle fenders. Karmann-Ghra fenders are 
welded to ths body, se if they need to be 
replaced, take the car to a reputable body 
shop. 
1 Raise the vehicle and place it securely 
on jackstands. 
2 I f  you're removlng the left front fender 
on a 1968 through 1973 model, unplug the 
horn wrres and remove the horn. Don't hang 
the horn by the wlrea. 
3 Remove the bumper and bumper 
bracket (or brackets, if you're replacing both 
fenders) (see Section 13). 
4 If you're replacing a front fender, 
remove the headl~ght and turn signallside 
marker light; if you're replacing a rear fender, 
remove The talllight assembly (see Chapter 
12). 
5 Remove the nut, washer and bolt that 
attach the fender to the runntng board (sse 
illustration). 
6 Remove the boltslnuts attaching the 
fender to the body (see Illustration). 
7 Remove the fender, the beading and the 
rubber spacer washer between the fender 
and the running boards. Inspect the beading 
and rubber spacer washer. If theyye cracked, 
dned or deteriorated, replace them. 
8 Check the threaded holes in the body 
and clean them up w~ th  a tap If necessay. 
Lubricate the bolt threads. 

installation 
Refer to iFEustration 14.1 1 
9 Place the fender in posltion against the 
body without the beading and loosely install 
one bolt at the top to support the fender. 
Now start the rest of the bolts (and nut, if 
appl~cabla). Tighten them just enough to hold 
the fender in positron. 
10 Install a new rubber spacer washer 

Chapter I 1  Body I 

14.1 t To Install the beading on the tender, 
14.6 Remove the headlight and turn place the fender in position and install the 

signallsidemarker light. or talllight, purl bolts loosely, then sllp the beading into 
out the wires, then remove the bolts place between the tender and the body - 
that attach the fender to the body make sure the notches In the beading sllp 

over the bolts, then tighten the bolts 
evenly and gradually 

between the fender and the running board, 
then install the bolt, washer and nut that 
attaches the fender to the running board, but 
don't tighten it yet. 4 Glean up the threads of the running 

Push beading into place with your board halts and lubricate the threads to pro- 

hand, Make sure the slots in the beading slip tect corrosion. 

over the bits (see illustration). Be extremely ' l a c e  new running board '' posit''" 
careful about fit the beading as you andd, using new rubber washers, Install the 
gradually and evenly hand tighten the bnder ru""'ng bOard-fO-bOdy bolts and tighten I 
bolts a few turns. thorn evenly and gradually. 

12 Gradually and evenly tighten all the 6 Install the bolts, rubber spacer washers, 

bolts. washers and nuts that attach the runnlng 

13 The remainder of installation is the 'Oar' to the fenders. 
reverse of removal. 7 Lower the vehicle. 

15 Running boards - removal and 16 Door 'latch striker plate - 
installation replacement and adjustment 

1 Raise the vehicle and placa A securely 
on jackstands. 
2 Remove the nuts, washers, bolts and 
rubber spacer washers that attach the run- 
ning board to the fenders {see T~lustretlon 
14.5). 
3 Remove the bolts and rubber washers 
that attach the running board to the body. 

I -- 1 
16.4 The striker plate can be adlusted 
horizontally and vertically to  bring the 

door into proper alignment 

1 If the door rattles or is hard to shut, the 
door latch strrker plate Is probably out of 
adjustment. 

1966 and earlier models 
Refer to itlustrattons 16.4. 76 5a, 16.5b and 
16.6 
2 To replace the striker plate, simply 
remove the screws and install a new one. 
Leave the screws loose enough so that you 
can still move the striker plate, if necessary, 
to adjust it. 
3 Loosen the locknut on the wedge 
adjusting screw and turn the screw clockw~so 
until the stop bushing bottoms against the 
striker plate. 
4 To adjust the strrker plate horizontally 
(see Illustration), move it in or out until the 
door and rear quarter panel are flush w~th  one 
another. 
5 To adjust the striker plate vert~cally, hold 
the door almast shut and peel away the 
weattlerstr~pping so you can see haw the 
latch will fit Into the str~ker plate (see illustra- 
tion). Adjust the plate as shown (see Illustra- 
tion). 
6 Open and close the door a few t~mes to 
check the al~gnment af the latch housing with 
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16.5a Pee[ back the weatherstripping 
around the latch and striker plate, 

almost close the door.. . 

the stnker plate. The bearing surfaces of the 
striker plate must make even contact with the 
latch housing (see illustration). If the latch 
Isn't fitting evenly into the striker plate, tilt the 
plate sllghtly to align ~t with the latch. 
7 Once the latch and striker are aligned 
with each other, tighten the str~ker plate 
retaining screws securely. 
8 The plastic wedge is held in place In the 
stnker place by an adjustable stop, To adjust 
the wedge. loosen the locknut of the adjusting 
screw while holding the adjusting s c w  w~th  a 
screwdriver. Turn the adjusting wrew counter- 
clockwise to move the stop toward the wedge. 
The position of the wedge is correct if you feel 
an increase in resistance as you open the 
dwr. If the resistance feels excessive, or if the 
door springs back when you try to close it, 
you've moved the stop too far. Turn the 
adjusting screw clockwise to reduce wedge 
pressure. Holding the adjusting screw wrth the 
screwdriver, tighten the locknut. 
9 Apply a thin film of grease on the con- 
tact sudaces of the door latch and wedge. 
Wipe off the excess. 

i6.5b . . . and note the helght of 
dlmenslons of X end Y: X should be 

a little blgger than Y, to  allow the 
latch to  rlse [a) about 0.08-inch (2 
mm) as Zhs latch enters the sMker 
plate, and 1s llfted up by the lower 

bearing surIace of the strlker 

M.6 Open and close the door a few 
times, then look at the bearing surfaces 
(arrows) of the striker plate: They must 

make even contact with the latch housing; 
if they don't the latch isn't fitting evenly 

into the striker - tilt the plate slightly untll 
the latch and striker are aligned 

1967 on 
Refer to illustrations 16.10, 7 6 . 1 7 ,  16.12, 
16.53a, 16.73b. 76.17a, 1&.7?b, r6.20and 
16.21 
10 Remove the strlker plate (see Illustra- 
tion). 
11 Engage the strfker plate wlth the latch 

16.10 You may need an impact 
screwdriver to remave the four PhillFps 
head screws that retain the striker plate 

on the door (see Illustratlan) and press the 
latch down Into its fully locked position, then 
rotate the striker plate toward the outside of 
the door (counterclockwise on drlvsr's side, 
clockwise on passenger s~de). 
12 Try to move the striker plate up and 
down (see Illustration). Tf you can feel any 
play, the wedge must be shlmned w 
replaced. 

L - - -E 
76.1 1 After you've removed the striker plate from the body, 16.1 2 Try to mows the str~ ker plate up and down - ~f you feel any 

engage it with the latch on the door and press the latch play, the wedge must be shimmed (1967 through 1971 models) 
down into its fully locked position, then rotate the top or replaced (1972 and later models) 

of the striker toward the outside of the door 
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16.13a Striker prate assembly on 1967 through 1977 models 18.13b Striker plate assembly (1972 and later models) 

7 Rubber wedge 2 Shim 3 Striker pEate 1 Striker plate 2 Rubber block and wedge 

13 To shim a wedge (1967 through 1971 
models), remove the two Phillhps screws on 
the angled a m  of the striker plate, Insert the 
shim between the angled arm and the wedge 
and re~nstall the screws (see Illustration). To 
replace a wedge (1972 on), s~rnply pull the 
old wedge and rubbing block out, sw~tch the 
rubbing block to the new wedge and Insert 
the new wedge into the striker plate (see 
Illustration). 
14 After the wedge is shimmed, or 
replaced, readjust the position of the door In 
the door opening as follows: 
15 With the str~ker plate still removed, close 

the door and note whether the front edge of 
the door 1s flush w~th the front panel. If rt Isn't, 
loosen the hinges and move the door in, out, 
up or down as necessary (see Section 22). 
76 Note the alignment of the t r~m strip on 
the door with the strip on the front quarter. If 
they're out of alignment, adjust the door as 
outlined in the previous Step. 
17 Install the striker plate in its proper posl- 
tion (see illustrations) and tighten the 
screws snug enough to hold the pfate in posi- 
tion but loose enough to allow you to move it. 
18 Close the door. Note the alignment of 
the door and rear quarter panel. If they're not 

panel. If they're out of alignment, move ths 
stnker plate up or down 
20 If the door Fs difficult to close. and the 
pushbutton IS hard to operate, the top of the 
str~ker plate is lncllned inward too much, 
which forces the wedge against the latch too 
tightly. Loosen the screws, rotate the plate 
autward slightly (see Illustration) and check 
again. 
21 ff the door sprlngs back to the safety 
position instead of remaining closed when 
you slam It, the top of the strlker plate IS 

inclined outward too much, which prevents 
the wedge from applying suff~c~ent pressure 

flush, move the striker plate in or out. to hold the latch in place. Loosen the screws, 
19 Note the alignment of the trim strip on rotate the plate inward slightly (see illustra- 
the door with the strrp on the rear quarter tion) and check again. 

t6.17a Use  these notches (arrows) at the 
top and bottom of the striker plate ss the 
d ~ m n c s  points for adjusting the plate 

in the door tmme recess 

18.t 7b The striker plete mounting screws 
ere threaded Into thfs moveable plate (A) 

fnslde the rear quarter panel - the dimples 
(arrows) In the body are the adjustment 
points h a t  match up with the notches 

in the strlker plate (shown in the 
previous illustration 

16.20 If the striker plate is tilted Fnward 
too much (plate for right door shown), It 
wlll make the door difficult to close and 
the pushbutton hard to push - t o  fix it, I 

rotate the top of the plate outward the I 
amount indicated by dimension "a" 

and try the door again 
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16.21 If the striker plate 
is tlked outward toe 
much {plate for right 

door shown), R wilF 
cause the daor to  

spring back to the 
safety positlon 

when you close ft - 
to fix it, ratate the 

top of the plate 
inward the amount 

indicated by 
dimension "a" 

and try the 
door agaln 

17.2 To remove the window regulator 
crank on 1967 and Eater models, pry 
the plastic cover off the crank and 

remove the Phillips screw 

17.4 To remove the trijn aroi~nd the 
handle on 4967 and later models, pry 
out the recessed plastic cover and 

remove the Phillips screw 

17.5 On 1973 and rater models, remove the screws from the 17.6a Once all the fasteners are detached, remove 
hollow recess under the door handle and remove the door handla the door trim panel . . . 
22 If it's hard to open the door with the 
pushbutton and the door drops noticeably - 
~nstead of holding its horizontal pos~t~an - 
when you open it, the strlker plate Is too h~gh. 
Lower the str~ker plate. 
23 If the door springs out of the closed 

sltion when you sfam it and engages the 

safety notch, the striker plate a too low. 
Raise the plate. 
24 Once the door Is flush with the lock pil- 
lar, the trim sMp on the door is aligned with 
the strip on the rear quarter panel, there's no 
play between the lock and the striker plate 
when the daor is opened or closed with the 
handle, and the door opens from inside with- 
out excessrve effort, the striker plate adjust- 
ment is correct. 

the crank assembly. 
3 To remove the door handle on 1966 and 
earlier models, press the handle escutcheon 
agalnst the door tnm panei and drwe out the 
crank retaining pln with a punch. 
4 On 1967 and later models, pry out the 
recessed plastic cover with a screwdriver and 
remove at (see illustration), then remove the 
Phrllips screw and lift off the handle trim. 
5 On 1972 and earher models, It's unnec- 
essary to remove the armrest - which is 
attached only to the door trim panel - unless 
you want to replace the armrest itself or 
swltch ~t to a new door trim panel. On 1973 
and later models, remove the screws from 
the hollow underside of the armrest and 
remove it [see illustration). 
6 Insert a w~de-blade screwdriver, putty .), 1 
knife or similar tool under the edge of the 
door trim panei and pop loose the nearest 
fastener. Carefully work your way around the 
periphery of the panel untll all the fasteners 
are detached. It's e good idea to tape !he tip 
of the tool to prevent it from scratching the 
paint. Remove the panel and the spring at the 
w~ndow regulator crank (see illustrations). 

- - - 

f 7 Door trim panel - removal and 
installation 

Refer to illustrations 17.2, 1 7.4, 17.5, 1 7. a, 
17.6b and 1 7 . 6 ~  
1 Remove the wlndow crank. On 1966 
and earller models, press the window crank 
escutcheon (the rrng around the base of the 
crank) against the door tdm panel and drive 
out the crank retaming pln with a punch. 
2 On 1967 and later mcdels, pry the plas- 
tic cover off the wmdow crank, remove the 
Phillips screw (see illustration) and pull off 

7.Cb . . . and remove the spring for the 
window regulator crank 
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1 7 . 6 ~  On 1972 and earlier models, you'll need to  IIW the door trim 18.4 Lower the wlndow and remove the bolts that attach the 
panel up a ltttle so this armrest support strap on the backside of window lifter channel to the window regulator mechanism 

the panel clears the hook on the door - when you reinstall the 
panel. make sure that the strap engages the hook 

Note: On pre-1973 models, you'll need to own (use the old one as a template) out of 
rarse the trim pane! up a little to unhook the heavy duty poly vinyl, 
armrest support strap on the backside of the 
trim panel (see Itlustratfon). Earlier models 
7 lnstallatlon 1s the reverse of removal. Be Refex to illustrations 18.4, 18.5. 18.6, 18.7 
sure ta re~nstall any clips in the panel wh~ch ,d 18.8 
may have been damaged Or lost during 4 Lower the w~ndow and remove the bolts 
removal and don't forget to retnstall the which attach the window lifter channel to the 
spring for the window regulator crank. window regulator mechanism (see illustra- 

tion). 
5 Push the glass up and remove the five 

18 Door window and regulator - bolts which attach the window regulator to 
removal and installation the door (see illustration). 

6 After the wtndow has been pushed up 
1 To open the door fully. remove the small as far as it will go, push the regulator assem- 
circltp on the end of the pin for the door bly toward the outer panel of the dmr, then 
check strap and drive the pin out. pull ~t down and toward you. through the Push the door and remove 

2 Remove the door trim panel (see Set- opening m the door panel (see illustration). the five bolts that attach the regulator 

t~on 17). 7 Pull the window and lrfler channel down assembly to the door 

3 Remove the waterproofing sheet from and toward you (see illustration). 
the door. If you tear the sheet during removal, 8 Installation 1s the reverse of removal, tration). Also, be sure ta check the operation 
discard it and get a new one - don't reuse Make sure the channel is properly centered of the regulator before Installing the door tnm 
torn waterproofing material. You can cut your before you tighten any fasteners (see Illus- panel. 

T8.6 To remove the w~ndow regulator assembly from the door, 78.7 To remove the wrndow, pull it down and toward you, 
raise the window and lifter as far as they'll go, push the regulator through the openlng in the door 
toward the outer skin of the door, then pull it down and toward 

you, through the opening in the door 
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18.9 Lower the window and remove the 

bolts that attach the lifter channel 
to the regulator 

L --I 
18.10 Remove the bolts that attach the 
regutator to the door, ease the regulator 

forward and pull the window down 
and out 

78.8 Make sure this dimens~on is about 
3 5132j-inches 180 mm) 

Later models 11 Remove the screws whjch attach the 
winder mechanism to the door (see illustm- 
tion). 
12 Pull the regulator assembly down and 
out through the openrng in the door (see 
illustration). 
13 To Install the regutator, guide the regula- 
tor through the opening In the door, winder 
mechanism first, then shove the rest of the 
regulator assembly In and up Into the door 

Refer to illustratrons 7 8.9, 78.7 0, 78.1 I and 
78.12 
9 Lower the window and remove the bolts 
attaching the w~ndow l~fter channel to the 
regulator (see illustration). 
10 Remove the boYts whlch attach the reg- 
ulator to the door, ease the regulator forward 
and pull the window down and out (see iltus- 
Wation). 

recheck. Repeat this process untll the regufa- 
tor operates satisfactor~ly 
16 t he  remainder ot ~nstallation Is the 
reverse of removal. 

19 Vent window - removal and 
installation 

until the regulator mounting bracket holes are 
Ifned up with the holes In the door, but don't 
install the bohs yet. 
14 Have an assistant hold the regulatnr 
assembly In place wh~le you carefully slip the 
window up through the opening in the door 
and into place on the Ilfter channel. 
15 With the glass in posltlon, install the 
bolts attaching the window l~fter channel to 
the regulator. Attach the bottom end of the 
requlator to the door, then Install the other 

Earlier models 
1 Remove the door trim panel (see Sec- 
tion 17). 
2 Remove the window regulator and door 
glass (see Section 18). 
3 Remove the Phillips head screw which 
attaches the top of the vent window frame to 
the door frame and lift out the vent wlndow 
and frame assembly. 
4 Installatron IS the wverse of removal. 

three bolts whlch attach the regulator mount- 
ing brackets to the door. Tighten all fastenem Later models 
hand tlght, then check the operatron of the Referfoi/lustratiDn l9.5 
reuulator assernblv. If necessarv, loosen the 5 Drill out the pivot pln at the top of the 
bolts attaching th= lifter channei to the ~ g u -  vent window (see illustration) and lift out the 

18'11 the lator and readjust the window a little and vent window glass and frame. 
the winder mechantsm to the door 

18.12 Pull the regulator assembly down and out through 19.5 To remove the vent wrndow on newer models, sbnlply drill 
the opening in the door out th~s  r~vet  from the upper pivot and remove the 

vent wEndow qlass and frame 
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20.93 Remove the retaining bolts from the inside door handle, 20.9b . . . and remove the handle, remote control rod and foam 
pull the handle away . . . packing as an assembly 

6 Place the new vent window glass and 
frame rn positron and install a rivet in the 
upper p~vot. Note: If you don't have a nvet 
gun, you can use a smafl nut and scmw, but 
vehicle security will be compromised. 

20 Door outside handle, latch 
mechanism and inside 
handle - removal and installation 

1 Remove the door window regulator han- 
dle, the ~nside door handle (older type) or the 
ins~de door handle escutcheon (newer type) 
and the door trim panel (see Section 17). 

20.30 Unclip the inside lock control rod 
from the lock mechanism 

20.1 T Peel back the weatherstrrpprng and 
remove the lock retarning screws 

2 Remove the window regulator (see Sec- 
tion 18). 
3 Peel back the weatherstripplng, remove 
the two screws that secure the outside door 
handle and remove the handle and.rubber 
seals. 
4 Remove the four lock retaining screws 
from the door. 
5 Remove the two screws adlacent to the 
door handle. 
6 Remove the screw which secures the 
rear glass-run channel. Ltft up the glass and 
remove the lock and remote control assembly. 

7 Clean and grease all moving parts. 
8 Installation 1s the reverse of removal. 

10 Disconnect the inside lock mechanism 
(see illustration). 
11 Peel back the weatherstr~pping and 
remove the lack retaining screws (see illus- 
tration) and the lock. 
12 Remove the outslde door handle retaln- 
ing screws (see Ilfustration) and remove the 
outside door handle [see illustration). 
13 Remove the lock mechanism (see illus- 
tration). The lock is quite complex - i f  ~t 
doesn? work right, replace ~ t .  
14 Installation is the reverse of removal. 

Later type 
Refer to 11Eustrations 20.9a, 20.Qb, 20.14 
20.1 1,20.1Za, 20.12b and 20.13 
9 Remove the retaining bolts from the 
inside door handle (see illustration) and 
remove the handle, cemote control rod and 
foam packing (see illustration) as an assem- 
bly. 

20.:2a Rrmovc the outs~de door handle 20.12b . . . and remove the outside door 20.13 Typ~cal lock mechan~srn - replace 
retaming screw.. . handle and rubber seals the lock if it's broken - don't bother 

trying to fix it 
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21 .I To install a mirror In the tapped hole 
in the door, pry out this removable 

plug (arrow) 

1 21 Olmide mirror - removal and 
instal lation 

Refer to illustratfons 21.1 and 21.2 
f The outside mirror is installed in a 
tapped hole (see illustration) in the door. It's 
not necessary to remove the door trim panel 
to install a mimr or replace the exisTing unit. 
If you're installing an accessory mirror, slmply 
pry out the plug and screw In the new mirror. 
If you're replacing the existing mlrmr, remove 
the mirror mounting assembly from the door 
wlth a wrench. 
2 If you're switching the old mirror ta a 
new door, be sure to disassemble the mrrror 
mounting assembly (see illustration) and 
lubricate the parts. After the mirror mount IS 

reassembled. be sure to stake t h e  mirror arm 
nut before reinstalling the mirror in the dwr. 

22 Door - removal and installation 

Removal 
1 Remove the clip from the pin for the 
door check strap and remove the pin. 
2 Remove the cover plugs for the hinge 
SCrBWS. 

3 Loosen the PhlbFlps head hlnge screws 
wlth an impact screwdriver, then remove 
them. 
4 Grasping the door firmly. pull the hinges 
out of the pillar and mrnow the door. 

Refer to illustration 22.6 
5 Inspect the weatherstrip around the 
door opening and replace it if it's cracked, 
dHed or deteriorated. 
6 Basically, two types of doors have been 
used on Beetles. The only door currently 
available is t h e  newer type (unless you flnd 
one in a wrecking yard). Sa, if you're install~ng 
a new door on an oldsr car and you want to 
use the old door trim panel, you'll need to 
weld an armrest retainer bracket onto the 

21.2 Exploded view of a typical mirror rnountlng assembly 

1 Washer 
2 Mirror arm 
3 Washer with 

hexagonal hole 

4 Coil spring 
5 Lock washer 
6 Capnut 
7 Mirror socket 

8 Sealing washer 
9 Spiral spring 

10 Mirror arm nut 

22.6 The door for 1973 and 
later models (the onb door 
still available as a new part) 
has no retainer for the old- 

style armrest (which attaches 
onty to the trim panel) - if you 

imlx a new door with an old 1 - 2  

trim panellarmrest, you'll I* 
.- 

need to  weld on an armrest 
> 

retainer (four small 
protrusions mark the posklan . 

for the armrest retainer) 

1 ;: 
-- -- -* 

P -- 
C - = *  

A- 

- 
inner panel [see Fllustratlon). 
7 Sl~de the hinges into position and install 
the hinge screws tight enough to support the 
door without rnovlng. 
8 Close the door carefully and note t h e  fit 
between the top of the door and the roof and 
the fit between the rear edge of the door and 
the pillar and rear quarter panel. Adjust the 
htnges as necessary. You may also have to 
adjust the stnker plate (see Sectlon 16). 
9 Tighten the h~nge screws securely and 
replace the cover plugs. Lubricate the hinges 
with multi-purpose grease. 

23 Seats - removal and installation 

1972 and earlier models 
Refer to illustrations 23.2 and 23.4 
1 If the vehicle is a 1972 model wlth a seat 
belt warnlng buzzer, unplug the electrical 
connector. 
2 Raise the adlustmen2 lever and slide the 
seat forward until its runner contacts the  leaf- 

23.2 Raise the adjustment lever ( iJ and 
slide the seat toward until its runner 

contacts the leal-spring stop (2) 

spring stop (see Illustretlan). 
3 Depress the leaf-sprkng stop with a 
screwdriver, raise the  adjustment lever and 
sllde the seat forward about 1 1/2-~nches. 
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I I I 
23.4 Reach under the seat and detach the tension sprkng 23.10 Pry off the plastic cover from the rear end 

of each seat runner 

4 R e a ~ h  under the seat and detach the 
tension spring (sea Illustration). 
5 Slide the seat forward, lift it off the 
tracks and remove it. 
6 To install the seat, grasping It with the 
backrest folded furward for beEer balance. 
place ~t in position over the tracks and slhp 
the inner runner into its track. Pull the seat 
toward you slightly and insert the outer run- 
ner rnto its track. 
7 Raise the adjusting lever, slide the seat 
back and reconnect the tension spring. 
8 Plug in the electrrcal connector for the 
seat belt warning buner, R equipped, 

Refer to illustrations 23.10 and 23.12 
9 Unplug the electrical connector for the 
seat be!? warnlng buuer. 
10 Pry off the plast~c cover from the rear 
end of each seat runner (see Illushtlon). 
11 Pull back on the adjust~ng lever and 
sllde the seat back to its next-to-last position. 
12 Insert a screwdriver hto the front of the 
seat bracket (see illustration) and, using rt 
as a lever, push dnwn the leaf-spring stop. 
13 Release the seat adjusting lever and 
slide the seat to the rear and off 11s runners. 
14 Inspect the four fric?ion pads on the seat 
runners and make sure the two springs clips 
are p r e s d  lnto the upper frlction pads {if the 
clips are worn out, missing or not fully 
pressed lnto place, the seat will rattla). 
15 Sllde the seat into the rear ends of the 
runners. 
16 Pull back the seat adjusting lever and 

slide the seat forward and into the central 
bracket. 
17 Press the plastic covers back into the 
rear ends of the runners. 
78 Plug in the electrical connector for the 
seat belt warning buuer. 

24 Seat belt check 

1 Check the seat belts, buckles, latch 
pfates and guide loops for obvious damage 
and signs of wear. 
2 Qn 1972 and later models, a seat belt 
warning buzzer comes on, and a Fasten Seat 
Belts light carnes on, If the key Is turned to 

23.12 Insert a 
screwdriver into 
the front of tho 

seat bracket and 
push down the 

leaf-spring stop 

the Run or Start positions and a gear Is 
selected before you - or a passenger - buckle 
up. Try starting the veh~cle and putting it Into 
gear to verify that the system is operating 
properly. Note: On 1974 models. the engine 
can't be started while the buzzer IS soundrng. 
3 Passive restratnt type seat belts on late- 
model vehicles are designed to lock up dur- 
ing a sudden stop or ~rnpact, yet allow free 
rnovament during normal dr~ving. Verify that 
the retractors return the belt against your 
chest while driving and rewind the belt fully 
when the buckle is unlatched. 
4 If any of the above checks reveal prob- 
lems with the seat belt system, replace parts 
as necessary. 
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1 General information 
- - 

Ifie electrical system on these vehicles 
is either a 6-volt (pre-1967 models) or 12-volt. 
negative ground type. Power for the lights 
and all electrical accessories Is supplied by a 
leadlacid-type battery which is charged by 
the alternator or generator. 

Thls Chapter covers repair and service 
procedures for the vanous electrical compo- 
nents not associated with the englne. Infor- 
matton on the battery, alternator/generator. 
distributor and starter motor can be found In 
Chapter 5. 

It should be noted that when portions of 
the electrlcel system are serviced, the nega- 
tive battery cable should be disconnected 
from the battery to prevent electrical shorts 
andlor flres. 

-/on 

................................. Instrument duster - removal and installation 12 
Instruments - replacement ............................................................. 14 
Relays - general information ....................... ,..,... ............... 4 
Speedometer cable - replacement ......................................... 13 
Turn signal and hazard f ashers - check and replacement ............ 5 
Turn signal switchlemergency flasher switch - check 

..................... ...................................... and replacement .. 6 
....................... Windshield wlper switch - removal and Installation 16 
........................ Windshield wkper motor - cheek and replacement 15 

........................................... Wiring diagrams - general information 19 

2 Electrical troubleshooting - 
general information 

A typical electrical circuit consists of an 
electr~cal component, any switches, relays, 
motors, fuses, fusible links or circuit breakers 
related to that component and the wring and 
connectors that link the component to both 
the battety and the chassis. To help p u  pin- 
pant an etectrical cfrcuit problem, wiring dia- 
grams are ~ncluded at the end of this book. 

Before tackling any troublesome electri- 
cal circuit, first study the appropriate wiring 
diagrams to get a complete understanding of 
what makes up that indlv~dual c~rcuit. Trouble 
spots, for instance, can often be narrowed 
down by noting if other componenls related 
to the circuit are operating properly. If several 
components or clrcults fail at one time, 

chances are the problem is In a fuse or 
ground connection, because several circuits 
are often routed through the same fuss and 
ground connections. 

Electrical problems usually stem from 
simple causes, such as loose or corroded 
connections, a blown fuse, a melted fusible 
link or a bad relay. Visually inspect the condi- 
tion of all fuses, wires and connections in a 
problem circurt before troubleshooting it. 

If testing Instruments are going to be uti- 
lized, use the diagrams to plan ahead of ttme 
where you will make the necessary connec- 
tlons in order to  accurately pinpotnt the trou- 
ble spot. 

The basic tools needed for electrical 
troubleshooting include a clrcvit tester or 
voltmeter (a 6 or 12-volt bulb w~ th  a set of 
test leads can also be used), a continulty 
tester, which includes a bulb, battery and set 
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3.2~ Typlcal fuse box layout on pre-1987 [six-volt) models 

I Brake lights, turn signafs, windshield 6 L e f t  fall light and left front parkhg 
wipers end horn (except 1967) brake (&amp) 
(7 6-emp) 7 Right tail light. Nm~m plete Nght and 

-- -- 2 Left hlgh beam and hlgh beam right front parking llght (except f 966) 
3.1a Typical fuse box - to replace a fuse, wemlng /igh t @-amp) I B - ~ ~ P )  
remove the clear plastlc cover (note the 3 Right high besm (€+-amp) 8 Radio, mnteriorlight, horn (1967 onlyj 
numbered fuse positions on the cover - 4 Lefi low beam @-amp) end emergency flasher (1966 only) (8- I 

compare these lo the accompanying 5 Right low beam @-amp) smp. through 5965; 16 emp. 7966 only) 
fuse box charts to qulckly determine ! 

what each fuse Is lor) 

d R 1 

3.lh Typical in-line fuse 

of test leads, and a jumper wire, preferably 
with a ctrcuit breaker incorporated, which can 
be used to bypass electrical components. 
Before altempt~ng to locate a problem with 
test instruments, use the w~ring diagramts) to 
decide where to make the connections. 

Voltage checks 
Voltage checks should be performed if a 

clrcuir rs not: function~ng propstly. Connect 
onB lead of a circuit tester to either the nega- 
tive battery tem~nal  or a known good ground. 
Connect the other lead to a connector in the 
circurt belng tested, preferably nearest to the 
battery or fuse. If the bulb of the tester lights, 
voltage Is present, which means that the part 
of the ctrcuit between the connector and the 
battery is problem free. Continue checking 
the rest of the crrcult In the same fashion. 
When you reach a polnt at which no voltage 
is present, the problem lies between that 
polnt and the last test polnt with voltage. 
Most of the time the problem can be traced 
to a loose connection. Note: Keep in mind 
that some crrcuifs receive voltage only when 
the ~ g n i t ~ o n  key is m the Accessory or Run 
posttion. 

3.2b Typical fuse box layout on 1967 through 1972 standard BemtIss 
and 1970 convertibles 

Horn (except 7968). turn slgnals, brake lights (except 1969 and 1970). fuel gauge (except 
1967), Automatic Stick Shift warning lights [except 1967) and mar window defroster 
switch (7969 8nd 79 70 only) (89mp) 
Windshield wipers, brake bghts (7969 and 7970 on&) and horn (1 967 only) (8-emp) 
Left high beam snd high beam warning Itghl(8-empJ 
Right high beem ($-amp) 
Left low beam (8-amp) 
R~ght low beam @-amp) 
R g h t  tail light (1967 and 7968 only), left tail llght (1969 end 1970 only), license plate Eight 
( 1  967 only) and left font perking light (except 1967I @-amp) 
Left tau llght (7967 only), right tall irgh t (except 7 967), r@?t fmn t perking light (except 
1967) and Iicense plate light (excep! 1967) (8-amp) 
Radie (1 967 only). dome light (except 1967). emergency flasher (except 1967) end 
lgnition warning Eight (1969 and 7 9 70) (8-amp, 7 967; 169mp, 1968 through f 971) 
Dome Iighr (1967 only), emergency flasher (7967 only) end radio (except 7967) @-amp, 
7968 through 1971; lSamp,  f 967 only) 

3.2~ Typical fuse box layout on 1971 and 1972 Super Beetle and convertible models 

7 Turn signals, speedometer warning 
lights and fuel gauge @-amp) 

2 Windshield wjpem, brake w~rning 
Irght, Automatic Stick Shift wamrng 
lrghts end rear wrndow defrnster 
switch (S-emp) 

3 Brake lights and horn (8-emp) 
4 Emergency flasher @-amp) 
5 Unassigned (8-amp) 

Dome light and ignltion wamlng 
buner (&amp) 
Left high beam and high beem 
wamlng llght (&-amp) 
Right high beam (8-amp) 
Lei? low beam (8-amp) 
Right low beam (&-amp) 
Left tail light ( I  6-amp] 
Rtght tell Ilght, side rnerker lights and 
license plate light @-amp) 



Chapter 12 Chassis electrical system 

Finding a short 
One method of finding shorts in a crrcuit 

is to remove the fuse and connect a test light 
or voltmeter in rts place to the fuse termmala. 
Thera should tx no voltage present in the ctr- 
cuit. Move the wir~ng harness from side-to- 
stde wh~le watching the test light. If the bulb 
goes on, there rs a short to ground some- 
where In that area, probably where the insula- 
t~on has rubbed through. The same test can 
be perfomled on each component in the cir- 
cuit, even a sw~tch. 

Ground check 
Perform a ground test to check whether 

a component is properly grounded. Discon- 
nect the battery and connect one lead of a 
self-powered test light, known as a continuity 
tester. to a known aood around Conned the ., .. 
other lead to the wlre or ground connection 
bang tested. If the bulb goes on, the ground 
IS good. If the bulb does not go on, the 
ground rs not good. 

Contjnuity check 
A continuity check is done to determine 

If there are any breaks in a circuit - ~f it is 
passtng electricity properly. With the circuit 

3.2d Typicat fuse box layout on 1973 and later Beetles 

1 Front turn and parking light, front side 7 Unassigned 
marker Irghts, right Fa11 light and 8 Emergency flasher (8-amp1 
license plate light (8-amp) 9 Dome light and ignition warning 

2 Left teii light @-amp) 
3 Left low beam (8-amp) 
4 Rightlowbeem(8-amp) 
5 Lefl high beam and high barn 

indicator ((8amp) 
6 Right high beam (8-amp) 

buner / 1 &amp) 
10 Windshrafd wrpers (76-amp) 
7 7 Horn and brake lrghts (&amp) 
72 Twm srgmls, fuel gauge and seat hff 

warning (8-amp) 

off (no power in the circuit), a self-powered 
continuity tester or an ohmmeter can be used 3.2e Typlcal fuse box layout on 1973 and later Super Beetles and convertibles 
to check the c~rcuit. Connect the test leads to 
both ends of the clrcult (or to the "power" 
end and a good ground), and If the test light 
comes on (or the ohmmeter needle Indicates 
conttnutty) the circuit is passing current prop- 
erly. If the light doesn't come on, there is a 
break somewhere in the circuit. The same 
procedure can be used to test a switch, by 
connecting the continuity tester to the switch 
terminals. With the switch turned On, the test 
light should come on. 

Finding an open circuit 
When dragnosing for possible open cir- 

cults, 4t 1s often difficult to locate them 'by 
sight because oxidation or t m ~ n a l  rnisalkgn- 
ment are h~dden by the connectors. Merely 
wiggl~ng a connector en a sensor or In the 
wirlng harness may correct the open crrcuit 
condition. Remember this when an open cir- 
cuit is ind~cated when troubleshooting a clr- 
cuit. Intermittent problems may also be 
caused by oxidized or loose connections. 

Electr~cal troubleshooting is strnple i f  
you keep In mind that all electrical circuits are 
basically electrrcity running from the battery, 
through the wlres, switches, relays, fuses and 
fua~ble llnkn to each electrical component 
(light bulb, motor, etc.) and to ground, tram 
whrch it IS passed back to the battery. 

3 Fuses - general information 

Refer to iilustrations 3. la.  3. Ib. 3.2a, 3.26, 
3 . 2 ~  3.26, 3.2e and 3.3 

The electrical circuits of the vehicle are 
protected by fuses. The fuse box is located 

Left tail light, left front turn and parkrng 
llghts, left side marker light and license 
plste light (8-amp) 
Right tail light, right side marker light 
and right front turn snd parking light 
(8amd 
Left low beam @-amp) 
Right low $earn (8-amp) 
Left high beam and h~gh beam 
indicator (8amp) 
Right high beam @-amp) 

Unsssigned 
Emergency flasher (8-amp} 
Dome Ight (1 6-amp] 
Rear wtndow fogger relay, f e s h  air fan 
and windshield wipers (7 6-amp) 
Horn, brake Itghts and con fro! valve 
(Automatrc Stfck Shift models only) 
@-amp) 
Seat belt mterleck, jnstrument cluster 
kghts, fuel gauge and turn srgnals 
@-amp) 

under the dashboard to the left (Super Bee- 
tles) or right of the steer~ng column. To 
replace a fuse, simply open the clear plastrc 
cover on the box (see ilkustration), pull the 
bad fuse out and install a new one of the 
same amperage. On alr-conditioned models, 
the fuse box IS located ahead of the instru- 
ment cluster. To get at it, remove the protec- 
tive cover on the firewaft. In-Ilne fuses (see 
illustration) are also located throughout the 
vehicle, usually in the luggage or engine corn- 
partments. 

Each fuse protects a specific cfrcult. The 
accornpanylng charts cover most fuse box 
versions {see illustrstions). 

If an electr~cal component fails, always 
check the fuse first. A blown fuse is easy to 
identify - there wilt be a gap in the metal strip 
in the middle of the fuse (see Illustration). 

Be sure the replacement fuse has the 
correct amperage rating. Fuses of different 
rattngs are phys~cally interchangeable, but 
replac~ng a fuse with one of a higher or lower 
value than specifled isn't recommended. 
Each electrical clrcult needs a speclfic 
amount of protection. The amperage rating of 

each fuse is determined by the color of the 
fuse body - red denotes 16 amp fuses and 
white denotes 8 amp fuses, 

If the replacement fuse rmmed~ately 
fails, don't replace it again until the cause of 
the problem IS ~solated and corrected. In 
most cases, the cause will be a short circuit 
In the wirtng caused by a broken or deterio- 
rated wire. 

3.3 A blown fuse (on fight) is easy to spot 
- the metal strip in the middle is burnt 
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4.2a Some relays are located on the f~rewarl under a 
protectrve cover (removed for clarity) m. -. 

-- - - - 

1 W~ndshreSd wipef motor 5 Headlrgh t drrnmer flasher 4.2b Some relays (arrow) are plugged ~ n t o  a speclal panel 
2 Fuel gauge relay on the backside of the fuse box 
3 Speedometer head 6 Fused temlnal block 
4 Turn stgnal flasher relay (fuses are on the other I 

srde. facng drive) P 

1 2 3 4 5 

4 . 2 ~  Typical relay locations on the fuse box (Super Beetles 
and ?971 and later convertibles) 

- 

5.1 A typical turn signal flasher relay on an earlier model I Lowbeam 4 Open 
2 Open 5 Buzzer 
3 Turn signallemergency 

flasher 
A Fuse block 
3 Flasher relay 

C Speedometer cable 
retaining collar 

W Fuel gauge line 

one In; on others, you'll have to unscrew the 
fuse box from the dash and lower tt far 
enough to unplug the relay($). 

If a refay is defective, the circuit it con- 
trols won't operate properly. If you suspect a 
faulty relay, remove it and have it tested by a 
dealer service department or a repair shop, or 
install a replacement unit and see ~f the crrcuit 
resumes proper operation. 

located on the flrewall. On later models, it's a 
small, plastlc cube mounted on the steering , 
column support behind the lnstrurnent panel. I 

next to the headlight d~mrner relay. On Super 
Beetles, ~t 's plugged rnto the back of the fuse 
box (see Section 4) 
2 Dlrly, corrcded or loose-fitting turn signal 
bulb contacts wlll cause the turn signal system 
to rnalfunct~on. Before assuming the problem 
is at the turn signal relay, always make sure all 
bulb contacts are clean and tight. 
3 In operation, the flasher makes an audl- 
ble cl~cking sound if it's working properly. If 
the turn signals fail on one side or the other 
and the flasher 
unit doesn't make Its characteristic cl~ck~ng 
sound. or cllcks faster or slower than normal, 
a turn signal bulb 1s blown. Note: Flasherfm- 
quency depends on the available voltage. The 
voltage varies wrth engfne s p e e d ,  so the 

4 Relays - general information 

Refer to tbstrabons 4.2a. 4.26 and 4.2~ 
Relays are remote switches that allow a 

small current to control a larger one. On later 
models, electrical accessories such as the 
lights, horn, turn slgnallemergency flasher, 
intermittent wipew, fog IigMs and ignltqon key 
and seat belt warning device all use relays to 
transrn~t the electrical signal to the cornpo- 
nents. 5 Turn signal and hazard flashers - 

check and replacement Relays are located on the firewall [see 
illustration), on the steering column support 
behind the Instrument panel, or on a spsclal 
bracket behind the fuse box (see illustra- 
tions). Replacing some relays IS srmply a mat- 
ter of removing the Instrument cluster cover 
from the firewall In the luggage compartment, 
pulling out the old relay and pushing a new 

Turn signal flasher 
Refer to rllustration 5.1 
1 The turn stgnal flasher (see illustration), 
flashes the turn slgnals. On earller models, 
the flasher relay IS a small, metal can~ster 



Chapter 12 Chassis electrical system 12-5 

6.18 Steeting column components - exploded view 

I Slip-nng 
2 Direction indicator switch 
3 Snap-rining 
4 Bearmg 
5 Retamer 
6 Swrtch housing 
7 Ignrtronlstarfer switch 
8 Steering lock body 
9 Sock cyJinder 

10 Steering wheel 

Pasher's frequency will be slower at idle than 
et high rpm. A good relay will operate at any- 
where from 60 to 120 impulses a minute. 
4 If both turn signals fail to blink, the pxob- 
lem may be a blown fuse, a loose or open 
connection, a faulty flasher unlt or a broken 
turn signal switch. If a quick check of the fuse 
box Indicates that the turn signal fuse has 
blown, check the wiring for a short before 
installing a new fuse. 
5 To replace the flasher an non-Super 
Beetle models, disconnect the cable from the 
negative battery terrn~nal, open the front 
hood, remove the instrument panel protective 
cover, clearly label the three wires at the 
flasher, detach them, loosen the flasher 
mounting bracket and remove the flasher. 
Instaltation is the reverse of removal. Make 
sure the replacement unlt is   den tical in spec- 
ificatlon to the old unit. 
6 To replace the flasher on Super Beetle 
models, drop the fuse box down, unplug the 
flasher from the back of the fuse box and 
plug In a new unlt. Make sure that the 
replacement unlt is identical to the original. 
7 If the problem IS neither the fuse, the 
wlrlng nor the relay, check the turn signal 
swltch (see Sect~on 6). 

Hazard flasher relay 
8 All models manufactured slnce August 
1966 are equipped with a hazard flasher sys- 
tem. When act~vated by a switch on the dash. 
~t flashes all four turn slgnal lights srmultane- 
ously. Or~ginally, the system consisted of a 
switch and a relay wired into the turn signal 
clrcuit. In January 1968, the flasher relay 
functions were ~ntegratec! into the turn srgnal 
flasher relay. Early versions of thls system 
located the Integrated turn signallemergency 
flasher relay on the firewafl, under the protec- 
tive cover for the instrument panel. On 
later models, the relay is on the back of the 

fuse box. 
9 The turn signats and emergency flashers 
shars the same relay on most models, so if 
the emergency flashers work - but the turn 
signals don't - the relay isn't at fault. Con- 
versely, if the turn signals work - but the 
emergency flasher doesn't - the relay is st111 
okay. The following check will help you avotd 
the unnecessary replacement of a relay. 
10 With the! ignition turned off, use a jumper 
wire to bridge terminal "4-r "49" (dewding 
on manufacturer) of the relay to terminal "30" 
of the fuse block and operate the turn signal 
switch in both directions. If both signals work 
properly, the relay and switch are okay. If they 
don't, test the emergency flasher sw~tch, then 
test the turn signal switch (see Section 6). 
11 To replace the hazard flasher, follow the 
procedure outlined above for the turn signal 
flasher. Make sure the replacement Is Identl- 
cal to the old unit. 

6 Turn signal switch/emergency 
flasher switch - check and 
replacement 

Check 
Flasher switch 
1 Make sure all contacts on the turn signal 
bulbs are connected properly and the bulb 
holders are corrosion free. 
2 Remove the steering wheel (see Chap- 
Zer 10). 
3 Remove the flasher switch and turn it on. 
4 Connect an ohmmeter across terminals 
"30" and "+ at the fuse block, and across ter- 
minals "dga," "R" and "L" on the switch, and 
check for continuity. 
5 If any resistance 1s indicated, repface 
the emergency flasher switch. 

- 

Turn signal switch 
6 Disconnect the blacklgreenlwhite wire 
to the turn signal sw~tch at the plug gurde. 
7 Using an ohmmeter, check for continuity 
between twminal54BL (1 970 models), or tef- 
mtnat 49a (1971 and later models), and termi- 
nals "R" and "L" of the turn signal switch. 
8 If any res~stance is indicated, replace 
the turn s~gnal switch. 

Replacernen t 
Flasher switch 
9 Disconnect the cable from the negative 
battery cable. 
l a  Raise the front hood and remove the 
instrument panel cover. On 1968 and later 
models, take out the fresh air box, too. 
1 1 Clearly label, then dlsconnect, the wires 
at the switch. 
12 Pull the switch knob out and unscrew 
the knob. 
13 Remove the lock-ring and remove the 
sw~tch. 
14 Installation Is the reverse of removal. 

Turn signal switch 
Refer to rllustrattons 6.18, 6.20 and 6.25 
15 Detach the cable from the negative bat- 
tery terminal. 
16 Turn the ignition key to the On pos'rtion. 
Place the turn signal lever in its central post- 
tlon. 
17 Remove the steering wheel (see Chap- 
ter 1 0). 
18 On 1971 and eafler models, remove the 
slip-ring (see illustration). Also dlsconnect 
the wires to the turn signal switch from 
behind the dash and push the wlres through 12 
the opening in the body toward the switch. 
19 On 1972 and tater models, remove the 
circlip from the groove below the steering 
wheel splines on the steering column. 
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6.20 Ta remove the turn stgnal swrtch, 
rpmove these four mounting 

screws (arrows) 

the wlres for the turn signals aren't crushed by 
contact with the windshield wiper switch at the 
points indicated [see illusbation). 
26 After installing the sw~tch, adlust the 
clearance between the steering column 
switch howsing and the steerlng wheel hub. 
The distance betwean the hub and the  col- 
umn switch housing must be 111 6 to 1/8-inch 
(2 to 3 mm). To adjust this dimension, loosen 
the two screws that secure the switch to the 
vehicle body or steering column tube and 
move the sw~tch housing In the slotted holes. 
Caution: Move the turn signal swrtch only 
with the lever in its central positron or the 
ceneeling cam may be damaged. 

3 Ignition switchflock cylinder - 
cheek and replacement 

20 Remove the four screws securing the 
switch (se illustration). 
21 Lift the switch out of the swach housing. 
22 Disconnect the elactrlcal connectors 
from the switch and remove the switch. 
23 On 1972 and later models, bleed the alr 
frorn the wrndshield washer resewow and dis- 
connect the windshield washer hose from the 
switch. 

1967 and earfier models 
f Detach the cable from the negative bat- 
tery term~nal. 
2 Open the front hood and remove the 
protect~ve cover for the instrument panel. 
3 Clearly label, then disconnect, the wires 
to the rgn~tion switch terminals. 
4 Remove the screw whrch secures the 

spring Is vlsible in the opening. 
11 Press on the retaining spring through 
the openlng with a stiff piece of wire whiFe 
pulllng out the lock cylinder. 
12 lnstaTlation IS the reverse of removal. 

f9M and later models 
Lock cylinder 
Refer to illustrations 7.1 9, 7.27, 7.22 and 7.23 
13 Detach the cable frorn the negative bat- 
tery terminal. 
14 Rwnove the steering wheel (see Chapter 
10). 
15 Remove the circlip and plastic bushlng 
from the steering cofurnn. 
16 Remove the turn signal swrtch and, A 
appiicabte, the wiper switch. 
17 Remove the steering/ignil~on lock 
retainer plate. 
78 On 1972 and later models, unplug the 
wim harness from the switch; on earher mod- 
els. push the wrres through while you pull the 
lock cylinder out far enough to work on it. 
19 On 1976 and later models, inspect the 
lock cylinder houang. If there's no hole at the 
polnt ind~cated (see illustration), carefully 
dnll one. 
20 Insert a nail or a piece of steel wire 

24 On 1972 and rater models, the turn stg- switch bracket and remove the switch. I 1 
nal and windshreld wiper switches must be 
removed together and separated after 
removal. These switches have channels thal 
guide the wlres from the sw~tches. Yau can 
disconnect the gu~de channel by unplugging 
It from a connector in the bottom of the steer- 
ing column switch housing. 
25 Installation is the reverse of removal. 
Make sure the contact ring W e e n  the steer- 
ing column beating and the steering column is 
posrtioned propwly and the turn signal switch 
t e w  is in ~ t s  central postion, or the canceling 
cam will be damaged by the tongue of the 
contact ring when the steering wheel is In- 
stalled. On 1972 and later models, make sure 

5 Installation is the reverse of removal. 

1968 through f 971 models 
Refer to illustration 7.9 
6 Detach the cable from the negatlve bat- 
tery terminal. 
7 Remove the steering wheel (see Chap- 
ter 10). 
8 Remove the circlip and plastic bushing 
from the steering column. 
g Loosen the turn signal switch and 
remove the two screws wh~ch secure the 
revaining plate (see illustration). 
10 Insert the ignrtion key and turn ~t slightly. 
Pull the lock cyl~nder out until the retaming 

6.25 Make sure the wires aren't crushed 
at the points andicatsd by arrows 

7.9 To remove the lock cyllnder on 1958 through 1977 models, 1 
remove the retaining plate [A), insert the ignition key and turn R 7.1 9 On 1976 and later models, if there's no hole in the cylinder 

slightly, pull out the lock cylinder until the retaining spring is for releasing the mtalning spring, make one - carefully drill a 
risible in the opening (B) and pmss on the retaining ring small hole at the intersection of dimensions "'a" and "b" 

through the openlng with a stiff piece of wire while (a and b are each f 1 mm) 
pulling out the rock cylinder 
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7.21 'So remove the 
lock cylinder, insert 

a nail or piece of 
wire through the 

hots at A, depress 
the retaining spring, 

turn the key and 
pull the cylinder out 

of the houslng 

7.22 Before you install the new eyllnaer, 
verify that the guide pin {left amw) isn't 
bent or broken and the slide pin (right 

arrow] moves freely 

Ignition swltch 
Refer to illustretions 7.28 and 7.30 
26 M a c h  the cable from the negative bat- 
tery terrnlnai. 
27 Remove tha staerlnq wheel (see Chap- 
ter 70). 
28 D6tach the steering column from the 
dash (see Illustration) and remove the heus- 
lng. 
29 Unplug tha harness from the Ignition 
swkch. 
30 Remove the set screw from the lock 
cylinder houslng (see Illustratfon) and 
remow the  Ignltton swltch. 
31 Installat~on Is the revorse of removal. 

7.23 Earller eyllnder on left has no black 
plastlc ring and a helical groove for the 
pin - later cylinder on rlgM has black 

plastic ring, no hellcal groove 

7.28 Remove the two bolts (arrow) that 
attach the steering column to  the 

underside of the dash, lower the column, 
then remove the screws that amch the 

steerlng column housing 
through the hole and depress the retalnlng 8 Headlights - removal and 
spring on the lock cylinder. 
21 Remove the lock cyllnder by turning the 
key and pulllng the lock cylinder out of the 
houslng as shown (see Illustratlcrn). 
22 Before installlng the cylindor, examine 
the  guide pin (see illustratlon). When the pln 
is depressed sl~ghtly, you should be able to 
move the sltde for the steering column lock to 
the right until the slide pin is flush with the 

cyllnder by pushing it In withe& the key. Then 
turn the cylinder to the left stop position and 
remove the key. 
24 If you're installlng an earller type lock 
cyllnder with the hellcal groove for the pin, 
verify that the key pulls ~tself into the lock 
cylinder houslng when you turn the lock 
cylinder (this check is unnecessary if you're 
Installing the later type Imk cylinder with the 
black plastic ring). 
25 The remainder of Installation is the 
reverse of removat. 

instatlation 

1966 and earlier models 
Refer to lflustratrons 8.2, 8.3 and 8.6 
1 Disconnect the negative cable from the 
battery. 
2 Remove the retaining screw from the 
headlight trlm ring (- Illustration) and pull 
out the entire hsadl~ght assembly. 
3 Unplug the electr~cal connector from the 
headlight (see illustration). 

housing. 
23 If you're installlng an earller cyl~nder (no 
black plastic ring) (see illustratlon), insort it 
w~th the key installed in the lock cylinder and 
turn the cylinder to the left stop position and 
remove the key. If the lock cylinder has a 
black plastic ring (see Illustratbn), install the 

8.3 Unplug the electrical connector for 
the headlight unit and discannec: the 

wires for the parking light (at the bottom) 

7.30 To remove the Ignitlon swlteh (3) 
from the lock cylinder houslng (11, 

remove the set screw (2) 

8.2 To release the headlight assembly 
from the fender on 1966 and earlier 

models, remove the retaining screw from 
the boy-rn oq *be headtight trim ring 
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8.6 To remove the sealed beam unrt, 
carefully pry one end of the retaining 

spring out with one thumb while holding 
the other end of the spring down with 
your other thumb - the spring Is under 
tension, so watch what you're doFng 

4 D~sconnsct the two wlms from the park- 
ing fight bulb socket, 
5 Remove the parking Ilght bulb. 
6 Holding the headlight unit, pry one end of 
the retain~ng spring out with one thumb while 
you hold the other end af the spring with your 
otherthumb (se fllusfmtion). Be careful - the 
spring is under cons~derable Zenslon. 
7 Pull out the retaining ring and sealed 
beam unit. 
8 lnstallat~on is the reverse of removal. 
9 Adjust the headlights when you're done 
(see Sectlon 9). 

1967 and later models 
Refer to illustration 8.1 1 
10 Detach the cable from the negatlve bat- 
tery terminal. 
11 Remove the screw from the bottom of 
the trim ring and remove the rlng (see Illus- 
tration). 
12 Remove ths three screws whlch attach 
the retaining ring and remove the rtng. 
13 Purl out the headfight and unplug the 
wrre harness. 
14 Installation is the reverse of removal. 
15 Adjust the headlights when you're done. 

9 Headlights - adjustment 

Refer So J/lustrations 9. l a  and 9, lb 
Note: The headlights must be aimed cor- 
rectly, I f  adjusted mcorrectfy they could blind 
the driver of an oncoming vehicle and cause a 
serious accident or seriously reduce your 
ability to see the road. The headlights should 
be checked for proper aim every 72 months 
and any t~me a new headlight is rnstalled or 
front end body work is performed. It should 
be emphas$eed thaf the foliowing procedure 
is on@ an intsnm step which will provide tem- 
porary adjustment until the headlights can be 
adjusted by a properly equipped shop. 
1 Headlights have two spring loaded 

8.1 1 An exploded view of the headlight 
assembly on I s 7  and later models 

a Trim nng retaining screw 
b Retainrng rrng screws for seakd beam 

Unl t 
c Headlight adpsfmen t screws (upper 

screw rs for vertical adjustment and 
lower screw is for honmntal 
adjustment) 

adjusting screws, one on the top controlling 
up-and-down movement and one on the side 
controlling left-and-right movement (see 
illustrations). 
2 There are several methods of adjusting 
the headlights. The simplest method requires 
a blank wall 25 feet in front of the vehicle and 
a level floor. 
3 Position masking tape vert~cally on the 
wall in reference to the vehicle centertine and 
the centerlines of both headlights. 
4 Pos~tion a horlzontal tape line In refer- 
ence to the centerline of all the headlights. 
Note: It may he easier to position the tape on 
the wall with the vehicle parked only a few 
inches away. 
5 Adjustment should be made with the 
vehicle sittlng level, the gas tank half-full and 
no unusually heavy load In the vehicre. 
6 Starting with the low beam adlustrnent, 
position the high intensity zone so it is two 

9.lb Typical headlight adjustment screw 
l a d o n s  on a Karrnann Ghia - screw a 
controls vertical adjustment, screw b 
controls horizontaf adjustment (1967 

and later Beetles are similar) 

9.ta Headlight adjustment screw 
lowitloris on 1966 and earlier models - 
screw A controls vertical adjustment, 

screw 8 controls horizontal adiustment 

Inches below the horizontal l~ne and two 
lnches to the right of the headlight vertical 
Rne. Adjustment ts made by turning the top 
adjust~ng screw clockw~se to rase the beam 
and counterc4ockw1se to lower the beam, The 
adjusting screw on the side should be used in 
the same manner to move the beam left or 
right. 
7 Wlth the high beams on, the htgh Inten- 
sity zone should be vertically centered with the 
exact center lust below the horlzontal line. 
Note: I t  may not be possible to position the 
headlight aim exactly for both hrgh and /ow 
beams. If a compromise must be made, keep 
in mlnd that the low beams are the most used 
and have the greatest effect on dnver safety. 
8 Have the headlights adjusted by a 
dealer service department or servrce station 
at the earliest opportunity. 

10 Headlight switch - check and 
replacement 

Check 
1 If the headlight sw~tch falls to activate 
the headlights, pull out the sw~tch so you can 
get at the wlre term~nals on the back (see 
below) and, using a test l~ght or voltmeter, 
check far voltage from the battery to the 
switch. If there's voltage to the switch, check 
for voltage across the termrnais. If the circuit 
Is open at the switch, replace the switch. If 
there's voltage across the terminals, cneck 
for voltage from the switch to the headlights. 
Repair the circuit as necessary. 

Replacement 
Push-pull and rotary types 
Refer to illustrdion 10.3 
Note: A special tool IS needed to remove the 
lock-ring that secures the swrtch to the dash. 
If you can't borrow this tool, try to buy one 
from your local VW dealer servrce department 
or an auto pa* store, 
2 Remove the rear seat and disconnect 
the negative cable from the battery. 
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I 

I 
10.10 Remove these cover strips from 10.11 Remove t h ~ s  plug r~qht above the 

each end of the ~nstrument panel steerma column and remove the 
1 2 3 . 4  switch cluster nderneath lt 

103 Exploded view of typical push-pull 
and rotary type headlight switch 

f Light switch 
2 Lock-ring 
3 Light switch knob 
4 Lightswitchcap 

3 Unscrew the knob from the switch (see 
illustration). 
4 Remove the lock-ring w~th the special 
tool. 
5 Open the front hood, remove the two 
knurled nuts that attach the dashboard 
access panel to the firewall and remove the 
panel. 
6 Pull the switch out of the dash. 
7 Clearly label, then disconnect, the wires 
attached to the switch terminals. 
8 Installation is the reverse of removal. 
Make sure the notches in the body of the 
switch engage the projections In the hole In 
the dashboard. 

Rocker types 
Refer to illustrations 10.10. 10.1 1, 10.12, 
10.13a, ID.136and 10.15 
9 Detach the negative cable from the 
battery. 
10 Carefully pry off the cover strlps (sea 

10.13b Squeeze the lock~ng tabs (arrow) 
on the top and bottom of the rocker 

swRch toward the switch and remove 
the swifch, then clearly label the 

wires and disconnect them 

10.12 Remove these sheet metal screws 
from each end of the instrument 

panel switch cluster 

IHustration) at each end of the instrument 
panel sw~tch cluster. 
11 Pry off the plug above the steering col- 
umn (see illustration). 
12 Remove the five sheet metal screws - 
two at each end (see illustration) and one In 
the center - that secure the Instrument panel 
switch cluster te the dash. Don't lose the 
spacer sleeves for the screws. 

f 0.1% Remove the instrument panel 
swkch cluster from the dash 

13 Pull the cluster out of the dash (see 
Illustration), pinch the tabs on the sw~tch 
together and pull the switch out toward the 
back of the instrument panel switch cluster 
(see itlustratlon). 
14 Clearly label, then disconnect, the  wires 
attached to the switch terminals. 
15 lnstallatlon is the reverse of removal 
(see Illustration). 

-- 

f 
d 

11 
/ 
n 

10.15 Exploded view of typJeal 
rocker-type headlight sw~tch 

7 Cover stnp 
2 Sheet metal screw 
3 Soacer sleeve 

1 ,-: \ *  . , 7 P ~Astrument pane/ 
swrtch cluster 

5 Sw~tch 
6 Wammg Itght 

1 2 3  A 5 b 7 7 Coverplate 
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I1 . la To replace a front turn signal bulb, 
simply remove the retakning screw from 

the top of the housing . . . 
1l.lb . . . remove the I~ouslng . . . I l . l c  . . . press the bulb down Ilghtly, turn 

R counterclockw~se and remove R 

lens screws, remove The lens and gasket, 
push in lightly on the bulb, turn it counter- 
clockwise and remove ~t (see Hlustrations). 
To install the new bulb, Insert it Into the bayo- 
net mount, push In lightly and ttlrn It clock- 
WISB. 

2 Some bulbs, llke the dome lights, can 
slrnply be pulled straight out of the~r sockets 

(see Illustratlons). 
3 To replace I~ghts In the Instrument clus- 
tar Ilghts, remove the Instrument cluster {sea 
Section 12). 
d If you need to replace an entlre Ilght 
assembly, It's usually s~mply a matter of 
unbolting It from ins~de the fender (3- Illus- 
mtlons). 

I 1  Bulb replacement 

Refer to rllustrations 7 1 .  la. I I. lb ,  11. lc, 
7?.1d, 17.le, 71.1f, l i . l g ,  11-lh, ? 7 . 1 / ,  17.71, 
11.2a, 11.2b, 1 1 . 4 ,  11.4b, 71.4c, 11.4dsnd 
11.48 

1 To replace most llght bulbs, remove the 

I.-:-- 

I l . l d  Te replace a rear turn slgnal bulb Ti.le . . . and remove the bulb that's 
(at A) or brakeltail light bulb (at B), remove burned out by pressing down lightly 
the lens retaining screws and the lens . . . and turning It counterclockwise 

1 1 . 1 ~  later model ta i l  l~ght  assembly 

1 Turn signal bulb 
2 Brakeltail light bulb 
3 Back-up bilb 

I, 

1- 

\ 
11.1 h Typical early Karmann Ghia tai 

11.11 An expladed view of a later tall light assembly wlth integral back-up 'bulb light assembly 
(earlier unlts don't have back-up bulb - It's mounted on bumoerl . . 

I Housing 3 Lens 5 Brakeltail light bulb 7 Turn signal bulb 
2 Bulb holder 4 Turn signal bulb 2 Brake light bulb 

6 Back-up bulb 3 Tail Cght bulb 
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11.1I To replace the license plate light on f 1.ij f o replace a ll~ense plate llght on a 11.2a To replace a dome light in a Beetle, 
a Beetle, open the rear hood, remove the Kannann Ghia, open the rear hood, pop the lens off with a small screwdriver 
lens screw an Fens, push the bulb into the remove the lens screws and lens, push and pull the light straight down 

socket, turn it counterclockwise and the bulb into the socket, turn it *om ~ t s  socket 
remove it counterclockwise and remove it 

1g.2b To replace a dome light in a 
Karmann Ghia, grtp the edge of the lens 
with both hands and pull it down out of 
the headliner, then pull the bulb straight 

down from its socket 

1 3  11.k Retails of a 

C;r3 
front turn signal 
light assembly 

9, 7 Lens retalnlng - I screw 
2 Cover 
3 Lens 

3- 1 4 Bulb 
- . -  - 5 Bulb hoEder 

"9 S Packing 
h 

5 

11.4b To detach the bulb holder fmm the 
fender, remove these two nuts from 

6 inside the wheel well 

-<; 

I 1 . 4 ~  To remove the turn signal assembly 11.4d . . . from inside the wheel well, 11.M . . . pull the bulb holder out of the 
from a Kamann Ghia, remove the lens remove the two nuts from the houslng In the fender and disconnect 
screws, lens and chrome trim ring.. . front fender . . . the electrical connector 
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remove a non-Super Beetle t2.7 To remove a Super Beetle or 13.4 To detach the speedometer cable 
)t cluster, simply unplug the convertible instrument cluster from the from the wheel bearing dud cap, remove 

W I F C ~  - ui pull out the bulbs -for the dash, disconnect the speedometer cable. the cotter pin (earlier models) or the 
I 

warning lights and instmmerrt light, push the cluster out of its rubber clrclip (later models), then pull the cable 
disconnect the speedometer cable and grommet, label all wires and out of the steering knuckle from 

remove the two slotted screws disconnect them behind the wheel I 
12 Instrument cluster - mrno\ral and 

installation 

Refer to illusirations 72.6 and 12.7 
1 Detach the cable from the negative bat- 
tery terminal. 
2 On 1973 and later Super Beetles and 
convertibles, remove the instrument panel 
switch cluster (see Section 10). 
3 Open the hood and remove the Instru- 
ment panel cover from the firewall. 
4 On pre-1973 models and 1973 and later 
non-super Beetle models, pull olrE the wam- 
Ing bulbs and the Instrument light from the 
back of the instrument cluster. 
5 D~sconnect the speedometer cable from 
the speedometer (see Section 13). 
6 On pre-1973 models and 1973 and later 
non-Super Beetle models, remove the two 
slotted screws that attach the instrument 
cluster to the instrument panel (see illustra- 
tion). Pull the ~nstrument duster out of the 
dash. 
7 On 1473 and later Super Beetles and 
convertibles, the instrument cluster IS held in 
place by a ribbed rubber boot. Pull it out of 
the dash {see illustration). cfearly label all 
wlres and disconnect them. Remove the 
cluster. 
8 Installation is the revetse of removal. 

13 Speedometer cable - 
replacement 

Refer to illustrations 13.4 and 13.7 
1 On pre-1973 models and 1973 and later 
non-Super Beetle models, open the front 
hood and remove the protectrve cover from 
the instrument panel. 
2 On 1973 and Iater Super Beetle models 
and convertibles, remove the instrument 
panel switch cluster (see Section 10). 
3 Working from the luggage compartment 
side on all pre-1973 models and 1973 and 

13.7 This cutaway shows the 
relationship between the 

speedometer cable and the rubber 
sleeve inside the steering knuckle 

which prevents water from entering 
and contaminating the wheel 

bearings 

1 Cable 
2 Plastic sheathing of cable 
3 Metal sleeve 
4 Rubber sEeeve 
5 Squared dnve end 
6 Cotter pin 
7 Dust cap with square hole 

later non-super Beetle models, or through unseat the grommet when threading the new 
the hole for the switch cluster on 1973 and cable through. Finally, be sure to use a new 
later Super Beetle models and convertibles, cotter prn or ~i rc l ip at the dust cap. 
unscrew the threaded fittlng that attaches the 
speedometer cable to the speedometer 
assembly. 14 Instruments - replacement 
4 Remove the circlip (57 cotter pin which 
secures the end Of the speedometer cable to Warning: Gasoline is extremely flammable, 
the wheel bearing dust cap (see illu*ation). take extra precautions when you work on 

W~rk lng from the back =Ide of the any part of the fuel system. Don't smoke or 
pull the cable out of tha steering allow open flames or bare Iight bulbs near the 

knuckle. work area, and don't work in a garage where 
6 On Pre-1973 models and f 973 and later a natural gas-type appliance (such as a water 
non-super Beetle models. pull the cable out heater or clothes dryer) wrth a pdot (ighf ts 
of the guide channel, through the grommet in present. /f you spit! any fuel on your skin, nnse 
the vehicle bdY and out through the luggage jt off immedrately mth soap and water. When 
compartment. On 1973 and later Super Bee- you p e r f m  any krnd of work on the fue! sys- I 
ties and conve*lbles, Pull the cable out !em, wear safety glasses snd have a Class B 
through the hole in the dash. I 

type fire extinguisher on hand. 
7 It's a good idea to install a new rubber I 

sleeve In the steering knuckle (see illustra- Mechanical fuel gauge 
tion). If water gets into the knuckle, tt can 
damage the bearings and allow the cable to Sending 
freeze - and st~ck - ~n the winter. Refer to illustratrons 14.1 and 74.7 
8 Installation is the reverse of removal. 1 This gauge fs mechanically aperat4 by 
Route the cable to eliminate sharp bends (no a cable from a sending unit mounted In the 
radius less than six inches). Make sure ~t isn't fuel tank (see illustration). The sending unit 
kinked or pulled too tight anywhere in the transm~ts movement of the fuel tank float to 
turning radius of the front wheel. And don't the gauge in the ~nstrurnent panel to indicate I 
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14.7 Installation details 
of the mechanical fuel 

gauge sending unit 

I Cable 
2 Tank 
3 Corkgasket 
4 Screw 
5 stop 
6 Float 

- 
- -/ 

Adjust the gauge when you're done {see 
Steps 17 through 19) 

14.7 TO remove the mechanical fuel Fuel gauge 
gauge sendhng unit, remove the cover, Refer to jI/ustrations 14.74 and 74.19 

the amount of fuel in the tank. The sending 
unit must be removed to be checked. 
2 Make sure the fuel tevel IS low to avoid 
spilling fuel when the sending unit is removed. 
3 Detach the cable from the negative bat- 
tery termmal. 
4 Remove the spare tire, jack and tools 
from the front luggage compartment. 
Remove the luggage compartment Ilning. 
5 Remove the cover of the sending unit. 
6 Disconnect the cable or wire to the 
gauge. 
7 Remove the flange mounting screws 
(see illustration) and remove the send~ng 
unit and gasket. 

7 1 D~sconnect the cabi  to the gauge. 
72 Pull the cable out from under the felt 
pad on the floor of the luggage compartment. 
13 Remove the light bulb from the gauge. 
14 Remove the knurled nut and remove the 
gauge rnounttng bracket (see illustration). 
15 From inside the passenger compart- 
ment, remove the gauge from the dash. 
16 Installation is the reverse of removal. 
Adjust the gauge when you're done. 
17 To adjust the gauge. remove the cover 
from the sending unit l o  expose the lever to 
which the gauge cable is attached. 
18 Press the lever to force the fuel tank 
float to its lowest position. 
19 With the lever depressed, adjust the 

gauge by turning the knurled screw on the 
gauge in a clockwise diwtlon untll the gauge 
needle is on the stop at the low end of it scale 
(see illustration). This adjustment insums that 
at least 1.3 gallons of fuel will be in the tank 
when the needle points to the Reserve mark. 
20 Install the sendmg untt cover. 

Electric fuel gauge 
Refer to jllustrations 14.28 and 14.32 
21 This gauge is controlled by an elec- 
tromechanical sending unit in the tank. If the 
gauge itself is Inaccurate. replace it or send it 
to an instrument repair speclalist. 
22 If the gauge never moves from the 111 
posltion, it has a grounded control circuit. 
Disconnect the control wire from the sending 
unit on top of the fuel tank. If the gauge falls 
from the 1/1 mark, the sending unlt is faulty. 
If ~t doesn't, the control wire is grounded 
somewhere between the sending unit and the 
gauge. 
23 If the gauge fails to register at all, dis- 
connect the gauge wlre from the sending unit 
and ground it against the a clean, unpainted 
part of the vehicle. !f the gauge moves up to 
1 /I, the sending unit is faulrj or isn't properly 
grounded. If the gauge still falls to move, the 
gauge or wrre is faulty. 
24 If an ohmmeter indicates tnfinite resis- 
tance when It's connected between the 
gauge terminal on the sending unit and 
ground, the sendlng un~t Is burned out. 
Replace it. 
25 Detach the cabre from the negative bat- 
tery terminal. 
26 Remove the liner from the luggage com- 
partment. On 1972 Super Beetles and con- 
verhbles, remove the fresh air box. 
27 Disconnect the wire(s) from the sending 
unit (in 1972, a new sending unit with a sec- 
ond terminal for a separate ground wire was 
introduced). 
28 Remove the five flange mounting bolts 
(early units), or unscrew !he bayonet type 
locktng flange (later units) (see illustration). 
29 Remove the sendlng unlt. 

14.1 4 To remove the fuel gauge, 14.1 9 To adjust the gauge, remove the 14.28 To remove the later type senrfrng 
disconnect the cable, pull it out from cover from the sendlng unit, press the unit (shown), press down at [A) and turn 12 

under the feR pad, remave the light bulb, lever to 'force the fuel tank float to its the bayonet flange (6) counterclockwrse 
remove the knurled nut and remove the lowest position and turn the knurled to unlock it (to remove earher unit, not 

gauge mounting bracket and pull the screw on the gauge in a clockwise shown, remove five flange mounting bolts) 
gauge out of the dash direction until the gauge needle is on 

the stop at the low end of its scale 
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14.37 To replace the clock on a Kam; 
Ghia, pull out the two bulbs, detach t l  

wire and remove the two attaching scrv 74.32 To test the stablllzer, turn an the Ignition and hook up a voltmeter between 
terminal b and ground - If the stablllzer Is good, the v o h e t e r  needle will pulsate (if R's 

bad, the needle won't pulsate) - ta cheek the fuel gauge, hook up the voltmeter to 
ternma1 a, detach the sending unk wire fmm the gauge and ground the gauge terminal - 

if the gauge gives no reading when grounded, it's bad 

30 To check the sending unit. connect a the electric lead. 
battery and voltmeter in series between the 37 Remove the two attaching screws (see 
sending unit housing (or ground terminal) and illustration). 
the gauge wirs terminal. Move the float by 38 Remove the clock. 
hand through its full range of motion. Note 39 Installation is the reverse of removal. 
whether the voltmeter reading changes con- 
tlnuously as the sandlng unit float is moved. If 
the voltmeter needle doesn't move smoothly, motor - ckck 
the send~ng unit is defective. Replace It. and replacement 
Warning: 00 NOT perform these tests near 
the fuel tank. An electnc spark could cause an 
explosion. 
31 Installation Is the reverse of removal. 
Make sure the rubber gasket has a good 
ground connection clip on its edge (this clip 
~sn't necessary on the later unit with its own 
separate ground wire). The clip must contact 
a clean and bare spot on the tank. 
32 The fuel gauge can be checked In place. 
Earlier units have an external voltage stab!- 
llzer mounted next to the gauge (see illustra- 
tion). To check the stabil~zer, swrtch on the 
ignition and connect a voltmeter as shown. If 
the stabilizer is good, the voltmeter will grve a 
pulsating voltage readlng. If it doesnnt, 
replace the voltage stab~l~rer. 
33 To chsck the gauge Itself, swltch on the 
ignition, detach the sending unit lead from 
the gauge and momentarily ground the gauge 
terminal. If the gauge gives no reading when 
grounded, it's defective. Replace the gauge. 
If the needle moves when the gauge IS 

grounded, The problem is in the c~rcuit 
between the sendlng unit or in the sending 
unit itself. 
34 To replace the voltage stabilizer or the 
fuel gauge, remove the Instrument cluster 
(sw Sectron 12), then unscrew the defective 
unit from the cluster and install a new one. 

Check 
1 Early (six-volt) vefsions of the wlper 
motor are one-speed units; 1967 and later 
units (1 2-volts} have two speeds. 
2 If the windshield wiper motor won't 
operate, and it is receiving power when the 
wiper swltch is On and the grounds are good, 
replace the motor. 
Generally, if a motor has some Internal prob- 
lem, it's cheaper and quicker to simply 
exchange It for a rebuilt or new unit. 

I--. - --- J 

15.9 To remove the w~ndsli~elcl wiper 

motor on a pre-1970 model, remove the 
bolt that secures the wiper frame 

1970 and later models 
Refer to illustrat~ons 75.1da, 15. Idb. 15.15a. 
15.156, 15.16, 15.1&a. 15.186. 75.20 and 
75.27 
13 Detach the cable from the negatwe bat- 
t ey  ten~nal .  
74 Remove the wiper arm caps and nuts 
(see illustrations), then remove the arms. 
15 Remove the wiper shaft covers and nuts 
(see illustrations), washers and bearing seals. 
16 On 1970 to 1973 models and 1973 and 
later non-Super Beetles, remove the instru- 
ment panel protect~ve cover. On 1973 and 

Replacement 
1969 and earlier models 
Refer to Illustratfon 15.9 
3 Detach the cable from the negative bat- 
tery termina!. 
4 Loosen the cfarnp screws on the wiper 
arm brackets and remove the wlper arms. 
5 Remove both wiper bearing nuts with 
washers and outer bearing seals. 
6 Remove the instrument panel protective 
cover in the front luggage compartment. 
7 Disconnect the wires from the motor. 
8 Remove the glove box. 
9 Remove the bolt that secures the wiper 
frame. Remove the wiper frame with the 
motor and linkage (see illusbation). 
10 Remove the lock washer and spring 
washer from the dr~veshaft and detach the 
driving link. 
11 Loosen the wiper shaft nut. remove one 
motor retaming nut and separate the motor 
from the frame. 
12 Installatian is the reverse of removal. 

Ciock (Karmann Ghias) 
Refer to dlustrations 14.37 
35 Raise the front hood and remove the 
instrument panel protective cover at the rear 
of the luggage compartment. 
36 Pull out the two bulbs and disconnect 15.14a Remove the wlper arm claps. . . 
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r 

I 

15.1 5a Remove the wiper slreft cowers. . . 
I 

. . . and nuts 

15-16 On 1973 and later Super Beetles and convertibles, remove 15.78a On 1873 and later Super Beetles and convertibles, trace 
the screws from the fresh air box and remove the cover the motor wlrlng harness through the flrewall . . . 

later Super Beetles and convertibles, remove 
the screws from the cover for the fresh alr 
box and remove the cover (see Hlushatlon). 
17 On 1970 to 1973 models and 1973 and 
later non-Super Beetles, remave the fresh air 
box (see Chapter 3), then remove the  glove 
compartment and remove the right fresh alr 
vent. 
18 On 1970 to 1973 models and 1973 and 

later non-Super Beetles, disconnect the 
motor wire from the switch In the dash. On 
1973 and later Super Beetles and convert- 
ibles, trace the motor harness through the 
firewall and unplug the electrical connector 
below the steering column (see INustrstions). 
19 Remove the motor mounting bolt(s). 
20 On 1973 and later Super Beetles 
and convertibles, remove the plastic rain 

cover (sea Illustration). 
rear window through a relay under the left 
side of the rear seat. The relay contmls the  
ternperaturn of the  grld by shutting it off when 
the Temperature (resistance) gets too hot. A 
green light in the speedometer ~ndicatas the 
circuit Is operatEng. 
21 Remove the motor (see Illustration). 
22 Installation is the reverse of removal. 

15.1 Bb . . . and unplug the electrical 15.20 On 1973 and later Super Beetles 15.21 Remove the motor (1973 or later 
connector under the steering column and convertibles, remove the rain cover type shown, others similar) 
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76 Windshield wi 
removal and instanatton 

Early models 
1 Detach the cable from the negative bat- 17.10 Typical horn 
tary twminal installation 
2 Empty the wrndshield washer fluid lines. 1 Horn 
3 Unscrew the sw~tch knob and remove 
the push-button for the windshield washer. 

2 wre 
3 Mountmg bracket 

4 Unscrew t h ~  switch escutcheon (retain- 4 Mounfmgbolt ing ring). You'll may need a spec~al wrench 
for this lob 
5 Remove the instrument panel protective 
cover from the luggage compartment. 
6 Remove! the two hoses running from the 
fresh alr control box to the fresh air outlets (If 
W U ~ P P ~ ~ ) .  
7 Pull the switch out of the dash, dtscon- 
nect the wrres and detach theh water hoses. 
8 To rnstall the new type (push-pull) switch 
on an early (pre-196T) model with a angle- 
speed, sjx-volt motor, connect terminal 53 to 
termmat 53b before installing the new switch 
(the push-pull switch used on saw models is 
no longer available, but the rotary switch 
works w~th this modification). On 1967 and 
later models. skip this modif~cat!on. Connect 
the termrnals in accordance with the w~ring 
diagrams at the end of th~s Chapter. And don't black and yellow) wire batween the horn and 
forget to connect the water hoses too. the fuse (usually the first, third or eleventh l8 rear - 
9 The remainder of installation rs the fuse in the box, depending on model - sea switch replacement and grid 
reverse of removal. Sectlon 3). if the fuse a good, check the repair 

nround for the horn rms. 
Later models 
10 Tne later type windshield wiper switch is 
integrated rnto the turn srgnal switch. To 
replace tt, see Section 6. 

17 Horn - check and replacement 

Check 
1 On Beetles and Super Beetles, the horn 
is mounted under the left front fender. On 
Karmann Ghias, dual horns are mounted In 
the spare tire compartment. Current to the 
homs on Beetles and Super Beetle homs is 
controlled by the horn ring. On Karmann 
Ghias, it's controlled by a horn relay located 
at the left side of the spare tire compartment. 
2 If the horn doesn't work, first remove the 
hem rlng and look for dirty, worn or corroded 
contacts (Beetles and Super Bmtles) or In the 
horn relay (Karmann Ghias). Loose or cor- 
roded contacts are a common cause of horn 
trouble. If necessary, clean them up with 
emery or crocus cloth. 
3 If the contacts  are In good condition, 
use a test Fight or a voltmeter to verify that 
there's battery voltage at the horn($. 
4 If there's no voltage at the horn@), try 
activating it with a jumper wTre from the bat- 
tery. If the horn works, the circuit has an open 
or a short somewhere. If the horn doesn't 
work, replace it. 
5 Look for an open or shod in the (usually 

6 On pra-1971 models, the contact ring on 
the steering wheel is grounded by a wire to the 
steering column U-jolnt coupling that runs 
through the hollaw steenng column. When you 
depress the horn ring, it grounds the steerlng 
column t u b  to the contact ring in the steering 
wheel. Also check the brown wire that runs 
from the horn to the steerrng column. 
7 On 1971 and later models, the steering 
wheel is grounded by contact with the stesr- 
Ing column. The column Itself Is grounded by 
a short wire that bypasses the steerrng cou- 
pling's flexible disk. When the horn control is 
depressed, ~t 's grounded against the steenng 
wheel contact ring. A wire from the horn con- 
trol to the slip-ring grounds the horn circuit 
contact spring that's connected to the horn's 
brown ground wire. 
8 If evehything else in good condition on a 
Karmann Ghja, replace the relay. There's also 
a condenser In the relay. S~nce the relay 
won't work properly with a good condenser, 
and since you can't check the condenser at 
home wtthout a special tool, we recommend 
that you replace the condenser too. 

Refer to illustration 17.70 
9 Detach the cable from the negative bat- 
tery terminal. 
10 Dtsconnect the horn wfre (see illustra- 
tlon). 
11 Remove the mounting bracket bolt. 
12 Remove the horn. 
13 Installation is the reverse of removal. 

Check 
Refer to illustraZion f 8.6 
1 1969 and later models have a heated 
rear window. A toggle switch under the dash, 
to the left of the ashtray, actuates the defog- 
ger grid an the rear widow. I 

2 To check the switch, flrst verify that it's 
getting 12 volts. If ~t isn't, check the power 
wire to  the switch. If it is, check voltage 
across the sw~tch term~nals w~ th  the power 
on. If there's no voltage, replace the switch. IF 
there is voltage, check the circu~t back to the 
grid, including the relay. 
3 Refer to the wiring d~agrams at the end 
of this Chapter and check far an open or 
short in the circuit between the switch and 
the relay. 
4 Check the relay. Make sure it's not 
stuck closed, shorting out or burned out 

' 

(open). The two thicker wires are for the 
power circuit: the two thinner wires are for 
the control circurt from the switch. Detach the 
cable from the negative battery termrnal and 
remove the relay from the vehicle. Using an 
ohmmeter, check for continuity between the 
relay's power c~rcuit terminals. There should- 
n't be any. If there is, replace the relay. Con- 
nect a fused jumper wire between one of the 
two control circuit tem~nals and the positive 
battery termrnal. Connect another jumper 
wire between the other control circuit termi- 
nal and ground. When you make the connec- 
tbons, the relay should cl~ck. If it doesn't, try 
swapping the jumper wrres on the control clr- 
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16.6 To check the grld, attach the negative lead of a voltm& to ground and touch the 
posRive lead of the voltmeter to the middle of sach grCd wire - If a grld wire is broken, the 
voltmeter wlll indicate either zero or 12 volts; H a grid wfre is unbroken, the voltmeter will 
indicate about six volts; to locate a break in the grid wire, move the positive lead of the 

voltmeter along the wire until the needle jumps 

cuit terminals (the polarity may be back- 
wards). With the jumper wires connected, 
check for continuity between the power cir- 
cuit terminals. Now there should be continu- 
ity. Replace the relay if it fails any of the 
above checks. 
5 Check for an open or short in the circuit 
between the relay and the gr~d In t h e  rear 
window. 
6 Chmk the grid itself. Attach the negative 
lead of a voltmeter to a good ground. Attach 
the positfve lead of the voltmeter to the mtd- 
dle of each grid wire. If a grid wire is broken, 
the voltmeter will indicate either zero volts or 
battwy voltage. If a grid wire Is unbroken, the 
voltmeter will indicate about six volts Isso 
illustration). To locate a break in the grid 
wire, move the positive lead of the voltmeter 
along the grid wlre until the voltmeter needle 
suddenly jumps. Aepa~r as necessary. 

Switch replacement 
7 Detach the cable from the negatlve bat- 

tery Zermlnal, remove the ~ n s t r u m e n t  panel 
protective cover in the Tuggage compartment, 
unscrew the escutcheon (lock-ring}, remove 
the switch and disconnect the wire. Instalta- 
tion is the reverse of removal. 

Grid repair 
8 If any break in the rear window is longer 
than one Inch, the rear window must be 
replaced. 
9 Usrng a defroster grid repair kit (avail- 
able at most auto parts stores), breaks less 
than one inch can be repaired. Follow the 
instructions Included in the repair kit. 

19 Wiring diagrams - general 
information 

Refer to I1~ustrat;on 19.7 
S~nce It isn't possible to Include all 

wlring d~agrams for every year covered by 
this manual, the  following dlagrams am those 

that are typice! and most commonly needed. 
Prior to troubleshooting any circuits, 

check the fuse and cfrcu~t breakers (if 
equipped) to make sure they're in good con- 
d~tion. Make sure the battery is properly 
charged and check the cable connections 
(see Chapter 1). 

When checking a circuit, make sure that 
all connectors are clean, w~th no broken or 
loose terminals. When unplugging a connm- 
tor, do not pull on the wtres. Pull only on the 
connector housings themselves. 

Note that two types of witlng diagrams 
are Included. Those for earlier rnoders show 
individual components as llne drawings; 
those for later models are the current flow 
type and represent components schemath- 
cally. In VW factory manuals, both types 
show the color of the wires. In our book, 
however. the wiring dlagrams are In black 
and white, so you'll have to rely on the func- 
t~on of each wlre, .rather than its color (check 
where ~ t 's  comlng from and where it's go~ng). 

The small numbers In the wire lines indl- 
cate thew gauge In square millimeters. 

On wring diagrams far vehicles built 
since f 971. the test connections for the VW 
Computer Analysis system are included. 
Always reattach these wires when servlclng 
the electrical system. Caution: l f  you connect 
any device other than tha test plug of the VW 
Computer Analysfs system to the test circuit 
socket In the engine compartment, rt could 
demage the cjrcult or its components. 

The wiring diagrslms for 1473 and later 
rnodek use symbols for the slectncal mmpo- 
nents (see Itlustration), instead of pictorial 
represenlatlons as in earlier diagrams. The 
thin black lines in the diagrams aren't actual 
wirss, but ground connectlong via the vehrcle 
chassis, 

Along the bottom of each diagram is a 
row of numbers which will help you find elec- 
trical components. After each component 
listed In the accompanying legend are num- 
bers labeled "current track." These numbers 
indicate the current track In the wirlng dia- 
gram that contains the  part you're looking for. 
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Antenna 

Dipole antenna 

Direct current 

Ahernating current 

Three-phase cvnent 

Generator 

Switch position. open Zener diode 

Transistor 
Switch position, closed 

Thyristor 

Multiple contact switch Mechanical connection 
of components 

Fuse 

Ught bulb 

Glow lamp 

Resistor 

Potentiometer 

Mechanical connection, 
spring loaded contact 

Battew cell 

Matw 

Measuring gauge 

Voltmeter 

Time switch 

Manually operated switch 

Meehanicallv operated switch 
Tapped resistor 

Thermal resistor, 
automatically regulating 

Motor operated switch 

Relay coil 
Ammeter 

Heating resistor (element) 
Wiring 

Solenoid coil 
Danger k High Voltage 

W i n  cross section in mrnl 

Win  junction, fixed 
Relay, electrothermal 

Spark gap 

Condenser Relay, electromagnetic 
Win  connector, separable 

Fmdlhrough (suppressor) 
condenser Electromagnetic valve (jet) 

Wire junction, separabla Coil, iron cora 
Boundary line for an assembly 

Horn 

Suppnnraion wire 

Wlre crossing 

Ground 

Transformer, Iron core 

Loudspeaker 
7 

Diode 

18.7 Legend for later model wlrlng dlagrams 
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Typical wlring diagram - 
1959 and eariier rnodek 

1 Bstlery 
2 Starter 
3 Generator 
d Ignition switch 
5 Windshield wiper switch 
6 Headlight switch 
7 Turn signal switch 
8 Horn buffon 
9 Horn 

I O Horn contact brush 
I I  Wipermotor 
12 Dimmer switch 
13 Bmke light switch 
14 Oil pressue switch 

High beam wamrng light 
Instrument lights 
011 pressure warning light 
Generator fan warning fig1 
Indicator warning hghf 
HeadEight 
S~de marker llght 
Distributor 
Coif 
Spark plug connectors 
Spark plugs 
Radio 
Antenna 
Fuse btock (near tank) 
Fuse block flnstrwment 
~ a n e u  
Connectors 
Turn signal lights 
C O U ~ ~ S ~  light switch 
Courtesy light 
Brake light 
Tail lights 
License piate light 
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Typical wtring diagmrn - 
1960 and 1961 models 

Battery 
Starter 
Generator 
Ign~fron switch 
Windshteld wrper switch 
Headlrgh f switch 
Turn srgnal Ifght 
Horn nng 
Horn contact 
Horn 
Flasher relay 
Dmmer swrtch 
Brake light swrfch 
Oil pressure switch 
H~gh beam rndicator 
Generator warning light 
Tum stgnal fndicator 
QtI pressure warnrng lrght 
Instrument panel light 
Headrrght 
Stde marker light 
Stde market light 
(sealed beam) 
Distrrbutor 
Corl 
Choke cod 
Spark plug connectors 
Spark plugs 
Radio 
Antenna 
Fuse block 
Conoectol3 
Flasher lights 
Courtesy lrght swrfch 
Windshteld wiper motor 
Tart lrghts 
Courtesy light 
Lrcense plate lrght 
Ground strap 
Horn ground connectron 
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Typical wiring diagram - 
I S 2  through T965 models 

i Battery 
2 Starter 
3 Generetor 
4 Ignition switch 
5 Windshield wiper switch 
6 Headlight switch 
7 Turn srgnal switch 
8 Hazard flasher switch 
9 Hornnng 

f 0 Steering column connector 
7 7  Horn 
12 Turn signal hazard flasher relay 
73 Drmmer relay 
14 Bmke light swltch 
15 011 pressure swrtch 
I6 High beam indicator l/ght 
17 Generator warning light 
18 Turn signal indicator lrght 
19 Oil pressure warnrng kght 
20 Instrument panel light 
2 1 Fuel gauge light 
22 Headirghfs 
23 Side marker lights 
24 Distributor 
25 Co11 
26 Choke corl 
2 J Spark plug connectoa 
28 Spark plugs 
29 Radio 
30 Antenna 
31 Fuse box 
32 Connectors 
33 Connector 
34 Flasher Iights 
35 Courtesy ltght switches 
36 Windshjeld wiper motor 
37 Brake, turn srgnal and tail lights 
38 Interior light 
39 License plate hght 
40 Ground strap 
4 1 Steering column ground 

connector 
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Typlcal wlrlng diagram for $966 Beetles 
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Typical wiring diagram for 1967 Beetles 
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n VW 1500 Sedan and Convertlbk 

Typical wiring diagram for 1988 and 1969 Beetles 
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VW Type t Karmann Ghla 
RlaHt 

Typical Wring diagram for 1987 through f 989 Karmann Ghias 
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B - Starter 
Ci - Regulator 

B - To lgnitlon/utartar ewftch. terminal 50 
E" - Swltch for leer windew dafdgger 

E" - Stsner cut-out switch 
En - Contact st melector lever 
Fa - Temperafurs aensor 
Pa - ATF tarnpllrslum wnaor  @elector 
J* - Rear w indow defoggw reley 
P - ATF temperature warntng l ight 

Kt0 - Rear w lndow dalogger warning llght 
N - lgnit lon coH 
N7 - Automatlc Stlck Shlf t  control valvs 

S - Fuae boa 

St - Fuss for rear window defogger, 
Automatlc Stlck Shift control valve 

T - Cable connector. single 
T' - Cebie connector, double 
2' - Rear window defogger heating element 

sw black 
ro = red 

br - brown  

I I Note: Legend is for the diagram 
I 
I 

on facing page 
I 
I 
I 

B - Starter 
C - Generator 
C' - Regulator 
ID - lgn~tronlstarter switch 
E - Wrndsh~eld w~pei  switch 
E' - hght  swttch 
En - Turn srgnal and headlight dimmsr switch 
Ea - Emwgency flasher swbfch 
F - Brake Irght swrtch wnh warning d c h  
P - Oil pessure switch 
P - D w r  contact swrtch. left. 

w ~ t h  contact for bunor H 5 
P - Door conracf swbich, tight 
F' - Back-up tight $wltch 
G - Fuel gauge sending unit 
G' - Fuel gauge 
H - Horn bunon 
H' - Horn 
H' - lgnftion kay warning buusr 
J - D~mmer relay 
Js - Emergency flasher relay 
J4 - Vbbrator tor fuel gauge 
K' - High beam wbrnlng Irght 
K' - G~neratoi  charging warning lrght 
K' - 011 pressurc warnbng l~ght  
K1 - Turn s~gnal wainrng I~ght  
K b  - Emergency tlasher warning ltght 
K' - Dual crrcurl brake system warning I i h t  
L' - Sunled beam unit. left headlbghr 
L' - Sealed beam unit, r~ght  headltght 
Lim - Instrument panel Ilght 
M'- Tall and brake hpht. right 
Ma- Tall and brake Ilght, left 
M5-  Turn srgnut and parkfng Ilghl, fmnt  lek 
M* - Turn mgnal, rear, left 
M1- Turn e~gnal  end parkfng Ilght fmnt, righ 
M a -  Turn signsl, rear, right 
M'c Sfde marker l ight front 
N - Ignltion coil 
N' - Autometie choke 
N3 - Electto-megnetlc plrot jet 
0 - Ignition distributor 
P' - S p ~ r k  plug connector, No, 1 cylindw 
P3 - Spark plug connector. No, 2 cylinder 
P' - Spark plug connector. No. 3 cylinder 
P - Spark plug connector, No. 4 cyFbnd6-r 
(1' - Spark plug. No. 1 cylfndar 
0' - Spark plug. No. 2 cylinder 
Q1 - Spark plug, No. 3 cylinder 
0' - Spark plug. No. 4 cyflnder 
R - Rsdlo cannucrion 
S - Fuse bow 
S" Back-up light fuse 
T - Csble adapter 
11 - Cable connactor. linalw 
F - cable connector, dojbls 
P - Cabls connector, triple 
T* - Cable connector (lour connactionr) 
V - W~ndshisld wrper motor 
W - fnlerior l~ght  
X - Licenss plate llght 
X' - Beck-up light, Ink 
F - Back-up light, right 

I 
I 
I 
-:----a - Battery to frame pround mWa~ 

3 - Tranamiesion to frems ground nrep 
I 
I 
1 
I 
I 

Autommtlc Mck Shlfd and rear wlndow defogger diagrern tor 1070 and f971 Beetles 
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Typical wiring diagram for 1970 and 1971 Beetles 
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Typical wiring dlagrarn for 1971 Super Beetle 
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Note: Legend is for the-diaggr 
on facing page 

A - Bnnsry 
0 - Stansr 
C - Generstor 
C - Regulator 
0 - Ignition / aarmr switch 
E - Windshield w1p8r switch 
E' - Llgh! switch 
P - Turn a~gnal and heedlight d~mmer switch 
Ea - Emergency tlesher switch 
F - Brake lrnht swrrch 
P - 011 pre8sure swrfch 
P - Door contact nnd buaer alarm switch. left 
P - Door contact sw~rch. right 
Fa - Back-up light sw~tch 
G - Fuel gsuge sendrng unit 
G1 - Fuel gavgn 
H - Horn bvlnrrn 
HI - Horn 
H' - lgnnion key wsrning buzzer 
J - Drmmsr relay 
J' - Eme~gettCy flasher relay 
Jb - Fuel gauge vibrator 
Ki - Hrgh beam warning light 
Ka  - Generator charging warning light 
K* - 011 pressure warning l~ght  
K' - Turn srgnel wvvern~ng light 
K' - Emergency flasher warnrq light 
K' - Dual c~rcurt brake warnlng llght 
~1 - Sealed-Beam unit. Isft headl~ght 
La - Sealed-Beam unit, r~ght  headlight 
L" - Instrument panel llght 
M' - Parkrng light, lefl 
Ma - Tall / brake light, right 
Ma- Tat1 / breke light, left 
Ma - Turn srgnal and parking light front lsft 
Mb - Turn signal, rear, lett 
MT- Turn s ~ g n ~ i  and parkins light front right 
Mm- Turn aipnel. resr, r~gh t  
M"- Stde msrker tight front 
N - lgnnion coil 
N' - Automatic choks 
ha - Electro-magnetic pllot jot 
O - D~stnbutor 
PI - Spark plug connector. No. 1 cvllnder 
P' - Spark plug connsctor, No. 2 cylinder 
Ps - Spark plug connector, No. 3 cylinder 
P - S p ~ r k  plug connector. No. 4 wllnder 
0' - Spark plug, No. 1 cvlinder 
P - Spark plug. No. 2 cylinder 
CT - Spark plug. No. 3 cyllndw 
P - S ~ a r k  plug, No. 4 cylinder 
5 - Fuse box 
S' - Back-up llght In-llna fuw 
T - Cable adapter 
T' - Cnble connector, ninglr 
T' - Cable connector. double 
T. - Cnble connector, triple 
T' - Cable connector [four C~nnsct(onl) 
T' - Cable connector (five connections) 
F - Test network. central plug 
V - W~ndahield wiper rndor 
W - interlor l igM 
X - License plate llghf 
X' - Back-up fighf. left 
Xa - Back-up l~qht, right 

f - Ground strap from battery to frame !$ - Ground map horn transmidon 2 0  frame 
- Ground cable from front axle to frame 

Note: The numbers 5 through 50 that are 
circled are Zhe connections in the tesf net- 
work whrch are wired to the central plug. 
The number in the crrcle corresponds to the 
terminal in the central pEug. 

8 - Staner 
C1 - Regulator 
P - lgn~t ion J starter switch 
d - To innition I starter swftch, terminal 50 
E' - ~ i g h i  switch 
P - Turn signal and headlight dimmar switch 
E' - Fan motor switch 
E" - Rear window defogger switch 
El' - Stansr cut-out switch 
EM - Contact a t  selector lever 
F" - ATF temperature control swkch 
J' - Rear window defoggar relay 
P - ATF temperature warning Irght 
Kin - Rear w~ndow defogger warnlng light 
N - Ignition coil 
N' - Automntic Stick ShiR control valve 
S - b~ 
S' - Fuse roc 

rear wlndow defogger, 
Automatic Stick Shi? control valve. 
fan motor 

Color of cables: 

sw - black 
ro = red 

B ws = white 
br = brown 
bl  = blue 
gn = green 
ge = yellow 

P - Cabfa connector, alnglo 
11 - Cable connaetor. double 
T3 - Test network. central plug 
V' - Fan motor 
Zt - Rear w ~ n d o w  dufagger heating element 

Tusk rwhrork (from June iJ7t only) 

The circles w ~ t h  the numbers 5 and 31 are 
connections in the tesf network which are w i r d  
to the mnt ra l  plug. 
The numbers i n  the crrcles correspond to the 
terminals i n  the central plug. 
The other cablm of the tast network can b e f w n d  
i n  th@ c ~ l o r  d~aqram for the 1871 S d a n  113. 

Automatic Stick Shi rear window defogger and fresh atr fan diagram for 1971 Super Beetles 
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A - Banmy Fa - Dwr venlaci and buzzer slam switch. Ka - Gsnaatorthrmin~ wmnlw light 
B - startw lcn K' - Oil pa5surm warning lughr 
C - GansnMr Fa - D o u  conrsct awilch, righ! I(' - Turn s~gnal warnlrrg Ilghl 
C1 - Regulator P - Back-ug !+oh1 swatch K* - Emsrgeocy flasher wsrnlng light 
D - Ion~lion 1 l m r  switch G - F u d  qnuge rsndang unit K' - D u d  C H C U ~ ~  bake warning light 
E - W~nd~hi i ld  w i w  twiich G1 - Fuel gauge Kt'- Rear wlndow defwpm warning llghl 

C' - Lqht ~wl lch  6' - Ignition liming sunsw (Sedan 113 only) 
E' - Turn signal md hssdlight dimmar H - Horn bwllon L L  Seetod-Beam un-r, bell hsadliqhl 

6 ~ 1 1 c h  H' - Hmn La - Searcd-Beam unat, tnghr headlqhr 
Ea - ~ m s r g s w f l n h u  milch H. - lgnbfion Lev warnlrrg b u u a  L" - lnslrumenr penel tipht 
E' - Fan motor switch (Soden 113 only) J - Dimmer relsv M' - P~rkhng 41uh1 lclr 
E" - Aser window defopwr switch (Sedan J' - Emer~cncy Ilesher ftlw Ma - Tall l hrakn thght, right 

113 only) J' - Fuel gauge vrbraior M h -  Tab1 / brake Lnght. lsfr 
F - Braks lhgM .M hdyal circuir wernang J* - Rear window defogqsr relev (Sedan M' - Turn siynaF arid parking !lght froor 1111 

trohl 9wwtch 113 only) M' - Turn s~gnal ,  rcar, let1 
F* - 081 PIE%CA~O switch IIL nngh beam warning light M' - Turn sggnal snd parkmg I ~ h t  fronl rbghl 

Typical wiring diagram for 1972 Beetles and Super Beetles 
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W - Turn MnrF. fuf, *kt 
W- Sldo mrhw llphl. Ironl 
H - lpnillcn cbrl 
Nu - A m m a m  cholu 
Ha - ~lmro-mrgnnrc pllmjU 
0 - D~rrnbulor 
P - Span plup c o n ~ w ,  Ma. ?d lnd . r  
P - Sofitk plup conrmror. Na. 2 wlhd*f  
P - spark plup conmetor, No. 3 cyirndnr 
P - S ~ a n  plug connactor, He. 4 cyltnda 
Q' - 5pa.C plug, No 1 cy l iM . r  
0' - Snnrt plug, Ha 3 cvltndsr 
Qa - Soark plvp. No, 3 cy4vrdar 
0' - Spark prug. No. 4 cyl~ndlrr 
S - Fura bx 

gr - futrm tw rar d f i d w ,  ddwgu, r - Rmar d n d w  dfl- h*nlnO 
brck-up Ilghl (8 Amp.) .ismmr [Sdmn 113 bnlr) 

T - Cnhlm mdfinrar 
i. - EiiG iGn'nactor, IIWI+ 
7- - C6bl. tonnsaor, douMm q - Gmund map from bnlr  lo rrOm 
T* - tanlm connactor, trlplo @ - Gmudnrmpfmm trmnrmldun l o f r m  
T* - Cab~m connector .(!OUI cmrmlonr) Q - Gmund crM. on n*rring coudinn 
"F - Esbl# connetor [ l ~ v a  conrntiDnn1 
V - Tssl ml*rork. cmntral plug 
V - W~ndnhrrld w l m  molur 
V' - Fan moror (Sedan 113 Only)  
W - ln:rrm lhght 
x - Llcqnas pl~lm l ~ p h l  
X' - B r c k - u p  lbght haft 
X' - Back-up tnghr. rrgM 

Typleal wlrfng dlagram for 1$72 Beetles and Super Beetles (contlnuad) 
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-leal wiring dlagrarn for I973 and later Beetles 
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Typical wiring dlagrem for 1973 and later Beetles (contlnuM 
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Description current track Description cunmtmcOE 

A - B ~ v  
8 - Starter 
E - Generatar 
e - Regulator 
D - Ignition / dener switch 
E - Windshield wipef switch 
C - Light switch 
P - Turn signal and hsmdfight 

d~rnmer switch 
P - Emergency Rrsha wit& 

PL - SOIw M t  loek left 
P - Sahw tieft lock. right 
!? - Com& d p  In passangaw tsat 
F - Bruks light milch 

P - Oir m u r e  switch 
P - O m  contact and bunm r l m  

switch, kft 
P - Dow contact switch, right 
P - Backup ligM witch 
FU - Trantmbion switch for safety h l t  

warning syslsrn 
G - Fuel gauge sending unit 
CT - Fual gauge 
G' - Ignition timFng sensor 

- Horn buRon 
H' - Hwn 
H' - Ignition kw warning buum 
H' - Stewing loek contact for ionition key 

warning w s m  
J - Dimmer nlsy 
S' - Emsrgency f l a s k  relay 
J* - Fual gaugn vikator 
P? - High b a r n  warning light 
lr - G e m ~ w  charging warning light 
Ka - Oil prsrsura warning light 
Us - Turn signal warning light 
Kb - E-sncy flwtm warning tight 
K' - Dud circuit brake warning fight 
Kw - Safsty bit warning lyatam light 
L' - Serld k e r n  unit left headlight 
La - Sealed barn  unit. right headlight 
L" - lnrrrumbm panel light 
Lm - U ~ h t  fw he## lsvm illumination 
Ma - Tail light, tight 
M* - Tail light. left 
Mn - Turn signal and prkiryl light iront 

left 
M* - Twn liunrr, mnr, Iuft 
Mt - Turn signal and perking Ifght lmt 

right 
Ma - Turn dgnl. tow, d ~ h t  
W - B m C  llqht;: kft 
M* Bwka light right 
M"- Sida mrrkw fight, front 
MU- Bmckup light, I& 
Mw- Backup llght, right 

IN" Automutic ch&e 
Ns - Elschom@netic pilot jel 
O - Distributor 
P - Spark plug e m m m  
Q - Spark plugs 
S' 
to - Frtls bm 
S" 
Fa - Fum for backup light (8 Amp.) 
T - Wim mmctot (elm4 to fusa b x )  
F - Wira connactor. single 

a - dm to lusu box 
b - k l o w r s n w a t k m h  
c - behind tha mgfm campsnmt 

inaulstlon. front 
F - Wlrr conwoTI double 

s - in engine o o m p l n w  lid 
b - In luggmcompanmm front l e f  
c - In pss~snqu mat 
d - M o w  rear mat knch  

;P - Wirm conmaw, trlpls 
- In l ~ ~ s  tornpmmmt. front, left 

V - WFm mnnmtor, four oonnedion~ 
a - d o m t o f w  box 
b - bshlnd mwim cornpanment 

insulation. right 
e - bshind angina ccwnpmrtmt 

Insularion. left 
7 - Win connsctor. doubla on pawngsr 

mat rail 
7 - TeH network H m k s t  
V - Windshield wlpar motor 
W - Inlarim light 
X - Uwnls  plnte light 

a - Gmund stmp from b n q  to frams 4 
@ - Ground m p  from transmidon 1 

to f r s m  
@I - G w n d  wim an nwrim coupling 29 
@ - Ground connector, dashboard 
@ - Gmund conmor ,  we$domstst 

Legend lor wlrlng diagram - 1973 and later Beetitlas 
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0 - Stanet 

D - Ignttion sFsner switch 

C' - Stane? cutout switch 
E" - Seleclw lwar contact 
N' - Cmtml valvs 
5" - Fuse in f u ~ a  h x  
F - Wire connector. single 

e - blow dashbarell 
b - unda mar seat bglnch 

c -on frame tunnel. right 

Description 

A - Battery 
5 - Starter 
C - Generator 
C' - Regulator 
O - lgnlteon I starter swrtch 
E - Windshield wrper switch 
E L  ~ ~ g h t  rwhch 
E' - Turn srgnal and hesdlrghr dimmcn 

swrtch 
E' - Emergency flasher switch 

E' - Fan moror swrtch 
E'' - Rear wlndow defogger switch 
Eu Safety belt lock, left 
F" - Safety belt Iock, nghr 
El' - Contact stdp In passengw seat 
F - Brake light and dual circuit warnlng 

light swltch 
F' - 011 pressure switch 
P - Door conran and buzzer alarm 

swdtch, left 
F' - Door contact switch, right 
Fa - Backup lrght swrtch 
F" - Transmission switch for ~ f e t y  belt 

warnrng system Imsfl. transm.) 
G - Fuel gauge sendlng unit 
G' - Fuel gauge 
G' - Ignition trming sensor 
H - Horn button 
H' - Horn 
H I  - lgn~t~on key warning buner 
H' - Steering lock contact for ignition key 

warnlng system 
J - Dimmer relay 
J' - Emergency flasher relay 
J* - Fuel gauge v~brator 
J' - Rear window defogger relay 
K' - High beam warning ldght 
K' - Generator charging warning light 
K" Oil prsssure warnlng light 
K1 - Turn signal warning I,ght 
K' - Emergency flasher warning light 
K7 - Dual circu~l brake warning light 
Ki*- Rear window defogger warnlng tight 
K'' - Safety belt warnlng system lrght 
L' - Sealed beam unit, left headlight 
L' - Saelcd beam unit r~ght headlrght 
L'O - Instrument panel l~ght 
CH - tight for haater lever ellurnination 
Ma - Tad l~ght, rqht 
M4 - Tail I~ght. Teft 
M'- Turn srgnal and parking light front, lefi 
Ma - Turn signal, rear, leh 
M' - Turn signal and parking light front. 

right 

currsnr track 

Description 

M' - Turn signal. rear. right 
M9- Brake light left 
M'O- Brake Irght. r~ghf 
Mu'- Side marker l ~ g h t  front I& + right 
M"- Backup light, lef t  
M"- Backup light. rrght 
N - lqnition coil 
N1 - Autornatrc choke 
Na - Electromagnetic pilat jet 
0 - Distributor 
P - Spark plug conneztors 
Q - Spark plugs 
S' 
to - Fuse box 
S" 
5" - Fuse far backup light (8 Amp.) 
S" - Fuse for rear wtndow defogger. 

(8 Amp.) 
11 - Wire connector, single 

a - h l o w  rear seat bench 
b - one connector of tha eight 

terminals (strip) behind the 
dashboard 

c - bhlnd the engine compartment 
tnsulstion 

P - Wrre connector. double, one d the 
erght Ierminals (grip) 
o In engine compartment lid 
b - nn luggage compartment, front. left 

two of the eight terminals (strip) 
c - tn luggage cornpanrnent, fronr 

r~ghr 
d - below rear seat bench 
e - two 01 the eight terrnrnals (strip) 

behind the dashboard 
f - In passenger seat 

P - Wire connector, tr~ple, in luggage 
compartment. front. ten 

T' - W~re cunnectot, four ~onnections, 
behind engine compartment 
~nsulation, left 

P - W!re connectcx. fire connections, 
behtnd engine compartment 
rnsulation, rrgM 

T' - Wrre connector, SIX connecYlona, 
above fuse bom. Ieb 

T - Wrra connector, double, on 
passenger seat rail 

P - Test network, test socket 
V - Windshreld wlper motor 
V - Fan motor 
W - Interior l~ght 
X - License plate light 
Z' - Rear window defogger heating 

element 

Q - Ground strap from battery of frame 
0. - Ground strap from transrnisGon 

to frama 
Q - Gmund cable on stmrng coupling 
@I - Ground connMtor. dashboard 
@ - Ground connector. speedometer 

housing 

current track 

Legend for wiring diagram far 1973 Super Beetle - Also shown is Automatic Stick Shift circuit 
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Typical wiring diagram far 1973 Super Beetle 
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Typical wiring diagram for 1973 Super Beetle (continued) 
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Typical wirlng dlagram for 1974 and later Super Beetles (1 of 3) . 
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a - Gmund strap fm Mter). lo kame 
@ - Ground strap lmrn I r a n s m h i i  to 

S a m -  

Typleal wlrlng dlagram for 1974 end Ider Supsr Beetles (2 of 3) 
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A - Battery 
B - Starter 
c - Atternalor 
Cl - Regulator 
D - Ign~tiontslarler switch 
E - Windshield wiper swilch 
El - Light sw~tch  
P - Turn slgnal swltch 
P - Emergency flasher sw~tch 

E* - Headlight dimmer swrlch 
Eg - Fresh alr tan motor swrlch 
E'S - Rear wlndow defogger swltch 
EZ4 - a t e f y  beit rmk, left 
E25 - Safety MI1 W b .  nghl 
€3' - Cantact stnp In drlver stsf 
P7 - Confact st71p in pasmnger Sear 
F - Brake l~ght swilch 
F - 011 pressure switch 
P - Door contact end b m e r  alarm 

awrtch. lett 
P - Door contact witch. dght 
P - Backup Ilght swltch 
F - Parking brake eonlrol light switch 
G - Fuel gauge sendlng unlt 
G' - Fuel gauge 
G4 - lgnitton t~ming aensor 
G' - TDC marker unll 
H - Horn button 
HI - Worn 
W - Canlen in ignitron I Starlet swltch 

tor buzzer 
J - Dimmer relay 
J2 - Emergency flasher r%lay 
P - Vollage vrbrator 

I 
Jg - Rear window defogger relay 

I JM - Safety belt warning system relay 

current !rack 

Ki - High beam warnlng 41ghr 
K* - Altematorchtrglng warnlng Irghr 
Ks - 011 pfessura wamlng llght 
Ks - Turn slgnsl warnlng light 
Kn - Emergency flasherwarnlng llgh! 
KT - Duel clrcu~t brake warning and 

safely belt Interlock wambng system 
'L? - Seated beam unit, !ell haedl~ght 
C' - Seeled beam unlt, rlghl headlighl 
~n - Speedometer light 
~ 2 1  - t l ~ h t  lor heater tsver illumtnatlon 
M2 - 7811 light. Aghf 
IM' - Tail Ilght, left 
I M ~  - Parking light Imnt, lefi 
ME - Turn slgnal. Imnr, left 
ME - Turn signal, resr, leIl 
M' - Purklng Hgkt front. rlght 
M' - Turn s~gnal. front, nghl 
Mu - Turn sagnal, rear. right 
Mu - Brake lrght, I& 
M'" Brake I~ghl.  right 
M" Sidemarker lighl front, left and rlghl 
MI@-  Backup IrgM. lett 
M17 - Backup Rdght, right 
N - tgnition cod 

- Automatic choke 
ti' - Electm-rnagnetcc eutoft valve 
0 - lgnlf~on dlstrlburor 
P - Spark plug connectors 
Q - Spark plugs 
S' 
to - FUSBS 3n furre box 
S'2 
Srl - Fum lot backup llghtEl(8 Amp.) 

- Fuae for mar wlndow delwger 
48 Amp.) 

T - Cable adaptar, behind insulation 
bn engine Coinpemnenl 
a - under mar seat bench 

F - Wlm conowtar, slngla 
a - behrnd Instrument p a d  
b - under mar seat bench 

F - Wm connector, double 
a - kn luggage Eornpsrlment. ten 
b - In luggage companment, rlght 
c - under passenger seat 
d - under drrver's seat 
e - in h w d  of englne compartmnet 

r" - WIm connector. 3 polnl 
a- rn luggage compartment, Ieh 
b- m i n d  lnsulatlon In englna 

cornpanmenl, nght 
r - Wire connector. 4 poknl 

behind ~nsulatron in engine 
compartment. lett 

F - Wlm connsclor, slnple 
a - behmd Instrument psnel 
b - on passsnger seat rall 

7 - Wire connecror, doubfe 
a - under passenger $%at 
b - under drlver'a seat 

7 - Wlre conmctor, 3 polnt, in engine 
compartment 

7 - Wire connactor, 4 point. under rear 
seat bench 

p - Wrs connector. 8 polnl, behlnd 
instrument panel 

7 - Test nehuork, tmt socket 
V - Wmdshlsld wlper motor 
V' - Frwh alr motor 
w - lntenor light 
x - menso plrlcl l igkl '  
f r  - Rear wtndow defogger heatlng 

slemsnl 

currenl trsck 

maw, 35 
12 
14 
15,16 
50 
20 
17 
18 
44 
45 
19 
48 
47 
34 
35 
18,lS 
52 
53 
55 
59 
58 
55, R 
55,68.57 
55,5&, 57 
8 .  12. 14, 
17.20.22, 
SO, 31,40 
52 
3 

Typical wtrlng dlagram and legend for 1974 and later Super Beetles (3 af 3) 
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NOTE - 
1970 and early 1971 models (built belore June 1971). the mainilne from the battary's post to terminal 8+ on the 

regulator is a d i d  red wire. A solid red wire atso joins regulator terminal B +  4 t h  a krmlnah 30 on the light witch- 
this terminal 30 being in the location Shown by terminal X in this diagram. On these earlier models, there is no 
terminal X on Ihe steering column swltch and no black and yellow wire joining A to a terminal X on the light switch. 

Typical wiring dlagram for 1970 and 1971 Kamann QhCas 
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A - Battery 
B - Slarler 
C - Generator 
C' - Regulator 
D - lgnilian / saner switch h f - Wtndshield wiper switch 
E L  Lgght swqtch 
E' - Turn srgnal and headlight dimmr swirth 
En - Emergemy flasher switch 
E" - Swatch lor rear wlndow defogger 
f" - Starter cut-oul switch 
En - Contact a t  selector lever 
F - Brake light switch with warning switch 
P - 011 pressure s;wirch 
P - Dmr contact switch. lah. 

with contact for buzzer 
P - Door contact swilch. rrght 
Fa - Back-up lqht sw~tch 
Pa - ATF temperature controf ~ w k c h  
G - Fual gauge sending unlt 
G' - Fuel sauge 
H - Horn button 
H' - fwrn horns 
H' - Igniqion key warning buzzer 
J - O~mrner relay 
Ja - Emergency flashsr relay 
J' - Relay for twtn horns 
S - Rear window defogger relay 
K' - Wlgh beam warntng light 
K' - Gonsraror charglng control light 
Ka - 011 prossure control light 
K' - Turn 61gnal warnlng light 
It' - Ernngency llashw werniw light 
K' - Dual circurt brake eynern warning light 
K. - ATF temperature wamlng light 
K*- Rear w~ndow dslwgw warnlng Light 
t' - Sealsd beam unit left headlight 
L' - Saalsd beam unit rlght headlight 
L' - S~dorne ta r  llght 
L' - Fuel gauge light 

Clock llght 
Tatl and brake tight h h t  
Tall end brake light lefl 
Turn %lone1 snd parking light - - < - -  

Turn rrgnab rear. lett 
Turn signal end parking Ilght 
Turn si;gnsl, rear. right 
Sidn matker light, from 

Ltornanc choke 
Elenromagnstic pilot jot 
Auromatfc St~ck 5hih cmtrol 

front bh 

front right 

Ignition distributor 
Spah plug connector. No. 1 cylindw 
Spark plug connector, No. 2 cylinder 
Spark plug canneclw, No. 3 cylinder 
Spark plug connectw. No. 4 cylrndar 
Spark plug. No. 1 cvlindnr 
Spark plug. No. 2 cylinder 
Spark plug, No. 3 cylinder 
Spark plug. No. 4 cylinder 
Fuse b o x  
Fuse !or rw r  window d s f g g c ~  
back-up lights Autornalic 
Stick Shifl control vafw 
Cable connector. single 
Cable connector, doubls 
Cable connector. tzlpln 
Cabla connector. four connmztlons 
Test netwok central plug 
W~ndsh~eld w i p r  motor 
Interlor I~ght 
Llcsnss plats light 
Back-up Ilght. left 
Back-up Ibah!. right 
Clock 
Rear w i d o w  defeggsr heating el4mVnt 

- Gmuod m a p  brnery 10 angins 
- Gtound strap transmimian lo frame - Ground sthp rlsering column 

Typlcal wlrlng dFagram and legend far 1970 and IB71 Karmann Ghlas 
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A - Batt~ry 
B - Starter 
C - Generator 
C - Regulator 
D - lgnition/$tarter switch 
E - Windshield wiper switch 
E' - Light switch 
E2 - Turn signal and headlight dimmer s w h h  
E3 - Ernergencyflasher switch 
Eln - Switch for rear window defogger 
E" - Starter cut-out switch 
Em - Contam at seleclw lever 
F - Brake light switch with warning switch 
P - Oil pressure switch 
P - Door contact switch, left, 

with contact for buzzer 
P - Door contact switch, right 
FA - ~ack-upniight switch 
Ps - ATF temperature control switch 
G - Fuel gauge sending unlt 
Gt - Fuel gauge 
G4 - Ignition timing sensor 
H - Horn button 
H L  Twin horns 
Hn - Ignition key warning buzzer 
J - Dimmer relay 
J* - Emergency flasher relay 
.IA - Relay for twin horns 
Jq - Rear window dafogger relay 
K1 - High beam warning light 
K" Generator charging control light 
K' - Oil pressure control light 
K* - Turn signal warning tight 
Kb - Emergency flasher warning light 
KJ - Dual circuit brake system warning light 
K' - ATF temperature warning light 
L1 - Sealed beam unit, left headlight 
La - Sealed beam unit, right headlight 
L4 - Speedometer light 
L1* - Instrument panel light 
Ma - tai l  and breke light, right 
MA - Tail and brake l ight left 
M* - Turn signal and parking light, front, left 
Ma - Turn signal, rear. lefl 

<\\ 

MJ - Two signal snd parking light, front, right 
Mm - Turn signal, rear, right 
M"- Side market light, front 
N - Ignition coil 
N1 - Automatic choke 
rJs - Electromagnetic pilot jet 
Nr - Automatic Stick Shift controf valve 
0 - Ignition distributor 
PI - Spark plug conneetor. No, 7 cylinder 
P' - Spark plug connector, No. 2 cylinder 
Pa - Spark plug connector, No. 3 cylinder 
PL - Spark plug connector, No. 4 cylinder 
a* - Spark plug, No. 1 cylFndsr 
Qs - Spark plug, No. 2 cylinder 
Q3 - Spark plug, No. 3 cyl'indar 
(r - Spark plug, No. 4 cylinder 
S - Fuse box 
5' - Fuse for rear wlndow defogger, (8 Amp) 

back-up lights, (8 Amp) 
T - Cable adapter 
T" - cable connector, 8ingl9 
P - Cable connector, double 
TI - Cable connector, tripbe 
Ta - Cable con nsctor, four conngctions 
P - Test network, central plug 
V - Wtndshield wiper motor 
W - Interior light 
X - License plate light 
Xq - Back-up light, left 
Xa - Back-up light, right 
Y - Clock 
T - Rear window dsfoggw Wing ekmant 

- Ground strap bsrrery ta engine 
@ - Ground strap wansmilslon to frame 
@ - Ground strap stwring column 

Legend for wiring diagram lor 1972 Kamann Ghla 
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Typical wiring dlagmm for 1972 Karmann Ghia 
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Typical wiring diagram for 1972 Karmann Ghia {continued) 
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A - B a r n  
8 - Stmar 
C - G e m n o r  
t' - Repular~l 
D - Ignrllon I Rsnsr swnch 
E - Wmdrhwld w ~ p a  w h t h  
E'  - Lqhr swdch 
E' - f urn ~ lqoa l  and h.ndlfgM dlmma 

sw~lch 
Ea - Ernnrgsnq llsrhm slvrtch 

E" - Assr wlndorv defcqogger switch 
EY - Safety bntr lock. 16'1 
Em - Sa'rty bcle Imk rlghl 
P - Cnntaei 7r11p 10 passenger m a  
F - Brete  roql't and dual circuk wsrnlng 

ltglrc twllch 
P - GI! prs$sura gwilch 
F' - [loor ronlact and bunsr alarm 

sw~rch Itti 
P - nonr conlact switch. nght 
F* - R ~ r t u p  laghl swlich 
Fw - TF>lnsrnlswon swblch f u  dalsty M, 

wJrnrng sflam 
G - Fdrl gauge wndrng unit ' 
GI - Fuel gauge i 
G' - lgnttion t~ming sensor 
fi - Horn bunon I 

H' - Twrn horns 
U' - lgn~tion key warninn b l m a  
H' - Steer~ng lack contact for i~m?bn b y  

warning syrtsrn 
J - Otmmer rslav 
J' - Emergency llrsher mhy 
J' - Rstav tor t w n  homs 
J' - Rear wlnrlow datog* r s l q  
K' - nigh h a m  wnrnmq Irghi 
K' - Gfnsraror chargrnp warning lighl 
K' - Orl prcs3ure w8rnunQ llght 
K' - Park~ng light warngng llght 
K' - Turn s~gnal warnrng llgh! 
I(* - Emergency flasher warning light 
K' - Dual c ~ r c w ~ l  brake warnlng light 
K" - Safely belt warntng syrrsrn llghC 
L' - Sealed h a m  wnrt !oh hewllrghl 
I.' - Sealed beam unit nght headlhght 
Lb - Spuedometer I~ght 
L1'- Instrument panel lrghr 
L* - Llqhr lor hmatsr l w n r  ~lltumination 
Ma - Talllbake Irghl. nghl 
Ma- Tadllbrahe l gh l ,  len 
M'- Turn signal and psrking light front, 

r en 
M4 - Turn signal. mar. PdI 
M9- Turn srgnst and perking hght fmnt 

nght 
Mm- Turn ugnsl, mar, tight 
M"- Srde markmr l ~ g h t  Iront lefl + rrght 
MI4- Backup light. lsh 
MIv- Backup Ilg ht, rrgM 
N - lgnrr~on c o ~ l  
M' - Automarc choke 
NJ - Electromagnetic pilal 1st 
0 - Orslrrbutor 
P - Spark plug COnnaROrr 
Q - Spark plugs 
S' 
10 - FUM bon 
s ' 
5"- Fusa tor backup Irghl (8 Amp ) 
S'* - Fulp fm mar window dof~ggor, 

46 R m . 1  
T - Ceble aduptor, behind drshboard 
l' - W+rs connmtff. single 

a - W o w  rear seat banck 
b - bsh1.4 Tha dxhbaard 
c - behtnd the engrnn compartment 

~nsularion 
P - Wlm cmneciw, d a u b  

a - below rear seat h n c h  
b - in lhe p a w g a r  seal 

P - Wia connsctor, r r i ~ l a  
a - In headlrghl housing left 
b- in headl~qht hourmg, rigM 

r - Wlr* tonne1 rnr. four connsctiona 
behrnd !he dashboard 

T' - Wrre connwrot. doubla on wssengm 
sea1 ran1 

F - fesl nelworl. test m k a r  
V - Wrndshrnld wloer motor 
W - lnlerrof l~qhr 
X - L~cense plale lrght 
Y - Clock 
2' - Rear w~ndow delogger heatiw 

element 

Legend and typical wlrfng diagram for 1973 and 1974 Karmann GRlas I1 of 3) 
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Typlcal wtrlng dlagmm lor 1973 snd 7974 Karmann OHaa (2 oi 4 
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-1 

@ - Ground nrap from bartsv to frame 6 
@ - Ground strap from rransmiaoon 1 

la lrarnu 
@ - Ground cable on rreeriw eouplrng 39 
@ - Ground connector, dehkmtd 
@I - Ground connector. ~ c d o r n c t c r  

hows~ng 
@ - Ground connector. clock 

Typlcal wiring dlagram for 1973 and 1974 Karmann Qhlas (3 at 3) 
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I About this manual, 0-2 
Accelerator cable, rapfacement, 4-7 

' Acknowledgements, 0-2 
Air control ring, check and adjustment ( T W  and 

earlier models), 3-1 
Air filter service. 1-1 3 
Alternator, removal and installation (1973 end later 

models), 5-3 1 
ATF tank, removal and installation, automatle 

stick ~hlft ,  7B-14 
Automatic stick shift service, 1-16 
Automatic stick shift, 7 &-I through 78-14 

ATF tank, removal and installation, 78-14 
clutch servo, freeplay adjustment, fB-6 
clutch, removal, inspection, overhaul, installation and 

adjustment, 78-1 0 
control valve, adjustment, removal, overhaul and 

installation, 78-7 
diagnosis, 78-4 
general information and principles of operation, 7B-1 
neutral start switch. check and replacement, 78-14 
shift lever and r u d ,  removal, ~nstallation and 

adjustment, 7E-5 
torque converter, removal, inspection, seal replacement 

and installation, 7B-9 
transaxle, removal and installation, 78-9 
vacuum tank, removal and installation, 78-1 3 

Automotive chemicals and lubricants, 0-14 
Axle boots, rear, [swing a x k  models), replacement, 8-1 1 

Balljoints, check and replacement, 10-15 
Battery 

cables, check and replacement, 5-1 
check and maintenance, 1-7 
emergency jump starting, 5-1 
removal and installation, 5-9 

Bearings, engine, inspection, 2-28 
Blower unit, removal and installation, 3 4  
Body, 11-1 through 11-18 

bumpers and bumper brackets/energy absprbers, removal 
and installation, 11 -8 

door 
latch striker plate, replacement and adjustment. 11-1 0 
outside handle, latch mechanism and inside handle, 

removal and installation, 1 1-1 6 
removal and instalfation, 11 -1 7 
trim panel. removal and installation, 11 -1 3 
window and regulator, removal and installation, 1 1-1 4 

fenders, removal and installation, 1 1-1 0 
fixed glass, replacement, 11 -6 
general information, 11 -1 
hinges and locks, maintenance, 1 1-6 
hood lock, removal, installation and adjustment 

front, 1 1-6 
rear, 1 1-8 

hood, removal and inktallation 
front, 71-6 
rear, 1 1 -8 

maintenance, 1 1-1 
outsidernirror, removal and installation, 1 1-1 7 
repair 

major damage, 1 1-4 
minor damage, 11 -3 

running boards, removal and installation, 11 -1 0 
seat belt check, 1 1-1 8 
seats, removal and Installation, 1 1 - 17 
upholstery and carpets, maintenance, 11 -2 
vent window, removal and installation, 11 -1 5 
vinyl trim, maintenance, 11 -2 

Booster battery (lump) starting, 0-13 
Brakes, 4-1 through 9-18 

brake IighVwamlng light switch, check and 
replacement, 9-1 8 

check, 1-12 
disc brake caliper, removal, overhaul and installation, 9-10 
disc brake pads, replacement, 9-7 
disc, inspection, removal and installation, 9-1 2 
drum brake shoes, replacement and adjustment, 9-3 

IND 
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general information, 9-1 Clutch and drivefine, 8-1 through 8-16 
hoses and lines, inspection and replacement, 9-1 5 Compression check, 2-10 
master cylinder, removal, overhaul and installation, 9-1 3 ConnectFng rods 
parking brake inspection, 2-28 

cable, replacement and adjustment, 9-1 7 installat~on, 2-31 
Sever, removal and installation. 9-1 7 Constant Velocity (EV) joints, overhaul and boot 

pedal, removal and installation, 9-16 replacement, 8-15 
system bleeding, 9-1 6 Control arms (strut-type h n t  end only), removal and 
wheel cylinder. removal, overhaul and installation, 9-7 installation, 10-15 

Bulb replacement, 12-10 Control valve, adjustment, removal, overhaul and 
Bumpers and bumper brackets/energ)r absorbers, removal installation, automatic stick shift, 78-7 

and installation, i i-8 Conversion factors, 0-15 
Buying parts, 0-6 Cooling and heating systems, 3-1 through 3-6 

air control ring, check and adjustment (1964 and earlier 
models), 3-1 

blower unit, removal and installation, 3-4 

C engine cooling fan and housing, removal and installation, 3-2 
general information, 3-1 

Camshaft and valve riers, inspection, 2-26 heat exchangers, removal and installation, 3-6 
Garburetor heater control cables, removaf and installation, 3-5 

d~agnos~s and overhaul, 4-9 oil cooler. removal and installation, 3-4 
removal and installation, 4-8 thermostat, check and replacement (1 965 and later 

Catawic converter, 6-6 models), 3-2 
Charging system Crankcase 

check, 5-7 cleanrng and inspection, 2-27 
general information and precautions, 5-5 reassembly, 2-32 

Chassis electrical system, 12-9 through 72-48 Crankshaft 
bulb replacement, 12-1 0 endplay, check and adjustment. 2-37 
electrical troubleshoottng, general ~nformation, 12-1 inspection, 2-27 
fuses, general information, 12-3 oil seal, replacement, 2-38 
general information, 12-1 reassembly, 2-29 
headlight switch, check and replacement, ? 2-8 removal, 2-25 
headlights Cylinder heads 

adjustment, 12-8 cleaning and inspection, 2-20 
removal and instatlation, 12-7 disassembly, 2-20 

heated rear window, check, switch replacement and grid ~nstallation, 2-36 
repair. 12-1 6 reassembly, 2-22 

horn, check and replacement, 12-1 6 removal, 2-20 
ignition switchflock cylinder, check and replacement, 12-6 Cylinder 2-28 
instrument cluster, removal and installatlort, 12-1 2 Cylinders, installatlon, 2-35 
instruments, replacement, 12-1 2 Cyllndsrs, plstons and rings, removal and Inspection, 2-22 
relays, general information, 12-4 
speedometer cable, replacement, 12-1 2 
turn signal and hazard flashers, check and 

replacement, 12-4 
turn signal swltch/emergency flasher sdtch , check and D 

replacement, 12-5 
windshield wiper 

motor, check and replacement, 12-14 
swltch, removal and installation, 72-1 5 

wlrlng diagrams, general information, 12-1 7 
Chassls IdentMcatlon number, 0-5 
Chassis lubrlcatlon, 1-7 5 
Clutch 

cable, removal and Installation, 8-5 
components, removal, inspection and lnstallatfon, 8-5 
description and check, 8-2 
pedal freeplay check and adjustment, 1-22 
release assembfy, removal, inspection and installatlon, 8-7 
removal, inspection, overhaul, installatIan and adjustment, 

automatic stick shift, 78-1 0 
servo, freeplay adjustment, 78-6 

Dlagonat arms, removal and Installatlon, ?0-21 
Disc brake 

caliper, removal, overhaut and lnstallatlon, 9-1 0 
pads, replacement, 9-7 

Distributor, removal and Installetlon, 5-3 
Door 

latch strfker plate, replacement and adjustment, 11 -1 D 
outslde handle, latch mechanism and inside handle, 

removal and installatlon, 1 1 -16 
removal and Installatlon, 1 1-1 7 
trim panel, removal and lnstallatlon, 1 1-1 3 
window and regulator, removal and installation, 11 -1 4 

Driveaxla boot and CV jolnt check, 1-10 
Drlveaxles, removal and Enstallatlon, 8-14 
Drivebelt check, adjustment and replacement, f -13 



E 
Electrica! troubleshooting, general infarmatian, t2-1 
Emissions control system check, 1-16 
Emissions control systems, 6-1 through 6-6 

catalytic converter, 6-6 ' 

Evaporative Emissions control (NAP) system, 6-2 
Exhaust Gas Recirculation (EGR) system, 6-3 

' general information, 6-1 
vnlet air temperature control system, 6-2 
Positive Crankcase Ventilation (PCV) system, 6-1 
throttle valve posrtloner, 6-4 

Engine, 2-1 through 2-40 
bearings, mspection, 2-28 
camshaft and valve lifters, inspection, 2-28 
compression check, 2-9 0 
connecting rods 

inspection, 2-28 
instal tation, 2-31 

crankcase 
cleaning and ~nspection, 2-27 
reassembly, 2-32 

cranks haft 
inspection, 2-27 
reassembly, 2-29 
removal, 2-25 

crankshaft oil seal, replacement, 2-38 
cylinder heads 

cleaning and inspection, 2-20 
disassembly, 2-20 
tnstallatron, 2-36 
reassembly, 2-22 
removal, 2-20 

cy'linder honing, 2-28 
cylindess 

installation, 2-35 
pistons and ~ings, removal and inspection, 2-22 

exhaust rnanrfotd/heat exchanger, removal and 
installation, 2-6 

external engine components 
reassembly, 2-39 
removal, 2-1 9 

fl ywheel/driveplate 
installation, 2-39 
removal, 2-1 8 

general ~nformation, 2-3 
initial start-up and break-in after overhaul, 2-39 
installatfon, 2-39 
intake manifold, removal and installation, 2-5 

dual port engines (1971 and later models), 2-6 
srngle port engines (7 970 and earlier models), 2-5 

oil pressure relief and control valves, removal and 
installation, 2-1 0 

oil pump, removal, inspection and installation, 2-8 
overhaul 

dmassernbly sequence, 2-1 7 
general informatron, 2-7 1 

pistons and rrngs, reassembly, 2-34 
rebuilding alternatives, 2-1 5 
removal, 2-12 
removal, methods and precautions, 2-1 2 
rocker arms and pushrods, removal and installation, 2-4 

Top Dead Center PDC) for number one cylinder, 
locating. 2-1 1 

valve covers, removal and installation, 2-4 
valves, sewicing, 2-22 

Engine coollng fan and houslng, removal and 
installation, 3-2 

Engine electrical systems, 5-1 through 5-16 
alternator, removal and installation (1 973 and later 

models), 5-1 1 
batterj 

cables, check and replacement, 5-1 
emergency jump starting. 5-1 
removal and installatron, 5-j 

charging system 
check, 5-7 
general information and precautions, 5-6 

crankshaft endplay, check and adjustment, 2-37 
distributor, removal and installation. 5-3 
general information, 5-1 
generator, removal and installation (1 972 and earlier 

models), 5-8 
ignition coil, check and replacement, 5-3 
ignition system 

check. 5-2 
general information, 5-2 

number, 0-5 
oil change, 1-9 
starter motor 

removal and installation, 5-1 3 
testing in vehicle, 5-1 3 

starter solenoid, removal and installation, 5-1 3 
starting system, general information and precautions, 5-1 2 
voltage regulator, replacement, 5-7 

Equalizer spring, removal, inspection and 
installation, 10-20 

Evaporative Emissions control (EVAP) system, 6-2 
Exhaust Gas Recirculation (EGR) system, 6-3 
Exhaust Gas Recirculation (EGR) system senrice, 1-24 
Exhaust manifoldheat exchanngr, removal and 

installation, 2-6 
Exhaust system 

check, 1-1 1 
servicing, general information, 4-7 9 

External engine components 
reassembly, 2-39 
removal, 2-1 9 

Fenders, removal and installation, 11 -10 
Fixed glass, replacement, 1 1-6 
Fluid level checks, 1-4 

automatic stick shift fluid, 1-6 
battery electrolyte. 1-5 
brake fluid, 1-5 
engine oil, 1-4 
transaxle lubricant, 1-6 
windshield washer fluid, 1-5 

Flywheel/drivepfate 
installation, 2-39 
removal, 2-7 8 
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Front axle beam assembly, removal and installation, 10-14 
Front torsion bars, removal and installation, 10-13 
Fuel and exhaust systems, 4-1 through 4-20 

accelerator cabfe, replacement, 4-7 
air cleaner. removal and installation, 4-6 
carburetor 

diagnosis and overhaul, 4-9 
removat and installation, 4-8 

check, 1-1 3 
exhaust system servicrng, general information, 4-1 9 
filter service, 1-15 
fuel injectlon system, general information, 4-1 6 
general information, 4-7 
injector, check and replacement, 4-1 8 
intake air sensor, check and replacement, 4-17 
pressure regulator, check and replacement, 4-1 8 
pressure rel~ef procedure (fuel injected models only), 4-1 
pump, removal and installation. 4-3 
pump/fuei pressure, check, 4-2 
tank 

cleaning and repair, general information, 4-6 
removal and installation, 4-5 

Fuel injection system, general information, 4-16 
Fuel injector, check and replacement, 4-18 
Fuses. general infometion, -12-3 

Generator, removal and installation (1 972 and earlier 
models), 5-8 

Headlights 
adjustment, 12-8 
removal and installation, 12-7 

Headlight switch, check and replacement, f 2-8 
Heat exchangers, removal and installation, 3-6 
Heated rear window, check, switch replacement and grid 

repair, 12-16 
Heater control cables, removal and installation, 3-5 
Hinges and locks, maintenance, l l -6 
Hood lock, removal, installation and adjustment 

front, 11 -6 
rear, 1 1-8 

Hood, removal and installation 
front, 11 1-6 
rear, 1 1-8 

Horn, check and replacement, 12-16 

Idle s p e d  check and adjustment, 3-21 
Ignition 

coil, check and replacemenf, 5-3 
points and condenser check and replacement, 7 -1 9 
switch/lock cylinder, check and seplacement, 12-6 

system 
check, 5-2 
general information, 5-2 

timlng check and adjustment, 1-20 
Initial start-up and break-in after overhaul, 2-39 
Inlet air temperature control system, 6-2 
Input shaft oil seat, replacement, manual transaxle, SA-4 
Instrument cluster, removal and installation, 12-1 2 
Instruments, replacernent, 12-1 2 
Intake air sensor, eheck and replacement, 4-1 7 
Intake manifold, rernoval and installation 

dual port engines (1 971 and later models), 2-6 
single port engines (1 970 and earfrer models), 2-5 

Introduction to the Volkswagen Beetle and 
Karmann Ghia, 0-5 

Jacking and towing, 0-12 

Maintenance schedule, 1-3 
Maintenance techniques, toots and working facilities, 0-8 
Manual transaxle, 7A-1 through ?A-32 

general ~nformation. 7A-2 
input shaft oil seal, replacement, 7A-4 
mounts, check and replacement, 7A-2 
overhaul (single-plece case), 7A-15 
overhaul (split-case type), 7A-7 
overhaul, general information, 7A-6 
removal and installation, 7A-4 
selector forks, adjustment, 7A-13 
shift lever and shift rod, removal and installation, 7A-2 

Master cylinder, removal, overhaul and installation, 9-13 
Mounts, transaxle, check and replacement, manual 

transaxle, 7A-2 

Neutral start switch cheek 
and replacement, automatic stick shift, 7B-14 
automatic stick shifi models, 1 -7  4 

Oil 
cooler, removal and installation, 3-4 
pressure relief and control valves, removal and 

installation, 2-1 0 
pump, removal, inspection and installation, 2-8 
seal and wheel bearing, replacement, 8-9 

driveaxle models, 8-1 1 
swing axle models, 8-9 

Outside mirror, removal and installation, 31-7 7 
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Parking brake 
[ever, removal and installation, 9-17 
replacement and adjustment, 9-17 

I Pedal cluster, removal and installation, 8-3 
Pistons ,and rings, reassembly, 2-34 
Positive Crankcase Ventilation (PCV) system, 6-1 

Rear axles, general information, 8-8 
Relays. general information, 12-4 
Rocker arms and pushrods, removal and installation, 2-4 
Running boards, removal and installation, 11 -10 

Safety first?, 0-1 6 
Seat belt check, 11 -78 
Seats, removal and installation, 9 1-1 7 
Selector forks, adjustment, manual transaxle, ?A-13 
Shift lever and rod, removal, installation and adjustment 

automatic transmission, 7B-5 
manual transaxle, 7A-2 

Shock absorbers, removal and installation 
front, 10-4 
rear, 10-1 7 

Spark plug 
check and replacement, 1-1 7 
wire, distributor cap and rotor check and replacement, 1-7 8 

Speedometer cable, replacement, 12-12 
Spring plates and rear torsion bars, removal, installation 

and adjustment, 10-17 
Stabilizer bar, removal and installation 

MacPherson strut models, 10-1 3 
torsion bar models, 10-1 1 

Starter motor 
removal and installation, 5-1 3 
testing In vehicle, 5-13 

Starier solenoid, removal and installation, 5-13 
Starting system, general information and precautions, 5-1 2 
Steering knuckles, removal, overhaul and installation, 10-7 
Steering system 

alignment, general information. 10-30 
gear 

adjustment, 10-28 
removal and installation, 10-26 

gear Ilnkage, removal and ~nstallation, 10-22 
steering wheel, removal and installation, 70-21 
wheels and tires, general information, 10-29 

Stick shift, automatic, JB-1 through 78-14 
ATF tank, removal and ~nstal[ation, 78-74 
clutch servo, freeplay adjustment, 78-6 
clutch, removal, inspection, overhaul, installation and 

adjustment, 78-1 0 
control valve, adjustment, removal, overhaul and 

~nstallation, 7B-7 
d~agnosis, 7B-4 

general information and principles of operation, 7B-1 
neutral start switch, check and replacement, 78-14 
shift lever and rod, removal, installation and 

adjustment, JB-5 
torque converter, removal, inspection, seal replacement 

and installation, 76-9 
transaxle, rernoval and installation, 78-9 
vacuum tank, removal and installation, 78-1 3 

stnrts 
removal and installation, 7 0-5 
replacement, 1 0-6 

Suspension and steering check, ?-la 
Suspension and steering systems, 10-1 through 70-30 
Suspension system 

balljoints, check and replacement, 10-1 5 
control a m s  (strut-type front end only), removal and 

installation, 10-1 5 
diagonal arms, removal and installation, 10-21 
equalizer spring, removal, ~nspection and installation, 10-20 
front axle beam assembly, removal and installation, 10-14 
front torsion bars, removal and installation, 10-1 3 
shock absorbers, removal and installation 

front, 10-4 
rear, 10-17 

spring plates and rear torsion bars, removal, ~nstallation 
and adjustment, 10-1 7 

stabilirer bar, removal and ins2allation. 10-1 1 
MacPherson strut models, 10-1 3 
torsion bar models, 10-1 1 

steering knuckles. removal, overhaul and Installation, 10-7 
struts 

removal and ~nstailation, 10-5 
replacement, 1 0-6 

torsion arms, removal and installation, 10-1 3 
Swing axle, removal, inspection and installation, 8-f I 

Thermostat, check and replacement (1965 and later 
models), 3-2 

Throttle valve posiffoner, 6-4 
Tire and tire pressure checks, 1-6 
Tire rotation, 1-1 1 
Top Dead Center (TDC) for number one cylinder, 

locating, 2-1 1 
Torque eonvetter, removal, inspectbn, seal replacement 

and installation, automatic stick shift, SB-9 
Torsion arms, removal and installation, 10-13 
Transaxle lubricant 

change, 1-16 
level check, 1-1 I 

Transaxle, rnanuaf, 7A-1 through 7A-32 
general information, 7A-2 
input shaft oil seal, reptacement, JA-4 
mounts, check and replacement, 7A-2 
overhauE (single-piece case), 76-1 5 
overhaul (split-case type), 7A-7 
overhaul, general information, 7A-6 
removal and installation, 76-4 
selector forks, adjustment, 7A-13 
shft lever and shift rod, removal and installatton, 7A-2 
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Tmwbleshl Valves, servicing, 2-22 
Tune-up a ranee, 1-1 through 3-24 Vehicle identification numbers, 0-5 
Tune-up gwrtera~ ~rr~ormar~on, 1-4 Went window, removal and installation, 11-1 5 
Turn signal and hazard flashers, check and Vinyl trim, maintenance, 11 -2 

replacement, 12-4 Voltage regulator, replacement, 5-7 
Turn signaE switeh/ernergency flasher switch , check and 

replace -5 

~17 
e mainter 
I---*!-- 

Underhood hose check and mplacement, 1-8 
Uphofstery and carpets, maintenance, t 1-2 

Vacuum tank, removal and Installation, automaHc stick 
shift, 75-73 

Valve 
clearance check and adjustment, 1-22 
covers, removal and installation. 2-4 

W 
Wheel 

alignment, general information, 10-30 
bearing check, repack and adjustment, 1-22 
cylinder, removal, overhaul and installat~on, 9-7 

Wheels and tires, general information, 10-29 
Windshield wiper 

motor. check and replacement, 12-14 
switch, removal and installation, 12-1 6 

Wiper blade check and replacement, 1-9 
Wiring dkagrams, general information, 12-17 
Working facilities, 0-1 1 



Haynes Automotive Manuals 
\ --. -&<;>,< 

NOTE: Nc?w manuals are addrd to Ihts //st on a penodtc basts I f  you do not see a I~sting for your vehlc/e. -. - 
consult your local Haynes dealer for the latest product ~nformat~on. 

ACURA 24048 Lurnina & Monte Carla '95 thm '98 FORD 

-me 
'12020 lntegra '56 thru '59 8 Legend.'86 thru '40 Lumlna APV - see GM (53KEj 10355 Ford Automdc Transmieslon Overhaul 

24050 Luv Pick-up all 2WD & 4W0  '72 thru "2 '36004 Aemstar Minl-vans all madels '86 thm '96 
'24055 Monte Carlo all models '70 thru '88 '36006 Contour & Mercury 'Mystique '95 thru '98 

AhlC Monte Carlo '95 thm 98 - s# LUMlNA (240481 3600B Courie~ Ptck-up all models '32 thru 'B2 
Jeep CJ - see JEEP (5W20) 28050 Nova all V 8  models '69 thru '79 3601 2 Crown Victoria 4 Mercury Qmnd 

14020 Mld-slze modeJs, Concord. '24060 Nova and k o  Prlxm '85 thru '92 Marnula 88 thru 96 
Hornet. Grernhn B, Splnt '70 thru '83 24064 Plck-ups 5 7  7 r u  "87 - Chewole!& 5MC, 10920 Ford Englne Overhaul M e m l  I ,4026 (Rmault) Alllance li Encore '83 thru '87 311 V8  5 rn-llne 6 cyl, 2m & 4WD '67 thru '87; 3601 8 EscorVMercury Lynx all mcdels '$1 thm '90 

Suburbans. Dlazers 8 Jkmrnys '87 thm '91 '36020 EscorWMercury Tracer '91 :hm'98 
I '24065 Plck-ups '88 thm '98 - Chevmlel& GMC, '36024 Explorer b Mazda Naualo '91 thm '95 

AUDl all full-srxe plck-ups, 'A8 thru '98; Blazer8 36028 Fairmont R Memury Zephyr '78 thru '83 
15010 1000 a11 models '80 thm '87 Jimmy '02 Xhru '94; Suburban '92 thm 98. 36030 Festiua & Aspire '88 thru '97 
15025 5OOO all modah '77 Zhru '83 Tshoe 8 Yukon '98 36032 Ftesta all modcts '77 thru '80 
15026 5000 all models 'R4 thm '68 24070 S- 10 & S-15 PIC k-ups '82 thN '93. 

Blazer & Jimmy '83 thru '94, 
36036 Ford & hiercuw Full-size, 

'24071 S-10 & 5-15 PI&-UPS '94 thru '06 
Ford LTD R Mercury D4arquls 1'75 thm'82); 

AUSmN-HEALEY Blazer 43 Jimmy '95 thm '96 
Fort1 Custom 5DCI.Counrry Squire, Crwn 
Vtctona A Mercury Colony Park ('75 thru 'sf); 

SpMe - see MG Mrdget (63375) '24075 Sprint 4 Geo Metro '85 thru '94 Ford LTO Crown Victorla & 
'24080 Vans - ChevroYet B EMC, VB 8 ~n-line Mercury Gran Marqurs 1'83 thm '07) 

6 cylinder models '68 Ihru '96 
BMW 

36WO Granarla & Mercury Monarch '75 Zhru '8[)  

CHUYSLER 
3804 Ford a Mercury Mid-we, 

'10020 9N Sarias not ~ncluding diesel or Fm~rd Thunderb~rd F. Mrrcuy 
all-wheel dnve models 'f32 ihru '92 2501 5 Chrysler E l m ,  Dodge Stratus, Cougar ('75 thru '071, 

'TI3021 3 Ssries except 325iX models '92 Zhru '97 Plymouth Breere495 thru 'SB Ford LTD & M~rcury Marqu~s 1'83 thru '86): 
18025 320i all 4 cyl models 75 thru '83 25025 Fhryslwr Coneorde, New Yorker & LHS, Ford Torino-Gran Tonno, Ellte, Ranchero 
18035 5281 8 530i all models '75 thw '80 Dodge Intrepid. Eagle Vision, '93 thru 'ST prck-up, LTD II. Mcrcurg Montego. Comet. 
18050 1600 thru 2002 except Turbo '59 thm '77 10310 Chrysler Engine Ovei-hauD Manual XR-7 8 Lrncoln Vprsmlles 1'75 lhru '861 

*25020 Full-size front-Whml Drive '88 thm '83 36046 Mustang VB all rnodrls '64-1 12 thru 73 
K-Cars - see DODGEAnes (-8) 36049 Mustang II .I cyl, V6 & V8 models '74 thru '7B 

WICK Laser - see DODGE Raytona (30030) 36050 mustang ti Mercury Capri all models 
Cenhry [front wheel drbe] - see GM (829) '25030 Chrysler & Plymowth Uld-size M~rctm,g, 79 thru '03; Cnprr, 79 thru '86 

'T9020 Buick, Old$moblle B Pomtiac Full-slze tront whecl drive 'a2 thru 'g5 '36051 Mustang afl models "4 thru '97 
(Front wheel drive) all models '85 thru 98 Rear-wheel Drtve -see Dodge (35350) 36054 Prck-ups & Bronco '73 thm '79 
Bulck Electra, LeSabre and Park Avenue: 36058 P~ck-ups & Bronco 'I30 thw '96 
Oldsmob~le Delta 88 Royale, Ninety Eight [IATSuN 36059 Plek-ups, Expeditim B 
and Regt'ncy: Pontiae Bcnnwvllle 28005 200SX all models '80 thm '83 Mercury Nauiqator "97 Ihm '98 

16025 Buick Oldsmoblle & Pontiac Full-size 28007 8-2 i0  all models '73 thm '78 38082 Pinto 8 Mercury W 7 5  Ihm '8U 
(Rear wheel drive) 28009 210 all models '79 rhru '82 38088 Probe all moa'sls R9 thm '92 
Bulck Estate '70 zhru'90, Uectra'70 thm'M, 28012 2402, 2802 2802 Coupe '70 thru '78 3607 0 Ranger/Bronco 11 gasolme madd5 '83 t h ~  '92 
LrSabre 70 thru '85, bmtted '74 thn, '79 28014 280ZX Corlpc B 2+2 '79 lhru '83 "36071 Ranger '93 tllru 'ST & 
Oldsrnobils Custom Crurser '70 thm '90. 300- - see WISSAN 172010j Mmda Pick-upm '94 thru '97 
Delta 88 70 thru '85,Nlnety-eight '70 thm '84 28018 310 mdelp ,78 ,82 30074 Taurus & Mercury Sable '88 thru '95 
Pontiac Bonnenlle '70 thw '81, 
Cotallna '70 thru '81, Gmndvllle '70 hm '75, 28018 610 PL621 FICw-uP '68 thru 73 *36075 Taurus B Mercury Sable'36 thN '98 

28020 5 10 all models '78 thru '91 '38078 Tempe B Mercury Topaz '84 thm '94 
Par~srenne '63 thm '86 

18090 Mid-size Regat B Century all rear4rlve 28022 620 s,.jes all models -73 thru '79 36082 ThunderblrdlWerCUTy ewgar483 thm '80 

models with V6. Y8 and Turbo '74 thru ' B I  720 Plek.yp - ww m, *36056 ThunderbirdlMarcury Cougar '89 end '97 

Regal - see GENERAL MOTORS (38010J 28025 BtOlMmima all gasoline models, '77 thru '84 z,",",", i:': ~ ~ l l \ l ~ $ ~ ~ ~ ! ~  ‘" thrw ''I 

Rlvlern - see GENERAL MOTORS (38030) 
Roadmaster - see Ch'NROLf l  (24Ud6) DODGE *35a97 Wtndaar Mint-van '9&'9B 

Skyhawk - see GENERAL MOTORS (380T5) 4W & 800 - sm CHRYSLER 125030) 
Skylark '80 thru 'a5 - see GrW (38020) '30008 Arles & Plymouth Rellant'R1 thru 889 
Skylark 'Be on - see GM (38025) 30010 Caravan d, Plymouth Voysgbr Mlnl-Vanm 
somenst - see GENERAL MOTORS (38025) all models '84 thru '95 QENERAL MOTORS 

'3001 t Camvan & Plymouth Voy6g.r Mlnl-Vens '10380 OM butMnat8~ T n n r m l u l o n  M a u l  
ntl models '96 lhru 98 '38005 Rulck Cmntury, Chewrelet GsCbrlty, 

GADILIAC 30012 ChallsngsrlPlymouth Sapom '28 thru '83 Okdarnoblle Cutlnaa Clem L Fontlac BO(XI 
'21030 Csdlllae Rear Wheel Drlve 30018 Colt 8 Plymouth Champ (front wh-I drive) all models 82 thru 96 

all gasoline models '70 thm '93 sll mode15 '78 thru 'R7 '38010 Bulck Regal, Chevmlmt Lumlnm, 
elmerron - see GENERAL MOTORS (38PT5) '30020 Dakota Plck-ups all mcdels '87 thru '98 Oldsmoblle Cutlaan Suprnma b. 
Eldowdo -see GENERAL MOF3CIS (38030) 30025 Dart, Demon, Plymwth Barracudn. Pontlac Grand Prim front-wheel drlw 

Sevlller '80 thru '85 - see GM (38033) Ouster & Vallant 6 cyl modela '67 thru '78 rnndsls '6 flrru "5  

'30030 Daytonm & Chryaler b s s r  '84 thru '08 '38016 Buick Skyhawk, Cadlllnc Clmnrron, 

CH WROLW Intrepld sea CHRYSLER P5025E C h ~ v m l s t  Cevallwr. 0ld.moblls F l ~ u  & 

'30034 Neon all models '95 thru '97 Pontlec Y-2000 & Sunbird '82 thru '94 
'24010 Astm I PMC Smtarl Mlnl-vmnm '85 thru '93 ,30036 Plymouth Horizon o~~ thru ,m '98018 C h e ~ r o l ~ t  Cnvaller 4 
24015 Cnmam VB all models '70 thm '01 *30040 Plck-up8 all full-s~ze models '74 thru '93 

PonEEae Sunflra Q5 "lnr '08 
24018 Camera all madela "2 thru '92 '30041 Plck-ups all full-slze models. '94 thru '98 38020 Bulck Skylark, Chevml#t Clt.tlon, 

Cavall*r -seeGENERAL MOTORS (380f5) '30048 Ram 60E050 Plek-ups & Ralder nnd Old7 Omegn, Pontlec Phwnlx '80 thru '85 
Cal6brity - see GENERAL MOTORS (38005) Plymouth Arrow Plck-ups '79 thru '93 9802s Bulck Skylark & Srrmrmst, 

24017 Carnaro & Flmblrd '93 thm '97 30050 DodgslPlymouthlCh~Ier  rear wheel 
Oldwnobrre Rchl~ua a Gala16 and 

24020 Chsvslle, Mallbu 8. El Cmrnlno 'BQ thru 'BT drive 71 thtu 'P9 
P o n t l ~ c  Grand Am all models '85 thm '85 

24024 Chavstte Pontlsc TI000 '76 thru '87 '30015 Shadow & Pbmouth Sundnncm '87 thru '89 38030 Cadmlrac Eldormdo '7% thru 'E5, 

Citntlon - see GENERAL MOTORS P8020) '30060 Spirit & Plymouth Atclalrn '89 thw '95 
Sov 11- EL  thrd R5, 

'24052 CorulcalBerstta all models '87 thru '96 Old%moblle Toronado '71 thrw '85 
'30085 Vans - O d g s  & Plymouth '71 thru '96 

21040 Corvette all VB models '68 thru '82 L nt~lck Fl~vlem 'El thru '85 

'24044 C o ~ e t t e  all models '84 thru '96 EAGLE '380m Chtrvrolel Lumlne A W ,  Otds SHhoueHa 
10305 Ch6vrol.t Englne Overhaul Manual & Pontlac Tmna Sport  nll models "80 thm '95 

Talon - see Mhublshi Eclrpse fm) 
24046 Full-slze Sadens Caprice, Impala, Brscayna, Vlalan - see CHRYSLER (250251 Denern! Motors Full-altb 

Bcl Air &Wagons '69 thru '90 Rear-when6 Drlva - w e  BUlCK 118025) 
24046 Impala SS a Csprlce and FIAT 

Buick Roodmastsr '91 thm '88 34010 124 Sport Coups a Spider '88 thru '78 
Lumlne - see GENERAL MOTORS (38010) 34025 XI18 all models "74 thm '80 (Conflnusd on oiher oldel 

'Llstiw shown wfth sn astensk (') rndtcate model mvsrsgs as of rhts pnnttng These trttes WI// be penod~csl/y updst~d to mclude later model yesrs + consult your 
Ha-lavnss dealer for more ~ntomafion. 

Haynes North America, Inc., 861 Lawrence Drive, Newbury Park, CA 91 320-1 51 4 (805) 498-6703 



daynes Automotive Manuals (continued) 
NOTE. New manuals are added lo thrs kst on a perrodrc basrs. I f  you do not see a lrstrng for your vehicle, 

consul! your local Haynes dealer for the latest product mlormalion. 

OEO 
Mmtm - see CHEYROLET Spht (24075) 

- '85 thru '97 sm CHEW (24059). 
93 thru 98 see TOYOTA Cornlla p2036) 

'4U031) Stonn all models '41) thru '83 
Trocker- see SWZUKI S m u r a i ~ 1 0 )  

QMC 
Bat.rf - CHEVROCFTASfRCI (24010) 
Vans d Plek-upn -see CHEVROLET 

HONOA 
420 I 0 ~ w r d  cvcc all d d s  '78 ltrru '83 
4201 I Accod all models '8.4 thw '89 
42012 Accord all models '90 thw '93 
42013 Accord all models '94 tthru '95 
42020 Civic 1200 all m&lS '73 thru '79 
4202 1 Civic 1300 & 1500 CVCC '00 rhru '83 
42022 CIVIC 1500 CVCC all models '75 thm '79 
4P073 Cfvic all rnmets '84 thm 91 
'4?fi24 Civic & del So1 '92 thru '95 
'd2W'O. Prelude CVCC all models '79 thm 'Bg 

H W H D A l  
'4301 5 Excel all models '88 thru '94 

ISUZU 
Hombm - sm CHNROLFTSlO (2407f) 

'47017 Rod- '91 Ihm '97; Amino '09 thru '84; 
Honda Passport '95 thru '97 

'47020 Trooper & Pick-up, all gasollne models 
P~ck-LID, 'dl thru '93; Trooper, '84 thw "91 

JAGUAR 
'49010 X J 6  all 6 cyl models '68 thru '86 
'4901 1 XJ6 all rnodels '88 thm '94 
'49015 XJ12 & XJS all 7 2  cyl models '72 thw '85 

JEEP 
'5001 0 Ckmkaa, C m  & W m  UmW 

all models '&4 thru 'gfi 
60020 CJ all rncdels '49 thru '86 
'50025 Grand Cherokee all models '93 thru '98 
60029 Gmnd Wagoneer 8 Plck-up '72 thru '91 

Grand Wirqonecr '&I thru '91, Cherokee & 
Wagone~r 72 thru 83, P~ck-up '72 thm '88 

'50030 Wrangler all models 87 thru '95 

LINCOLN 
Hawigltor - see FORD Pick-u() I3so59) 

18010 Rear Wheal Dlhre all models 70 thru '96 

MAZDA 
81010 GLC HatEhbsck (rear wheel drive) 77 thru '83 
8101 1 GLC (front wheal drlue) '81 thru '85 

'61016 323 B. PmtegB '30 thm '97 
'81016 MX-5 Miata '90 thru '97 
'61020 MW all models '8s thw '94 

Nnvajo - see Fern Explorer (36024) 
61030 Pick-ups '72 fhm '93 

P~ck-ups '94 thm '96 - see F d  Ranger(36071) 
H036 RX-7 all models '79 thw '85 
*@lo36 RX-7 all models '85 Ihru '91 
61040 628 (rear wheel drive) all rncdals '79 thru '82 

'6l041 626IMX-6 (front wheal drive) 'W thru '91 

MERCEDES-BEHZ 
6301 2 123 Series Diesol '76 thnr '85 
'63015 790 Series four-cyl gas mdets,  '84 thru '58 
63020 2301250/280 6 cyl sohc models '68 thru '72 
65025 280 123 Senes gawllrre rrwdels 77  thm '81 
63030 350 8 450,111 mOd015 '71 thru '80 

MERCURY 
See FORD Usflng, 

MG 
86010 MQB Roadster 8 GT Coupe '82 thm '80 
66011 MC1 M l d W  Austin Healey Sprite '58 thtu '80 

MlTSUBlSHl 
'88020 Cordia, Tredla, Galant, Pracls 4 

Mirage '83 thm '93 
'(18030 EcHpse, E ~ g l s  Talon b Pty. Laser '90 thru '94 
'88040 Pick-up '83 thru '96 & Montwm '83 thru '93 

NISSAN 
7201 0 300M all mod& mcluding T u h  '84 thru '89 

7 2 0 1 5  AHimn sll models "93 thru "97 
*72020 Maxlme all models '85 thru '91 
'72031) Plck-ups '80 thm '96 PstMIM '87  thlu '95 
72040 Pulsar all mcdels '83 thru '86 
72050 Snntra all models '82 thru '94 
7 2 0 5 1  Sentra i% 2WSX all m d a l s  '95 thru '88 
'72060 Stanza all models '82 thm '90 

OLDSMOBILE 
'73015 Cutlass W & V0 gas models '74 thru '88 

For other OLDSMOBILE Vfles. eee BUICK, 
CHNROLET or GENERAL MOTORS Ilstlng. 

T R I U M P H  
64007 SpltRm all models '82 thru '81 
84010 TR7 all rndels '75 thnr '81 

vw I 

96008 Beetle & Kamann Ohls '54 hru '78 ! 
06012 Dasher all gasollne models '74 thru '81 

'96PtB Rabbit, Jetta, Xlrocco, a Plck-up gas 
models '74 thru '91 & Convertible '80 thm '92 , O B O l  t Golf & Jetta all models '93 thru '97 

BBOZO Rabb~t, Jetta & Pick-up dlesal"7 thru '8a 
96030 Transporter 1600 all models "88 Mru '79 
86035 Transporter 1700, 1800 8 2000 '72 thm '79 
96040 Type 3 1500 L 1000 all models '63 thru '73 1 86045 Vansgon all alr-cooled models '60 thnr '83 

YOLVa 
87010 320,130 Series & t800 S m  'B1 thN '73 
07015 340 Serles all models '66 thru '74 
'87020 240 Series all models '76 thm '93 
87025 260 Series all models '75 thru '82 

"97040 740 8 780 Sertea all models '82 thru '88 
I 

PLVMOUTH 
For P L W O V m  mtH, m DOWE Ilatlng. 

TECHBOOK MANUALS 
P O N T I A C  
19008 Fiem all mtldels '84 thru '88 
790r8 Flreblrd V8 models except Turbo '70 thm '81 
7POrS Fireblrd all models '82 thru '92 

For other W H n A t  t)lhs, see BUICK, 
CHNROLET or G ENERAC MOTORS Ildng. 

PORSCHE 
-Boo20 81 1 except Turbo 8 Carrera 4 '65 thm '88 
80025 914 a11 4 cyl model$ '69 thtu '76 
80030 924 all models ~nclud~ng T u r n  '76 thnr '82 
'80035 944 all models rnclud~ng Turbo '83 thru '69 

RENAULT , 
Alllance & E m r e  -see AMC M4MO) 

S U B  
'84010 %00 all rncdsls Including Turbo 7 9  BN 'BB 

SATURN 
87010 Saturn all models '91 thru *% 

SUBARU 
89002 1 ?00,1300.1400 L 1800 71 lhm '79 
'89003 I600 4 1800 2WD % 4WD '80 thm '9d 

TOYOTA 
62005 Cam y all models '83 thru '91 
92008 Carnry all models '82 thru '96 
92015 Cellca Rear Wheel Drhrs '71 fhru '85 

'92020 eellea Front Wheel Drive '86 thru '93 
92025 Cellca Supra all models '79 thru '92 
92030 Corvlla all models '75 thru '79 
92032 Corolla all rear wheel dnve m&k '80 thm '87 
92035 Corolla all frwrt wheel drive madelo W thlu '92 

"92036 Cornlla .& Geo Rlzm '93 thw 3 7  
92040 Corolla Tercel all models 'Bo thm '82 
92045 Corona all models '74 thru 'A2 
92050 Cressida all models, '78 thm '82 
92055 Land Crutser FJ40,43,45,55 '60 thru '02 
92056 Land Cruiser FJ60.62.80, FWBa '80 thru '96 

'92065 MR2 all models '85 thru '87 
82070 Pick-up ail models '69 thm '78 

'97075 Pick-up all models '79 thru '95 
'87076 Tacoma '95 thru 98,4Runner'96 thru '48, 

a TI00 '93 thru '08 
*Q2O&O Prevla all models '91 thru '95 
82085 Tercel all mcdels '87 !hm '94 

10205 A*ornothre Computer coden 
102q 0 Awtomuthre Emlsslom Contml Mamr 
10215 Fuel Injwtion Manual. 1978 thru T 9 8 5  
10220 Fuet Injectrm Manual. t988 thru 1998 
10225 Holley Carbumtor Manual 
'10230 Rmhester Carburetor Manwl 
10240 Webr/ZenltWWrom~rg/SU C a t + u M  
10305 Chevrolet Engrne Overhaul Manual 
10310 Chryater Engine Overhaw! Manual 
10320 Ford Englne Overhaul Manual 
10330 GM and Ford Diesel Engine Repah M a n d  
10310 Small Engtne Repair Manuel 
10345 Suspensmn. Steerlng 8, Orivsllm M8nual 
10355 Ford Autometic Transmission Omhau l  
10360 OM Automatic Transmlsslon Overhaul 
10405 Automotiv@ Body Uepalr B Palntlng 
1041 0 Automotlve Brake Manual 
10415 Automot~ve Detallng Manual 
10420 Aulornotive Eelectrlcal ManwE 
10425 Automotive Heating & Alr Condklonlng 
10430 Automotlve Reference Manual & OIctlonEWy 
10435 Automotwe fools Manual 
10440 Used Car Buying Gulde 
10445 Weldlng Manual 
1045D A N  Baslcs 

SPANlSH MANUALS 
98903 Reparaclbn de Cermceria 8 Pinturn 
Sag05 Cbdrgos Autornotrlces de la Cornputadom 
9891 0 Frenos Automotriz 
98915 lnyeccibn de Combtmtlble 19BB el 1884 
99040 Chsvrcilet & GMC Camionetas '67 al '87 

lncluye S~iburban, Blazer % J~rnmy '67 a! '91 
99041 Chevrolet & GMC Camlonetan '88 al'95 I 

Incluye Suburban '92 al '95. Bluer b 
Ammy '92 al'9A. Tahoe y Yukon '95 

9M42 Chevrolet B GMC Camionetas Cerradm 
'60 a1 '95 

89055 Dodge Caravan B Plymouth Vopyager '84 a1 '95 
99075 Ford Camionstas y Bronco "80 al '94 
Q9077 Ford Camlonetas Cerradas '69 al '91 
99063 Ford Modelos de TarnaM Grande '75 a1 '57 
99088 Ford Modelos de Tamaho Medlsno '75 a1 '86 
99091 Ford Taurus & Mercury Sable 'BG sl 9 5  
99095 GWi Modelos de Tamano Orande '70 a1 '90 
99100 GM Modelog de Tamano Mediana '70 a1 '88 
9A110 Ni56art Camionetas '6'3 a! Be: 

Pa!trfmdet 87 al.35 
991 18 N lssan Sentra '82 a1 '94 
Q9f25 Toyom Camlonetas y 4Runnw '79 a1 '95 

' L~stmgs'shown wtth an astensk fl rndfcafe m d e f  roverrage as of thts prmltng These trlles wfll be penodtcally Over I00 Haynes 

updated to tnctude later model years -consult wur Haves dealer for more ~nlarrnatron W 

Haynes North America, Inc., 861 Lawrence Drive, Newbury Park, CA 91 320-1 51 4 (805) 498-67 03 
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. f .. 
NORMAL . - 

Brown to gray.bh-tEtn 1 etectrode wear, e o m  he@ renge ' operating conditions. 
Recomrnendatbm When new spark p l b  wu 

I installed, replace with plugs of the same heal m. , 

CARBON DEWSrTS 
Symptoms: Dry sooty depogffs 
Indicate a r k  h rnlwre or weak Wi- 
tlm, Causes mkiiilng, hilrd startrng 
and'hdtalbn. 
RBrommendeliwr: M a b  a r e  the 
plug has the mnect heat moge, 
Check fw a c-d air lilw u 
problem In the fuel System or 
engine mnagmenf system. Also 
check Rr ~gnttlm system problems. 

ASH DEWSITS 
Sym@tmm: Light bmwn deposlb 
e n d e d  on the side & M a  
elemode or Poth. hrived from d1 
andtnr fuel addltlve. Excealve 
amounts may mmk the spark, 
causing m~sflring and he9lTatim 
during acee(eraMn. 
weommendam: ~f e x d v e  
depslts wumulata ovm a 6W-I 
ume or low mileage, Install new 
valve gulde seats to prevent seep- 
a@ of o~t Into the combustion 
~ h E r m k E L  Also frj r n l n g  QaSG- 
line m. 

OIL DEPOSITS 
symploms: ony coaung w s s d  
by POT dl mntral. 011 Ts l M g  
past worn valve guldPs or piston 
nngs into the comhustlon chamber 
Causes hard starting, misfiring and 
heslfatron. 
Rerommendatlonr Cocreet the 
rr&@ni~al  con&ion wIth raw 
sary mpa~rs and Install nw plUQS. 
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